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Fi. 3 —Mfycloma cells containtng a vanety of cytoplasmic inclusions

(a,6) Large myeloma cells contaiming numerous rounded bodhes which stain blue
with Wright's statn

() Vacuolated mycloma cell (Mot eell)

{d) Cytoplasmuc granules produced in myeloma cells after treatment with stilba-
midine

() Posumortem section of bone marrow stamed with H and E, showing many
intra- and extracellulas cosimophilic bodics 1n a pabent with muluple myeloma and
paramsloidosis These bodies did not take the stains for amyloid and appear blue
with Wrnght's stain

() A large cytoplasmic inclusion staining red with Wright's stain (Russcl! bady)
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INTRODUCTION

ver one hundred years have clapsed since Mac Intyre and

Watson ded a highly respectable trad. with pecu-

harly fragile bones and urine that was strongly charged with

“ammal matter ” Both physicians were so impressed with the unusual

character of this patient’s urine that they scparately sent specimens to

Henry Bence Jones for analysis In 1848?! Bence Jones described this
memorable event in these words:

“On the 15t of November 1845 I received from Dr Watson the following
note, with a test-tube contaming a thick, yellow, semi-solid substance —
“The tube contamns urine of very high specific gravity, when botled 1t becomes
highly opake, on the addiuon of mtric acid 1t effervesces, assumes a reddish
hue, becormes quite clear, but as it cools, assumes the conuistence and appear-
ance which you now see, heat rehquefies st What 15 1t>

A few hours afterwards a specimen of the same urine, passed by a grocer
forty-seven years of age, who had been out of health for thirteen months, was
sent to me by Dr Mac Intyre He being in attendance on the case with Dr
Watson had two days previously observed the peculiar reactions of the
unine

Bence Jones then proceeds to describe in detail his careful studies
of a “hydrated deutoxide of albumen” which now bears his name
Dalrymple* published the postmortem findings of this same case 1n
1846, and Mac Intyre''® described this case of “Mollities et Fragilitas
Ossium” 1n an admirable report in 1850 These three reports on the
same case are the first dcscnpuons we have of the disease which has
since been d d ), Its kable that today,
after more than a century of study, much remains to be learned about
this disease 1n general, and the source, chemustry, and consutution of
Bence Jones protein 1n particular

Rustizky,'*® working in von Recklinghausen’s laboratory, wrote
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2 INTRODUCTION

the first defimtive pathologic description of this disease in 1873 and
proposed the name of myeloma for the condition However, it was not
until the appearance of Kahler's article in 1889, almost forty years
after the original paper, that the disease became generally known.
Kahler is grven credut for recognizing that the association of deformity
and abnormal fragility of the bones, bone pam, cachexia, and the
presence of Bence Jones protein in the urine almost always indicated
the presence of muluple myeloma. Today multiple myeloma is still
often referred to as Kahler’s disease.

The introduction of radiology nto medicine then gave great
impetus to our understanding of this disease and has greatly facilitated
its diagnosis. It was soon recognized that on x-ray examination the
typical myelomatous bone lesion consists of a sharply delineated
osteolytic area without accompanying bone proliferation or sclerosis
It also became apparent that in certain cases the entire bone marrow
could be nvolved by a diffuse myelomatous process without the
formation of tumor-like plasmocytomas. In such cases circumscribed
roentgenologic lesions are not visible and the picture is characterized
only by a generalized demineralization of the skeleton

New concepts of the etiology of multiple myeloma have gradually
developed It was origmally thought that myeloma, as the name im-
plies, was merely a tumor, usually a plasmocytoma, derved from
elements of the bone marrow In recent years many students of the
disease have become convinced that myeloma is not a neoplasm in the
usual sense of the word Some clinicians consider myeloma to be the
aleukemuc phase of plasma cell leukemia *** Numerous clinical and
experimental observations have emphasized the close relationship
existing between myeloma, leukemia, and certain discases of the
reticuloendothelial system.}*1% For example, in multiple myeloma,
abnormal cells are often present in the peripheral blood, occasionally
1 such large numbers as to present the picture of plasma cell leukemua.
On the other hand, in both the myeloid and lymphatic leukemias,
tumor formations, though rare, are known to occur, Furthermore, as
is the rule in leukemia, certain cases of myeloma exhibit a diffuse
proliferation of abnormal cells in the bone marrow without localized
tumor formation Experimental evidence of a relationship between
multiple:myeloma and leukemia has also been presented. Furth®? has
demonstrated that both leukemia and tumors resembling myelomas
develop in mice injected with a cell suspension of a transmissible
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strain of myeloid leuhemia. Thus, regardless of its sheletal or local
onsct, there 1s much to be said for including muluple myeloma among
the generalized proliferative disorders of the reticuloendothehal
system

In recent years many studies have been made of the characteristic
changes of protein metabolism which are found in multiple myeloma in
the hope that they might shed light on the cuology of the disease
Three major aberrations of protein metabolism are known to occur
in multiple mycloma. The first 1s the excretion of Bence Jones protein,
which 1s present in the urine of about 50 per cent of the cases of
multiple myeloma This remarkable protein s virtually pathog-
nomonic of multiple myeloma because 1t is only rarely, if ever,
found 1 other diseases Almost as characteristic is the increase of the
serum globulin found 1n 60 per cent of myeloma patients Although
there are many other diseases where the globulin content of the serum
15 1ncreased, the globulin fractions in muluple myeloma, as deter-
mined by Howe fractionation or electrophoretic analysis, have
certain characteristics which are not present in other diseases with
hyperglobulinermia

Finally, p the least and least und i of
the protein anomalies of multiple myeloma, occurs in about 10 per cent
of the patients In myeloma, deposits of this peculiar protein are usually
found in the walls of blood vessels, between the muscle fibers of tongue,
heart, and gastrowntestinal tract, 1n the capsules of jomnts, and 1n other
mcsenchymal tissues In comras! the amyloid which develops after
d 1n the spleen, hver, kidneys,
adrcnals, and also 1n blood vcssel walls An mverse relatonship seems
0 exist between hyperglobul and p d deposition, since
in myeloma cases with paramylaid, hyperglobulinema 1s infrequent
In contrast, nearly all myeloma patients with paramyleidosis have
Bence Jones proteinuria The recognition of these bizarre metabolic
abnormalities lends weight to the concept that multiple myeloma 1s no
mere bone tumor and could logically be included among the diseases
of metabolism

Waldenstrom,#*=2% and later Dent and Rose, *** have voiced the
opinion that abnormal proteins present i multiple mycloma could
concervably result from an infection with a viruy Citing the analogous
observation of the tobacco mosaic varus, in which the proteins of the
plant are gradually replaced by the proteins of the virus, Walden-
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sirom speculates that the immature plasma cells invaded by a virus
mught form the abnormal globulins found in multiple myeloma. The
fact that they could find no methiomne n their analysis of Bence Jones
protein led Dent and Rose to the conclusion that this substance was
more likely to be produced by a virus than by cellular metabolism.
It has further been surmused that the basophilic, stilbamidine-contain-
ing granules mn myeloma cells which appear after injections of stil-
bamidine may have a bearing upon this problem * It may be that in
the myeloma cells tiny parucles of nucleoprotein are present which
cannot be visualized by the usual staimng technics, but which can be
demonstrated by the precipitation of stilbamidine upon such particies
Smce viruses consist of small particles of nucleoproteins, there has
been speculation that perhaps stilbarmdime serves to render visible
the virus present 1 myeloma cells

All this 15, however, pure hypothesis and for the time bemng the
nature and pathogenesis of multiple myeloma remain completely
unknown In the absence of a proven etiologic agent, our knowledge
can only be furthered by repeated and careful clinical observation and
study In this way 1t may be possible to obtain sufficsent data to test the
different possibiliies In recent years several extensive review articles
have been written Walgren®® 1n 1921, collected all the observations
recorded in the literature in an excellent monograph. Geschickter and
Copeland® reviewed four hundred twenty-five cases reported before
1928 and added thirteen cases of therr own. Atkinson's wrote a review
1 the British literature in 1937 In 1947 Bayrd and Heck!® reviewed
eighty-three cases seen at the Mayo Clinic Lichtenstein and Jaffe'®
reported on thirty-five cases including eighteen autopsies and Adams,
Alling, and Lawrence,? in 1949, reported on sixty-one cases, Many of
these reviews are compilations of cases, most of which were not
personally observed by the authors,

During the past seven ycars we have had the unusual opportunity
to study personally in the wards of the Mt. Siai Hospital ninety-
seven cases of multiple myeloma, forty-one of which have come to
autopsy These ninety-seven cases, combined with personal obser-
vations made on other patients, form the material on which this

report is based.
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n 1900, Wright?'* first drew attention to the similarity between
the Marschalko plasma cell and the offending marrow clements
of multiple mycloma and in 1907, Henry Christian® confirmed

this finding in six cases of his own Arinkin'® first described the
technic of bone marrow aspiration mn 1929, but it was not unt! 1936
that this technic came imo general use in the study of muhiple
myeloma Its value for the diag of 1 was h d 1n
1938 by Rosenthal and Vogel,'** who pmmcd out that, despite the
roentgen picture suggesting focal, discrete, disseminated lesions, the
marrow is usually universally involved and because of this diffuse
plasmocytosis, a marrow aspiration, even at some distance [rom an
osteolytic lesson, 15 usually positive

Before the use of marrow aspiration became general, a great deal
of confusion had arisen from cytologic studies of microscopic tssue
sections Erf and Herbert®® and Wintrobe?” have pointed out that in
such sections histologic detail of cytoplasm and nucleus s greatly
inferior to that which can be obtained from smears of a marrow
aspiration Formerly 1t was a widely held concept that many, if not
all, types of marrow cells could be responsible for the syndrome of
multiple myeloma Thus, there were numerous reports on lympho-
blastic,”" erythroblastic,”’ plasmocytic, mycloblastic,’® 17 myelo~
cytic, 3 karyoblastic,’ % and blastic?® types of mulupl

yel Even a myel llulare ansing from the proln‘cra~
nan of two different bone marrow elements was descrnibed Since the
advent of marrow aspiration studies, these reports have become scarce
and nearly all cases of mycloma seem to belong to the plasmocytoma
group

Bayrd," after reviewing a large series of myeloma marrows at the

5
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6 MULTIPLE MYELOMA

Mayo Clinic, concluded that all cases were of the plasma cell type
In his material, the myeloma plasma cell constituted 2.5 to 96 per cent
of the cellular elements of the bone marrow. In our series the per-
centage of myeloma cells in marrow aspirates also varied from 2 to 3
per cent on up to 90 per cent It appears probable that all of the
so-called different types of multiple mycloma are merely variations
n differentiation of the same cell type There is even a tendency

- “:’-;‘ﬂ'u PR R

[N
Fic 1 —Sheets of mature myeloma cells in bone marrow aspirate showng the
of 11 the nucleus

among students of this disease to replace the term myeloma by the
designation plasmocytoma Most chinicians follow Wallgren’s®®® sug-
gestion that the name myeloma cell be used for the designation of
the abnormal cell which we have come to identify with the diseasc
myeloma

The myeloma cell varies from a small, mature, dark blue, almost
characteristic plasma cell (fig 1) to an 1mmature, anaplastic, large
cell 20 to 40 z 1n diameter Although there is occasionally a marked
degree of pleomorplusm, it 1s more common to find a monotonous
untformity 1n the staining qualities, texture, and size of the myeloma
cells in the marrow aspirate from any given case The large cell type
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has a pale blue cytoplasm, rather frequently contaming vacuoles or
other inclusions. The mature cells with dark blue cytoplasm, on the
other hand, rarely contain inclusions. Both types may exhibut a fine
azurophilic granulation of the cytopl Sandkiihler?®-16? found
such azurophilic granulations in two patients who demonstrated an
alpha globulin peak on electrophoretic analysis. In our material this
azurophilic granulation was also found in the myeloma cells of
patients with other electrophoretic patterns.

The nucleus of the myeloma cell has certain distinctive features. An
outstanding characteristic 15 1ts eccentric position in the cell. The
nucleus, usually measuring 5 to 7 ¢ in diameter, presents a closely
knt, reticulated appearance with the chromatin often present in
small sausage-like clumps (fig. 1). The blocky, wheel-spoke arrange-
ment of chromatin which characterizes the plasma cell 1s hardly ever
encountered m myeloma cells as they are seen in bone marrow smears
Younger forms with a more vesicular nucleus, 1n which the chromatin
is evenly distributed and arranged in a fine network, arc also fre-
quently seen. The nucleus often contains one large nuclcolus, occa-
sionally 2 to 4 nucleoli A prominent perinuclear halo 1s frequently
present Multinucleated forms occur commonly and probably repre-
sent the large giant cells seen on tissue section (fig 2), The more
immature myeloma cells contain large, sometimes lobulated nucler,
occasionally with a giant nucleolus.

Peculiar cytoplasmic inclusions have been described by many
authors and have been the subject of much study and speculation
(fronhsplcce—ﬁg 3) Thc cympla\sm may contam rather large
fuchsinophihic or (frontispriece—fig 3f), which
have bccn called Rusﬁell bodies because of their similanty to the
fuchsin bodies which were desenibed, m 1899, by Wilham Russell*5* as
the “characterstic organisms of cancer,” Russell was of the opiion
that these fuchsnophilic inclusions represented fungi which might
concervably be the cause of the carcinomatous degeneration of body
cells Simlar inclusions have since been found to occur frequently 1n
the cells of the digestive tract of ammals and 1n the lymph nodes of
rats and guinea pigs ' Recently, Lisco!® studied their occurrence 1n
the intestinal tract of pigs. He found the cytoplasm of the ntestinal
epithelial cells at times so crowded with these eosinophilic hodtes that
at first glance the cytoplasm appeared 1o conust solely of red staining
material On careful examination it could then be seen that the
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The vacuoles which may be present 1n myeloma cells, formung the
so-called Mott cells® (frontispiece—fig 3a,b,c), are someumes mus-
takenly called Russell bodies This confusion may be traced to the fact
that Russell bodies, because of their protein content, stain blue with
Wewgert stain, and that occastonally such blue staining material has
also been found in the vacuoles of Mott cells, However, with Romanof-
sky st:nns (chmsa ar anht stains), Russell bodies which are

and hilic appear ved while the vacuoles are
either clcar or may rarely contain greyish-blue material Despite their
different staiing qualities, both structures probably represent abnor-
mal proteins formed by the myeloma cell Cytochemucal studses of the
nature of Russell bochies have been carried out by Pearse,'*® who con-
cludes that they consist of mucoproten They are not affected by
ribonuclease, and they are not metachromatic. Downey®® regards
Russell bodies as pathologic secretions or as aggregates of normal
secretions found 1n the parent plasma cell He feels that the bodies are
liberated into the tissues following the death of the parent cell

At umes, large crystals can be found in myeloma cells and also 1n
the renal tubular epithelial cells of patients with Bence Jones pro-
teinuna It appears that these crystals are also protein in nature since
Apitz® has reported that they stain blue with the Weigert stain. This
author, and later Kabelitz,*® emphasized that neither these protein
crystals nor the vacuoles mentioned above are pathognomonic for
myeloma cells since such crystals and vacuoles, staining blue with
Weigert stain, can be found in normal plasma cells. Pseudopod-like
cytoplasmic extrusions are often present. Such fragments of the
cytoplasm break off easily and are then found as 1solated bluish
masses all through the bone marrow smear

Not only 1s the etiology of multipl )] still letel
obscure, but the onigin of the mycloma ccll is the subject of widely
varying interpretations For many decades it was generally accepted
that plasma cells were derwved from lymphocytes, especially since
Maximow demonstrated that plasma cells can be produced i culture
by explants of lymphoid tissue Other 1deas as to the ortgin of the
plasma cells were, until recently, based on microscopic studies of
tissue sections obtained at autopsy or biopsy Wintrobe®! helieves
that the myeloma cell 1s a type unto atself, differing from all other cells,

Klemperer,®® Churg and Gordon,*” and Lowenhaupt,'™ on the other
band, have emphasized that the cells forming both the medullary and
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cytoplasm of the cells was actually packed with eosinophilic inclusions
Some observers are of the opinion that these Russell bodies occur only
m plasma cells; others have scen them also m lymphocytes At any
rate, the presence of Russell bodies 1s not diagnostic of multiple

myeloma
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Fy. 4-~(a\ Secton of mvelomateus tumor anwng from thac wing The cells
resermble mature myefoma celis (5) Section of lemph nnde fram same pasent (B € )
as 2 The cells hane large elear vesicular nucler closely resenbiting those found
seneulurn celt sarcoma



10 MULTIOLE MVYELOMA

the extramedullary plasmocytontas may well be derwved from the
reticutum cet
Analysts of the bone marrow smears of our patents revealed in
most cases mycloma cells with sausage-hke arrangement of the
chromatin of the nucleus as described above, Usually one large
nucleafus was present, occasionally more In several cases it was
posuble to find mycloma cells which were predommately of a
reucutum cell type in some areas and of a plasma cedl type in other
areas (fig 4a,b). There were also cases in which plasmocytomas cone
sisied only of cells with very loosely kit nucles without nucleoli; these
couldt only be designated as reticutum cefls The laster finding seerns
to fend support 1o the hypothes:s that myeloma cells are derived from
reuculum cells Lowenhaupt!?! has reported that 1n pauents with
muluple mycloma, examinasion of the spleen wsually reveals a
prohferation of myeloma cells 10 the splenic sinuses Often myeloma
cells replace the endothehial hiniag of the sinuses and one obtains the
unpression that the myeloma cells are denved from these bning cells,
which acwally represent the reticulum eells of the hemopoietic
argans Thus, s now generally believed that the myeloma ccll is 2
derwvative of the reticulum cell, rather than a descendent of the
Iymphord series
In the great majority of our cases, the marrow nvolvement was
generalized despite the apparent X-ray appearance of sharply localzed
and discrete areas of bone destruction Marrow aspiration made
anywhere, whether 1t be from the sternum, ihac erest, ribs, or verte~
bral spine, was usually productive of myeloma cells In exceptional
cases either repeated marrow aspirations were necessary or positive
smears could be obtamed oaly from one particular area. In such cases
the proliferation of myeloma cells mnust have been patchy wn character.
Thus difficulty 15 encountered 1 cases which have multiple plasmo-
cytomas without generalized myelomatosss of the marrow, and which
usually have a less acute course than the classical cases of multple
myeloma (p 103). This was true of a patient with a pathologic fracture
of the femuyr, wath fytic fesions n the skuil, spine, humerd, and nibs, in
whom myeloma cells could enly be found at the fracture site and never
10 the marrow abtained by puncture of sternum, iac erest, or xibs,
Plasmocytomas are often fiemorrhagic In such cases the material
obtained by hone marrow puncture may be so diluted with peripherat
blood that the bone marrow smear does not permtt 2 dragnastic
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statement. In that event a bone marrow biopsy may be necessary in
order to arrive at a correct diagnosis. Although part of the histologic
details of cytoplasm and nuclei of the myeloma cells are lost in the
rucroscepie sections, the monotonous arrangement of the proliferating
cells, the scarcity of pleomorphism, and the scanty stroma are typical,

Several observers have reported?® 7 that the prognosis for lon-
gevity i any given case 1 generally related 1o the degree of maturity
of the myeloma cells in the marrow, with the poorest progaosss
assigned to the patients with the most immature type of cell. We have
not been able to convince ourselves thar this hoids true in the group of
patients we ebserved. Léger and his associates!®® also were unable to
find a correlation between the cytologic characterstics of the mycloma
cells and the clintcal development of the disease.

It should be emphasized that the mosphologically distinet char-
acter of the myeloma cell 1s of great dtagnostic mportance since a
nenmyelomatous infilration of the bone marrow with mature plasma
cells occurs rather frequently. Such a plasmocytosss of the marrow may
e found in all diseases in which hyperglobulinemia 1s common such as
fupus erythematosus, Boeck’s sarcoidoss, hver arrhosss, kala-azar,
lymphopathia venercum, etc, Finally, large numbers of plasma cells
with mature, somewhat pyenotic nucles are nearly always found in the
bone marrow of patients with agranulocytosts Only the presence of a
significant number of cells with the distincuve characteristics of the
mycloma cell, especially when they occur tn groups o sheets, ndi
cates the presence of mulniple myeloma.



2 INCIDENCE AND SURVIVAL

majosity of cases occur between the ages of 50 and 70
years In 66 per cent of our cases, the onset of recognizable
symptoms started duning that period and 95 per cent of the patients
were over the age of 40 years (fig. 5). Multiple myeloma has been

!hhough the disease may occur at almost any age, the

F88 84

1
5
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Fic 5 ~Distrbunian of cases accardsog © age of onsct of symptoms

observed 1 patients below 20 years.®* In this series the youngest
patient was 29 years old, whereas the oldest was 76. The preponder-
ance of the dusease in males is well established, and in this senes
65 per cent of the ninety-seven patients were men. Eight Negroes are
mchuded, reflecting approximately the proportion of Negro patients
on the medical wards No apparent relationship of multiple myeloma
to occupatton, tncome class, or ta fiving conditions could be recognized
Multiple myeloma 1s universally fatal with a poor prognosis as to
length of life after the oaset of symptorns {fig. 6). In some cases, where
pan 15 0ot prominent, it is difficult to designate the date of onset of
15
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symptoms and some such cases had to be dated back to the apparent
time of onset of progressive weight loss, weakness, and fatiguability, or
to the first of several recurrent pneumonias. In the cases reviewed in
the literature the average time between initial symptoms and death
is usually given as one and a half to two years. It can be seen from

NUMBER OF CASES

3 35 4 65 7

005 ) 152 25 45 55 6
YEARS FOLLOWING ONSET OF SUMPTOMS
dFm G —Duration of life after onset of symptoms 1n the fifty-five patients who have
die:

figure 2 that in the group of sixty-four cases who have already died,
the average duration of life was twenty months However, the majority
of our cases lived less than one and a half years after the onset of
symptoms In our series, the duration has varied from so short a period
as nine weeks to a period of over eight years Rare cases have been
reported with even longer survivals 9

One such case which we observed has been described in detail
elsewhere,17®

A 43 year old woman entered the Mount Sinat Hospital in 1946 At this ime
she already had a two year history of bone pams She had typical multiple
myeloma, with widespread nvolvement of the skeleton The scrum albumn
and globulin concentrations were normal, but a small amount of Bence Jones
protein was present 1n the urine She recetved three courses of stilbamdine,
totalhng 7 5 Gm in the course of one and a half years

At a follow-up chme 1 March, 1951, seven years after the onset of her
disease, the following note was wniten “Remarkable remission continues

Patient 18 ambulatory and was able to dance at her son’s wedding on Janu-
' . ™ot T o+ '- - =~ confined

' changes

probably

due to severe amyloid mvolvement of the joint capsules suxe 4 LWPSY of an
egg-sized nodale located 1n the left 1schial bursa revealed the presence of amy-
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loid The tliac marrow sufl contained sheets of mycloma cells (g 1) The unnc,
a3 before, contamed Bence Jones protein, but after siv years of Bence Jones
protemuna there was only muld renal insufficicncy, the blood urca nitrogen
being 24 mg per cent and the PSP excretion 40 per cent i two hours The
serum globulin d by the Howe fract method had been
normal throughout the entire cighty cars of discase (table 1) (This patient
ultimately died 1 the first part of 1953.)

Tanve 1.—Serwm Protens sn a Patient wth Multiple Myeloma Snll Aliee Exght Years
after the Onset of the Dusease

Total N
Date protein Albumin | Globuhn

4/1/46
4/28/46
5/21/46
6/7/46
12/2/46
1/6/47
3/21/47
10/6/47
10/11/47
9/17/51
9/11/52
9/16/52

[P e N -
AmmsAanIAO®BUN®E
VaaBLUABRAL LWL
R N R ]
e N e L
O A T N V)




g THE PERIPHERAL
. BLOOD PICTURE

myecloma is anenua, and not infrequently it may be the
only obvious sign of the disease It is usually moderately
severe, and 1n this series red blood cell counts ranged between 2,000,-
000 and 4,000,000 per cu mm and hemoglobin determinations
between 6 and 10 Gm. per cent It is difficult to be more exact simce
the anemia usually became slowly but progressively more severe, and
many patients recetved tiple tr Four pati had
normal red cell counts and hemoglobin levels Lawrence and Rosen-
thal®? reparted four cases of polycythemia associated with multiple
myeloma In the series of ninety-seven hospitahzed myeloma patents
reviewed here no case showed polycythemia We have, however,
followed, for the last four years, one additional out-panent with
muluple plasmocytomas wha, for some time, did have a moderate
polycythermia (p 104)
In 20 per cent of these cases a leukocytosts was present and m
40 per cent a leukopenia was noted Leukapenia was often observed
1o develop mn the later stages of the disease 1 many patents who
presented, wutially, a normal white count or even a leukocytosis. This
occurred even 1n patients who did net receive radiatherapy or drugs,
such as urethane, which tend to reduce the total leukocyte count.
‘The differential white cell count is usually unremarkable although
50 per cent of the cases showed a moderate shift to the left. A rotally
nexplained eosinophilia occurred in three cases i this series, where
the eostnophil count was noted to be 46 per cent, 32 per cent, and
20 per cent respectively, without overt evidence of an allesgic state or
infestation with parasites Eosinophilia in multiple myeloma has also
been noted by athers #211 Plasma cells were found in the peripheral
16

One of the most common findings 1 patients with multiple
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ElGod 1o 22 per cent of the cases Five patients had between 15 and
40 per cent plasma cells in the blood Four of these five pattents, at
autopsy, had a leukemic type of infiltration of the liver, spleen, and
lymph nodes with large numbers of plasma cells. These four cases
with marked plasma cell invasion of the peripheral blood, accom-
panied by thrombocytopenia and severe anemia, may be classified as
instances of plasma cell leukemia, first described by Gluzinski and
Reichenstein ® Plasma cell leukemia 15 a rare occurrence. Danish
authors report that in thewr material, for every case of plasma cell
leukemia, fifty cases of multuple myeloma and two hundred and fifty
cases of myeloid and lymphatic Jeukemia are observed *? It should be
noted that in many, but by no means all, cases of plasma cell leukemia
with myelomatosis of the bone marrow, the roentgenologic manifesta-
tions of the disease have been minimal It seems that invasion of the
peripheral blood by myeloma cells occurs much more frequently 1n
patients with diffusc myelomatosis than n cases where tumor-like
plasmocytomas develop Majeranowski!!® has recently suggested that
plasma cell leuk without r logic skeletal lesions and
without hyperglobulinerma should be classfied separately from
multiple myeloma with plasma cell invasion of the peripheral blood.
Since transitions between multiple plasmocytomas, diffuse myeloma-
tosis of the bone marrow, and plasma cell leukernia are found, this
differentiation does not seem justified We agree with the general
concept that plasma cell leukemia 1s merely a variant of multple
myeloma, in which large numbers of plasma cells reach the peripheral
blood stream Diffuse plasma cell infiltration of the viscera may also
occur without invasion of the peripheral blood by plasma cells.?¢ 186
Although only 22 per cent of the cases showed plasma cells in the
peripheral blood smears, many other cases were found to have
atypical mononuclear cells which may well have been varnants of the
myeloma cells seen in the marrow If smears are made of the buffy
coat of myeloma blood, plasma cells may be found in almost every
case As the anerma becomes increasingly severe, 1t is not unusual for
normoblasts to appear in the blood A leukoerythroblastic picture was
scen in 10 per cent of the cases and probably reflects the Tophthusic
process produced by space occupying myelomatous tissue Invasion
of the peripheral blood by myelocytes and erythroblasts is, therefore,
usually 2 preterminal sign Thrombocytopenia with platelet counts
under 100,000 as described by Rosenthal and Vogel'! occurred in
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myeloma is anemia, and not infrequently it may be the
only obvious sign of the disease. It is usually moderately
severe, and n this series red bload cell counts ranged between 2,000,
000 and 4,000,000 per cu mm and hemoglobin determinations
between G and 10 Gm. per cent It 1s difficult to he more exact since
the anemia usually became sfowly but progressively more severe, and
many patients recerved multiple wansfusions. Four patients had
normal red cell counts and hemogiobin levels. Lawrence and Rosen-
thalt®? reported four cases of pelycythemia associated with multiple
myeloma In the series of ninety-seven hosprtalized myeloma patients
reviewed here no case showed polycythemsa We have, however,
followed, for the last four years, one additional cut-patient with
multiple plasmocytomas who, for some time, did have a moderate
polyeythenua (p 104}
In 20 per cent of these cases a Jeukocytosis was present and in
40 per cent a leukopema was noted Leukopenia was often observed
1o develop in the later stages of the disease 1n many patients who
presented, imtially, 2 normal white caunt or even a feukocytosis. This
occurred even in patients who did not receive radiotherapy or drugs,
such as urethane, which tend to reduce the total leukocyte count
The differential winte celt connt is usually unremarkable although
50 per cent of the cases showed 2 moderate shift to the loft. A totally
unexplained eosinophihia occurred in three cases in this series, where
the cosinophil count was noted to be 46 per cent, 32 per cent, and

20 per cent respectively, wnhouz averz cvxdence o{ an zl‘lergxc state or

infestation with p in ¥ has also

been noted by others, »#? Plasma cells were found in the peripheral
16
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Bfgad i 22 per cent of the cases. Five patients had between 15 and
40 per cent plasma cells in the blood. Four of these five patients, at
autopsy, had a leukemic type of infiltration of the liver, spleen, and
lymph nodes with large numbers of plasma cells, These four cases
with marked plasma cell invasion of the peripheral blood, accom-
panied by thrombocytopenia and severe anemia, may be classified as
instances of plasma cell leukemua, first described by Gluzinski and
Reichenstein * Plasma cell leukemia is a rare occurrence. Danish
authors report that in their material, for every case of plasma cell
leukemia, fifty cases of multiple myel and two hundred and fifty
cascs of myeloid and lymphatic leuhermia are observed.?” It should be
noted that in many, but by no means all, cases of plasma cell leukermia
with myelomatosis of the bone marrow, the roentgenologic manifesta-
tions of the disease have been minimal, It seems that invasion of the
peripheral blood by myeloma cells occurs much more frequently in
patients with diffuse myelomatosis than m cases where tumor-like
plasmocytomas develop. Majeranowshi'? has recently suggested that
plasma cell leukemia without r i sheletal lesions and
without hyperglobulinemia should be classified separately from
multiple myeloma with plasma cell 1nvasion of the peripheral blood
Since transitions between multiple plasmocytomas, diffuse mycloma-
tosis of the bone marrow, and plasma cell leukerma are found, this
differentiation does not scem justified We agree with the general
concept that plasma cell leukemia 1s merely a varant of muluple
myeloma, in which arge numbers of plasma cells reach the peripheral
blood stream. Diffuse plasma cell infiltration of the viscera may also
occur without invasion of the peripheral blood by plasma cells, 313
Although only 22 per cent of the cases showed plasma cells in the
penipheral blood smears, many other cases were found to have
atypical mononuclear cells which may well have been variants of the
myeloma cells seen in the marrow If smears are made of the buffy
coat of myeloma blood, plasma cells may be found m almost every
case. As the anemia becomes increasingly severe, 1t is not unusual for
normoblasts to appear 1n the blood A leuhoerythroblastic picture was
seen 1n 10 per cent of the cases and probably reflects the myelophtt
process produced by space occupying myelomatous tissue Invasion
of the penipheral blood by myelacytes and erythroblasts is, therefore,
usually a pretermmal sign Thrombocytopenia with platelet counts
under 100,000 as described by Rosenthal and Vogel'™! occurred 1n
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25 per cent of our patients Bayrd and Heck® did not observe cases of
thrombopenia among their cases.

Associated frequently with hyperglobulinemia, but also occurring
m its absence, is a marked tendency toward rouleau formation of the
red cells, clumping of red cells in Hayem’s solution and the formation
of a bluish cast or sheen to the stained blood smear. Because of this
latter characteristic, the laboratory technician may be the first to
suggest to the clinician the diagnosis of the myeloma. The relatronship
between the rouleau formation, rapid sedimentation rate, and
elevated serum globulins was noted by Fahraeus in 1921.%% The
tendency to autohemaglutinaton of red cells in myeloma has been
described by Reimann'** and others, and frequently 1t makes cross-
matching of the blood exceedingly difficult. When this occurs, cross
matching 1n an incubator kept at 28 C. 1s necessary.

Rapid erythrocyte sedimentation rate 1s a characteristic finding in
myeloma However, ten of ninety-seven consecutive patients had a
sedimentation rate below 20 mm per hour by the Westergren method
at one stage of the disease None of these cases had an elevation of the
serum globulin (table 2). It can be predicted that the sedimentation
rate will be excessively ugh, often aver 150 mm. per hour, if the serum
globulin 15 elevated However, 1t should be emphasized that an
increase of the plasma fibrinogen augments the scdimentation rateof
the red cells even more than an increase of the serum globulin Thus,
the sedimentation rate may be high even though the serum globulin
concentration 18 normal. The important pomnt remains that an occa~

TABLE 2 —Serum Concentrattons of Alburun and Globulin tn Ten Patients
wnth Sedumentation Rates below 20 mm [hr

Exythrocvte | gerum albumin | Serum globutm
Case | sedimentation rate Gm m <
m % %
mm /hr

4 6 32 18
10 5 45 15
12 4 45 12
24 20 49 15
28 12 42 15
47 12 42 30
50 10 43 23
63 5 46 1o
7 6 26 19
27 12 52 12
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sional case of multiple myeloma with low or normal serum globulin
concentration will have a sedimentation rate below 20 mm. per hour.
Many of these cases represented the more difficult diagnostic problems
in this senies,

Hemorrhagic Tendency .

An unusual bleeding tendency was found i thirty-two (35 per
cent) of the cases Eleven patients had repeated epistaxes and seven
noted bleeding gums of moderate degree. Eight patients had he-
moptyss, three had grossly bloody stools, eight had retinal hemor-
rhages, and three d d numerous petechiae and purpuric
hemorrhages 1n the skin. Although these bleeding phenomena were
occastonally associated with thrombocytopema, increased capillary
fragility, prolonged clotting time or poor clot retraction, this was not
the general rule

Goltz*™ emph that 1n ized loidosis or para-
myloidosis, hemorrhages m the skin are very frequently observed
The purpura 1n paramyloid results from damage of the walls of the
cutaneous blood vessels by infiltration with amylo:d, Since paramylod
1s frequently observed in multiple myeloma, it is not unlikely that
unexplained hemorrhagic skin lesions may occasionally be due to
vascular amyloid Cryoglobulins were sought for 1n seventeen cases of
unexplamed bleeding, but were found in only one case It 1s note-
worthy that in our series, myeloma patients with a hemorrhagic
tendency, like myeloma patients with rccurrem pneumonia, demon-
strated a hgher incid of el serum globulins than the
average patient without bleeding tendency

Macroglobulinemia

Waldenstrom®*20? has observed, in Sweden, a hemorrhagic
syndrome which he terms “macroglobuhinemia It 1s characterized by
lassitude, dyspnea, anemia, bleeding from the gums, and purpura.

Bone pains are mimmal, x-ray reveals only d 1-
1zation of the bones, and marrow aspiration reveals the presence of
large t of “lympt toid cells with shedding of pr 1

Hyperglobulinenua 1s present, but it differs from that seen in multiple
myeloma m that a predominant increase in globulins of high molecu-
lar weight (S 20 component) 12 found on the ultracentnfugation of
serum (p 84). Electrophoretically, these pathologic macroglobulins
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behave like beta or gamma globulins, These sera usually give a strong
euglobulin reaction with the sodium sulfate fractionation, but Bichel,
Bing, and Harboe?® describe one case of macroglobulinemia in which
the euglobulin reaction was negative Cases with macroglobulinemia,
fever, and central nervous system degeneration (paresis, increase of
globulin 1n the spinal fluid) have also been described *® The complete
syndrome as described by Waldenstrom was not seen in any of the
cases in the present series. In those of our cases which were compli-
cated by purpura or excessive bleeding, none had simple demineral-
1zation on x-ray examination. All but two had multiple osteolytic
lesions, and these two had no demonstrable lesions at all. Of five
myeloma patients with generalized demineralization of the bone but
no discrete lytic lesions, none had a bleeding tendency It is not known
whether or not any of these had macroglobulinemia since ultra-
centrifugation of serum was not done
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Pain in the Bones

T'hc most characteristic symptom of multiple myeloma is bone
pain, This was present 1n all but eight of the ninety-seven
cases m this series—92 per cent. The onset 1s usually gradual
with fleeting, mi; y pains, although Ily 1t is abrupt 1n
onset and associated with a pathologic fracture. Many patients com-
plain of pain 1n several places at the same time or even of generalized
bone pain As has been pointed out repeatedly, the pains of myeloma
panents are most frequently localized in the lower back and in the
rib cage In our patients, too, the most common sites were the back
(75 per cent) and the rib cage (58 per cent). Other common painful
sites were in hips and legs (42 per cent) and the shoulders and arms
{33 per cent) Pain i the skull occurred 1n only three patients

The pain may vary from a mild soreness and tenderness over an
isolated lesion to a pain so severe that the pauent may, for fear of
being jarred, tremble at the sight of someone approaching the bed
The pamn 1s characteristically made worse by movement and by
coughing or sneezing With the frequent involvement of the vertebral
column, there was often the addittonal torment of severe neuritic pain
from compression of spinal nerve roots by the collapsed vertebrae
The intensity of the pain may fluctuate widely during the course of the
disease, and occasionally there may be spontaneous remissions when,
for short periods, the pattent 1s almost entirely free of pain In our
scries, very few of the cases duplicated the pain cycle described by
Geschickter and Copeland®® as being charactenstc of the disease.
The patent may become, in the last stages of the disease, 2 pain-
wracked mnvald, completely bedridden, forced to Itc for unending
hours 1n an unchanging position, requiring opiates around the clock.

21
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behave like beta or gamma globulins. These sera usually give a strong
euglobulin reaction with the sodium sulfate fractionation, but Bichel,
Bing, and Harboe?® describe one case of macroglobulinemia in which
the euglobulin reaction was negative. Cases with macroglobulinemia,
fever, and central nervous system degeneration {paresis, increase of
globulin 1n the spmal fluid) have also been described.?* The complete
syndrome as described by Waldenstrém was not seen in any of the
cases in the present series. In those of our cases which were compli-
cated by purpura or excessive bleeding, none had simple demineral-
ization on x-ray examination. All but two had multiple osteolytic
lesions, and these two had no demonstrable lesions at all. Of five
myeloma patients with generalized demineralization of the bone but
no discrete lytic lesions, none had a bleeding tendency. It is not known
whether or not any of these had macroglobulinemia since ultra-
centrifugation of serum was not done.
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Pain in the Bones

The most characteristic symptom of multiple myeloma 1s bone
pasn This was present in all but eight of the ninety-seven
cases in this series—92 per cent. The onset 1s usually gradual
with fleeting, migratory pans, although occasionaily 1t 15 abrupt in
onset and associated with a pathologic fracture. Many panents com-
plain of pain 1 several places at the same time or even of generalized
bone pain As has been pointed out repeatedly, the pains of myeloma
patients are most frequently localized in the fower back and in the
b cage In our patients, 100, the most common sites were the back
(75 per cent) and the nb cage (58 per cent) Other common painful
sites were in hips and legs {42 per cent) and the shoulders and arms
(33 per cent} Pain in the skult occurred 1n only three patients

The pain may vary from a mild soreness and tenderness over an
1solated lesion to a pain so severe that the patient may, for fear of
being jarred, tremble at the sight of someone approaching the bed.
The pain 1s characteristically made worse by movement and by
coughing or sneezing With the frequent involvement of the vertebral
column, there was often the addinonal torment of severe neuriuc pain
from compression of spinal nerve roots by the collapsed vertebrae
‘The ntensity of the pain may fluctuate widely during the course of the
disease, and occasionally there may be spontaneous repmssions when,
for short penods, the patient is almost entirely free of pain In our
senies, very few of the cases duplicated the pain cycle described by
Geschuckter and Copeland®® as being charactenistie of the disease,
The patient may become, in the Jast stages of the disease, a pain-
wracked invald, completely bedridden, forced to ke for unending
hours n an unchanging position, requiring opiates around the clock,

2
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The rare pauents without pain are naturally the more difficult
diagnostic problems, Several were among the group of cases com-
plicated by amyloidosis, Others presented themselves with a non-
hypertensive uremia of obscure etiology or ran a very short course due
to fulminating myelomatons with severe anerma or leukoerythro-
blastic reaction caused by extensive bone-marrow replacement

Pathologic Fractures

In addiion to bone pain, fifty-nine of ninety-seven patients (62
per cent) had onc or more fractured bones (fig. 7). By far the most
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Fic 7 —Inwmdence of pathologic fracture n muluple mycloma

common were compression fractures of the spine These occurred in
48 per cent of the cases, and in many patients fractures were Limited
to the spine (figs 8 and 9) The compressed vertebral bodies were
found most frequently in the lower thoracic and upper lumbar
region The next most frequent site of pathologic fracture was in the
ribs (19 per cent) Fractures of bones other than vertebrae or ribs
occurred 1n twenty-eight patients (29 per cent) These included the
femur, (eight), sternum (s1x), ilum (five), humerus (four), clavicle
(three), and pubis (two)

The fact that six patients sustained a partial or complete trans-
verse fracture of the body of the sternum is worthy of more than
passing comment (fig 10). A fracture of the sternum with its resultant
Jeleterious effect on the mechanics of respration is an extremely
serious event Many of these patients have limited pulmonary function
due to chronic bronchitis and emphysema associated with recurrent
bronchopneumonic episodes. The onset of paradoxic respiratory
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motion of the chest wall following a sternal fracture may so serously
impair ventilatory capacity as to cause death. One patient at autopsy
was found to have considerable displacement of the heart and a 5 to

Fic 8 —Collapse of dorsal vertebra] bodvy infiltrated by myeloma

7 cm recession of the entire anterior b cage secondary to a sharply
angulated fracture of the sternum at the level of the third rib The
relationship of stetnal marrow puncture to such fractures is unclear,
but 1t may be wiser to use the ihac crest as the site of election for
matrow puncture if repeated studies are to be made

Usually fractures in multiple myeloma patients heal rapidly
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(fig. 28) There 1s a remarkably good callus formation which some
authors assert may be related to the hypercalcemia frequently present
m muluple myeloma Due to multiple partial or complete fractures
deformation of the skeleton occurs very frequently, Most commonly
encountered 1s malformation of the thorax The spine is usually
shortened, the rib cages approach the rim of the pelvis, and severe
kyphosis or scoliosis with disappearance of the lumbar lordosis are

F16 9 —{a) Begiomng destruction of eervical vertebral body. (8) Complete col-
lapse of cervical vertebral body

found The gart first becomes difficult and ultimately the patient 15
immobilized in bed. Finally the condition becomes so desperate that
the patient and his family welcome a terminal pneumonia which at
last can put an end to useless suffering.

Tumor Formation

In twenty-four of our patients, plasmocytomas of the bones became
so large that they werc palpable. These tumors were found 1n the ribs
(seven), skull (five), ilium (three), clavicle (three), sternum (two),
and humerus (one) (fig 11a,b). These figures coincide well with the
data in the literature. Léger et al.’% also found that the ribs, skull,
femur, humerus, sternum, and sacrum are the most frequent sites of
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Fic 10 —Complete transverse fracture of sterpum destroyed by myeloma,

palpable tumors. In one patient, a walnut-sized tumor mass, com-
posed entirely of sheets of plasma cells, extended from a large area of
bone destruction 1n the maxilla This mass was found on the inner
aspect of the gingiva, medial to the left upper first molar, and repre-
scnted the patient’s only complaint on admission (fig. 12a,b), Further
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study revealed that this patient had massive involvement of the entire
skeleton consisting of punched out areas of destruction and that the
urine was positive for Bence Jones protein.

Fic 11a —Autopsy specxmcn of humerus showing the tumor formation, complete
of cortex, and of the medullary cavity by gelatinous myeloma

tissuc

Palpable tumor masses varied in size from that of a pea to that of a
grapefruit They were generally firm, bony, or rubbery in consistency,
depending on whether or not the cortex of the bone had been eroded,
and they were usually quite tender. Palpable plasmocytomas of the
skull were usually soft. Large palpable lesions at times seemed almost
fluctuant and in two patients tumors appearing just beneath the skin
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were warm, tender, and red, gwing the appearance of suppurative
lesions. Needle aspirations in these two cases yielded solid masses of
myeloma cells Sometimes the shell of bone which has remained is so

Fic 116 —Roenigenogram of lesion shown 1n figure 114, durmg hfe, showsng
marked destruction, demneralization, and “soap bubble” effect

thin that 1t can be indented like parchment A definite systolic bruit
was audible over a huge tumor mass arising from the wing of the left
ium The bruit was only discovered a few months after a biopsy of
this tumor had been performed It is, therefore, possible that the brut
did not anse 1n the origmal plasmocytoma; after biopsy of vascular
tumors and parenchymatous organs, artersovenous aneurysms may
develop if a suturing needle perforates an artery and a contiguous
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Fic 12¢ —Plasmocytoma of maxilla in a patient with widespread multiple myeloma
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vein. A rapidly growing tumor of the humerus caused grotesque
deformity of one patient’s arm and was associated with a pathologic
fracture. In this case the roentgen appearance gave an unusual soap
bubble effect (fig. 11a,b). By involvement of contiguous organs such as
ureters, lungs, nerve roots, or the spinal cord itself, these myelomatous
tumors may occasionally produce localizing symptoms and signs in
addition to pain.

In five cases soft tumors were palpable overlying large destructive
lesions 1n the skull Qccasionally these tumors are pulsatile, probably
due to the transmission of the pulsation of the intracranial contents
Three of these nodules displayed a remarkable sensitivity to local x-ray
therapy, wvirtually melting away and leaving palpable, irregular
defects in the outer table of the cranium. Saltzman and Borgstrom'*?
reported a case of skull and chest tumors disappearing concurrently
with urethane therapy Rubi 153 reported disappearance of shull
tumors with antimony (neostibosan), but this has not been confirmed

In their comprehensive article on multiple myeloma written over
twenty years ago, Geschickter and Copeland®® reported that tumors
were palpable 1n 90 per cent of the cases they reviewed The consider-
able discrepancy between that figure and the relatively low figure
(25 per cent) in this series, may be attributed to the wider use of
diagnostic sternal marrow puncture at the present time. This technic
was not generally in use before 1930 and therefore early and less
flagrant cases of myeloma without tumor formation might easily
have been overlooked.

Pulmonary Involvement

Because of the marked morphologic and biochemical changes
which occur in myeloma, symptoms referable to any system of the
body may be present. Since the disease occurs primarily in older
peaple, it is frequently dufficult to determine whether a given symptom
1s directly related to multiple myeloma or is caused by an independent
and unrelated disease In this series of ninety-seven cases, 50 per cent
of the patients suffered from symptorms referable to the lungs There
were twenty-four patients who had at least one episode of pneumonia
during their 1llness, exclusive of terminal pneumoma Thirteen pa-
tients had recurrent pneumonia and several of these had five or six
such episodes within a two year period One such patient consulted
many physicians for the relief of recurrent episodes of gh fever,
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cough, and purulent sputum over a three year period When severe
and cripphng back pam began, it was felt that the patient had 2
carcnoma of the bronchus with metastases to the spine. The true
nature of the process was revealed only when a sternal puncture
showed that the marrow contamed large numbers of myeloma cells.
Recurrent pneumonias oceurred most frequently in those patients
with ighly elevated serum globulin Geschickter and Copeland®
resmarked on ihe frequency of a diffuse, persistent bronchins of the
mucopurulent variery seen so often in patients with multiple myeloma.
They felt that the debslitated state, the hypostatic changes dependent
on long periods of bed rest, and the restricted alveolar veniilation
brought about by painful respiration were contriburory factors
Kyphosis of the dorsal spine, already mentioned above, with resultant -
pul ¥ emph ttutes another factor ympairing u:mv
latory capacity and predisposing to p A possible addit
factor may be a stuggish pulmonary ewculation related to high serum
globulin, ncreased blood wviscosty, and the tendency te rouleau
formation of the red cells Measurements of blood viscosity have been
made by many observers® 17 29 and the viscosity vatues in some cases
of muluple myeloma have surpassed all hitherte observed levels.
Finally, the antbody levels in the serum of myeloma patients ase
often markedly decreased (p. 73) This combmation of abnormal
condstions 15 wdeal for the production of small pulmonary infarctions,
which then may become sccondarily snfected and symulate the picture
of recurrent bronchopneumone epssodes. All this rmght cxplaiy the
repeated “pneuvmonias” which often occur in a myeloma patient even
before he becomes bedndden or develops spine and nib Jesions It also
sheds light on long drawn-out febriie or subfebrile periods which
accasionally precede the discovery of the presence of multiple mye-
loma. An snalogous situation of intravascular thromboss associated
with excesswe viscosity of the blood may contevably have existed in
the case of myeloma reported by Wintrobe and Buell,®** where a fully
developed Raynaud’s syadrome ovcurred, together with central
retinal ver thrombosis. Signs of psnplxcral xaﬁcular occlusion are

especally freq in patis with cryog

The roentgen appearance of mtrazhoracw neeplasms may be
simulated by myclomatous tumors arfsing in the thoracic cage. We
have zepeatedly encountered myeloma patients in whom the chest
x-rays revealed the presence of multiple subpleural twmors arising in
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Fio 13a—Myelomatous mvolvement of several mbs sunulating metastatic
carcinoma of the lungs

Fie 135 —Extension of mycloma of nb subpleurally, producmg the picture of a
pleural scallop seen 1n metastatic disease
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the ribs, resembling the picture of metastatic carcinoma of the lungs
(fig 13a,b) In one patient with myeloma and recurrent pneumonia,
roentgen examination revealed a shadow which gave the impression of
a mediastinal mass. At autapsy this was found to be a myclomatous
tamor arising from the left posterior chest wall and involving the
mediastinal structures and the left lower lobe of the lung. Sero-
fibrinous pleurisy occasionally oceurs in multiple myeloma but can
usually be explained by the presence of subpleural myeloma nodules
or as a sequela to fractures of the ribs,

Neurologic Symptoms and Signs

Neurologic involvement, which is common in multiple myeloma,
may be of two types. Most often, symptoms develop from direct -
volvement of nervous tissuc, cither by extension of myelomatous tissue
from neighboring bones or by compression of nervous tissue by
collapsed vertebrae. Not infrequently, however, the symptoms are
those of a peripheral neuritis where no direct involvement of nerves
or nerve roots can be demonstrated.

Shenkin, Horn. and Grant!?® studied fifty-four lesions of the spine
which produced cord compressions and found eight of these to be
caused by myeloma Among the noninflammatory lesions of the spine
producing cord compression only metastatic carcinoma occurs more
frequently than myeloma. Davison and Balser®® in studying twelve
cases of multiple myeloma with neurclogic comphceations came to the
concluston that necurologic signs n the disease could always be
explamed on the basis of compression of the cord or its vessels This
conclusion however is in contradiction to reports, by Nomne'®
Kreuzer,* Scheinker,’®® and more recently Kurnick and Yohalem,
of cases where neurclogic symptoms developed in the absence of
direct nervous tissue mvolvement. Scheinker descnbed a type of
perineuritis, which may occasionally be the cause of neuritic pains 1
myeloma. Only rarely does myeloma of the skull cause cerebral com-
pression. Occastonally, invasion of brain nssue,** coma and proptosis
of an eye,'® cranial nerve palsy,”® or thrombosis of an intracranial
sinus or central retinal artery'®® may be caused by such cranial

108

tuemors
Forty per cent of the ninety-seven cases in this series developed

symptoms referable to the nervous system. Spinal cord compression
occurred in seven patients. Four of these had cord bladders associated
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with paraplegia. One developed a cord bladder without paraplegra
and another had weakness of the right leg with clonus but no other
signs. All seven had roentgen evidence of one or more compression
fractures of the spine Two of these patients experienced considerable
relief and return of function after decompression of the cord and
laminectomy. The tissue pressing on the cord 1n each instance was
found to be a plasma cell myeloma. Although cord compression often
occurs as a complication of multiple myeloma in patients who are
niddled with the disease, it is also observed frequently in cases of
plasmocytoma where clear cut evidence of generalized myelomatous
mvolvement is lacking (p. 100). Several such cases with negative bone
marrow have been reported recently

The following patient suffered from a plasmocytoma of the spine
leading to a transverse lesion of the cord As far as could be ascer-
tained, the rest of the skeleton was not involved

1 W, #622431, a 61 year old white male with high thoracic back pam for

one year and weakness of the legs for one month, was unable to walk at the

time of hus adoussion to the hospital He had no bladder or rectal svmptoms

Examimation revealed bilateral Babinski signs and marked weakness and

buperreflewa of the lower evtremuties A sensory level was found below D 6
There was pownt tenderness over D 5 and D 6 Lumbar puncture showed a

complete block and a mvel an wrregularly capped defect
atD 6 Xeray of the spine revealed a destructive lesion 10 the body, pedicles
and spinous process of D 6, and of D 5 The of
the skeleton was normal, except for an ovod area of increased lucency m the

o T " v . 25) There
. ! . L « evated, and

Laminectomy at D 5 to D 7 revealed a large, extradural, friable, extremely

vascular tumor extending through the lammal arches mto the epidural space
A .

« . .

A eny aq e

the wound had healed Because of the bizarre x-ray appearance of the lesion
wm the shum vth 2 sclerotc owter Tim, 1t was biopsied and reported 1 be a
xanthoma of bone, not a myeloma

Follow-up examination one year later showed the pauent to be
well with only minimal residual paresthesias of the feet and no bone
pamn, No further progression or dissemination of the disease was noted
at the time

Fifteen patients showed chinical evidence of involvement of spinal
cord roots or of peripheral nerves Five of these had simple root pain
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with band-like radiation around the chest or abdomen or down the
leg Four cases developed a “glove and stocking” type of peripheral
neuritis. The others demonstrated a vanety of neurologic changes
such as hypesthestas, paresthesias, foot drop, or loss of proprioceptive
sensation None of this group of patients had vertebral collapse. These
neurologic signs may well have been due—at least in some cases—to
the perineuritis mentioned above.%%1%% Angther type of abnormality
was noted 1n three cases in which the sole neurologic disturbance was
umilateral ulnar nerve mvolvement. In one of these cases the ulnar
nerve was felt to be defimtely thickened and indurated,

One patient with myelomatous mvolvement of the cervical spine
(fig. 9a,b) developed weakness and atrophy of the muscles of the
shoulder girdle, while another had weakness of the right arm and a
nght Horner’s syndrome. Several patients have shown striking
atrophy of the interosseous muscles and the musculature of the arms
without other evidence of neurologic involvement.

Cramial nerve palsy occurred 1n three of the patients One devel-
oped an isolated left abducens nerve paralysis with no roentgen evi-
dence of bone destruction 1n the skull A second demonstrated a right
ophthalmoplegia In thus case destruction of the floor and posterior wall
of the sella turcica was seen in skull x-rays and at a postmortem a
large myelomatous tumor mass was found to have displaced the
pitutary forward and to have eroded the posterior portion of the body
of the sphenoid In the third case there was paralysis of all the cramal
nerves from VII to XII on one side caused by a large destructive
lesion at the base of the skull The diagnosis in the last case was
established by biopsy of a bluish mass which proved to be a plasmo-
cytoma presenting through the externat auditory canal. Marked but
temporary remussion of neurologic signs in these latter two cases
followed radiotherapy.

Other neurologte disturbances which were encountered included
a henmplegia, repeated convul: scizures, herpes zoster, and finally
a peaific type of deg ive disease of the spinal cord. This
condition has been reported previously by Dutch authors.'®

Psychotic episodes unrelated to terminal events developed n
eleven patients. Two of these were paranoid reactions, while the others
resembled toxic psychoses characterized by confusion and disorienta-
tion Postmortem examination of the brain was carried out in seven
of the patients in this group. One case revealed extensive involvement
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of the skull with crosion of the inner table, but no abnormality of the
underlying brain. In the other six cases, no myelomatous involvement
of the brain was present. Davison and Balser*s reported a case of
myeloma with a psychosis which they felt could possibly have been
atiributed to compression of cerebral vessels by myeloma nodules in
the cerebral dura.

Renal and Urinary Tract Involvement

The severe renal impairment, which occurs not nfrequently, m
multiple myeloma and which has as its pathologic equivalent the
“myeloma kidney”,?! has been the subject of much discussion 1o the
hterature The pathologic lesion in the kidney was first described by
von Decastello in 1908 #* Geschickter and Copeland®® found that
86 per cent of the cases they studied showed evidence of “nephritis”
at autopsy, and that 61 per cent were associated with Bence Jones
proteinuria Bence Jones protein may be found 1n myeloma kidneys
tn three different forms 1) as large hyaline drops 1n the lumen of the
tubules and n the tubular eprthelium; 2) as crystalline matertal in the
tubular lumen and i the tubular cells; 3) as amorphous precipitates
m the form of casts

The modern ph have the formation of
large drops 1n colloid sols as coacervation This coacervation 1s often
followed either by crystallization or by precipttation of the colloid
This explains the occasional occurrence of crystallization of protein,
probably Bence Jones protein, m tubules and tubular walls. The
Bence Jones casts must then be the result of precipitation of these
coacervates

Olwer,** using his vividly clear nephron dissection techmie, has
emphasized that cast formation 1n the myeloma kidney is more exten-
sive than wn any other renal disease He has found that, whereas casts
n other renal diseases are usually limited to the distal convoluted
tubules and the collecting tubules, the cast formation 1n the myeloma
kidoey may extend as hugh as the proxsmal convoluted tubule The
entire nephron is often filled solidly with Bence Jones protein casts,
resulting 1n extreme distension, deformuty, and atrophy of the renal
architecture (fig 14) From a morphologic point of view, Olwer’s
preparations leave httle doubt that severe renal damage can result
from the cast blockade in these kidneys. Ehrich®* itroduced the term
“nephrohydrosis” {(internal or intrarenal hydronephrosis) to describe

Tea d
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with band-like radiation around the chest or abdomen or down the
leg Four cases developed a “glove and stocking” type of peripheral
neuriis The others demonstrated a varicty of neurologic changes
such as hypesthesias, paresthesias, foot drop, or loss of propricceptive
sensation None of this group of patients had vertebral collapse. These
neurologic signs may well have been due—at least in some cases—to
the perineusitis mentioned above %181 Another type of abnormality
was noted 1n three cases in which the sole neurologic disturbance was
unilateral ulnar nerve involvement. In onc of these cases the ulnar
nerve was felt to be defimtely thickened and indurated

One pauent with myelomatous involvement of the cervical spine
(fig 9a,b) develaped weakness and atrophy of the muscles of the
shoulder girdle, while another had weakness of the right arm and a
right Horner’s syndrome. Several patients have shown straking
atrophy of the mterosseous muscles and the musculature of the arms
without other evidence of neurologic mnvolvement.

Cramal perve palsy occurred in three of the patients. One devel-
oped an isolated left abducens nerve paralysis with no roentgen evi-
dence of bone destruction in the skull. A second demonstrated a night
ophthalmoplegia. In this case destruction of the floor and posterior wall
of the sella turcica was seen 1n skull x-rays and at a postmortem 2
large myelomatous tumor mass was found to have displaced the
piturtary forward and to have eroded the posterior portion of the body
of the sphenaid In the third case there was paralysis of all the cranial
nerves from VII to XII on one side caused by a large destructive
lesion at the base of the skull. The diagnosis in the last case was
established by biopsy of a bluish mass which proved to be a plasmo-
cytoma presenting through the externai auditory canal. Marhed but
temporary remussion of neurologic signs mn these latter two cases
followed radiotherapy

Other neurologic disturbances which were encountered included
a hemiplegta, repeated convulsive seizures, herpes zoster, and finally
a nonspecific type of degenerative disease of the spinal cord. This
condition has been reparted previously by Dutch authors.'**

Psychotic episodes unrelated to terminal events developed in
eleven patients. Two of these were paranoid reactions, while the c.:thcrs
resembled toxic psychoses characterized by confusion and dls.uncnta-
tion Postmortem examination of the brain was carried out in seven
of the patients in this group. One case revealed exiensive
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of the skult with erosion of the inner table, but no abnormabty of the
underlying bram. In the other s eases, no myelomatous involvement
of the brain was present Davison and Balser® reported a case of
myeloma with & psychosss which they fele could possbly bave been
aunbuted to compression of cerebral vessels by myeloma nodules
the cerebral dura.

Renal and Urinary Tract Involvement

‘The severe renal imparment, which occurs not infrequently,
multiple myeloma and which has as its pathologe equivalent the
“myeloma kidney”,*®! has been the subject of much discussion in the
titerature The pathologic lesion tn the kidney was first described by
von Decastello i 1908.¢ Geschickter and Copeland®® found chat
86 per vent of the cases they studied showed evidence of “nephrtss”
at autopsy, and that 61 per cent were associated with Bence Jones
prateuria Bence Jones pratewn way be found 1 myetoma hedaeys
1 three different forms 1) as large hyatine drops in the tumen of the
tubules and int the tubnlar epathelium, 2) as crystatiine matenal m the
tbular umen and 1n the tubular celis, 3} as amaorphous precipitates
1 the form of casts

The modern physicochermsts have designated the formation of
large drops in collowd sols as coacervaton This coacervation ss often
followed ether by crystall or by precp of the collord
This explains the occasional occurrence of crystallization of protein,
probably Bence Jones pratemn, in tubules and tubular walls The
Bence Jones casts must then be the result of precipitation of these
coacervates

Oliver, B using his vindly clear nephron dissection technse, has
c}nphas:zcd that cast formation in the myeloma kidney s more exten-
sive than in any other renal disease He has found that, whereas casts
in other renal diseases are usvally hmited to the distal convoluted
subules and the collecting tubules, the cast formation 1n the myeloma
kidney may extend as hugh as the proxumal convoluted tubule The
entre nephron is often filled solwdly with Bence Jones protesns casts,
rcsul'\mg in extreme distension, deformity, and atrophy of the renat
architecture {fig. 14). From a morphologic pomnt of view, Olver's
preparations leave httle doubt that severe reaal darmage can resuit
from the cast blockade in these kidneys. Ehnch?® introduced the term
“nephrohydrosis™ (internat or intrarenal hydronephrosis) ta descnibe
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this type of renal damage. The casts are not only more extensive but
also much larger than the ones occurring in chronic glomerulo-
nephritis. Often, the casts 1n myeloma kidneys consist of concentric
layers Each layer may be surrounded by giant cells (fig. 15). This
remarkable picture apparently indicates that thesc successive layers
were deposited at different intervals, Bell?® feels that the renal damage
which is so common 1 multiple myeloma is caused by these Bence
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Fia 14 —Microphotograph of myeloma kidney showing extensive cast formation
One cast appears fameliated and has a calaified center,

Jones protein casts. Acting as foreign bodies, these casts lead to
obstruction and tubular atrophy In the initial stages, the glomeruh
are intact In the long run, however, the obstruction of the tubular
flow leads to atrophy of the glomeruli and contraction of renal
parenchyma and ultimately to severe renal insufficiency. Bell*® co.uld
find, 1n the literature, only one case of multiple myeloma with a high
degree of renal nsufficiency and a negative reaction for Bence Jones
protein in the urine . .
Apitz* is of the opinion that the large hyaline protcm.drops which
are so frequently seen in the tubular cells of myeloma hidneys repre-
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sent Bence Jones protein which is being excreted by the tubules It
seems equally plausible, as has been empt i by Oliver, that these
droplets could consist of protein which has been reabsorbed from the
tubular lumen into the tubular epithelial cells The toxic effect of this
reabsorbed Bence Jones protein may well lead to additional tubular
injury The latter, when superimposed upon the damage resulting
from the blockage of tubules by Bence Jones protein, can cause severe

Fic 15 —High power view of myeloma kidney with tbular cast surrounded by a
foreign body gant cell,

renal 1nsufficiency Blackman®® 15 of the opinon that, whereas
albumuin 1n the urine does not, of itself, damage the kidney, Bence
Jones protein and beta globulins are harmful It 15 difficult to deter-
mune which of the two—the presence of these large protein globules
m the tubular cells or the formation of the giant casts—is the more
smportant factor m tmpairing the function of the myeloma kidney
Apitz, however, particularly incriminates the protein globules 1n the
renal cells He found, at autopsy of myeloma cases with Bence Jones
protemnurta of short duration, that though cast formation was sull
negligible, the tubular epithelal cells were nevertheless already over-
filled with hyaline droplets

Recent physiologic studtes suggest that the prumary mechanism of
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the renal insufficiency 1n myeloma may not be the simple one offered

by Bell Homer Smith!"3 has exhaustively reviewed the problem of

renal disease associated with obstructive cast formation, irrespective
TasLE 3 —Studies of Renal Function in Fuwe Myeloma Patients*
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* Courtesy of Dr Jonas Sirota

of whether these casts consist of hemoglobin, myoglobin or precipi-
tated proten He seriously doubts that in such conditions, collected
under the unfortunate label of “lower nephron nephrosis”, the entire
picture 1s explamned by the tubular occlusive phenomena scen on
pathologic section Armstrong! studied fifteen cases of proven mye-
loma, none of which had any severe degree of renal insufficiency as
determined by routine clinical testing Glomerular filtration rate was
found to be impaired to an equal or greater extent than the tubular
excretory capacity 1n eleven of the fifteen paticats studied Where the
primary fault 1s tubular obstruction, one would expect tubular func-
tton to be depressed at least as much as, if not more than, the glomeru-
lar filtration rate Such a pattern was found by Corcoran and Page
m induced hemoglobin nephrosis in dehydrated dogs and is the
reverse of the situation found in the myeloma patients studied by
Armstrong On the other hand, in a group of nine patients studied by
Goldman, Adams, and Luchsinger,®* there was a parallel reduction
1n all three modalities of renal function This, they suggested, resulted
from the destruction of whole nephron units

Five patients in this series, two of whom were in severe uremia,
were studied in this manner by Dr Jonas Sirota (table 3). In the three
patients with relatively normal renal function, the filtration rate,
renal plasma flow, and tubular secretory maximum were all depressed.
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However, the decrease in the ratio G in/Tm PAH indicates, as was
also noted by Armstrong, that there was relatvely greater sparing of
tubular function than of glomerular function or plasma flow. The
two patients with signs of far advanced clinical uremia had a blood
urea mtrogen of 107 and 130 mg. per cent respectvely These two
cases demonstrated such marked depression of all three modahues
that no conclusions could be drawn. Although the morphologic
evidence is extremely impressive and would seem to indicate that the
myeloma kidney suffers from *“stopped-up pipes,” ¥ physiologic data
obtained during life would tend to imphcate an additional lesion to
explain the renal insufficiency caused by the myeloma kidney

The myeloma kidney, while 1t does cause severe urerma, does not
lead to hypertension The ncidence of hypertension n Bell’s serses
was 26 per cent, a figure which he felt corresponded closely to the
coincidence of hypertension 11 elderly patients, and which could not
be attributed to muluple myel unless ntial hypertension was
excluded Thirteen of the forty-one autopsied cases m this series
showed the pathologic picture of the myeloma kidney on microscopic
section Nine of these cases died with severe uremia, only one of these
had a blood pressure with systalic levels above 150 mm Hg and
diastohc levels above 90 mm  Of the entue scries of forty-one autopsied
cases, only six had blood pressures in the hypertensive range (15 per
cent) {fig 16) Thus, our series would confirm the impression that the
uremia caused by the myeloma kidney 15 nonhypertensne (fig 17)
This becomes a valuable diagnostic pomnt n the approach to any
urermia without hypertension The following 1s a case history * describ-
ing just such a patient, misdiagnosed as chronic glomerulonephritis

M B, #601321, a 45 year old white salesman, was admtted for the first
ame to the private service, complaimng of marked weakness, fatigue, nausea,
duarrhea, and pam i the nght lower quadrant of three months duration The
patient reported an ammomacal taste 10 his mouth and had lost 20 pounds
Examinaton revealed a chromcally 1ll male with uremic odor to the breath

erythrocyte sedimentation rate 95 mm per hour. Cystoscopy and pyelography
were negative After several the patient d
with the diagnoss of chromic glomerutonephritis

*This casc history has already appeared elsewhere 19
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differential except for the presence of 4 per cent plasma cells The blood urea

4IT

NUMBER OF CASES

[
PERTENSNE

| HSPERTEWSIVE
PATIENTS PATIENTS
AUTOPSIED  UREMIC

AT DEATH

Fio 17.~The medence of hypertension among the uremic patients in the forty-
one autopsicd cases of mycloma

mitrogen was 225 mg per cent, creauntne 18 7 mg per cent, caloum 7 8 mg
per cent, phosphorus 8§ 3 mg per cent, CO2 22 4 vol per cent, serum album:n
40 Gm per cent, globulin, 24 Gm per cent The clectrophorenc pattern
tevealed only minor anomalies The urine showed 3 plus albuminuna Because
of the obscure etology of this nonhypertensive uremia and the presence of
plasma cells in the peripheral blood, & careful Jacobson test for Bence Jones
proteinuria was carnied out and found 1o be postive A roentgenologic skeletal
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survey failed to reveal any bone lesion compatible with the diagnosis of multi-
ple myeloma. Sternal aspiration, however, showed that the marrow contained
large numbers of immature plasma cells, with many binucleate forms The
patient’s course was stcadily downhill and he died within a short trme Post-
mortem examnaton revealed multiple myeloma, myeloma kidneys, and
paramylordoss of the heart, gastromntestinal tract, periadrenal fat, and spleen
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Fic 18 —The relationship between elevation of the blood urca mitrogen and Bence

Jones proteinuria  Elevation of the blood urea mitrogen occurs more than twice as
frequently 1 patients with Bence Jones proteinuna

A defimte relationship seems to exist between the presence of
Bence Jones proteinuria and an increased incidence of renal insuffi-
ciency. All thirteen of the patients with myeloma kidneys at autopsy
had Bence Jones protein in the urine during hfe. There were fifteen
patients who developed elevation of the blood urea nitrogen to 60 mg
per cent or higher, every one of whom had Bence Jones protein in the
urmne. Thus, in the differential diagnosis of moderately severe renal
insufficiency, the absence of Bence Jones proteinuria would rfml\c
multiple myeloma an unlikely etiologic possibility. Of those patients
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who showed a positive test for Bence Jones protein in the urine, 55 per
cent had a blood urea nitrogen of over 30 mg per cent, while only
24 per cent of those with a negative Bence Jones reaction demonstrated
a comparable elevation of the blood urea mitrogen (fig 18) There
was an approximately equal number of patients in this group, since
49 per cent of the patients in this series had Bence Jones proteinuria

Examination of the urine of the 97 cases m this series revealed
the presence of alburmnuria at one time or another 1 90 per cent of
the cases; 50 per cent had 2 plus albumnuria or more; 80 per cent
showed white blood cells on muicroscopic examination of the urinary
sediment, 45 per cent had red cells and 19 per cent had casts Only
seven cases 1 the entire series had normal urmary findings at all
times The forty-eight cases who had Bence Jones proteinuria, with an
occasional exception, also had albuminunia However, forty-two cases
had albuminuria without Bence Jones proteinuria Fishberg concen-
tration tests were run on sixty-three patients, half of whom could not
concentrate the urine above a specific gravity of 1 018, of thes group
with moderate 1mpairment of concentrating absthty, 75 per cent had
Bence Jones proteinuria  Phenolsulphonephthalein tests were run on
srxty-five patients, one half of these patients could not excrete 60 per
cent of the dye 1n two hours and one third could not excrete 40 per
cent of the dye 1n two hours The impairment of excretion of phenol-
sulphonephthalein 1s an carly sign of renal falure 1in Bence Jones
proteinuria
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Extrasheletal myelomatous mvolvement has been reported fre-
quently i the hterature 37563201 142 Churg and Gordon? 37
demonstrated that there 15 a surpnsmgly high incidence of myeloma-
tous mfil of the extr; system in muluple

! In thirty ve ied cases which they studred at
the Mount Sina1 Hospttal, they found 73 per cent to have erther
diffuse or nodular infiltration of the liver, spleen, and lymph nodes by
myeloma cells In our ntnety-seven cases, palpable hepatomegaly
was present 1n thirty-seven patients (40 per cent) and hepatospleno-
megaly 1n twenty-two patients (23 per cent) The hiver was almost
always smooth, firm, and non-tender, although occasionally shight
tenderness was ehcited Enlargement, as detected by physical examna-
tion, ranged up to 10 cm below the nght costal margin The splenic
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survey falled 1o reveal any bone lesion compatible with the diagnosis of mulu-
ple myeloma Sternal aspiration, however, showed that the marrow contained
farge numbers of immature plasma cells, with many binucleate forms The
patient’s course was steadily downhill and he died within a short time Post-
mortem examunation revealed multiple myeloma, myeloma kidneys, and
paramylotdosis of the heart, gastrointestinal tract, periadrenal fat, and spleen
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Fio 18 —The relationship between elevat:on of the blood urea nttrogen and Bence
Jones proteinunia Elevation of the blood urea nitrogen occurs more than twice as
frequently m patients with Bence Jones proteinuria

A definite relationship seems to exist between the presence of
Bence Jones proteinuna and an increased incidence of renal insuffi-
ciency. All thirteen of the patients with myeloma kidneys at autopsy
had Bence Jones proten in the urine during life. Therc were fifteen
patients who developed elevation of the blood urea nitrogen to 60 mg.
per cent or higher, every one of whom had Bence Jones protetn in the
urinc. Thus, in the differential diagnosis of moderately severe renal
insufficiency, the absence of Bence Jones proteinuria would make
multiple myeloma an unlikely etiologic possibility. Of those patients
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wha showed a peduve test for Benee Jones protein sn the urine, 55 per
cent had 2 blood wrea nuteogen of over 30 mg per cent, while only
24 pee cent of thove with & negative Bence Jones reaction demenstrated
a comparable elevation of the blood wrea mitrogen (g 18) There
was an approvmately equal number of patients in thes group, smee
49 per cent of the panemts » this series had Bence Jones protemnuria
Examunation of the urtne of the 97 cases in thus series revealed
the presence of albumunuria at ane tme or another n 90 per cent of
the cases, 50 per cent had 2 plus afburminuria or more, 80 per cent
showed white blood cells an microscapic exanunation of the urinary
sediment, 45 per cent had red cells and 19 per cent had casts Only
seven cawes fn the entite senes had normal unnary findings at alt
umes The forty-eight cases who had Benee Jones proteinuna, with an
H P afso had alb @ However, forty-two cases
had atbummunia without Bence Jones protesnuria Frshberg concen~
trauon tests were run on sixty-three patients, half of whom could not
concentrate the urme above a specific gravity of 1018, of thus group
with moderare smparment of roneentranng abiity, 75 per cent had
Benee Jones p & Phenolsulphonephthalein tests were Tun on
sity-fae patients, one half of these patients conld not excrete 40 por
cent of the dye 1 two hours and one tnrd could not exerete 40 per
cent of the dye i two hours The impairment of exerction of phenol-
suiphonephthalewns s an early agn of renal fasfure in Bence Jones
protewnuria
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Extraskelcial myel smvol has been reported fre-
quently i che fuerature ¥ S9N Churg and Gordon?® 57
demonstrated that there 15 2 surprsingly igh inadence of myeloma-
tous infiltration of the extraosseous h p system 1 muiph
myeloma In thirty consecutive autopsied cases which they studsed ac
the Mount Sinar Hospital, they found 73 per cent 1o have euber
diffase or nodular infilteatian of the hiver, spleen, and tymph nodes by
mycloma el In our minety cases, pafpable heg iz
was present in thirty-seven patsents {40 per cent) and hepatospleno.
megaly in twenty-two patients (23 per cent). The Yiver was abmost
always smoath, firm, and der, alth o Hy shghe
l?:l’ldcl'ntﬂ waselicited Lntargement, as detected by physical exammas
tion, rangrd up o 10 cm. below the night costaf margn The splemic
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enlargement was usually only moderate, ranging up to 3 cm below
the left costal margmm, although in two cases the spleen tip extended
down to the iliac crest. Chnically, it is unusual to find more than
modcrate enlargement of the lymph nodes, but in two cases the
lymphadenopathy was striking. One patient with paramyloidosis was
found, at postmortem ecxamination, to have nodes which were
markedly enlarged and virtually replaced by amyloid. This case will
be presented in detail in the section on paramyloidosis. The history
of a patient with lymphadenopathy, hepatosplenomegaly, and plasma
cell leukemia follows:

Y TY gracran g " P T T

admission, the temperature was 100.4 F and the blood pressure 120/54, There
was marked fymph node enlargement varying fiom 1 to 3 cm in diameter.
These nodes were firm, rubbery, non-tender, and 1n some areas matted to-
gether The liver was enlarged 4 cm below the right costal margin and the
spleen was felt 2 cm below the left costal margin.

There was 2 moderate anemia of 12 Gm per cent of hemoglobin and 2
leukocytosis of 38,000 per cu mm of which 51 per cent were immature
plasma cells Bone marrow aspirauon revealed 10 per cent myeloma cells
‘The erythrocyte sedimentation rate was 119 mm. per hour The serum albumin
was 0 9 Gm per cent, the globulin 8 9 Gm per cent The blood nitrogen was
28 mg per cent and serum uric actd 8 9 mg per cent Bence Jones protein was
found in the urine X-ray examination revealed marked scoliosis of the dorsal
spine with lateral wedging of the dorsal vertebrae

The patent’s hospital course was charactenzed by progressive anemia and
by recurrent episodes of bronchopneumonia. The panent failed to respond to

or to stil ipheral blood picture changed termi-

nally, with the white cell count falling to 8000 per cu mm. with a relanvely

normal differential, while the plasma cells dropped to only 1 per cent The

patient died during the fifth week of b lization of b ia and
pulmonary edema,

Postmortem examnation showed muluple myeloma with plasma cell
leukemia and infiltration of lymph nodes, bone marrow, liver, spleen (fig 19),
and kidneys Enlarged nodes were found m the cervical, aillary, ingumal,
hilar, penaoruc, and penportal arcas The bones showed softening of the
teabecular structure

Liver function tests were performed in many of the patients. The
cephalin flocculation was 3 or 4 plus in 19 per cent of the sixty-c'lght
cases tested. In only five cases was the thymol turbidity test dcﬁnxte}y
positive, Twelve of the thirteen patients with positive cephalin
flocculation tests had elevated serum globulin Jevels and.all had serum
albumin levels below 4 Gm. per cent. Ninc of the positive reactions
occurred in patients with hepatomegaly. In about 20 per cent of the
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cases some degree of liver dysfunction could be d ated by the

use of the hippuric acid and cinnamic acid tests, the bromsulphalein
test, the galactose tolerance test, and prothrombin time.

Two of the cases with visceral involvement are of unusual interest
from the point of view of the biogenesis of multiple myeloma and ats
relationship to reticulum cell sarcoma Both of these cases were
reported to have reticulum cell sarcoma by lymph node biopsy during

Tic 19 —Massive myelomatous nfiltration of spleen

Lfe. At autopsy, however, they were found to have a remarkable
wfiltration of the viscera by wildly growing, invasive cells, which
resembled reticulum cells 1n some areas and mature myeloma cells 10
other areas It 1s interesting to speculate whether two separate disease
entities occurred comerdentally in these two patients, or whether these
cases may be taken as additional evidence for the reticuloendothehal
origin of the myeloma process (p 10)

H G, #599016, a 61 year old male, was admutted to the hospital complam-
ng of pain in the left hip and grom of nine months duration Seven months
previously, he had been seen at another hospital, where a large destructive
leston 1n the wing of the lefc lur was discovered and biopsied No tumor was
found, the showing onl; i ¥ response and
new bone formation ** One month before admission he noted 2 rapudly growing
mass 1n the region of the biopsy

Physical examiation revealed a thin, sweating white male 1n acute distress,
unable to stand and complaing of pain 1n the feft hip The outstanding
physical finding was a large mass palpable decp 1n the left lower quadrant of
the abdomen, anising from the pelvic brim and extending up to the left hac
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crest The mass was hard and non-tender, 10 cm n diameter, and scemed
attached to the bony pelvis The overlying skin was red and hot and contained
many dilated superficial venules A loud systolic bruit could be heard over
the mass with the aid of a stethoscope At the site of the ongnal biopsy scar, 2
doughv, orange-size, bluish mass could be seen

Lab e revealed a mod anemia, a white blood ccll
count of 7500 per cu mm with a differential that was unremarkable except
for the presence of one plasma cell. There was 2 plus albumununa but no
Bence Jones protemnuna The erythrocy te sedimentation rate was 101 mm per
hour The serum calcium was 13 3 mg, per cent; phosphorus 1,4 mg per cent;
serum albummn 16 Gm per cent, and globulin 6.9 Gm per cent The electro-
phoretic analysis showed that 54 3 per cent of the total protein consisted of
gamma globulin (table 8, case 8) Roentgen exarmnauon of the skeleton
showed a large area of destruction in the left wing of the 1hum (fig. 20}, destruc-
tion of the bodies of D 4 and D 11, and muluple rarefactions m the ribs Sternal
marrow yielded 28 per cent myeloma cells and aspuation of the mass in the
shum vielded shects of cells w hich were identical to thase of the sternal marrow
and which were interpreted as myeloma cells

Within ten days of starung raduotherapy, matked dimmution in pain and
m the size of the mass occurred wath loss of the systohc brutt The patient was

y on d! but X-ray at that time showed no re-

calcificauon of the lesion 1n the pelvis

He was readmutted four months later because of the sudden development of
weakness 1n both legs and mability to urinate, He had a pamplcgn: with a

- ST Vs e

DU

Postmortem examination revealed widespread muliiple mycloma involiing
the bones (sertebrae, sternum, nibs, thum, and femur), soft tissues, wcluding
the retropenitoneal, perirenal, and peradrenal tissues, the bladder wall, and
lymph nodes (cervical, pertaortic, and peripancreatic) Chronic vight pyelo-
nephrits with narrowing of the right ureter by tumor tissue was also preseat
C ble difficulty was ind the cell type found 10
the lymph nodes, which closely resembled reticulum cell sarcoma, from e
invading myeloma cells of the tumor of the slum In some areas, however, the
ihac mass contained many cells similar to mature plasma cells (fig 42

A similar problem was encountered in the following cas¢ of
ultiple myeloma with generalized isceral infiltration, tumor

nodules in the skin, jaundice, and purpura.

F. B, #562988, a 65 year old white female, complained of \\caLJncﬂ

for one
for sit
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and the spleen was huge, extending down to the hac crest The skin was mark-
edly ictenic with many subcutancous ecchymoses

The patient was severely anemic with 56 Gm  per cent of hemoglobm and
ared blood cell count of only 1 4 muthon per cu mm The white blood cell count

Fio 20 —R showing a huge lesion of the wing of the
slm - (Microscopic section of this tumor shown 1n figure 4a )

was 3450 per cu mm with 1 per cent myelocytes and 1 per cent plasma cells
The platelet count was 8000 per cu mm The unine was posiave for bile and
there was a negative reaction for albumin and Bence Jones protemn The serum
albumin was 39 Gm _per cent and the globulin 1 7 Gm per cent The alkaline
phosphatase was 16 King-Armstrong units and the cephahn flocculation 4 plus
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Bone x-rays demonstrated mottled areas of rarefaction 1 the skull and long
bones Sternal marrow asprration yielded charactenistic myeloma cells

The patient remained 1n poor condition with profound anemia, leukopenia,
and thrombocytopema Ecchymoses and a large number of firm, subcutaneous,
pea- 10 plum-size nodules were noted to appear on the arms, legs, and trunk.
Two of the nodules, one from the thigh and the other from the trunk, were
biopsied and reported to show reticulum cell sarcoma The patient died on the
thirtieth hospital day

Postmortem examination showed muluple myeloma with generalized ifil-
tranon of the hver, spleen, and lymph nodes There was nodular infiltration of
the diaphragm, epicardium, lungs, lver, skeletal muscle, and subeutaneous
tissue The liver weighed 3300 Gm, and the spleen 1000 Gm. As in the previous
case, the same difficulty arose in differentiatng immature myeloma cell types
seen 1n certain areas from what appeared to be reticulum cell sarcoma 1n
other areas

The apparent sunilarity between multiple myeloma of this type
and reticulum cell sarcoma has also impressed Bayrd.!$ He cites the
case history of a 60 year old woman with osteolytic lesions, Bence
Jones proteinuria, and hepatosplenomegaly who developed terminally
a huge liver and flooding of the peripheral blood with many cells
indistinguishable from reticulum cells. Impressed by the ewident
transition between reticulum cell, myeloma cell, and well differen-
tiated plasma cell in this case, Bayrd could not escape the conclusion
that the myeloma cell arose from the reticulum cell

Miscellaneous Signs and Symptoms

As mentioned above, low grade fever is not uncommon in multiple
myeloma Thirty-nine per cent of the patients had temperature
elevations from time to time rising to 101 F. rectally. An occasional
patient developed febrile rises to as high as 102 or 103 F. for no known
cause. With pneumonia, pulmonary infarctions, or incidental infec-
tions, still higher temperatures occurred, of course.

Abnormaltties of the finger nas were occasionally noted. Two
patients had definite clubbing of fingers and toes with broadening and
floating of the nail-beds; three others had suggestive but not definite
clubbing. One patient with severe hypochromic anemia and gastric
achlorhydria had koilonychia. Another unexplained and not uncom-
mon finding in patients with multiple myel was the disappearance
of the lunulae from the base of the nails.

In long standing cases, signs of rheumatoid arthritis, even of osteo-
arthritis, may develop In many such cases the articular changes are
due to deposition of amyloid within or about the synovial membrane

of the joints.



5 ROENTGENOLOGIC CHANGES
. IN THE BONES

innumerable punched out areas of destruction nvolving
many bones. These purely osteolytic areas are character-
wtically sharply demarcated and are most easily seen in the skull
(fig 21). The roentgen picture of carcinoma,
thyroid adenoma (fig 22), and renculum cell sarcoma (fig 23) may
be identical Even the pseudocystic lesions of polyostouc fibrous
dysplasia may cause differential diagnostic difficulties (fig 24) Thus,
a sharply outhned, round or oval osteolytic lesion may or may not be
a myeloma, In general, 1t can be stated that if the margin of the
ostealytic leston 1s fuzzy, the diagnosis of myeloma 1s unlikely It 1s
indeed exceedingly rare to sce any sigmficant degree of osteoblastic
reaction about the lesions The presence of such sclerotic bone change,
unless merely due to condensation of surrounding bone, should cast
doubt on the diagnosis of myeloma, or an associated lesion should be
suspected The presence of periostitis 1s also very mfrequent One
patient (described on p 33) with a large destructive lesion of the
vertebral column, which proved on biopsy to be a plasmocytoma, had,
m additton, a lytic lesion 1 the ihum surrounded by a thin zone of
sclerotic bone Biopsy of this lesion revealed, on section, not a mye-
loma, but an isolated lipoid granuloma (fig 25) Two patients had the
unusual roentgenographic picture of Paget’s disease and myeloma
involving the same bone {fig 26) In one patent, the Paget lesion of
the vertebral column had produced the picture of an wory vertebra
which stood out 1 marked contrast to the osteolytic lesions caused by
myeloma Rare cases of myeloma with new bone formation occur **
Diffuse demineralization of the skeleton 1s a common finding in
myeloma The vertebral column, 1 particular, demonstrates this
(Text continued on page 54)

The classical x-ray finding 1n multiple myeloma consists of
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Fic 21 —Typical lytic lesions of multiple myeloma producing punched out
destructive areas throughout the skull,
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Fic 23 —Punched out lesions of skull scen n reticulum cell sarcoma, sumulating
multiple myeloma
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Fic. 23 —Punched out lesions of skull seen 1n reticulum cell sarcoma, simulating
multiple myeloma
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tumor of bone (fig. 29). It should be stressed that when a lesion
resembling a giant cell tumor 1s found 1n a flat bone, where giant-cell
tumors are unusual, myeloma or a lipoid granuloma should be
suspected (fig. 25)

Geschickter and Copeland®® found the lesions to be most commonly

Fic 26 —Simultaneous tavolvement of femora by muluple myeloma and Pagec's
discase

located 1n the spine, ribs, sternum, and clavicle, with the skull and the
extremities near the pelvis or shoulder girdle forming a group that
were involved about half as frequently The distribution of lesions m
our series seemed to adhere to such a rule We have, 1n addition, noted
involvement of the mandible 1n twelve cases The mandible is fre-
quently 1nvolved, because 1t 1s a flat bone, which, even in adulis,
usually contains red marrow. On occasion we have seen lesions
almost every bone of the body including the small bones of the hands
and the feet

Seven of the cases demonstrated no discrete lesion other than a
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change and vertebral collapse (figs. 8, 9, 38) is extremely common.
Many patients will present this finding in association with numerous
areas of rarefaction, but it 1s surprising how frequently diffuse decalcifi-
cation of the bones exists in the complete absence of any demonstra-
ble focal lesions on the x-ray films.

o
%

p

Fic 25 —Rarefied area of thum surrounded by rim of dense sclerosis in patient
with proven myeloma of spine Biopsy of this lesion showed lipoid granuloma of bone

The destructive lesions (fig. 27) vary in size from 1 to 2 mm
diameter on up ta extensive areas of bone dissolution the size of an
orange or grapefruit (fig. 20). The smallest, when numerous, give the
bones a sieve-like appearance which has been Iikened to a leopard
skin or even to the interior of a bee hive (fig 28) The largest were
seen to occur 1n the pelvis. Lesions are charactensstically located n the
medullary cavity of the bones and not infrequently erode through the
cortex from within, Occasionally, large tumor depostts produce a soap
bubble effect, sometimes simulaung the appearance of giant cell
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v

Fic 28.—Hecaling fracture of femur with abundant callus formation Note the
sieve-like appearance of the bone and the apparent myelomatous involvement of the
callus itself.
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precipitate will form between 44 and 50 C, and will later dissolve
when heated above 95 C. If albumin 1s also present, 1t will be necessary
to filter the boiling urine through a hot filter and then to note whether
a precipitate forms as the urine cools It 1s interesting to read that in
his original report on the properties of this substance, Bence Jones
timself did not require it to precipitate at 40 to 60 C His description
merely mentioned the precipitate caused by the addition of nitric acid
to the urine, the disappearance of the precipi on boiling, and 1ts
reappearance on cooling, a method which we would scarcely accept
today as sufficient to demonstrate Bence Jones protein to the exclusion
of proteoses and pseudo Bence Jones protein
Because 1t is often difficult to separate the albumin from the Bence
Jones protein, a modification of this technic has been suggested by
Jacobson and Wilner # Ten ¢ ¢ of fresh urine are adjusted to a pH of
55, heated to approximately 60 C., and held at this temperature for
10 minutes The urine is then centrifuged and decanted The pre-
cpitate, which contains the Bence Jones protein, 1s suspended and
partly dissolved 1 10 cc of normal urine Ten drops of concentrated
nitric acid are added since Bence Jones protemn only dissolves on
boiling if the acidity 1s sufficiently high The suspension is then heated
to boling for ten mtnutes and filtered while hot When Bence Jones
protein is present, all or nearly all the protem will dissolve during
boiling and appear again on cooling
Bence Jones proteinuria 1s almost pathognomomc of multiple
myeloma It has been reported in 1solated instances of chronic
lymphatic or myeloid leuherma, metastatic carcinoma of bone,
sarcoma of bone, polycythemia vera, semle osteopoross, and fibro-
cystic disease of bone Nearly all these cases are open to question since
the abnormal urinary protein may actually have been pseudo Bence
Jones which precipstates at 50 C but does not dissolve at 95 C or a
proteose which does not precipitate below 60 C, but does dissolve at
the boiling point In addition, 1t seems possible that some of the cases
of “lymphatic leukerma™ with Bence Jones protemnuria may actually
have been cases of plasma cell leukemia It has already been brought
out that 1t 1 sometimes difficult to differentiate myeloma cells in the
peripheral blood from lymphocytes
In forty-eight of nincty-seven consecutive cases of this series, Bence
Jones protemn appeared sooner or later m the urine (49 per cent) Of
these, four were negatve at first, but became positne later in the
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Bence Jones Proteinuria

he excretion of Bence Jones protein in the urine is a unique
characteristic of multiple myeloma. It may be excreted n
huge quantitics. Bence Jones,?! in Ius origmal publication,
reported an excretion of 60 Gm per day and Magnus-Levy!'™!?
mentions that fourteen observations of a daily elimination of 30 to
77 Gm of Bence Jones protein can be found in the Kiterature One
patient of Dent and Rose®# excreted about 36 Gm  daily. The exact
nature of Bence Jones protein has never been determined, and its
relationship to the abnormal serum proteins and amyloid deposits is
stll a matter for conjecture. Bence Jones protein differs from other
proteins i that 1t contains at best only traces of methionine and of
hydroxy-prohne
When the sulfosalicylic acid test is negative, no Bence Jones protein
15 present in the urine. The difficulties start, however, when pro-
tenunia 1s found and the question anses as to whether part of the
protemn is Bence Jones protein A good method for screening cases for
the presence or absence of Bence Jones proteinuna is to layer the urme
over a few cc of concentrated hydrochloric actd. If no white ring
forms at the interphase, Bence Jones protein cannot be present and
more elaborate tests are unnecessary If a white ring does form, Bence
Jones protein may be present, but since globulins, proteoses, and
pseudo Bence Jones protein are also precipitated by this technic,
further testing 1s then necessary. A 10 cc. sample of fresh urine is
acidified with 2 per cent acetic acid until it reaches a pH of 5 5. Two
cc. of saturated sodium chloride solution are added. The urine is then
heated in a water bath, rather than over an open flame, since direct
heating often alters the proteins. If Bence Joncs protcin 15 present, 2
58
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other words, the precipitation of the protein is incomplete at a con-
centration of 21 5 per cent sodium sulfate In such cases, the quantity
of Bence Jones protein, which rcmai“s in solution during Howe
ion, is err ly calculated as albumin. In other instances,
a shght precipitaion occurs with a cenccmranon of 17 4 per cent of
sodium sulfate corresponding to p: bhulin 1. However, a con-
centration of 13 per tent of sothum <ulfate, which precipitates cuglobu-
lin, never causes any precipitation of Benee Jones protein. Thus, an
increase of the euglobuln fraction of the serum determined by Howe
fractionation can never be due to the presence of Bence Jones protein.
Comparable variations are encountered during the electro-
phoretic analysis of the Bence Jones protein, Rundles found that the
electrophoretic moblity of the Bence Jones protemn of his patients
varied between 12 and 41 (p 74) Ten Thije'> noted electro-
phoretic mobilities between 0 8 and 3 8—that is, between the speed
of alpha-2 globulin and that of the gamma fraction.
Bence Jones protein has allegedly been found in the blood, 33 $331
i penicardial flud,'#77" 1n pleural flud, 2% and even in spermatic
flud 7 Such findings, ndicating the presence of measurable quan-
tities of Bence Jones proten in body fluids other than urine, must be
questioned, unless refined physicochemical methods have been used
For many years immunologic methods have been used in an effort
to wdentify the abnormal proteins found in multple myeloma. As
early as 1911, Massin1'?* devised serologic technics to distinguish Bence
Jones protein from the normal serum pratemn These findings were
first confirmed and further developed by Bayne-Jones and Wilson,!?
and later by Hektoen and Welker 7 The antigenic properties of
Bence fones protein may be studied rather easily since this protein
can often be crystallized in antigenically pure form In order to obtain
an antiserum, rabbits must be mjected with large quantities of Bence
Jones protem, because the latter 13 only weakly antigenic In this way
it has been posuble to demonstrate that there are at least two sero-
logically different Bence Jones proteins In 1943, Moore, Kabat, and
Gutman!? were able to demonstrate the protein i the sera of patients
by using antisera, prepared against the Bence Jones protein of these
pauents It thould be emphasized that it has never been posmible
by immunochem:cal methods to find more than 02 Gm. of Bence
Jones protein per 100 cc. serum Nevertheless, in an oceasional case,
the protein has been d ated by either ¢l horesi:

or ultra-
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disease In one instructive case a patient maintained normal renal
function for a long period of time until Bence Jones protemn appeared
mn his urine, at which time progressive renal insufficiency ensued
When all the cases 1n this series have been followed to their terminal
outcome, a higher percentage of posttive reactions will undoubtedly
be found.

Bence Jones protein is a substance of relatively low molecular
weight, which, when measured by ultracentrifugation, usually ranges
from 35,000 to 40,000 with extremes of 24,000 to 90,000 *5+1% Since
Bence Jones protein has such a low molecular weight, it is easily
filtered through the normal glomerulus Magnus-Levy believes that
Bence Jones protein, like the abnormal myeloma globulins, is formed
by the myeloma cells in the bone marrow. Meyler,'* on the other
hand, contends that this protein is formed in the normal bone marrow
1n minute quantities, so small as not to be detected in normal sera or
urine. In myeloma, the production of Bence Jones protein would then
become so great as to be excreted in recognizable amounts in the
urine. Apitz® concluded that the myeloma cells produce a whole
range of abnormal proteins, all of which are “blood foreign” leading
to “paraprotemerma ”’ Because of this quality they are excreted by the
kidneys (“paraproterpuria®), partly as Bence Jones protein, partly
as proteins of higher molecular weight. In other cases this abnormal
protein 1s deposited in the tumor tissue and in various organs and
tissues in the form of paramylowd (“paraproteinosis™).

The relation between Bence Jones protein as 1t 1s excreted in the
urmne and the abnormal serum proteins of multiple myeloma has been
the subject of much thought and investigation Combined electro-
phoretic, ultracentrifugal, and immunochemical technics have added
much information, but the final answer is stll not at hand. The
study of purified Bence Jones protein 1solated from the urine of
patients with multiple myeloma indicates that concentrations of
magnesium and sodium sulfate, at which Bence Jones protein pre-
cipitates, may vary considerably from case to case. Ten Thije,"*
using the method of Derrier, found that four of five true Bence Jones
d by phospt ations between 49

proteins were precipi ;
and 59 per cent. Precipitation of Bence Jones protein in the urine
with ammomum sulfate usually starts at a concentration of 40 & 2 per
cent and is complete at 50 £ 5 per cent. On Howe {ractiorllatign
Bence Jones protein, in some instances, behaves like albumin; in
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when Bence Jones protein was present in the urine. However, when
there was no Bence Jones protein in the urine, the average serum
globulin was considerably higher—4 6 Gm  per cent.

Analyzing forty-four of our cases in whom electrophoretic separa-
tion of the different globulin fractions was performed, the following
data were obtained Bence Jones protemnuria was found in one of four
cases with alpha globulinemia, in two of six cases with beta globu-
linerma, and 1n four of twenty-one cases with gamma globulinemia
In contrast, ten of thirteen cases in whom the electrophoretic pattern
showed only minor anomales had Bence Jones proteinuria

The explanation for this inverse relationship between Bence Jones
proteinuria and hyperglobulinemia is not clear, It may be due to the
fact that when a high serum globuli level exists, the small Bence
Jones molecule becomes involved in a complex formation with the
high molecular weight serum globulins After combining with these
large molecules, Bence Jones protein cannot be filtered through the
glomerulus '3 On the other hand, the loss of large quantities of Bence
Jones protein 1n the urine may serve to reduce the serum protein in
much the same way that heavy albuminunia serves to reduce the
serum albumin in the nephrotic syndrome

Abnormalities of Serum Protein

One of the most intrigumg ph of multipl 1 1s the
elaboration of abnormal serum proteins The opmion of Magnus-
Levy*™*!# that these abnormal proteins are the product of the mye-
loma cells i the bone marrow has already been mentioned Numerous
observations have confirmed his impression that a relation between
plasma cells and serum globulins exists Bing and Plum?®® have pointed
out that an mncrease of plasma cells and reticulum cells 15 a feature
common to various diseases with hyperglobulinemia Bjorneboe and
Gormsen®! produced tissue infiltration with plasma cells by repeated
immunization of rabbits with killed pneumococet and noted a defimte
elevation of the serum globulin proportional to the degree of plasma
cell nfiltration Fagreaus®® demonstrated 1n rabbits, which were
sensitized to horse serum, that hyperglobulinemra developed con-
comitantly with a proliferation and maturation of plasma cells from
the reticulum cells of the bone marrow. Pariser and his associates,®
extending these studies to human subjects, immunized twelve Schick
negative adult males with diphtheria toxin Most of these subjects
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centrifugation Collier ct al * have also prepared Bence Jones anti-
serum by repeatedly injecting protein mto rabbits. This rabbit serum,
contaiming the Bence Jones antibodies, 15 said to be capable of demon-
strating minute quantities of Bence Jones protein in both urine and
blood In fact, these workers discovered the presence of Bence Jones
protein in the urine of ten patients with myeloma, who had negative

‘4'[

13

21 5 URINE CONTAINS BENCE JONES PROTEIN
0l URINE DOES NOT CONTAIN BENGE JONES PROTENN

NUMBER OF CASES

0-2 23 34 4-6 [a:] 812
CONCENTRATION OF SERUM GLOBULIN- GMS.PER CENT
Fro 30 —Inverse relanionship between Bence Jones proteinuna and hyper-
globuhnerma

chemical tests for Bence Jones protemnuria. Several “solitary plasma-
cytomas” were found to have positive tests by this method. These
results have yet to be confirmed.

It has been pointed out by others,117:211 that Bence Jones pro-
teinuria occurs more commonly in the absence of hyperglobulinemia
than m 1ts presence. Our experience confirms this point of view,
although exceptions exist (table 9). An analysis of the relationship
of the serum globulin level to the presence or absence of Bence Jones
proteinuria showed a definite tendency for the serum globulin to be
lower when Bence Jones protein was being actively excreted in the
urine (fig. 30) The average serum globulin, determined with the
Majoor modification*® of the Howe method was 30 Gm. per cent
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when Bence Jones protein was present n the urine. However, when
there was no Bence Jones protemn in the urine, the average serum
globulin was considerably higher—4.6 Gm  per cent.

Analyzing forty-four of our cases in whom electrophoretic separa-
tion of the different globulin fractions was performed, the following
data were obtained Bence Jones proteinunia was found in one of four
cases with alpha globulinemia, 1n two of six cases with beta globu-
linemia, and in four of twenty-one cases with gamma globulinema
In contrast, ten of thirteen cases in whom the electrophoretic pattern
showed only minor anomalies had Bence Jones proteinuria

The explanation for this inverse relationshup between Bence Jones
proteinurta and hyperglobulinemia is not clear. It may be due to the
fact that when a high serum globulin level exsts, the small Bence
Jones molecule becomes involved 1n a complex formation with the
high molecular weight serum globulins After combining with these
large molecules, Bence Jones protein cannot be filtered through the
glomerulus 3! On the other hand, the loss of large quantiuies of Bence
Jones protemn in the urine may serve to reduce the serum protein in
much the same way that heavy alburmnuna serves to reduce the
serum atbumin 1n the nephrotic syndrome

Abnormalities of Serum Protein

One of the most intriguing phy of muluple 1 1s the
elaboration of abnormal serum proteins The opimon of Magnus-
Levy!!7:118 that these abnormal protemns are the product of the mye-
loma cells 1n the bone marrow has already been mentioned Numerous
observations have confirmed his 1mpression that a relation between
plasma cells and serum globulins exists Bing and Plum?® have pointed
out that an increase of plasma cells and reticulum cells 1s a feature
common to various diseases with hyperglobulinerma Bjorneboe and
Gormsen® produced tissue infiltration with plasma cells by repeated
immunization of rabbits with killed pneumococcr and noted a definite
elevation of the serum globulin proportional to the degree of plasma
cell mfiltration Fagreaus® demonstrated n rabbits, which were
sensitized to horse serum, that hyperglobulinemia developed con-
comtantly with a proliferation and maturation of plasma cells from
the reticutum cells of the bone marrow. Pariser and his associates, 3
extending these studies to human subjects, immunized twelve Schick
negative adult males with diphthersa toxin Most of these subjects
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showed typical and atypical plasma cells in the peripheral blood on
or about the seventh day following immunization. At the same time
four of the twelve showed an increase in the plasma cell content of the
sternal bone marrow. The individuals whose antitoxin response was
most marked were the ones who reacted with a significant proliferation
of plasma cells in the bone marrow. The greater part of these cells were
typical plasma cells of the Marschaiko type, with cartwheel arrange-
ment of the nuciear chromaun, but immature cells were also found.

Rundles’ observations on urethane treated myeloma patients'®
seem to confirm Magnus-Levy’s conclusion that the abnormal pro-
tewns found in multiple myeloma are the product of the abnormal
plasma cell proliferation in the marrow. He noted that when, under
influence of urethane, a reduction in the number of myeloma cells
occurred within the marrow, a decrease 1 abnormal serum globulins
and Bence Jones proteinuria followed shortly thereafter. When
urethane produced no effect on the marrow, no decrease of the
abnormal proteins could be detected. .

After extraction of myeloma tissue with saline, Martin!?! obtamned
a protein, the electrophoretic and ultracentrifugal patterns of which
corresponded to those of the abnormal globulins present in the serum.

Lane'® has made an mteresting observation which, 1if confirmed,
may well be cructal i determining whether the abnormal proteins
are produced by myeloma tissue. He reported the return of the serum
globulin to normal after the resection of an solated plasmocytoma of
the mandible (p 100).

Fractionation of the sera of myeloma patients by salting out with
ammonum sulfate indicates that the abnormal proteins found in such
sera belong to the globulin fraction. Howe, using the sodium sulfate
fractionation, designated the fractions as follows:® 13.5 per cent
sodium sulfate precipitates euglobulin (0.1 to 04 Gm. per cent);
17 4 per cent sodium sulfate precipitates pseudoglobulin I (0.8 10 1.9
Gm. per cent); 21.5 per cent sodium sulfate precipitates pseudoglobulin
II (0 2 10 0.8 Gm. per cent)

The albumin fraction (4.7 to 52 Gm per cent) remains in the
filtrate following the 21.5 per cent sodium sulfate precipitation. There
is little doubt that this Howe fractionation 1s a crude method. It yields
results which are too high for the albumin content of the serum,
because this method of fractionation leaves in solution, not only
albumin, but also alpha globulin.
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Levin et al.1% have reviewed the various modifications of the salt~
ing out methods which produce more homogeneous fractions and
correlate more closely with electrophoresis. Several recent modifica-
tions by Majoor?? and Milne!® have increased the value of the Howe
procedure by improving its correlation with electrophoresis Majoor
precipitates the euglobulin fraction with 18.5 per cent sodium sulfate
and the pseudoglobulin fraction with 26 8 per cent sodium sulfate
The filtrate remaining after the last precipitation contains the albumin
fraction.

In the quantitative determination of the total protein content of the
serum and the alburmn-globulin ratio, the most accurate results can
be obtained by use of the Kjeldahl or micro Kjeldahl technics The
biuret method is also quite good, but because of the nature of the
abnormal proteins i myeloma sera, the tyrosine method gives very
poor results. Using the Majoor meodification of the original Howe
method, we found that in nimety-seven consecutive cases of muluple
myeloma the total protein of the serum was elevated above 8 Gm
per cent 1n 72 per cent of the cases. This is shightly higher than the
figures usually recorded 1n the hterature. In 45 per cent of these cases
the serum globulin exceeded 7 Gm per cent. In three patients the
serum globulin ran as high as 113, 11.1, and 10.1 Gm. per cent
respectively In several cases the albumin-globulin ratio was actually
reduced to less than 1:10

The hyperglobulinemia of myeloma panents differs from the
hyperglobulmcmla found in many other diseases, such as acute lupus

eryth bacterial end itis, Boeck’s idosis,
hiver cirrhosis, sch leprosy, kal , etc In the latter
group of diseases, the hyperglobulinemia is almost always due to an

mcrease of the euglobulm plus the pseudoglobulin I fractions ina
fairly umiform proportion. This happens only occasionally in multiple
myeloma,” where usually either the euglobulm fraction alone or one
of the doglobulin fr is d O lly, the euglobu-
I and the pseudoglobulin II fracuons are both elevated or pseudo-
globulin I and II are increased together. Thus, fractionation of the
serum proteins by one of the modern modifications of the Howe
method often reveals a pattern of the serum globulin fractions which
differentiates myeloma from those other diseases 1 which increased
serum globulim 1s found

Table 4 demonstrates the partttion of pseudoglobulin and euglobu-
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hin by the original Howe method, in seven consecutive cases of multiple
myeloma with hyperglobulinemia These cases were observed by
one of us elsewhere 177

Tasrx 4 —Results of Howe Fractionation of the Serum in Seven Cases
of Multiple Myeloma

Total Protein] Albumin | Pseudoglobutin | Euglobulin B;:‘:;::‘:‘

(nGm %) | nGm %) | (nGm %) | (Gm %) | T
Normal| 6579 | 4757 1221 0204
Case 1 136 19 16 97 ++
Case 2 88 27 09 56 -
Case 3 107 36 09 49 -
Case 4 91 35 26 26 -
Case 5 103 39 53 04 -
Case 6 99 34 57 03 ++++
Case 7 103 26 75 02 +

All these cases had hypoalbuminemia Three of these cases reveal
a considerable increase of the euglobulin fraction with normal pseudo-
globulin figures Three other cases show exactly the opposite, that 15,
an increase of the pseudoglobulin with a normal euglobulin fraction
The results of the Howe determination in these six cases, therefore,
indicate that the hyperglobulmemia is probably due to myeloma
Only 1n case 4 is the result doubtful, because here, though the euglobu-
lin content is very much increased (26 Gm per cent), the pscudo-
globulin content 1s also moderately increased (26 Gm per cent).
Unfortunately, at the time these seven patients were studied, electro-
phorests was not yet available

The cephalin flocculation and thymol turbidity tests are not neces-
san’ly positive in myeloma as they are in most other conditions assoc-
ated with hyperglobulinerma  This has also been noted by Kunkel
and Hoagland *” The Takata Ara reaction 1s usually positive when the
1ncrease 15 due to euglobulin, but not when due to pseudoglobuln I.
The formol gel test is positive when the serum globulin nises above 3.6
Gm per cent, irrespective of the globulin fractions involved. This
test is performed by adding two large drops of 40 per cent forma.lm to
1 cc of serum, and it 1s positive if the serum gels within a period f)f
twenty-four hours. In many instances of marked hyperglobulinemia
the gel forms so quickly and is so viscid, that the test tube can be
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inverted immediately after the formalin is added without spilling 1ts
contents. In our expertence it is a simply performed and an unusually
reliable test for hyperglobulinemia; it was positive in fifty-four of the
eighty-five cases in which it was carried out (63 per cent). In our
series there was only one false negatve formol gel test in a patient
with a globulin of 3,9 Gm per cent There was also one false positive
reaction in a patient with a serum globulin of only 2 5 Gm. per cent.

Sia’s dulution test 1s another simple procedure which can detect an
elevation of the euglobulin content of the serum Thus test 1s carred
out by drawing up 20 cu mm of blood 1n a hemoglobin pipet, empty-
g 1t immediately into 0 6 ¢c of distilled water 1n a small test tube
and muxing briefly The tube 1s allowed to stand vertcally and the
test is positive 1f turbidity appears within 5 minutes The test can be
graded 1 to 4 plus on the basis of the amount and rapidity of setthng of
the sedsment 1n the course of an hour, In the forty cases in which the
test was carned out the reaction was positive in 32 per cent Regardless
of which method is used to determine the globulins, marked differ-
ences can be noted between the globulins of myeloma sera and those
of the sera of normal persons or of nonmyelomatous patients with
hyperglobulinermia

Cryoglobulinemia

Much attention has recently been given to the study of cryoglobu-
lins, that 15, globulins which precipitate at a low temperature. Al-
though a few cases have been observed in other conditions such as
chromc arthritis, penartenis nodosa, and subacute bactenal endo-
carditss, the majority of cases of cryoglobulinema reported 1n the
hterature?*134180 have occurred 1n patients with multiple myeloma.
Despute this fact, cryoglobulinemia is so rare that 1t 13 even unusual
1n myeloma 3 It was sought for 1n seventeen cases 1n thus series, but 1t
could be found 1 only one Most cases of myeloma with cryoglobu-
linerma show a hemorrhagic tendency and purpuric skin lesions The
latter are mainly localized 1n the parts of the body which are exposed
to cold Microscopically, a precipitation of protem 1s found 1 the
blood vessels of the skin Rorvik?®® described a most unusual case of
cryoglobulinemia 1n a 56 year old farmer with purpura and marked
sensitivity to cold, whose blood actually congealed 1n the needle as
1t was drawn from the vein and whose serum stiffened mto a visad
grey-white substance at room temperature At autopsy there was
diffuse myelomatosis. Hill et al ®¢ described the presence in a proven
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case of myeloma of a lipoprotein, which they called a “cryoprotein”
This substance solidified on cooling, gave the charactersstic reactions
of protein, and, when purified by repeated reprecipitation, separated
out as needle-like crystals of a cholesterol ester.

Electrophoresis

Electrophoresis has been of the greatest help n clarifying several
problems in this field. It is possible to determine the speed with which
electrically charged particles in general and protemn particles in
particular migrate 1 a buffer solution under the influence of an
electric current. Proteins always travel 1n the direction of the cathode,
but the speed of this so-called electrophoretic migration is different
for different protein fractions.

In order to caleulate the speed with which a protein fraction
moves, the distance from the starting point of mgration to the maxi-
mum ordinate of the respective peak 1s carefully measured in centi-
meters The mobility of each fraction is then expressed in terms of
107 X em.? X seconds™ X volt™.

The albumin fraction has the greatest velocity From their suc-
cessively slower speed of migration one can differentiate between
alpha-1 globulin (rich in glycoproteins and lipoproteins), alpha-2
globulin (rich in glycoprotemns and mucoproteins), beta globulin
(rich 1n lipids and hpoproteins) and gamma globulin (which, at
least in normal serum, contans the bulk of the antibodies)

The designations of the various protein fractions, calculated ac-
cording to the speed of migration during electrophoretic fractiona-
tion, are defined differently by different authors. Rundles and his
associates define protemn fractions moving with a velocity of 03 to
17 as gamma globulin, whereas their beta globulins have a velocity
of more than 2 6. Stern and Retner, 1# using a more hberal definition
of the different fractions, designate any fraction mgraung with a
mobility of 0.0 10 2 5 X 107° as a gamma globuhn type; 25103 6 X
107" as a beta globulin type, 3.6 to 4.5 X 1078 as an alpha globulin
type. Therefore, a fraction which is defined in Stern and Retner’s
system as a2 gamma type may have a mobility which deviates from
gamma globulin as defined, for instance, by Rundles. The same holds
true for the alpha and beta globulins,

Using their nomenclature, Stern and Reiner 14¢1#7 found, in normal
and healthy persons, that about 60 per cent of the total serum proteins



METABOLIC ABNORMALITIES IN MULTIPLE MYELOMA 69

belong to the albumin fraction, 7 per cent belong to the alpha-1
globulin, 9 per cent to the alpha-2 globulin, 13 per cent to the beta
globulin, and 14 per cent to the gamma globulin fraction. Under this
simplified nomenclature, Reiner and Stern™* found, among ninety-
one myeloma patients, that 6.6 per cent were of the alpha tvpe,
15.4 per cent were of the beta type, 55 per cent were of the gamma
type, and 22 per cent had minor anomalies. It should be noted that
under their system patients with the so-called M fraction are included
in either the beta or gamma types of patterns. These investigators
have set these arbitrary limits in order to emphasize that although
a fraction of myeloma serum migrates with the same mability as
normal alpha, beta, or gamma globulin, it may has e entirely different
physicochemical characteristics.

The great value and accuracy of electrophoresis in the study of
myeloma sera has been reported by Gutman et al., " %! Adams, Alling,
and Lawrence,' Lewis, Bortz, and Battle,’®* Stern and Reiner,!#¢:%
Rundles, Cooper, and Willett,!** Waldenstrom,®™* Janssen,®* and
others #1413 In contrast to other diseases associated with hyper-
globulinemia, the abnormal globulin in myeloma appears as a high,
sharp spike on the clectrophoretic pattern (fig. 31). In nearly all
cases where hyperglobulinemia was found, a decrease of the albumin
fraction was also observed. Gutman and his associates reported that
there are four major electrophoretic patterns which characterize
myeloma sera:

1. Alarge serum component with the mobility of normal gamma
globulin which usually, but not always, corresponds, on Howe frac-

i to a high euglobulin precipitati

2. A definite increase in the fraction which moves with the speed
of normal beta globulin and which, on Howe fractionation, often
corresponds to pseudoglobulin 1.

3. A component with a mobility comparable to that of fibrinogen,
that is, slower than normal beta globulin, but fasier than gamma
globulin. This fraction has been designated by Gutman and his associ-
ates'3! as the M component.

4 A pattern with no characteristic change from the normat.

Whereas Rundles and his associates also recognize the M com-
ponent of Gutman as a separate fraction, in Stern and Rewer’s nomen-
clature the M component is designated as either beta or gamma globu-
Iin Wuhrmann et al.? distinguish between 2 beta-1 and a beta-2.
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case of myeloma of a lipoprotein, which they called a “cryoprotem”,
This substance salidified on cooling, gave the characteristic reactions
of protemn, and, when purified by repeated reprecipitation, scparated
out as needle-hike crystals of a cholesterol ester,

Electrophoresis

Electrophoresis has been of the greatest heip in clarifying several
problems in this field. [t is possible to determine the speed with which
electricaily charged particles in general and protein particles in
particular migrate mn a buffer solution under the influence of an
electric current. Proteins always travel in the direction of the cathode,
but the speed of this so-called electrophoretic migration is different
for different protein fractions.

In order to calculate the speed with which a protein fraction
moves, the distance from the starting point of migration to the maxi-
mum ordmate of the respective peak is carefully measured 1 centi-
meters The mobility of each fraction is then expressed in terms of
107% X em 2 X seconds™ X volt™L,

The albumin fraction has the greatest velocity From their suc-
cessively slower speed of migration one can differentiate between
alpha-1 globulin (rich in glycoproteins and lipoproteins), alpha-2
globulin (rich 1 glycoprotens and mucaproteins), beta globulin
(rich i lipids and lipoproteins) and gamma globuhn (which, at
least tn normal serum, contains the bulk of the anubodies).

The designations of the various protemn fractions, calculated ac-
cording to the speed of migration during electrophoretic fractiona-
tion, are defined differently by different authors, Rundles and his
associates define protein fractions moving with a velocity of 03 to
1.7 as gamma globulin, whereas their beta globulins have a velocity
of more than 2.6. Stern and Remer, 87 using a more liberal definition
of the different fractions, designate any fraction migrating with a
mobility of 0.0 to 2 5 X 107* as a gamma globulin type; 251036 X
107 as a beta globulin type; 3.6 to 4 5 X 1075 as an alpha globulin
type. Therefore, a fraction which is defined in Stern and Remer’s
system as 4 gamma type may have a mobility which deviates from
gamma globulin as defined, for instance, by Rundles The same holds
true for the alpha and beta globulins.

Using their nomenclature, Stern and Reiner!*%1%7 found, in norr{mI
and healthy persons, that about 60 per cent of the total serum proteins
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fraction Their beta-1 fraction corresponds to the cases which other
warkers designate simply as beta fraction Their beta-2 fraction moves
only slightly more speedily than the gamma fraction and most
mvestigators include this beta-2 fraction with the gamma fraction.
They found, among sixty mycloma patients, the following distribution:
10 alpha patterns, 10 beta-1 patterns, 15 beta-2 patterns, 23 gamma
patterns, and 2 minor anomalies

The unusual observation of such a high percentage of sera with
alpha patterns, which are encountered 1n this series, requires special
discussion (p. 75). When the beta-2 patterns are counted as gamma
patterns, then in this series, too, more than half of the myelomas show
a marked increase of the gamma globulin fraction Janssen® found
among thirty-seven myeloma patients, 5 beta patterns, 23 gamma
patterns, and 9 minor anomalies

Rundles and his associates found abnormal serum protemns in
twenty-five of therr thirty myeloma patients They, like Walden-
strom, Olhagen, Janssen and many other workers, did not find any
alpha globulin patterns Seventeen of Rundles’ patients had abnormal
protemn fractions moving with the velocity of gamma globulin In
eight cases the abnormal fraction had a mobihity of 1 9 to 2 6, that 1s,
an electrophoretic mobihity between gamma and beta globulin
comparable to the M fraction of Gutman and his associates. Many
sera showed minor abnormalities such as a moderate increase in alpha
globulins or irregular vanations 1n beta hipoproteins.

Stern and Remer found, among ninety-one myeloma patients,

cent) {table 12, #4)
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(#) Peviartenas nodosa Increase of garama globulin (36 6 pes cent) Alburmn 27
Gm per cent, globulin 4 7 Gm per cent

() Muluple myeloma Low alburn Sharp peak of anomalous globulin (72 4
per cent) migraung ata speed between beta and gamma globulin (eable 11, 4)

() Boeck’s sarcoid Increased gamma globulm (30 1 per cent) Albummn 3 0 Gm
. R

v m per cent, globulin 57 Gm per cent
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Fic 31 ~—Compatison of the electrophorettc patterns found 1n muluple myeloma
and 1n othet discases with hyperglobulinemia

(a) Multiple myeloma Very large peak (74.8 per cent) migrating with the speed
of alpha globulin Patient died with plasma cell leukermra,
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clear—an indication that the beta globulinemia found in biliary
curhosis and in myel are not id 1. Only one i of
myeloma with beta globulinenua and hpemuc serum has been men-
tioned in the literature.? The gamma peak found mn most conditions
with hyperglobulinemia 15 broad and law in contrast to the high
sharp spike, which 1 commonly seen an multiple myeloma {(fig. 31).
Recently, however, we have seen an clectraphoretic pavern with a
high and sharp gamma globuln peak 1w a very sitk child, suffering
from dissermnated histoplasmoss.

Several other findings may be ated as indicating elear-cut physico~
chemical differences between the abnormal globulins found in mults-
ple myeloma and the increased serum globulins found m many other
diseases The ammno acid content of the gamma globulin of the myeloma
patent differs from that of sormal gamma globuling It 15 alse sig-
pificant that in myeloma sera, despiie a high euglobulin or gamma
globulin content, the bactersal anuibody level may be decreased to a
sigmificant degree. In the oprmon of Rohrt® the replacement of a large
part of the antibody producing reticuloendothelium of the bone mar-
row by myeloma tissue may be responnible for the d
of these patients to itercurrent f ily

Wuhrmann and s assocrates®™ have observed that the greater
the mobility of the myeloma protein during the electrophoresss, the
further removed 1t 1§ antigemeally from normal gamma globulin
Kunkel ang his associates?® demonstrated that antisera prepared from
normal gamma globuln reacted with the speaal myeloma globulin
{ound 1n the serur of four myetoma patents Nevertheless, my eloma
gamma globubn should not be identfied with normal gamma
globuhn, hecause the myeloma gamma globubin lacks some part of
the anuigenic properties of the normal gamma globulin  As a result,
st 15 dufficult to prepare anusera agawst myeloma gamma glabuhn

This was further emphasized by Wuhrmann, Wunderly, and
Hassig,®® who recently prepared anusera agamnst the concentrated
globulins ssolated from the sera of myeloma pauents These authors
were unable (o prepare an antiserum when a myeloma serum with
an nereased gamma globultn fraction was used as an antigen They
were more successful in four cases in which the beta globuhin fracton
of the serum was very much increased From these beta globubin sera,
separate anusera were obtatned, they precipitated, however, only the
beta glabulin of the myeloma serum from which the speaific antserum
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6.6 per cent alpha patterns, 15.4 per cent beta patterns, 56 per cent
gamma patterns, and 22 per cent minor anomalies.

Adams, Alling, and Lawrence! describe a pattern with a tall peak
migrating even more slowly than gamma globulin, and they state
that in their series, none of the myeloma sera had an electrophoretic
pattern which they considered to be entirely normal. Rarely does a
myeloma serum contain considerable amounts of two different ab-
normal fractions at the same time. Although the electropheretic
gamma globulin fraction often corresponds to the Howe euglobulin
fraction and the beta fraction to the Howe pseudoglobulin I, excep-
tions occur rather frequently One instance has been reported of a
serum which appeared to contain a large pseudoglobulin I fraction on
Howe fractionation, but which on electrophoresis, showed a large
gamma peak In another case a large euglobulin fraction appeared
during electrophoresis m the form of an M component. One case of
multiple myeloma has been reported where 74 per cent of the total
serum protein was present in the Howe albumin fraction, whereas
54 per cent was found mn the albumn fraction on electrophoresis
In another case the serum albunun value was calculated with the
Howe method as 58 per cent; electrophoretically, a figure of 4.0
Gm per cent was obtained

Frequently Howe fractionation of a myeloma serum reveals a
nearly normal protemn spectrum, while electrophoretic analysis of
the same serum reveals a distinctly abnormal pattern. Therefore, in
doubtful cases electrophoresis as well as ultracentrifugation will
have to be added to the Howe fractionation method m order to
differentiate myeloma from other conditions with elevated serum
globulin levels. In approximately half of the cases of multiple myeloma
with hyperglobulinemua, electrophoresis reveals that the elevation of
the serum protein 1s due to a fraction other than gamma globulin
In contrast to this, the hyperglobulinemia of most nonmyelomatous
conditions 15 only rarely due to a fraction other than gamma globulin.
Only when there is an abnormality of lipoproteins, in biliary cirrhosis,
nephrosis, and in some cases of leukerma, for example, may there be
an elevation of the beta globulin

In biliary cirrhosis with beta globulinemia the serum is usually
milky in appearance. Thus is understandable, since the beta fraction
contains most of the lipoproteins. On the other hand, in cases of

multiple myel with beta globulinemia, the serum is nearly always
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One or more electrophoretic analyses of the serum were made in
forty-four of the multiple myeloma patients in this series by Dr.
Miriam Reiner. Alpha patterns were found in four patients, beta
patterns in six patients, and gamma patterns in 21 patients In
thirieen patients only minor abnormalies could be elicited It should
be added that one of the four patients with alpha patterns showed an
abnormal curve with an elevation of both alpha-1 and alpha-2
fractions. In this patient the diagnosis of multiple myeloma was
probable, but not completely certain. The other three cases showed
an increase of the alpha-2 peak alone

Alpha patlerns. As mentioned above, Wuhrmann and his associ-
ates®” found ten mstances of alpha globulin patterns among sixty
patients with multiple myeloma Study of their electrophoretic curves,
however, seems to indicate that only three of these ten cases showed
sharp alpha globulin peaks The el phoretic curves of the other
seven cases would perhaps better be designated as patterns with minor
anomalies—with a shght to moderate increase of the alpha-1 and
alpha-2 fractions (more than 11.4 per cent and 125 per cent re-

TasLe 5 —Findings in Three Patients with Alpha Patterns on Electrophotesis of Serum

Total
Albu- y ’ Unine | protem o

Date | Case | ‘run | APl | Alpha2| Beta | Gamma g D00 Ly o

(Per cent of total serum protein) Jones | (Gm

| per cent)

1 fwoaeas| A | 266 54 |82 | o i o 4+ 3250
22 9/1/49 Gu 20 6 28 74 8 ] 18 Neg 28/75
2 | 12/21/49 | Gu | 2378) 33 | 729 | 0| 0 |Neg | TP103
3a| T L (455 | 68 | 289 12 81 |Neg | 54/31
Wl oenes |G {520 54 | 136 {1920 94 [neg | as20

spectively) Ludin’s cases'™ of alpha globulinemia in myeloma should
also be designed as examples of a minor anomaly. Sandkuhler!s?
observed a myeloma patient 1n whom 53 per cent of the total protein
moved, during electrophoresis, with the speed of alpha-2 globulin
As mentioned above (p 71} other investigators have never found a
case of multiple myeloma with a igh alpha globulin content of the
serum
In view of the rarity of alpha globul: i2 in multip} 1
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had been prepared and not the beta globulins of other myeloma sera.
Since such antisera are strictly individually specific, they cannot be
used as a diagnostic test for multiple myeloma. Furthermore, the
antisera prepared from the beta globulins of myeloma patients do not
react with Bence Jones protein, either of the same patients or of other
patients

Since the quantities of Bence Jones protein present in the serum
never exceed 0.2 Gm. per cent (p 61), this abnormal protein could
hardly account for the differences in the results obtained by Howe
fractionation and electrophoresis. Moore and his coworkers!s! re-
ported that by adding purified Bence Jones protein from the urine
of a myeloma patient to the serum of a normal person, a myelomatous
pattern could be produced in the normal serum with peaks corre-
sponding 1n position to those 1 the serum of the myeloma patient
from whom Bence Jones protein was obtained. They also demon-
strated an electrophoretic correspondence between the Bence Jones
protein excreted in the urine and the abnormal serum proteins,
irespective of whether the serum contained an excess of beta or
gamma globulins

Such correspondence between the electrophoretic patterns of
serum and urinary proteins is, however, no regular finding. Ten
Thye"* found this only rarely among his patients with marked
Bence Jones protemnuria Rundles, Cooper, and Willett!3# demon-
strated that in only nine of seventeen cases with Bence Jones protein-
uria did the urinary protein show the same electrophoretic mobility
as the abnormal serum increment A somewhat greater mobility of
the urinary proten was found tn five patients, and in three other
patients 1ts mobility was much greater than that of the abnormal
serum fraction They evidently did not find Bence Jones protein which
rmigrated more slowly than the abnormal globulin in the serum of the
pauent. Other authors, however, have reported that a patient with
beta globylinemia may excrete a Bence Jones protein which behaves
electrophoretically as 2 gamma globulin and vice versa Rundles feels
that the small sized Bence Jones urinary protein is derived from
serum globulin mcrements of high molecular weight by a process of
fragmentation of the larger molecule. Changes in surface charge
coming about during the process of fragmentatton may account for
the faster electrophoretic mobility of some of their Bence Jones

proteins.
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curred At this time the serum albumn was found to be 2,8 Gm. per cent, the
globulin 7.5 Gm per cent and, on electraphoresis, 73 to 75 per cent of the total
protetn of the serum consisted of alpha-2 globulins The patient died 1 another
hospital with the picture of plasma cell leukemia There was magsive infiltra-
tion by mveloma cells of the visceral organs

In this connection 1t s interesting that Wuhrmann and his associ-
ates?” have observed that the serum of patents with plasma cell
leukemia usually shows either minor anomalies of the electrophoretic
pattern or an alpha pattern, They state that plasma cell leukerma
with a beta or gamma pattern 1s extremely rare Bichel and Ius
colleagues?” found only minor anomalies of the globulin pattern n
their case with plasma cell leukerma Our patient with a marked
alpha-2 globulinerma lends weight to these observations.

Four other cases with plasma cell leukemia were seen, but only
one of these was studied electrophoretically The pattern of this patient
showed only a very minor anomaly consisting of a shight increase of
the alpha-2 globulin content to 9 2 per cent, which barely exceeds
the upper hmmt of normal The electrophoretic patterns of our three
other cases with plasma cell leukemia are not known Since two of
these patients had normal serum albumin and globuln figures
{3 6/13 and 4 4/2 2 respectively} 1t seems probable in the light of our
experience, that their electrophoretic patterns must also have ex-
hibited only minor anomalies Thus, of the five patients with plasma
cell leukemia, one patient had minor anomalies of the electrophoretic
pattern, two more patients probably also had minor changes, one
patient had alpha globulinemma, and the fifth patient had hyper-
globulinemsa, type unknown

Among twenty-seven other myeloma patients m whom either
beta or gamma globulin was increased, or 1n whom only mnor
anomales of the globulins were found, no plasma cell leukemia was
observed

In this connection 1t may be of some interest to analyze the data of
thirteen patients who, at autopsy, showed nfiltration of the visceral
organs with myeloma cells, wathout mvasion of the peripheral blood.
In five of the thirteen cases electrophoretic patterns were made Only
one case had minor anomalies, one had a beta pattern, and three had
gamma patterns (table 6)

Wuhrmann, Wunderly, and Hugentobler?*” report that n
Switzerland a correlation between the cell types and the particular
electrophoretic pattern seems to exist. Ther cases with predomnant
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seems worthwhile to record briefly the clinical details of three

patients whom we have observed (table 5).

was found She was severely anemic and Bence Jones protein was found m the
urine The serum albumm was 32 Gm per cent, the serum globulin 5 Gm.
per cent Bone marrow smears showed the charactenstic picture of muluple
myefoma Roentgen examination revealed a large expanding soap-bubble like
Ieston 1n the left humerus (fig 11) and many transtucent osteolytic areas in the
rest of the skeleton The patent died after four months 1n the hospital and at
autopsy myelomatous nvolvement and fractures of many bones were found
In addition, parenchymatous degeneration of heart, hver, and kidneys, and a
chromic peptic ulcer of the dusdenum were present
The second panent with alpha globulinerma was admutted with the diag-
nosis of multiple myeloma, made 1n another hospital after bone x-rays and
sternal marrow had been She had bone
pams and moderate anemia The unine contained 3 plus albumin, but no Bence
Jones protein The blood pressure was 170/100 The phenolsulphonphthalein
test shawed 20 per cent excretion m the first hour and 5 per cent m the sccond
hour The blood urea nitrogen was determmed three times and reported as 12,
19, and 26 mg per cent respectively Serum alburmn was 5 5 per cent, serum
globulin, 22 Gm per cent Bone marrow smear was typrcal for myeloma She
was treated with of stilbamidimne which resulted 1n some
relief of bone pamn
She was readmtted four months Jater Bence Jones protemn was now found
1n the urine The blood pressure was 164/100, and azotemia was now present.
At this ime the serum albumn was found to be 54 Gm per cent, the serum
globulin 31 Gm per cent Notwithstanding the normal serum globulin as
determined by the Howe method, the electrophoretic pattern showed the
presence of a sharp alpha-2 peak which contained 28 2 per cent of the total
serum protein The phenolsulphonphthalein excretion 1n two hours amounted
1o 11 per cent
In the course of the next four months she developed severe anemia and
mereasing renal msufficiency The blood pressure rose to 180/95 She was
subsequently admitted to another hospital where she ultimately died 1n uremia
Shortly before death the serum albumin was found to be 4,4 Gm per cent,
the globulin 22 Gm_ per cent, The alpha-2 globuhn fraction had come down
to normal limuts, but the beta globulin fraction was now shghtly increased to
19 per cent
At no tume dunng the observation did she have any marked degree of
or Although at one time this patent
had an excess of aIpha-Z globulin, she did not have the marked alpha globu-
Iimerma which the other two pauents presented
The third patient was first diagnosed as a myeloma case m 1945, At that
. . . S e ol . e A
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(table 7, case 2a, case 5) the albumin content was so low that the
total protein was only shightly, if at all, increased. In case 2 the beta
globulins increased considerably in the course of six months from 32 to
71 per cent of the total protein During the same period the condition
of the patient deteriorated rapidly
Case 1 was treated with 274 Gm  of urethane between June 22
and October 12, 1949. Under influence of this drug, the total protein
decreased considerably—from 10.9 to 7.1 Gm However, remarkably
enough, despite this drop the relative percentage of albumin, alpha
globulin, and beta globulin did not change This agrees with the
experience of Effersoc and his collaborators®® who found that under
ACTH treatment the total protein of the serum decreases but the
relative percentage of the different globulins as determined by electro-
phoretic analysis does not change. The course of these six cases did
not differ from the general pattern Only case 5 hived longer than the
average patient in this series.
Case 6 was interesting 1n that he was admitted as a case of solitary
yel but soon developed a gener: ion of the disease process
All cases with increased beta globulin had a marked decrease of the
albumin fraction, with the exception of case 2 1n the mitial stages of
the disease Six months before death, the serum albumin content of
this patient was still normal (56 per cent), but the beta globulin had
already mcreased to 32 per cent of the total protein Six months later,

Tasee 7 —Findings in Six Patienls wth Beta Patlerns on Electrophoresss of Serum

u Total
bu. rotewn or
Date | Name| ‘mn |AlPha-l | Alpha2 | Beta | Gamma | Unne | P20 Taoh
(Per cent of total serum protein) BI A" (Gm
per cent)
la | 6/29/491 Sp |25991 26 1 65 |649f — |Neg |1/5/94
1| 11/17/49 | Sp |29 89 15 66 54 44 Neg {25/4 6
22 s/6/8 | Ta |559 | 77 3201 — |Neg |23/58
25 [ 11721748 [ Ta |25 73| 334 70 93| Neg |2 7/10 1
3a| 7/9/49 | De (145 | 35 | 7 749 — 1Neg {15/71
3b ) 11/10/49 | De | 25 6 29 64 6 Neg [15/89
4 | 1/12/48 | 5n |215 | 20 41 |24 + +j22/80
5a | 6/26/43 | Go L3719 | 4 80 1493 Neg {29/4 ¢
Sbl 7/26/49| Go 1349 | 34 46 |534 Neg |TP B 65
sc| 8/6/49 | Go 309 | 65 950 |495 Neg [TP 780
6 | 10/23/47 | sh Plate broke + +
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TABLE § —Electrophoretc Patterns Made in Five Cases of Multiple Myeloma witk Visceral
Infiltration but without Invasion of Pertpheral Blood by Myeloma Cells

Unnary | Electrophoretic Sites of

€25 | Bonce Joncs | abormalitics | AIP /810 myeloma nfiliration

st 4plus  |Alpha 19 2% | 4 1/1 6 |Laver, spleen, Lidneys, lymph
nodes, perttoneum, pleura

De Neg Beta 65% | 15/89 |Leftldney

Alp Nez Gamma 61 3% | 2 5/7 9 | Laver, spleen, kidney

co Positive | Gamma 89 15, | 2 4/8 3 | Spleen, retropentoneal lymph
nodes

Co Neg Gamma 602% | 3 0/8 7 |Spleen, hver

increase 1n the alpha globulins had the most immature type of
myeloma cells, consisting mainly of young plasmoblasts with nuclei
resembling those of reticulum cells This group ran the most malig-
nant course Those cases mn which a predominant increase in gamma
globulins was found, had more mature myeloma cells with a typical
nucleus and nucleolus and the disease process progressed much more
slowly Cases with an increase in the beta globulins were intermediate
between the two extremes Olhagen and his colleagues!s® concluded
that 1 beta and gamma globulinemia the myeloma cells had the
character of plasmoblasts, 1n cases with Bence Jones proteinuria, the
myeloma cells were myeloblastic in character On the other hand,
Janssen and his associates®® did not find any correlation between the
results of the electrophoretic fractionation of the serum and the
prevalent type of myeloma cells, An analysis of our cases with mn-
creased alpha globulins also fajled to confirm any correlation with 2
specific cell type. The clinical course of these three cases was not
sigmficantly different from other cases of multiple myeloma The
myeloma cells of the three patients with alpha-2 globulinemia did not
differ 1n any way from the average On the contrary, there were
perhaps even fewer myeloma cells of the reticulum cell type in the
bone marrow of these three patients than in many other cases of
myeloma which were studied.

The observation of the patient with combined alpha-1 and alpha-2
globulinemia presents several different problems which will be dis-
cussed on page 94.

Beta patterns The six myeloma cases who showed a beta pattern
on electrophoresss of the serum all had a more or less xfxarked hyper-
proteinemia. They all had hyperglobulinemia, but in some cases
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PxuCe8-==Findings ; tuwety-one Patients wth Gamma Patterns on Electrophorents of Serum

Albu. - m:
Date | Name | mim Alpha.1 ) Alpha.2 | Beta | Gamma
(Per cent of total scrum protein)
-l’j $/14/48) Re 371 60 115 981356
1b | 9728748} Re 27 | 14 55 [ 55|580
2 | 4/26/48] Br 27 ) 34 T2 ] 72594
3 h12n18747( Co 282 | 52 67 | 84[514
4 | 6/7/48 {BI 29§22 57 1 81l6z
5 | B/18/49| Lo 196 14 22 271741
6 | 6/28/45] Re 249 | 17 55 1 17]663
7 |10/14/47iHCo | 61 [ 16 16 | 10]891
8 | 3/24/49{HCo | 2676 ) 413 642) 856543
2 {372/ {He 04 { 25 42 | 413{587
10 ] 7/9/47 jKa 20 4 48 54 73)620
1 [ 372/49 [Le 173 21 o [B06
122 | 6/15/50( Le 193 37 129 642
12b | 7/13/50; Le 214 | 26 25 | 40|69 45
13 ) 5/14/47| Ne 70 1
14 1 8/10/50| Pa 2508 337 64 | 619589
15 | 7/8/47 [Th 347 53 [110]494
18| 7/12/48 R 08 | 40 | s54l68
16a | 4/26/49| Ra 165 | 32 24 [ 70(709
17 | 6/2/50 {Gu 349 | 51 67 | 727460
18a | 6/6/49 | Ma 72 |10 30 88 &
18b | 6/13/49] Ma 94 [ 09 11 ) 11876
18 | 6/18/49} Ma 63 [ o7 13 [ 12{9s
19a [10/16/47] Ph Co 206 46 ) 38/T10
95 [10/30/47\PhCo {201 | 11 17 1 39(703
19c L2japsoiencolane | 24 73 ) sodeam
19d | 3/18/50] PhCo | 235 | 36 54 | 6966019
20 | 5/29/48) Ve 07 | sa 69 101372
20a | 6/27/49| Ve 59 1 16 71 | 79576
20b |10/12/49] Ve 209 52 29| 1615497
20c | 5/1/50 | Ve 26 | 42 54| 9s[524
0d [41/28/50| Ve 281 )39 46 | 731562
21 | o722/48 AL 242 | 40 44 | 60613

Unine
BI

Total
protemn or
st /gioh
(Cm
per cent)

38/47
TP 108
2471
26/76

2476

52713
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b
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3 All values exceeding the maximal normal beta globulin content
of the serum (15.1 per cent), were considered abnormal.

4 All values exceeding the maximal normal gamma globulin
content of the serum (16.8 per cent) were considered abnormal,

It will be seen that the three patients (table 9, 1b, 8, 9) with. shght
increase of the alpha-1 globulin fraction varied between 9 2 and 11 2
per cent The eight patients with munor sncrease of the alpha-2 frac-
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shortly before death, the albumin content had decreased to 257 per
cent, while the beta globulin content had increased to 71 per cent.

Of the six patients with beta globulin patterns, only two had Bence
Jones protein in the urine. Throughout their period of observation,
the four other patients never had Bence Jones proteinuria. In five of
the s1¥ cases the gamma globulin was very small indecd. In the sixth
case the complete analytical data are not avaifable, although it is
known that this patient had a beta globulin pattern.

Gamma patterns All patients with a high gamma globulin of the
serum had a decreased serum albumin. In case 20 (table 8), however,
2 low normal serum albumin of 40 7 per cent was found when she was
first admutted. Two years later the albumin content had decreased
to 259 per cent, while the gamma globulin had increased to 576
per cent. These percentages remained about the same for the next
eighteen months, In all patients with a high gamma globulin the Howe
fractionation also showed the existence of hyperglobulinemia. In
case 1 the total protein increased in four months from 8.5 Gm. to
108 Gm At the same time the gamma globulin increased from 35 6
per cent to 58 per cent, and the albumin decreased from 37 per cent
to 29.7 per cent. In case 16 the total protein increased in the course of
nine months from 10.6 Gm. to 12 Gm Here, however, the relation
between the different fractions remained remarkably constant in the
course of two and a half years In case 17 no change occurred m the
course of nine and a half months. Case 12 received 2 Gm. of ure-
thane daily between June 15, 1950 and July 8, 1950. During this
period the total protemn of the serum decreased from 10 8 to 8 4 Gm.
per cent, but the relanve proportion of the different globulin frac-
tions did not change, just as was noted 1n a pattent with a beta globulin
peak (table 7, case 1).

Manor anomalies There were thirteen patients with minor anomalies
on electrophoretic analysis of the serum The differentiation of a
normal electrophoretic pattern from a pattern with minor anomalies
and also the distinction between muinor anomalies and actual alpha,
beta, and gamma patterns, 1s completely arbitrary. We have set up
the following criteria:

1. All values exceeding the maximal normal alpha-1 globulin
content of the serum (8.4 per cent) were considered abnormal.

2. All values exceeding the maximal normal alpha-2 globulin
content of the serum (10,2 per cent) were considered abnormal,
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“PxerE-8~~Findmgs tn tuenty-one Patients with Gamma Patterns on Electrophoress of Serum

Total
Albu- » protein or
Date | Name | ‘mg | Alpha-1] Alpha-2{ Beta | Gamma L}',n"nc Flb glob
(Per cent of total scrum protetn) {Gm
I per cent)
fa | 5/14/48 Re 371 ] 60 115 | 98356 ++ | 38/47
1b { 9/28/48| Re 297 | 14 55 | 55(580 ++ [TP108
2 | 4/26/48!Br 227 | 34 72 | 72594 | Nex | 24/71
3 [12/18/47} Co 282 | 52 67 | 84|514 | Neg | 26/76
later +
4 | 6/7/48 Bl 219 | 22 57 | 81(621 Ney | 24/76
fater +|
5 | 8/18/49 Lo 196 | 14 22 [ 27[741 Neg [ 29/88
6 | 6/28/49 Re 249§ 17 551 17(663 | Neg | 18/93
7 {10/14/47/HCo | 61 | 16 16 1 10891 + [t 7/11 34
8 | 3/24/49[HGCo [2676| 413 642 856/ 363 | Neg | 36/61
9 | 3/2/49 | Ho 04 | 25 42 | 413587 | Neg [32/73
10 | 7/9/47 {Ka 04 | 48 54 ) 731620 Ny [19/73
1] 3/2/49 | Le 173 21 0 |86 | Neg [127TP
12a | 6/15/50( Le 193 | 37 129 642 | Neg [23/85
12b | 7/13/50] Le 21 4 26 25 406945 | Neg | 26/58
13 | 5/14/47| Ne 701 | Neg [34/118
14 | 8/10/50f Pa 2508 337 64 { 6191589 [ Neg [2570
15 | 7/8/47 [Th 347 53 [110{494 | Neg |34/65
16 | 7/12/43 Ra 208 40 1 54638 | Neg |24/65
16a | 4/26/49| Ra 165 | 32 24 170|709 | Neg |19/93
17 16/2/50 |Gu 349 | 51 67 | 7271460 | Neg |22/54
18a | 6/6/49 | Ma 72 | 10 30 888 | Neg |15/112
18b | 6/13/49] Ma 94 | 09 11 ) 11]876 | Neg [TP 122
18c | 6/18/49i Ma 63 | 07 13 [ 12{905 | Neg |TP130
19a |10/16/47 P Co 206 46 381710 Neg 122/88
195 [10/30/471PhCo {201 | 11 17 | 39|7033 | Neg TP 118
19c | 2/14/50iPh Co | 20 6 24 73 6946271 | Neg {TP 100
19d | 3/18/50/ PhCo (235 | 36 54 | 69 6019 | Ng |TP 122
20 | 5/29/48] Ve 407 | 34 69 (101372 | Neg |[43/47
205 | 6/27/49) Ve 39 | 16 71| 79576 | Neg {26/75
206 10/12/49| Ve 209 | 52 2961615497 | N 22/8
20c | 5/1/50 | Ve 286 | 42 54 | 951524 | Neg {TP86G
204 [11/28/50( Ve 281 1 39 46 | 731562 [ Neg |TP 93
21 | 9/22/48) AY 242 | 40 44 160|613 | Neg {25779

3 All values exceeding the maximal normal beta globulin content
of the serum {15 1 per cent), were considered abnormal,

4. All values exceeding the maximal normal gamma globulin
content of the serum (16 8 per cent) were considered abnormal,

It will be seen that the three patients (table 9, b, 8, 9) with slight
mncrease of the alpha-1 globulin fraction varied between 9.2 and 112
per cent The eight patients with minor increase of the alpha-2 frac-
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shortly before death, the albumin content had decreased to 257 per
cent, while the beta globulin content had increased to 71 per cent.

Of the six patients with beta globulin patterns, only two had Bence
Jones protein in the urine. Throughout their period of observation,
the four other paticnts never had Bence Jones proteinuria. In five of
the six cases the gamma globuhin was very small indeed. In the sixth
case the complete analytical data are not available, although it is
known that this patent had a beta globulin pattern.

Gamma patierns  All patients with a high gamma globulin of the
serum had a decreased serum albumin. In case 20 (table 8), however,
a low normal serum albumin of 40.7 per cent was found when she was
first admitted Two years later the albumin content had decreased
to 259 per cent, while the gamma globulin had increased to 57.6
per cent. These percentages remained about the same for the next
eighteen months In all patients with a high gamma globulin the Howe
fracuonation also showed the cxistence of hyperglobulinemia. In
case 1 the total protein increased in four months from 8.5 Gm. to
10.8 Gm. At the same time the gamma globulin increased from 35.6
per cent to 58 per cent, and the albumin decrcased from 37 per cent
to 29.7 per cent In case 16 the total protein increased i the course of
mine months from 10.6 Gm. to 12 Gm Here, however, the refation
between the different fractions remained remarkably constant m the
course of two and a half years In case 17 no change occurred in the
course of nine and a half months. Case 12 received 2 Gm. of ure-
thane daily between June 15, 1950 and July 8, 1950 Durmng this
period the total proten of the serum decreased from 10 8 to 8.4 Gm
per cent, but the relative proportion of the different globulin frac-
tions did not change, just as was noted 1n a patient with a beta globulin
peak (table 7, case 1).

Manor anomahes There were thirteen patients with minor anomalies
on electrophoretic analysis of the serum The differentiation of 2
normal electrophoretic pattern from a pattern with mmor anomalies
and also the distinction between minor anomalies and actual alpha,
beta, and gamma patterns, 1s completely arbitrary We have sct up
the following criteria .

1 All values exceeding the maximal normal alpha-1 globulin
content of the serum (8.4 per cent) were considcred abnormal.

2 All values exceeding the maximal normal alpha-2 globulin
content of the serum (10.2 per cent) were considered abnormal.
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tion varied between 11.0 and 16.7 per cent. The four patients with
minor anomalies of the beta globulin fraction (table 9, 10a, 11, 12, 13)
varied between 19.2 and 25.0 per cent.

The previously quoted observation that there is an inverse relation
between hyperglobulinemia and Bence Jones proteinuria in multiple
myeloma 1s confirmed by the findings in our series. Of the thirty-one
patients with either alpha, beta, or gamma patterns only seven had
Bence Jones protemuria However, of the thirteen with minor electro-
phoretic anomalies, all but three had Bence Jones proteinuria The
total protein content of the serum of these patients with minor electro-
phoretic anomalies was within normal limits In two of the thirteen
cases there was a slight merease of the serum globulin In case 1 of
table 9, 3.3 to 36 Gm. per cent of albumin and 3.4 Gm. per cent of
globulin were found; in case 19 the albumin value was 3 9 Gm. per
cent, the globulin value 33 Gm per cent The other eleven patents
with mnor anomalies of the electrophorenc pattern all had normal
values as determined by the Howe fractionation One of the thirteen
patients (case 10) whose serum was examined twice, had a completely
normal electrophoretic pattern on the second examination. In this
connection 1t may be of some 1mportance to report that he did sub-
ectively well on ACTH treatment although the signs of mederate
renal insufficiency did not dimmmish He died suddenly, possibly from
a pulmonary embolism, Case 8 whose only anomaly was a very slight
increase of the alpha-1 globulin fraction to 9 2 per cent, had multiple
myeloma with plasma cell leukemia.

Case 2 had a moderate increase of the gamma globulin fraction to
232 per cent. He died 1n uremia from a typical myeloma kidney.
At autopsy he presented, in addition to multiple myeloma, extensive
paramyloidosis. The last two patients (cases 12 and 13) have to be
given special consideration They not only suffered from myeloma,
but also had diabetes. Certain changes of the electrophoretic pattern
may well have been related to the diabetes and not to the myeloma

As shown by the four electrophoretic analyses performed on the
first patient, even these mnor anomaltes follow a spccial. pattern.
This patient always had a shight increase of the alpha-2 fraction and a
moderate increase of the gamma globulin.

Janssen®® found a marked decrease of the gamma fraction in all
patients who showed only minor ax}omalies Two of our pat]ents'(l
and 2) had, however, a moderate increase of the gamma globulin
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usually completely absent Waldenstrém and Pederson®* found no
case of macroglobulinerma among their twenty-seven cases of mye-
loma However, among their cases of “macroglobulinemia” (p 19)
several cases were so similar to myeloma that they could be distin-
guished only by the presence of the macroglobulins found on ultra-
centrifugation It may be that this distinction is somewhat arbitrary,

Paramyloidosis

One of the more fasanating aspects of the study of multiple
myeloma 1s its peculiar relationship to systematized amyloidosis or
paramyloidosis Adams and Dowse? first drew attention to this assocta-
tion in 1872 Goltz®* 1n Ins review article, mentions that these authors
did not actually recogmze the presence of amyloid in their patient and
that Askanazy, in 1904, was the first to describe correctly the occur-
rence of amyloid 1 multiple myeloma. Magnus-Levy"118 has
championed the 1dea that Bence Jones protein 1s chenmcally related
to amyloid Nearly all patients with myeloma and amyloid have Bence
Jones proteinuria Magnus-Levy discusses the possibility that the
deposition of amyloid mught be a reaction of the tissues to the ab-
normal globulins present in multiple myeloma He believes that the
myeloma cell produces amyloid yust as it manufactures the other ab-
normal proteins He cites an interesting observation in which amylod
was found 1n myeloma cells obtamed by sternal marrow puncture
Since myeloma cells are not phagocytic 1n nature, this findng, of
course, would ndicate that amyloid could very well be manufactured
by myeloma cells Trubowitz?** found amylod, not only i myeloma
cells, but also in the polynuclear leukocytes obtamned by bone marrow
puncture. In tus opimon the amyloid was not formed m the cells but
ingested by them As mentioned above this could only hold true for
the leukocytes, not for the myeloma cells

Experimental evidence of a possible, but not constant, relationship
between amylold and hyperglobulinemia seems to exist Reimann
and Eklund'%* produced amyloidosis 1n rabbits by mjecting sodum
casemate over a period of eight to thirteen months In these rabbits a
two to four fold increase of the serum globulin accompanted the
amyloidosis These two authors point out that amyloidosis has been
produced experimentally by a great variety of substances, mncluding
bacterial vaccines, egg alby , gelatin, pep organ tr i}

sihicates, sulfur, and sek K k1% produced loidosis in
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Only in four of these thirteen patients (cases 1, 10, 11, 12) was the
gamma globulin lower than normal (8.6 per cent, 5.7 per cent, 30
per cent, and zero). Wuhrmann?!? has come to the conclusion that
patients with minor anomalies of the electrophoretic pattern show a
more acute course and have a poorer prognosis than, for instance, the
gamma globulin group. This apparently is not the case in our patients,
whose period of survival, after the disease was first diagnosed, com-
pared favorably with that of the average myeloma case. The longest
period of survival in this group was three years mn one case and two
years in two other cases

Ultracentrifugation

The introduction of ultracentrifugation has made several im-
portant contributions to the study of the abnormal proteins in multiple
myeloma It has produced evidence to indicate that some of the
unusual patterns obtained with Howe and electrophoretic fractiona-
tion of myeloma sera are due to significant Bence Jones proteinema ™
This 15 particularly true of those components mugrating with the
mobility of beta globulin or intermediate between beta and gamma
globulins. Bence Jones protein as found 1 the urine has a fairly uni-
form sedimentation constant, varymng from 2.8 S to 37 S, while the
abnormal proteins recovered from the blood in different cases have
sedimented at a widely different rate.”®196 Several cases have been
reported, however, where Bence Jones proteins with sedimentation
constants of 30 S and 4.0 S were found 1n the serum !

Determination of the molecular size of the normal serum globullr.ls
by ultracentrifugation has demonstrated that the electrophoretic
fractions are not homogeneous On the other hand, the abnormal
protein of myeloma appears to be an unusually homogeneous globu‘lm
constituent of the serum with a sedimentation constant ranging
between 6 17 S and 6 76 S 1% Waldenstrom?®? states that no matter
whether the mncrease in plasma protemn is due to beta or gamma
globulins, it 15 usually, though not always, accompanied by an increase
in that fraction of the plasma protems with a sedimentation constant
of normal globulins, 7 8. This would indicate a molecular weight of
approximately 150,000

Less than 5 per cent of macrog]
stants of 19 S and 20 § are found in normal sera. This macrog]ob?ﬂl'n
n may be ncreased in other diseases, but in myeloma sera it is

bul with sedi tion con-

fractio
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TaBLE 10 —Findings in Eleven Patients with Multiple Myeloma
Complicated by Amylordosis

Blood Alb | Glob | Urine
Name | g0 ofamylod | prese |2 Y N |(Gen| (Gm | Bence | Bovelesions
and age P Jme ) G| BY | Fomes | omwray
H O |Splecn, heart, |144/86] 160 | 411 39 ! Poswve | Numerous areas
61 years [ gu teact, ab- of destruction
Male domnal fat in gkull, 15-
tissue, small chuum, and
arterses of spleen, sium
pancreas, Mild bone pan
adrenals
M B |Heart,gs tract, |115/70| 130 [ 41| 2 4 | Postsve | No bone lesions
45 yeacs | sgleen, No bone pam
Male peradrenal fat
AG. |Extensivenvolved 80/60] 103 |2 6§ 19 | Poswve |No bone lesions
40 years | ment of spleen,
Male heart, hver, No bone pain
lymph nodes,
ludney, stomach,
Intesuse, bone
‘marrow, con-
spicuous Russell
bodics in marrow|
¥ B* |Subendocardium, [165/85| 40 |30 21 | Poutwe | No bone lesions
52 years | left atium, Severe pamn 1n
Female | myocardwm, back
tung, colon,
amyloid tumor
of sount capsule
of clbow
AL Nodutar amy- 170/68| 40 [3 6} 13 | Pouuve | Very extensive
58 years | loadosts of small rarefactions i
Female { intesune and all bones
Yarynx {ncluding
metacarpals)
Severe bone pain
A M* | Heart, hver, 96/66( 13 |32 22 | Negauve| No bone kesions
56 years | kidneys,
Female | pancreas, g1 No bone pams
tract, wterus
and ovani
blood vessel
walls
RS |Blood vessel walls [120/70| 74 | 25| 6 7 | Posuve | No tytic hone
54 years | of all organs, esions
Female { myocardium, Diffuse demuo-
bladder, g1 srahzaton
o bone pam
Y 'S |tkin, subcuts, {136/78] 36 [35| 25 | Posnve | Unversally dis-
48 years | tongue, hea

mus

g1 tract, skeletal
scle

tnbuted lyac
lesions of
skeleton
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mice by feeding large amounts of casein. Amyloidosis is frequently
found 1n horses used to produce hyperimmune sera and these animals
show a significant increase 1n the serum globulin level. The localiza-
tion of the amyloid in these animals resembled the localization of the
secondary amyloid found 1n humans with long standing suppuration.
In recent years, several articles have appeared which point out
that hyperglobulinemia, plasmocytosis, and paramyloidosis can all
be found as a result of sensitization to drugs!** ! or in other discase
processes such as trichinosis or sy lupus eryth b
Marrow puncture in such disease states may reveal 10 to 20 per cent
plasma cells, some of which may be binucleated. In such cases the
differential diagnosis from multiple myeloma may be difficult. Not-
withstanding these superficial similarities, the association of para-
myloid with multiple myeloma probably has little in common with
such hypersensiuwvity states. Presently it will be pointed out that in
most patients with multiple myeloma in whom paramyloid develops
the globulin content of the serum is not increased This is in sharp
contrast to the hyperglobulinemia almost invariably found 1 ex-
perimentally produced amyloid or the amyloidosis assoctated with
hypersensitization
Paramyloidosis in multiple myeloma must be identified with
primary amyloidosts In the secondary amyloidosis which follows
prolonged suppuration, the localization of the amyloid 15 predomi-
nantly in the hver, spleen, kidneys, adrenals, and blood vessel walls
In primary amyloidosts or paramyloidosis, the deposition occurs 1
atypical locations, mainly in the mesodermal tissues of the heart,
blood vessels, and gastrointestinal tract. Paramyloid 1s also found m
many other organs!®*? % but only rarely in the parenchyma of the
liver, kidneys, adrenals, or spleen Involvement of blood vessel wa!ls
1s common, both m secondary amyloidosis and in paramylodosis.
The formation of amylod tumors is scen only in paramylodosis
Although exceptions must exist, 1t can be stated, as a general rule,
that suppuration does not lead 1o paramylowdoss and that multtple
myeloma does not give rise to true amyloidosis. .
There are considerable differences in the staining characterstics
of true or secondary amyloid and paramyloid; secondary amylowd
takes up congo red and the metachromatic dyes more avidly than
aramylord These varations in response to different staining methods

?ndicatc that chemical differences must exist between paramyloid and




METAROLIC ABNORMALITIES IN MULTIPLE MYELOMA 87

TABLE 10,~Findings in Eleten Patients with Multiple Myeloma
Complicated by Amylordosss

Blood Alb | Glob Unine
Name | g of amytond | pres | B UN |(Gm,| (Gm | Bence | Bome lenons
and age wre |8 %) ey’ ) | Jones | OVFTY
HO Spleen, hrart, 144/86] 160 41 3 9 | Posiuve |Numerous arcas
1 years | g1 tract, ab- of destruction
Male dormunal fat in skull, -
tissue, small chwum, and
artenes af spleen, ihum
pancreas, Matd bone pain
adrenaly
MB Heart, g1 tract, [115/70( 130 41 24 | Positwe | No bonc lesions
45 years | spleen, No bone pamn
Male periadrenal fat
A G. |Cxtensiveinvolve 80/60| 103 |2 6| 19 | Poutve | No bone lesions
40 years | ment of spleen,
Male | heart, biver, No bone pain
Tymph nodes,
kidney, stomach,|
intestine, bone
marrow, con-
spicuous Russell
bodies in marrow,
Y B* §Subendocardium, |165/85 40 30} 21 Poutive | No bone lenions
52 years | left atrum, Severe pamn 1n
Female | myocardum, back
lung, colon,
amyloid tumor
of jount capsule
of elbow
AL |Nodulacamy. (170/68] 40 |36 13 | Powuve |Very extensive
58 years | lojdons of smatl rarcfactions in
‘emale mtesting and all bones
larynx {Uncluding
metacarpals)
Severe bone pain
A M* Heart, hver, 96/656| 13 32| 22 | Negauve | No bone lesions
56 years | kidneyy,
Female | pancrear, g1, No bone pamns
tract, uterus
and tvaries,
Blood yeeerd
walls
R.S | Bosdvemetwstte}120/70] 74 |25 67 | Pomve | Nolpuc bone
54 years | of all arpan, s
Female myocardiam, Diffuse demin-
Wadder, s i gralization
u No bone pain
Y. 5 Skin, subeut, 134/78 3 |35 2.5 | Poutive Umvcrlal‘l’y dis-
48 years | tongue, heart, tnbuted lytic
g1 trart, skeletal Testons of
musdle skeleton




88 MULTIPLE MYELOMA

TABLE 10.—Findings tn Eleven Patients with Multsple Myeloma
Complicated by Amylordosts.~(Continued)

Blood Alb | Glob | Unine
| Sucotamytod | pres- [0 (Gm | G | Bence | Bonc lowoms
3 wre |5 Py | gy | Jones on w2y
EB | Tongue sinated [136/78] 28 |33 25 | Postve | Extensne lync
58 years | muscle, joint lessons of spine,
capsules, skin forearms,
humer, femur
IP | Tongue,sterno- [120/68 16 | 26| 50 | Postve | Many destruce
39 years | clasicular joit tve lesions of
(No autopsy) tong bone, skull
petvis, and
phalanges
KB |Tongue,jomt  (110/60) 17 |37 20 | Posiuve | Extensie arcas
49 years | capsules, nades, of destruction,
sk plus severe
(No autopsy) generalized

dermineraliza-
tion

The first eight patients were autopsied at the Mount Sina1 Hosputal, the minth patient
was autopsied elsewhere In the last two cases the diagnosss was made by bopsy

* Reported by Wallerstein, R § 14
true amyloid As a matter of fact, although both substances appear to
be protein-carbohydrate complexes, the solubility of paramyloid
differs greatly from true amylord (Hass, Huntington, and Krum-
dieck™) There are conflicting opinions as to whether or not amyleid
consists of a protein-chondroitin-sulfuric acid compound.

In this series, eight cases of paramyloidesis were found among
forty-one cases of multiple myeloma which came to autopsy (table 10).
Three other cases of paramyloidosis were seen. Two of these were
confirmed by biopsy and another was autopsied at another hospital.
The localization of the paramyloid in these cases, with a few excep-
tions, duplicated that of primary systemic amyladosis since the
amyloid was found to be deposited mn atypical locations m the mesen-
chymal tissues (figs. 32-35) All but one of the eight autopsied cases
were found to have amyloid involvement of the gastromntestinal tract
Single instances of deposits of paramyloid were found m the subcutss,
lymph nodes, pancreas, uterus, ovaries, fat tissue, lung, Jjoint capsules,
and larynx (fig 33). Only two of the eight autopsied cases had, n
addition, amyloid deposition 1n the hver, spleen, or kidneys. None
of these cascs exhibited amyloid of the adrenals. Involvement of the
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Fic 32 —{a) Masscs of dark stamsng paramy
carcium () Paramyloid 1n the walls of the arteries of the tongue (¢) Blood vessel
walls of gingiva thickened by paramyloid

ford nfiltrating the auncular endo-

Jomt capsules and voluntary muscles, as pomted by Tarr and Ferris,*°
may produce a picture closely resembling rheumatod arthnns
{fig 35) Five of the eight autopsied cases demonstrated paramyloid
ififtration of the heatt and four of these patients died 1n severe conges-
uve heart failure, In the Iiterature, one can find several cases of heart
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failure of “unknown origin” occurring in patients who had no signs
or symptoms of skeletal involvement during life. In these cases the
autopsy revealed the presence of paramyloidosis of the myocardlum,
and only after a careful examination of the bone marraw was the
correct diagnosis of multiple myeloma made. The possibility that
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Fic 33 —Distnbution of paramyloidosis found in eight autopsied cases of muluple
myeloma,

amyloid of the cutaneous blood vessels may be the cause of unex-
plained purpura has been discussed hefore (p. 19).

One of the cases of paramyloidosis 1n myeloma studied at this
hospital, but autopsied elsewhere, was the only case to demonstrate
macroglossia due to paramyloid deposition '** Enlargement of the
tongue is a prominent feature in many cases of paramyloidosis re-
ported by other authors. In two other patients we noted the develop-
ment of small tumors on the tongue (fig. 34) ahd the mucous mem-
brane of the mouth, which at biopsy were found to consist of amyloid.
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One patient with myeloma, in whom no grossly visible lesions
could be detected in the tongue or mucous membrane of the mouth,
had a biopsy of the gingiva done during hfe as recommended by
Selikoff 187 Extensive amyloid infiltration of the submucous layers
and especially of muscular coats of the blood vessels were found (fig.
36). At autopsy of this case, there was widespread paramyloidosis

Fie 34 —Nodular filtration of tonguc with amyloid m multiple myelama

mvolving the heart (fig 32a), intestine, and subcuts, and virtually all
of the smaller arteries of the viscera Interestingly enough, this woman
had almost total alopecia due to amylod mfiltration of the sub-
cutaneous tissue of the scalp Another patient had extensive hard sub-
cutaneous tumors consisting of amyloid, which could be palpated as
large plaques below the breasts and all over the abdormunal wall.
Paige, '3 1n 1931, described a comparable case

Four of the eight autopsied cases with paramyloidosis died in
uremia Three of these cases had myeloma kidneys without renal
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failure of “unknown origin™ occurring in patients who had no signs
or symptoms of skeletal involvement during life. In these cases the
autopsy revealed the presence of paramyloidosis of the myocardium,
and only after a careful examination of the bone marrow was the
correct diagnosis of multiple myeloma made. The possibility that
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loi found in eight ied cases of multiple

Fic 33 —Dustribution of p:
myeloma,

amyloid of the cutaneous blood vessels may be the cause of unex-
plained purpura has been discussed before (p 19).

One of the cases of paramyloidosis m myeloma studied at this
hospital, but autopsied elsewhere, was the only case to demonstrate
macroglossia due to paramyloid deposition,'™ Enlargcmcx.z! of the
tongue is a promment feature in many cases of paramyloidosis re-
ported by other authors. In two other patients ve noted the develop-
ment of small tumors on the tongue (fig. 34) and the mucous mem-
brane of the mouth, which at biopsy were found to consist of amyloid.
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the thitd 5.0 Gm. per cent. To explain this phenomenon, Apitz? has
suggested that Instead of crculating 10 the blood, the abnormal globu-
s are deposied - the tissue as paramylord.

An interesting feature in this group of pauents with paramyloido-
s, dary to multpl 4 13 the relatve rarity of bone
iesions on x-ray examupation. Five of cleven pauents with para-
myloidoss had no recogmzable areas of bone destrucuion, winch are
so charactenstic of mycloma and anly ane of these five had sigmificant
bone pams, This feature emphasizes again the difficulty wiuch may
anse in the diagnous of this type of case As Apitz? and later Lichten-
stein and Jaffe!®® have stressed, any case of paramylardosts should be
investigated very carefully for mulnple mycloma Apitz cven goes so
far as to state that alf cases of p ylowdoss are due to myeh
and that in those cases of paramylodosts, where careful exammation
does not reveal the presence of myelomataosts, the fatter wall develop of
the patient fives long enough

The following 18 a case history of a patient with amylodosss,
marked lymphadenopathy, and © 4

t s 1y, whao pi
a buzarre preture of anasarca, wrenma, congestive fature, and gastro~
mtestnal bleeding

This 42 year old white male entered the hospital complaming of masue,
repeated tarry and bloody tno el mosements for six months One month before
adsuson to the Mount Sisar Hospital he developed edema extending from
the feet 1o the thughs, eweltiag of the abdomen, and parowgmal nocturnal
drsprea

On admusnon ta this hospital the patient was acurely itl, pale and ortho-
penie Petechae were noted an the conjuncuvat sacy, on the palate, and in the
buccal mucosa The tongue was smooth with margimal ulcer ations bt was not
ealacged Neck «emns were markedly dwmnded and flled from belaw The
heart sounds were of poor quatity, but no mermurs were heard  There wesc
ugns of bilaeral pleurat cffusons There were numerons rubbers, mavable,
2105 cm lvmph nodes in she cervical, avillary, and mguinal regions The
spleen was huge I was smooth and stony hard and extended (o the pelvic
brim wfenosty and 10 the wmbilicns medially The her edge way Sebt Gve
tentimeters below the nght costal margm There was 4 plus pitung sacral,
crotal, and leg ederna

Laboratory examsnation sevealed a severe hy pochromc anesmia with 8 5
Gm of hemoglabun and 3,000,000 red blond cells per cu mm The white blood
el count was 24,000 pes co mm wah 2 normal dfferenual Piaclers num.
bered 490,000 per cu mm  There was 4 plus albuminuna and a pasttive Jacobe
san test for Bence Jones protewn Blood wtea mtrogen on admissan was 12 mg
per cent The cephalin flocculation ad the thymo! surbidisy were cach 1 phys
The prothrombin ume was 22 § geconds with a control of 12 seconds Serum
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amyloidosis and the fourth had a combination aof the two. It would
appear, therefore, that when a myeloma patient with amyloidosis
develops severe uremtia, the renal insufficiency 1s more likely to be due
to a myeloma kidney than to involvement of the kidney by amyloid.
Only one of these eight cases had hypertension and this patient did not
die in uremia. In this patient the blood urea nitrogen was 40 mg. per
cent at death. Of the eleven cases of paramyloidosis 1n multiple
myeloma, which are discussed here, all but one had Bence Jones

Fic 35 —Large lemon-sized amyloid twmor of jomt capsule of elbow m patient
with multple myeloma

proteinuria The frequent combination of Bence Jones proteinuna in
paramyloidosis has also been observed by others.!%®

" Analysis of the serum globulin levels in myeloma patients with
paramyloidoss provides information which conflicts with the observa-
tion that m paramyloidosis produced under experimental conditions,
hyperglobulinemia 15 a frequent occurrence Contrary to expectations
hyperglobulinema has been found to be rare 1n patients with myeloma
who develop amyloidosis (Eisen®®). This was also the case mn our
series. In our eleven myeloma patients with paramyloidosis only
three had a serum globulin above 2.5 Gm. per cent (table 10). One
of these had a serum globulin of 3 9, another of 6 7 Gm per cent and
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Calcjum and Phosphorus Metabolism

In this laboratory the normal serum calcium varies between 9.5
and 11.5 mg per cent, the normal inorganic phosphorus between 2
and 4 mg per cent and the normal alkaline phosphatase between 4
and 12 King Armstrong units per 100 cc.

Probably as a result of the rapid deminerahzation of the bones,
hypercalcemia and hypercalciuria are comman findings in multiple
myeloma Gutman and his associates’® found elevations of the serum
caleium above 12 mg. per cent in four of six cases which they studied,

NORMAL

RANGE

{7—&-—.—.,
25T i
F
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o 1

MoM% 89 910 10-1 112 1213 B4 M-I5EOVER
Fi6 36 —Dustibution of serum calcum levels in muluple myeloma, Nate the
distinct tendency to hypercaleetnna in many of the cases

and found elevations in about 50 to 60 per cent of the cases reported
n the hterature Bayrd and Heck™ found only eight of forty-one
cases 11 thetr series to have serum calcium levels above 12 mg. per
cent Inour series, thirty of erghty-five cases (34 per cent) in whom the
serum calcium was measured, had values above 12 mg. per cent (fig.
36) The highest value recorded way 17 5 mg per cent. Several cases
starting with normal serum calcium levels developed elevations later
in the course of their illness. It seems, therefore, that high serum cal-
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albumin was 25 Gm per cent, globulin 17 Gm per cent. Electrophoresis
revealed the alpha-1 globulin to be increased to 16 8 per cent, the alpha-2
globulin to 25 3 per eent {1able 11) The erythrocyte sedimentation rate was
only 7mm per hour Twenty-four hour urine protein excretion {Esbach) was
62 Gm per liter No bone lesions were demonstrable on skeletal survey.
Sternal marrow contained 12 per cent myeloma cells, many of which occurred
n clumps

His renal function deteniorated rapidly with the blood urea nitrogen rising
to {03 mg per cent PSP test revealed only 25 per cent excretion 1n two hours,
A Congo red test was performed and there was 79 per cent retention in the
tissues Three hours after the injection of Congo red, the patient became
nauseated, complained of dizziness, went 110 a state of collapse, and died
within a few minutes

Postmortem revealed loidosts of the heart, spleen, hiver,
lymph nodes, gastromtestinal tract, and kidneys The hver weighed 2660 Gm
and the spleen, stamed a brlliant orange red by the Congo red grven shortly
before death, weighed 1320 Gm The sternal marrow smear, as mentioned
above, contained many myeloma cells, the postmoriem microscopic sections,
however, showed the presence of only a relanvely small number of plasma
cells The marrow sections, however, contained an unusually Jarge number of
intracellular and extracellular bodies, which stained deep blue with Romanof-
sky stain and pink with lin and eosin ({ pi fig 3¢) Manyol
these were intranuclear, some 1n the cytoplasm of degenerating cells, and some
were apparently lying free in the marrow spaces Because they stained blue with
Romanafsky stain, they could not properly be called Russell boches In addstion,
they did not have the staiming qualities of amyloid.

The use of the Congo red test for the diagnosis of amyloid 1s of little
value 1n the case of paramyloidos:s for several reasons Since in para-
mylowdosis the liver 15 commonly spared, the mass of amylod tissue
which 1s present in the body 1s usually too small to produce 2 sig-
mficant retention of the dye In addition, paramyloid takes up Congo
red less avidly than does true amyloid. If, however, paramyloid of the

TapLe 11 —Atyprcal Alpha Pattern Found on Electrophoresis of Serum of Patient
with Multiple Myeloma and dmylodosis
bu-

Date |Name| mm | Alpha-1 A|pha-ZiBua Gamma
{Per cent of total serum proten)

Glob
B1 |4 ‘{m

Urine | per cent

408 ( 1685 | 2534 (10 14| 712 [Marked iacreasc alphal [ ++4 | 2517
| 6o g and alpha-2 globulin but
without sharp peak De-
creased albumm and tota]
proten content

tongue, buccal mucosa, or sk 15 suspected, then Congo red can be
used for the diagnosis. After local mjection of this dye, the amyloid
tumors assume a fiery red color.
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Calcium and Phosphorus Metabolism

In this laboratory the normal serum calcium varies between 9.5
and (1.5 mg. per cent, the normal inorganic phosphorus between 2
and 4 mg. per cent and the normal alkaline phosphatase between 4
and 12 King Armstrong units per 100 cc

Probably as a result of the rapid deminerahization of the bones,
hypercalcerna and hypercalciunia are common findings 1 multiple
myeloma Gutman and his associates™ found elevations of the serum
calcium above 12 mg. per cent in four of six cases which they studied,

NORMAL
RANGE.

MGM%  8-9 910 10-11 [I-2 1243 13-14 J4-I5EOVER
Fie 36 —~Dsenbution of serum calcium Jevels in multiple myeloma Note the
disunct tendency to hypercalcerma 1n many of the cases.

and found elevations m about 50 to 60 per cent of the cases reported
in the hterature Bayrd and Heck! found only eight of forty-one
cases 1 their sertes to have serum calcium levels above 12 mg. per
cent. In our series, thicty of eighty-five cases (34 per cent) in whom the
serum calcium was measured, had values above 12 mg. per cent (fig.
36) The highest value recorded was 17.5 mg. per cent Several cases
starting with normal serum calcium levels developed elevations later
in the course of their illness. It seems, therefore, that high serum cal-
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cium mdicates advanced or rapidly spreading disease and is often a
poor prognostic sign. Patients with severe uremia complicating multi-
ple myeloma, generally had normal or even low serum calcium levels.,
Of the seven cases in this series with serum calcium below 9 mg. per
cent, five were 1n uremia.

The alkaline phosphatase is usually normal in multiple myelonta,
although Adams, Alling, and Lawrence! reported an elevation above
normal 1n 48 per cent of ther cases. In our scries, seventy-one of
eighty-six patients (83 per cent) had repeated values within normal
limits The other patients, most of whom had large fractures, had
clevatuons at one time or another. Only five patients had serum
alkaline phosphatase levels of more than 16 King-Armstrong units,
but two of these had normal values on subsequent determinations,
and a third had cirrhosis of the hver Although rare exceptions exist
as noted, when the serum alkaline phosphatase remains elevated in
the absence of a gross pathologic fracture or of Irver disease, the
diagnosis of multiple myeloma should be questioned

The great majority of cases had no alteration of the serum phos-
phorus levels except mn the presence of uremia, where 1t was generally
clevated In none of the cases m the entire series was the metabolic
trad of hypercalcerma, hypophosphatemia, and elevated serum
alkaline phosphatase present. This would scem to provide a sound
differential diagnostic pont between hyperparathyroidism  and
multiple myeloma

Qf the forty-one psied cases, metastatic caleifi was found
in five Four of these had renal calculi and the fifth had microscopic
caleifications 1n the lungs. In one of the autopsted cases, mimmal
hyperplasia of the four parathyraid glands was found in addion to
undoubted myeloma This pauent died with mycloma kidneys, 2
blood urea nitrogen of 69 mg per cent, and a creatinine of 6 4 mg
per cent The serum calcium was 16.8 mg per cent, the serum phos-
phorus 10 mg per cent, and the alkalme phosphatase 9 Kmng-
Armstrong units The patient had been on a ngh calcium and vitamin
D intake while at home

Uric Acid Metabolism

Anather common biochemical abnormality noted in multple
myeloma is 2 significant elevation of the serum uric acid level, even
in the absence of renal insufficiency. The uric acid level was above
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4 mg. per cent in fifty-four (B7 per cent) of the sixty-two cases in
which determinations were made. In 50 per cent of the cases tested
it was above 7 mg. per cent This elevation of the uric acid, first
described by Stewart and Parkes-Weber?*® is evidently due to the
increased catabolism of nucleoproteins derived from the nucler of
myeloma cells



7. SOLITARY MYELOMA

ultiple myeloma is a generalized disease of the skeleton.
Even in the absence of x-ray changes in the bones, bone
marrow aspiration usually reveals the presence of
myeloma cells, wherever 1t is made. A single focus of myelomatous
tissue, without dissermnation to the rest of the skeleton, has been
termed “solitary myeloma” or “solitary plasmocytoma ** The litera-
ture contains many such case reports, but in the maority of these, the
follow-up data are not adequate to rule out subsequent generalization
of the disease The roentgenographic picture of a solitary myeloma
has been described carefully by Paul and Pohle 13 They stressed the
very important pomt that solitary myeloma usualy presents the
roentgen appearance of erther a giant cell tumor or a destructive bone
lesion, nearly always localized i the intramedullary cavity. The
roentgenologic similarity of a solitary plasmocytoma and a giant cell
tumor is of great importance and has already been emphasized. Since
gant cell tumors occur only rarely in flat bones, an osteolytic lesion
showing the presence of many septa and localized in a flat bone is more
likely to be a solitary myeloma. Most of the solitary myelomas are
localized in one of the pelvic bones or in the spine. The frequency of
solitary myeloma as a cause for extradural compression of the spinal
cord has been mentioned above (p 32).

Bichel and Kirketerp?s reviewed the literature on solitary myeloma
up to 1938. They laid down rigid criteria for the diagnosss, and
accepted only two cases as proven. Before considering the diagnosis
of solitary myeloma, 1ts presence should be established by biopsy A
skeletal survey should eliminate the presence of other radiologic
lesions, The sternal marrow puncture should be negative. As a rule,
hypcrg]obulinrmia and Bence Jones proteinuria should be absent.
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However, slight changes in the electrophoretic pattern may be
present (p 100) Bence Jones proteinuria has been described in cases
of solitary myeloma which were confirmed at autopsy.?' This must
be a rare occurrence and in our matenal the appearance of Bence
Jones proteinuria 1s a prognostic sign predicting early spread of the
discase. Finally, no generalization of the myel process shauld
occur during a long period of observation. According to these critenia,
Bichel and Kirketerp accepted only two of twenty-seven cases reported
in the literature as solitary myeloma, Tennent,'*? in 1945, accepted
only twenty of fifty cases reported Lumb and Prosser’ found
eighteen proved cases, six of which were located 1n the femur, four in the
vertebral column, four 1n the pelvic bones other than the sacrum, two
m the humerus, one 1n the tibia, and one in the skull Aufses,™ in
1948, described a case of sohtary myeloma in the nb observed 1n the
Mount Sina1 Hospital, which was followed for three years without any
spread, and he collected ten additional cases, reported after 1938,
which were followed for three years or more without generahzation.

Christopherson and Muller,* n 1950, collected all the cases of
solitary plasma cell myeloma of bone they could find in the hterature
They tabulated the cases and arranged them 1nto three groups

1. There were twenty-two cases which had been followed for at
least three years without signs of generalized dissemunation To this
group they added three cases of their own Most of the cases in this
category were followed for a period of more than four years; five
cases were even followed for a period of more than ten years

2. There were twelve cases in which a sohtary myeloma was
found at autopsy It is evident that 1n most of the cases of the latter
group the period of observation was quite short, varying between a
few days and one year It is, of course, impossible to determine
whether or not, 1 any of these cases, dissemination might have
occurred at a later date if the patient had lived longer.

3 There were fifteen cases which had been followed for a period
varying between one and three years It is also difficult to evaluate this
group because an observation of less than three years is too short to
exclude the bility of future d i of the disease process

Apart from these three groups the authors found, in the hterature,
forty-five mare cases which could not be adequately classified Many
of these cases had only a short follow up; the others had not been
examined completely. Most of them had been dhagnosed erroneousty
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as solitary plasmocytomas, although from the onset there had been
signs of disseminated myelomatosis. None of these cases had either
appreciable increasc of the globulins of the serum or rouleaux forma-
tion However, in three cases of the first two groups, Bence Jones
proteinuria could be detected.

Dalgaard and Dalgaard# reported recently on three cases of
solitary plasmocytoma of the spine with terminal dissemination. Their
first patient showed signs of generalization nine years after the onset
of pain in the back due to a plasmocytoma of the second lumbar
vertebra. The second case died within five years of generalization of
the myeloma. The third case had a large plasmocytoma of the third
lumbar vertebra, but five months later many osteolytic areas were
abserved in the skull and the bone marrow puncture was positve for
myeloma cells These three cases emphasize the point made by
Lichtenstein and Jaffe!® that, as the number of survivers falls off
from year to year, very few of what oniginally seermed to be true cases
of solitary myeloma remain at the end of a ten year period of observa-
ton. Nevertheless, cases with a survival period of seven and a half,
erght, and twelve years have been reported. In this connection 1t is
mteresting to note that in a report on sixty-six cases of myeloma from
Montefiore Hospital, where patients are followed for extremely Jong
periods of time, no example of “solitary myeloma® remaining solitary
was found The rarity of the condition 15 emphasized by Bayrd and
Heck?® who found that in each of their cases where the dragnosis of
solitary myeloma was considered, sternal marrow aspiration revealed
evidence of generalized myelomatosis Notwithstanding this experi-
ence, they fee] that rare cases of solitary myeloma actually do occur.

An interesting approach to the clarification of this problem
has been made by Lane'™ m his study of a patient with a
sohitary plasmocytoma of the mandible. This patient had no Bence
Jones proteinuria, the serum alburmn was 5.3 Gm. per cent, and the
serum globulin 1.7 Gm. per cent. Careful electrophoretic analysis of
the serum before operation, however, revealed the presence of a small
but abnormally sharp gamma peak Followng the removal of :}_w
tumor, electrophoresis was repeated at monthly intervals. Within
two months the apex of the serum globulin curve became less sharp,
and five months after the operation the curve was entirely normal.
In addition, electrophoretic analysis of the tumor showed that the
main part of the protein consisted of gamma globulin and that the
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gamma globulin portion of the electrophoretic curve obtained from
the tumor proteins could be superimposed exactly upon the corre-
sponding curve shown by the serum of the patient before operation

The results reported in this case could well be of fundamental
importance, if the changes in the electrophoretic pattern before and
after operation are accepted as smignificant Unfortunately the ab-
normal gamma peak in the preoperative curve is small Before drawing
far reaching conclusions, Lane’s obscrvation should be confirmed
1n other cases of sohitary myeloma with more marked changes in the
electrophoretic pattern Such observations would indicate that the
abnormal globulins are actually manufactured within the plasmo-
cytoma itself and would support the origmal theory of Magnus-
Levy It 1s within the realm of possibility that not only abnormal
globulins, but also Bence Jones protein 1s produced by the tumor ttself
This would explam the presence of Bence Jones protemunia in
patients with a large solitary myeloma, confirmed by autopsy The
alternate explanation would be that the body reacts to the presence
of the plasmocytoma by producing abnormal globulins, but ths is
unlikely since the abnormal globulins could be extracted from the
tamor tissue Hself

It should be added that an observation such as Lane’s does
not preclude the possibility that, in such cases, a generalizaton
of the myeloma process may occur at a later date It only suggests
that the main source of abnorma) serum globulins was present in the
plasmocytoma removed It 1s certainly possible that in other parts of
the skeleton small microscopic nests of myeloma cells were present,
too minute to produce detectable amounts of abnormal proteins.
Such mimmal cell nests may later give rise to macroscopic lesions
Be this as 1t may, one of the charactenstic qualities of myeloma, that
15, the production of abnormal proteins, would appear to be present,
though only 1n rare mstances, in the sohtary myeloma as well as 111
generalized myelomatosis

In this series no case could be considered unequivocally as a soli-
tary myeloma Three cases with single myelomatous lesions with
negative sternal marrow aspirations later developed roentgen evidence
of other bone mvolvement Two patients with cord signs had myelo-
matous tumors partially removed at lamunectomy with amelioration
of P Both had rep dly negative marrow aspirations,
though one had disseminated lytic lesions on x-ray and, in the fifth
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year of her disease, died with diffuse involvement, The other patient
(p. 33), now in the second year of the disease, still shows no sign of dis-
sermnation of the discase process. The undoubted occurrence of
numerous cases which at first appear to have a single focus of myeloma
tssue, casts some doubt on the multicentric theory of origin of all
cases of multiple myeloma Surgical resection of a localized tumor
before the occurrence of “metastases”, as was done in the case re-
ported by Stewart and Taylor!® and that reported by Lane,** should
be recommended in the hope that such a lesion is truly solitary.



8 . MULTIPLE PLASMOCYTOMAS

ntil the present ime two chnical entities have been recog-
nized. One, the most common form, is the generalized
myelomatosis 1n which bone marrow puncture reveals
generahized plasma cell mfiltration throughout the entire skeleton
The other entity 15 the rare solitary myeloma, which is an solated
plasmocytoma with no tendency to generahization Between these two
extremes, an mntermediary form seems to exist, which 1s characterized
by the presence of several 1solated plasmocytomas. This clinical entity
duffers from generahized myelomatosts in that the bone marrow distant
from the lesions 1s free of any evidence of plasma cell prohferation
Strictly speaking, the pame multiple myeloma should perhaps be
reserved for the rare cases which fall in this category, whereas the
disease which 1s ly d d as Itipl 1 could
better be named generahzed myelomatosts The literature contains
several les of extr Jull 1 tomas, giving rise to
ltiple separate pl ytomas 1n the skeleton persisting for many
years until finally generalized myelomatosis developed.’? Observa-
tions of patients with multiple plasmocytomas, but without general-
1zed myelomatous infiltrations of the bone marrow, are few and far
between The following observation 1s a good example of this rare
climcal entity

In 1946, a 39 year old man developed 2 small and aircumscribed swelling
of the nasal process of the nght maxillary bone A biopsy proved thus to be 2
plasmocytoma of the nasal bone Urine, total blood count, seduwmentatan cate,
scrum albureun, and globulin were completely normal Local radotherapy
was given In 1949, he developed pam i the left clavicle and x-ray examina-
t10n of this bone revealed the presence of an osteolvtic lesion At this ume, total
blood count and determnations of scrum albumin {47 Gm per cent) and
globulin (33 Gm per cent) were agam within normal hmuts The sedimenta-
103
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tion rate of the red cells was 5 mm per hour. There was no Bence Jones protein
m the urine, and sternal marrow aspiration faded to show a prcture of myelo-
matosis The tumor of the clavicle was resected and was proven by pathologic
examination to be 2 plasmoeytoma. Microscopic study of both ends of the bone
specimen were found to be completely normal After the operation radio-
therapy was directed to the operated area,

In June 1949 a tender spot developed at the left margin of the sternum and
in July 1949 the patient noticed, after sneezing, a sharp stabbing pain in both
udes of the fower back Roentgen examination revealed, both in the nght and
tn the left tenth nib, the presence of an osteolytic lesian, with a pathologic frac-
ture runming across the decalcified area In addition, a small icregularly rounded
lesion, one-fourth of an 1nch 1n drameter, was seen 12 the right panetal bone
Finally an area of destruction was formed at the left margin of the body of the
sterpum

The pauent suffered a amount of pain P m the back,
but also 1n other areas, In July 1949 he was started on urethane. By October
1949 the severe aches and pains had disappeared but transient ounor aches,
especially m the left shoulder, persisted On November 8th, 1949 a total of
240 G, of urethane had been taken. For the next three years the patient was
gven 1 Gm of urethane daily every other month and 25 mg of testosterone
twice weekly by intramuscular injection during the alternate months Under
this treatment he felt quite well, espeially duning the months when he took
testosterone, During the urethane months, he occasionally complained of
aching and musele vwitching. i

N 1
marrow punctures revealed a cellular bone marrow with a normal amount of
megakaryocytes. Again no myeloma cells were present, Radiologic survey of
the skeleton revealed healed fractures of both the right and Ieft tenth ribs
There was good callus and the osteolytic arcas had complete]
disappeared The rounded osteolytic area tn the parietal bone and also the
lesion at the left side of the body of the sternum had completely filled in

Despite thts improvement and encouraging progress, however, a new plasmo-
R D 3 ¥ < ehum bt sndey finoer an

the lesion was a recent one

no beute sunts

1, possibly the
. . plus glycosunia
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with a fasung blood sugar of 165 mg per cent on one occasion. Glucose toler-
ance test was normal The cephalin flocculavion test was 2 plus after 48 hours
The bromsulphalein test showed a retention of 2 5 per cent after 30 munutes
The alkaline phosphatase was 7.5 Bodansky Umits (in October 1930, 6 King-
Armstrong unuts)

Tn November 1952 he developed a very severe herpes zoster over the nght
Lt SRS SR S S S

e M e e PN

O T S IR X i

. . . .

were completely normal, Bence Jones protemn absent, and the serum alkahine

phosphatase nearly normal (5 Bodansky umts} Sternal marrow was again

found 1o be normal

In this patient, therefore, at least seven plasmocytomas have been
discovered during the seven year course of his disease (table 12)
Nevertheless, his general condition has 1 1lent; rep 1ly
negative sternal bone marrow punctures indicated that there was no
generalized myelomatous mfiltration of the bone marrow The blood
protemns were normal and Bence Jones protein absent. This patient
could well be considered an ple of ple pl oma:
without generalized myelomatosis The patient reacted favorably to
urethane administration However, after three and one-half years of
intermittent urethane hey pl ly had developed
and there was suggestive evidence of curhosis of the hver
The second case which may belong to this group apparently had

plasmocytomas of several vertebrae The rest of the skeleton was 1m-
ually free of roentgenologic lesions, although, m contrast to the fore-
gomng case, Bence Jones proteinuria and hyperglobul. ia were
present. Bone marrow puncture was repeatedly negative until three
years after the onset of the disease.

Ta T ac 1040 2 EQamwald —man oo L1 Lo, .

ot the furst lumbar vertebrae 'Lhe unne repeatedly contained Bence Jones
protewn The serum albumin was 28 Gm per cent, serum globulin 6 9 Gm per
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TaBLE 12.~4 B —A Case of Multsple Plasmocytomas, Treated for over Three Years
with Urethane

Date Hgh. ’ Alb | Glob. | ESR Remarks

Jan 1946 50j 20 Plasmocytoma of Nasal Bone

Jan 1949 152] 47 2 § | Plasmocytoma of Clavicle resected.
Sternal marrow aspiration normal
Bence Jone: i i

June 1949 43| 20 lones protein negative

Aug 1949 Plasmocytomas R and L tenth nb,
skull, and sternum Sternal marrow
aspiration normal Urethane started

Dec 1949 19 471 30 240 Gm of Urethane taken

March 1950 |18 5| 48| 34 2

Oct 1950 17.4 [ 41 241 20 |Lesions in both tenth ribs and sternum
fifled 1n, Fresh plasmocytoma in R
index finger Sternal marrow aspira-
tion normal Bence Jones proten
negatve

Dec 1950 Started taking on alternate months—

2 Gm. of Urethane dally or 25 mg
Testosterone Propionate intramuscu-
larly twice weekly

March 1952 {17 8} 45| 32| 12 {General condition excelleat Roent-
genologic skeletal survey as in October
1950. Bence Jones protemn negative

Feb 1953 147 51 1 9| 12 | Urethane discontinued because of signs
of hver damage and hepatospleno-
megaly General condition sull good

J ‘ Marrow normal

cent A sternal marrow puncture was done, but myeloma cells could not be
found Nevertheless, a diagnosis of muluple myecloma was made and the
patient was started on 4 Gm of urethane daily. He responded well and did not
develop gastrointesunal disturbances Shortly after the institution of the ure-
thane treatment the pamns 1n the back disappeared and after one month, 1n the
mmidd!e of June, the patient was able to get up for short antervals during the day
Exammation in July 1950 revealed that the patient had almost no residual
pain The hemoglobin was 11 9 Gm , the red cells 3,800,000, and the leuko-
cytes 3600, with a normal differential count Bence Jones protein was present
in moderate amounts Serum albumin was 22 and 23 Gm per cent, serum
globulin 4.8 and 51 Gm per cent, The sedimentation rate of the red blood cells
was 126 mm per hour Sternal marrow examination again failed to demon-
strate the presence of myclama cel]s
On x.ray bl 1 of the entire spinc and
an hour glass appearance of many of the vertebral bodies were found, most
rmarked in the lumbar region The remaining bon:s showed o o ahnormzh-
ties, Although the patient’s general cond: d the
local conditon of the spine, 1f anything, had delcnorm:d Ic was, therefore,




MULTIPLE PLASMOCYTOMAS 107

decrded 10 stop the urcthane, and ACTH therapy, 40 mg darhy was begun.
On this treatment the patient did exceedingly well for two and one-half vears
In November 1950, the serum albumin was 39 Gm per cent, the serum
globutin 57 Gm per cent.

In July 1951 2 bone marTow puncture showed norma findings except for a
light increase 1 erythrosd elements. Ondy a rare plasma cell was seen The
serum albumin was 3.2 Gm. per cent, the serum globulin 4 6 Gm. per cent,
and a moderate amount of Bence Jones protein was sull found 1n the urine In
August 1931 the conditon was $o satisfactary that 1t was decided 1o decrease
the ACTH admumnustrauon to three weeblh injections of 20 mg In November
1951 the pavent accepted 2 new business pasition with many responsibiies
which he way able to discharge without difficultn  In July 1932, menigen ex-
aminanon showed a connderable mcrease n the concavity of the superior and
inferior aspects of the lower dorsal and lumbar vertebral bodics with widenung
of the mtravertebral spaces. There was moderate decalerfication of the verte-
bral bodies, but well defined destrucuve lesions were nowhere 1o be seen

In November 1952, the back pamn retumed and the patient began o go
downhill despite an wereased dose of ACTH and the addinon of 3 Gm of
urethane daily., In the broinming of Januars 1953 the spasms of wrnfic pan
were as severe as ay the onset of this disease three years previoushy A fion-
tender, soft ussue sweihing was found next to the thoracic spine extending from
T 716 T 12 Laborators examinauon shawed the presence of a sedimentation
rare of 116 mm per hour Serum albumin was 2 2 Gm. per cent, seram globulin
7 G, per cent. The bfood urea mtrogen was 40 mg _per cent, The unie cone
tained 3 plus albumin but this time Bence Jones pratetn was not found  Serum
calaum and phasphorus levels were normal, The alkaline phosphatase content
was 6 King.Armstrong units.

Ercthane was conunued znd in Februarn 1953 the pauent again had 2 re-
tmusnon of hs pain A pew sternal marrow puncture at this ume finalls showed
the prewence of mutuple myeloma.

Tame 13 ~RD.—A Cast of Mulnple Plagmocstomas, Treated for Tuwo Months
with Urethane, end Thew for Twwo and Ove Half Yewrs wath ACTH

]

Date | A | ob | B,

f————r] ]

May, 1950 ; 28 {69 1 +
Julv, 1950 22 {51! { Crethane
August, 1950 ‘ 30 1 55 ' & AGTH
November, 1950 139 1571 + facTH
Tuly, 1951 P 320 46 & jACTH
February, 1952 38 Les | 4+ (AaCTH
January, 1953 ﬁ 22 1 7.0 | ~ ;Urethane

I
Slfrnzl marrow puncrures in May and July 1930 and 1 February 1952 were all
tegative,

Sternal marrow puncture n Febroary 1933 showed the presence of mulfiple
raveloma.

Tl:lc typical x-ray picture in combination with the hyperglobu-~
hnemia and the presence of Bence Jones protein, made the diagnosis
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TABLE 12 —A.B ——4 Case of Multiple Plasmocytomas, Treated for over Three Years
with Urethane

Datc | Hgb. l Al |Glob | ESR Remarks

Jan 1946 50 20 Plasmocytoma of Nasal Bone

Jan 1949 1521 47 23 5 [Plasmocytoma of Clavicle resected.
Sternal marrow aspiration normal
Bence Janes protein negative

June 1949 43 20

Aug 1949 Plasmocytomas R and L tenth nb,
skull, and sternum Sternal marrow
asprration normal Usethane stacted

Dec 1949 19 47 30 240 Gm of Urethane taken

March 1950 (185} 48| 34 2

Oct 1950 174 41| 24| 20 |Lesonsin both tenth nibs and sternum
filled 1n Fresh plasmocytoma in R.
dex finger Sternal marrow aspira-
tion normal, Bence Jones protam
negatve

Dec 1950 Started taking on alternate months—
2 Gm. of Urethane daily or 25 mg
Testosterone Propionate intramuscu-
Iatly twice weekly

March 1932 1 1781 45} 32 12 [General condition excellent Roent-
genologic skeletal survey as 1n October
1950 Bence Jones proten negative

Feb 1953 147] 51 19 12 | Urethane discontinued because of signs.
of hver damage and hepatospleno-

megaly General condiuon sull good
Marrow normal

cent A sternal marrow puncture was done, but myeloma cells could not be
found Nevertheless, a diagnosis of muluple myeloma was made and the
patient was started on 4 Gm of urethane daily He responded well and did not
develop gastrointestinal disturbances Shortly after the institution of the ure-
thane treatment the pains in the back disappeared and after one month, 1n the
B T PR
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cytes 3600, with a normal differenual count Bence Jones protein was present
in moderate amounts Serum atbumin was 22 and 23 Gm, per cent, serum
globulin 4.8 and 51 Gm per cent. The sedimentation rate of the red blood cells
was 126 mm per hour Sternal marrow examination again failed to demon-
strate the presence of myeloma cells

On x-ray iinati siderable decall of the entire spine and
an hour glass appearance of many of the vertcbral bodies were found, most
marked in the lumbar region, The remaining bones showed no gross abnormali-
ties Although the pauent’s general cond had improved derably, the
Jocal condinon of the spine, if anything, had detenorated It was, thercfore,
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decided to stop the urethane, and AGTH therapy, 40 mg, daily was begun
On this treatment the patient did exccedingly well for two and ene-half years
In November 1950, the serum albumm was 3.9 Gm per cent, the serum
globubin 5,7 Gm per cent

In July 1951 & bone marrow puncture showed normal findings cxcept for a
shght increase m erythroid clements Only a rare plasma cell was scen, The
serum albumin was 32 Gm per cent, the serum globulin 46 Gm per cent,
and a moderate amount of Bence Jones protein was sull found in the urine. In
August 1951 the condition was so satisfactory that 1t was decided to decrease
the AGTH admumstration to three weckly ingections of 20 mg, In November
1951 the patient accepted a new business position with many responsibilitics
which he was able to thscharge without difficulty In July 1952, rocntgen ex-
amination showed a considerable 1ncrease i the concavity of the superior and
wfertor aspects of the lower dorsal and lumbar vertebral bodics with widening
of the intravertebral spaces There was moderate decalafication of the verte-
bral bodics, but well defined destructive lesions were nowhere to be seen

In November 1952, the back pam returned and the patient began to go
downhull despite an increased dose of ACTH and the addiion of 3 Gm of
urethane daily In the beginning of January 1953 the spasms of ternfic pain
were as scvere as at the onsct of this discase three years previously A non-
tender, soft tissue swelling was found next to the thoracic spsne extending from
T 7t T 12 Laboratory exammnation showed the presence of a sedimentation
rate of 116 mm per hour Serum albumin was 2 2 G per cent, serum globulin
7 Gm per cent The blood urca nitrogen was 40 mg per cent The urine con-
tained 3 plus albumin but this trme Bence Jones protein was not found Serum
PUCH. el oa s
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the presence of multple mycloma ‘ :

TasLe 13 ~—R D —A Case of Multiple Plasmocytomas, Treated for Tiwo Months
with Urethane, and Then for Tico and One Half Years with ACTH

Date Alb Glob | BT
May, 1950 28 69 +
Juty, 1950 22 | 51 Urethane
August, 1950 30 | 55 [ +
November, 1950 39 57 + [ACTH
July, 1951 32 | 46 | + |ACTH
February, 1952 38 46 + !ACTH
January, 1953 22 | 70 | — |Urcthane

Stcrnal marrow punctures m May and July 1950 and in February 1952 were all
negative

Sternal marrow puncture tn February 1953 shawed the presence of multiple
myeloma

The typical x-ray picture in combimation with the hyperglobu-
linemia and the presence of Bence Jones protein, made the diagnosts
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TaBLE 12 —4 B —A Case of Multiple Plasmocytomas, Treated for orer Three Years
with Urethane

Date Hgb. | Alb [Glob | ESR Remarks

Jan 1946 50| 20 Plasmocytoma of Nasal Bone

Jan 1949 152 47| 23 5 |[Plasmocytoma of Clavicle resected
Sternal marrow aspsration normal
Bence Jones protein negative

June 1949 43 20

Aug 1949 Plasmocytomas R and L tenth nb,
shull, and sternum  Sternal marrow
aspirauion normal Utethane staned

Dec 1949 19 471 30 240 Gm of Urethane taken

March 1950 (18 5 | 48| 34 2

Oct 1950 174 ] 41| 24] 20 |Lesions in both tenth riby and sternum
filled 1 Fresh plasmocytoma i R.
index finger Sterpal marrow aspira-
tion normal Bence Jones protein
negative

Dec 1950 Started taking on alternate months—
2 Gm. of Urethane daly or 25 mg
Testosterone Propijonate intramuscu-
larly twice weekly

March1952 | 17 8| 4 5] 32| 12 |General conditton excellent Roent-
genologic skeletal survey as 1n October
1950 Bence Jones protein negative

Feb. 1953 147 51 1 9| 12 [ Urethane discontinued because of signs
of liver damage and hepatospleno-
megaly General condition snll good
Marrow normal

cent A sternal marrow puncture was done, but myeloma cells could not be
found Nevertheless, 2 diagnosis of multiple myeloma was made and the
patient was started on 4 Gm of urethane datly He responded well and did not
develop gastromntestinal disturbances. Shartly after the tsutution of the ure-
thane (reatment the pains in the back disappeared and after one month, in the
middle of June, the patient was able to get up for short intervals during the day.

Examination 1n July 1950 revealed that the patient had almost no residual
pamn The hemoglobin was 119 Gm , the red cells 3,800,000, and the teuko-
cytes 3600, with a normal differential count Bence Jones protein was present
in moderate amounts Serum albumin was 22 and 2.3 Gm per cent, serum
globuln 4 8 and 5,1 Gm per cent The sedimentation rate of the red blood cells
wwas 126 mm per hour Sternal marrow examination again farled to demon-
strate the presence of myeloma cells

On x-ray iderable decal of the entire spine and
an hour glass appearance of many of the vertebral bodies were found, most
‘marked in the lumbar region The remasming bones showed no gross abnormali-
s, Although the patent's general condition had improved considerably, the
Jocal condition of the spine, if anything, had deteriorated. It was, thercfore,
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decided to stop the urethanc, and AGTH therapy, 40 mg. daily was begun
On this treatment the patient did exceedingly well for two and one-half years
In November 1950, the serum albumm was 39 Gm per cent, the serum
globulin 5.7 Gm pet cent

AR A b et £ g avimes fon
August 1951 the conchuion was so satisfactory that 1t was deaded 1o decrease
S T - « Nt aman

bral bodies, but well defined destructive Iesions were nowhere to be seen

In November 1952, the back pam returncd and the patient began to go
downhil! despite an increased dose of ACTH and the addition of 3 Gm of
urethane daily In the beginning of January 1953 the spasms of temfic pamn
were a3 severe as at the onset of this discase three years previously A non-
tender, soft tissue swelling was found next to the thoracic spine extending from
T 7toT 12 Laboratory examination showed the presence of a sedimentation
rate of 116 mm per hour Serum albumun was 2 2 Gm per cent, serum globulin
7Gm per cent The blood urea nutrogen was 40 mg per cent The urine con-
taned 3 plus albumn but this ume Bence Jones proten was not found Serum
calewm and phosphorus levels were narmal The alkaline phosphaiase content
was 6 King-Armstrong units

Urethane was conunued and 1n February 1953 the patent again had a re-
mission of his pain A new sternal marrow puncture at this time finally showed
the presence of multple myeloma

TABLE 13 —R D ~—A Case of Multiple Plasmocytomas, Treated for Tuo Months
with Urethane, and Then for Two apd One Half Years usth ACTH

Date Alb | Glob | BY
May, 1950 28 | 69 | +
July, 1950 22 ] 51 Urethane
August, 1950 30 | 55 | + [ACTH
November, 1950 39 { 57 | + |ACTH
July, 1951 32 | 46 | + |ACTH
February, 1952 38 | 46 | + |AGTH
January, 1953 22 | 70 | - |Urcthane

Sternal marrow punctures in May and July 1950 and in February 1952 were all
negative

Sternal marrow puncture 1n February 1953 showed the presence of muluple
Tmyeloma

The typical x-ray picture m combination with the hyperglobu-
linem:a and the presence of Bence Jones protein, made the diagnosis
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Tazte 12 ~4 B.—4 Case of Multiple Plasmocytomas, Treated for over Three Years
wath Urethane

Date Hgb P!b Glob | ESR Remarks
Jan 1946 50| 20 Plasmocytoma of Nasal Bone
Jan 1949 152 47 23 5 |Plasmocytoma of Clavicle resected,

Sternal marrow aspiration normal
Bence Jones protein negative

June 1949 43] 20

Aug 1949 Plasmocytomas R and L tenth nb,
skull, and sternum. Sternal marrow
aspiration normal Utrethane started

Dec. 1949 119 | 471 30 240 Gm_ of Urethane taken

March 1950 (18 5| 48| 34| 2

Oct 1950 1741 41| 247 20 |Lesions m both tenth ribs and sternum
filled 1 Fresh plasmocytoma in R.
index finger Sternal marrow aspira-
tion normal Bence Jones profein
negative

Dec 1950 Started taking on alternate monthy—

2 Gm, of Urethane daily or 25 mg.
Testosterone Propianate 1ntramuscu-
larly twice weekly

March 1952 (17 8| 45| 32| 12 [General condition excellent Rocat-
genologic skeletal survey as 1n October
1950, Bence Jones protein negative
Feb. 1953 47| 51| 19] 12 | Urethane discontinued because of signs
of fwer damage and hepatospleno-
megaly General condition sull good
Marrow normal

cent A sternal marrow puncture was done, but myeloma cells could not be
found Nevertheless, a diagnosis of multiple myeloma was made and the
patient was Stancd on 4 Gm of urethane daily He responded well and did not

DOURSER N O N T e AF tha e

pain The hemoglobin was 11 9 Gm, the red Cells 3,800,000, and the leuko-
cytes 3600 \mh a normal d:ﬂ'crcnnal cuun( Bence Jones proten was present
Cam e it " 07 on mos rom

an hour glass appearance of many of lhc vertcbral bodxcs wete found most
marked in the lumbar region The remaiming boncs shm\:d 1o gross abnormali-
1ies Although the patient’s general cond) iderably, the
Tocal condition of the spine, if anything, had de(cnoratcd It was, thercfore,
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tumors, which are histologically identical to the plasmo-
cytomas of the bone marrow They have a peculiar predilec-
tion for the upper arr but ¢ ionally occur in the h,
intestine, pancreas, plcura, thyrowd, urogemital tract, and skin. In
the majority of these cases, the plasmocytomas remamed localized,
nevertheless, 1n a number of cases the tumor definitely did invade
adjacent tissues and was pl m nature M to lymph
nodes and to bone were not infrequent Ulumately the complete
picture of multiple myeloma may emerge from this tumor Bence
Jones proteinuria has never been reported 1n cases of extramedullary
plasmocytoma without skeletal involvement.
Several of these cases have remarkably long follow ups, the longest
m Hellwig’s seres being eighteen years A patient of Jackson®?
who was operated en 1n 1919 for a plasmocytoma of the left tonsil
developed a simlar tumor of the night tonsit two years later and n
1926 all the signs of a classical multiple myeloma were present A
case of an extramedullary plasmocytoma with a remarkably benign
course was observed by Jaeger #” His patient had a plasmocytoma of
the epipharynx In the course of eight years, four local recurrences
were successfully treated with radiotherapy. In neither the onginal
tumor nor 1n any of the recurrences were the regional lymph nodes in-
volved Dunng the next nine years, plasmocytomas appeared 1 the
skull, sternum, 1ibs, both clavicles, humeri, right scapula, right tibia,
and thyroid gland Bence Jones protemn could never be found in the
urine The serum proteins remained normal. The patient’s condition
was excellent twenty-five years after the first plasmocytoma was dis-
covered. Jaeger's reluctance to classify this case as one of multiple
109

He}lw‘ng" collected many cases of extramedullary plasma cell
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of multiple plasmocytomas almost a certainty, even during the three
years when no myeloma cells could be found in the bone marrow. In
view of the three negative sternal marrow punctures, it is likely that
generalized infiltration of the bone marrow was not present and that
this patient suffered during these years from muitiple plasmocytomas
of the spine Then, after three years, generalization of the myeloma-
tous process occurred with an acceleration of his downhill course.
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tiva are perhaps more properly called plasma cell granulomas Some
leukocytes, lymphoeytes, and fibroblasts, but predominantly plasma
cells, are found in these masses. Hellwig reports on fifty such cases
and Chojnaker®® found about one hundred cases Most authors are of
the opinion that these tumors are inflammatory in nature and that
their neoplastic characteristics—if they have any at all—are indis-
tinct since they are neither destructive nor invasive
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myeloma, despite the typical anatomic structure of the bone marrow,
can easily be understood

One case of plasmocytoma of the nasal cavity, which was followed
up for three years without generalization, has been studied in this
hospital by Rosenwasser. 152

This pattent was admutted 1n August 1929, complamng of left sided nasal
obstruction which had troubled him throughout the previous year, At the same
time a foul smelling nasal discharge had developed A soft whitish mass was
seen ac the left side above the inferior meatus Thus friable, easily bleeding mass
seemed to r1se from the lateral part of the nose, X-ray of the sinuses revealed a
cloudiness of the lefe antrum, ethmoid, and sphenoid and a shght cloudiness’of
the nght ethmoid On two separate occasions the tumor was biopsied and re-
ported to be a plasmocytoma Three radium seeds with a platinum filter were
placed in the tumor mass and left in place for ten days This was followed by a
course of deep x-ray therapy The tumor mass dinunished markedly in size so
that ulumately the patent had an adequate airway and rehef of atmost all
symptoms Two months Jater a histologic examnation of a biopsy specimen
taken from the site of the original tumor was negatve. The plasmocytoma had
evidently disappeared following radiation

In Scptember 1930, the pauent had numerous small nasal hemorrhages
from the left side of the nose Following his discharge, the patient had recewved
ntermittent radiotherapy There was now defimte local evidence of mvolve-
ment of the left antrum and ethmoids A Caldwell-Luc operation was per-
formed and radium was mserted directly into the antrum and floor of the nose.
The excised tumor tissue was agawn reported to be a plasmocytoma Postopera-
tive radiotherapy was given with relef of epistaxis and nasal obstruction.

In 1932, almost three years after the origmal treatment was begun, the
patent complained of weight loss, anarevia, and abdominalidiscomfort X-ray
examination revealed a huge mass 1n the fundus of the stomach, which had
mvaded the lower end of the esophagus He died of cachexia with termmal
bilateral bronchopneumoma

The findings at autopsy consisted of carcinoma of the stomach with metas-
tases to the liver, pancreas, pleura, and regional lymph nodes, bilateral bron-

P puk Y h hypertrophy and didataton of the
night heare, mild b h healed apical I and termmal endo-
carditis of the aortic valve There was no evidence of recurrence of the plasmo-
cytoma, despite a careful scarch

Thus patient with a plasmocytoma of the nasal cavity was carefully
followed for over three years As usual this extramedullary plasmo-
cytoma, though it did not metastasize or nvolve the regional lymph
nodes, could not be eradicated surgically, Optimal results were o!{-
tained by the combination of surgery and radiotherapy. When this
patient died of carcinoma of the stomach, no recurrence of the plasmo-
cytoma could be detected. .

In contrast to plasmocytomas, plasma cell tumors of the conjunc-
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tiva are perhaps more properly called plasma cell granulomas Some
leukocytes, lymphocytes, and fibroblasts, but predommantly plasma
cells, are found in these masses. Hellwig reports on fifty such cases
and Chojnakei®* found about one hundred cases. Most authors are of
the opinion that these tumors are inflammatory in naturc and that
their neoplastic characteristics—f they have any at all—are indis-
tinct since they are neither destructive nor nvasive.
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dilection for those bones with abundant cancellous spongiosa

and red marrow, such as the pelvis, spine, sternum, skull,
and long bones Pathologic examination of the bones, parucularly of
the sternum, vertebrae, and ribs often reveals marked thinning of the
cortex Rather frequently the cortex is completely eroded and the
bulging myelomatous tumor tissue may actually nfiltrate the sur-
rounding musculature Destruction and disorganization of the bone
trabeculae allow the bone to be cut easily with the knife The bone
may be brittle in some cases, while 1n others it may be bent without
fracture The medullary cavity of the bone 1s, 1n many areas, replaced
by round or oval, clear cut masses of grey or purple gelatinous tumor
tissue which may be scooped out readiy {figs 1la, 38). Often the
plasmocytomas are hemorrhagic i character Dalrymple,* in the
original pathologic description, spoke of “large cancellous cavities
filled by a red gelatiniform substance, threaded here and there by
fine bony fibres ” Occasionally a focus of myeloma tissue may grow
rapidly and produce marked expansion of 3,bone and a large palpable
soft tissue tumor. Such tumor masses are extremely vascular and
occasionally produce an arterial bruit. Tumors of this type have been
described as being pulsatile. The largest of these plasmocytomas are
found in the pelvis, arising from the iltac wings, but large tumors may
also be present in the long bones and in the vertebrae. The plasmocy-
tomas of the spine have a tendency to cause compression of the spinal
cord. Expanding tumors of the calvarium, although rare, may be
found if 2 myeloma in the diploic space perforates the tables of the
skull to erupt either under the scalp or subdurally. Myelomatous
tumors of the scalp are usually soft. Multiple firm and hard tumors of

112

The plasmocytomas found 1 multiple myeloma have a pre-
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the scalp are usually duc to reticulum cefl sarcomas or lymphomas,
occasionally due to chloroleuk or true neopl Microscopi-
cally, onc secs a monotonous picture of closely packed young plasma
cells with scanty stroma and eccentric nuclei. Mitotic figures do

oceur, but are, in most cases, relatively rare

L W A
Fic 37.—(a) Pathologic specimen of fermur diffuscly infiltrated by myeloma Note

the destruction of the trabecular pattern and crosion of the cortex (5} Washed
specimen

[ Extraskeletal myel invol is not as as
was onginally thought and has been reported frequently in the htera-
ture 303286821t Nodular mfiltrations of hver, spleen, and lymph
nodes have been frequently described, as have myelomatous infiltra-
tion of the kidney, pancreas, lungs, adrenal, thyroid, tonsil, intestine,
gonads, muscle, and brain Churg and Gordon®® found twenty-two
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of thirty consecutive cases of multiple myeloma, autopsied at the
Mount Sinai Hospital, to have myeloma cell aggregates in the lwer,
spleen, and lymph nodes. Ten of these cases demonstrated gross in-
volvement In addition, in nine of the thirty cases, organs other than
those of the extraosseous hematopoietic system were involved. In
only eight of the thirty cases studied by Churg and Gordon could they
find no visceral involvement at all. These myclomatous foci may take
the form of discrete plasma cell nodules or they may occur as a diffuse

Fic 38 —Pathologtc specrmen demonstraung collapse of vertebral body infil-
trated by muluple myeloma Note the gelatinous appearance of the marrow.

infiltration of the organs simular to the situation in lcukemia or reticu-
lum cell sarcoma Gross myelomatous involvement of the viscera was
found 1n fifteen of the forty-one autopsied cases 1n this series The
most common sttes of extraskeletal myelomatous involvement were
the lymph nodes, spleen, and liver, these organs were infiltrated
almost twice as frequently as all the other organs combrned (fig. 19).

The cutancous mamifestations of multiple myeloma often take a
curious pattern Umbilicated and ulcerated nodules infiltrating the
skin and producing a picture r bling mycosis ides have been
described by Duvoir et al.s" and by Kin.?* Piney and Riach?* have
reported an unusual case of skin invelvement, in which a diffuse
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nodular infiltration resembling neurofibromatosis covered the skin of
trunk and limbs while the scalp, forchead, temples, and neck were
cavered in helmet-like fashion by infiltraung myclomatous tumors
The patient also suffered from plasma cell leukeria One patient in
our series developed numerous subcutancous nodules several weeks
before her death Autopsy showed extensive plasma cell infiltration
of the viscera (p 46).

Fic 39 ~Gross specimen of mycloma kidney Desprte the almost normal gross
appearance of the kidney, the patent died with severe uremia and a blood urea
nitrogen of 130 mg per cent

Grossly, the myeloma kidney is pale and smooth. It may be con-
tracted but more frequently it is normal 1n size or even somewhat
enlarged. From gross examination, one could hardly predict that
such a kidney could be responsible for severe uremia (fig. 39). Micro-
scopic examination reveals edema and an interstitial nfiltration with
mononuclear cells However, the outstanding histologic feature is the
P of dense, acidophilic casts pl the tubules and sur-
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of thirty consecutive cases of multiple myeloma, autopsied at the
Mount Sina: Hospital, to have myeloma cell aggregates in the liver,
spleen, and lymph nodes. Ten of these cases demonstrated gross in-
volvement In addition, in mne of the thirty cases, organs other than
those of the extraosscous hematopoietic system were involved In
only eight of the thirty cases studied by Churg and Gordon could they
find no visceral involvement at all These myclomatous foci may tahe
the form of discrete plasma cell nodules or they may occur as a diffuse

Fic, 38 —Pathologic specimen demonstrating collapse of vertebral body nfil-
trated by multeple myeloma Note the gelatinous appearance of the marrow,

infiltration of the organs simular to the situation in leukemia or reticu-
fum ccll sarcoma. Gross myelomatous involvement of the viscera was
found in fifteen of the forty-one autopsied cases in this series. The
most common sites of extraskeletal myelomatous nvolvement were
the lymph nodes, spleen, and hver; these organs were infiltrated
almost twice as frequently as all the other organs combined (fig. 19).

The cutaneous mantfestations of multiple myeloma often take a
curious pattern Umbilicated and ulcerated nodules infiltrating the
skin and producing a picture resembling mycosis fungoides have been
described by Duvoir ct al.”” and by Kin.?? Pmcy.and l?iach“’.havc
reported an unusual case of skin involvement, in which a diffuse
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nodular infiltration resembling neurofibromatosis covered the skin of
trunk and limbs while the scalp, forchead, temples, and neck were
covered in helmet-like fashion by infiliraung myelomatous tumors
The patient also suffered from plasma cell leukemia. One patient 1n
our scries developed numerous subcutancous nodules several weeks
before her death. Autopsy showed extensive plasma cell infiltration
of the viscera (p. 46).

Fic 39 —Gross specumen of mycloma kidney. Despite the almost normal gross
appearance of the kidney, the patient died with severe uremia and 2 blood urea
Titrogen of 130 mg per cent

Grossly, the myeloma kidney is pale and smooth. It may be con-
tracted but more frequently it is normal in size or even somewhat
enlarged. From gross examination, one could hardly predict that
such.a kidney could be responsible for severe uremia (fig 39) Micro-
Scopic examination reveals edema and an interstitial mfiltration with
mononuclear cells However, the outstanding histologic feature is the
presence of dense, acidophilic casts plugging the tubules and sur-



116 MULTIPLE MYELOMA

rounded by foreign body giant cells (figs. 14, 15). Often these casts
appear to be brittle as 1f they had been fractured by the microtome.
They frequently show lamellated and calcified centers (fig. 40).
These casts do not take the stains for amyloid. Allen® believes that the
surrounding multinucleated cells actually represent a syncytium of
tubular epithelial cells rather than true foreign body giant cells. The
proximal tubules may show slight dilatation, but more often there is
conspicuous atrophy The glomeruli may be remarkably normal and
the vessels show no change, unless amyloid 15 preseat. Sih1V7? and

Yoy

588 \.f.f‘
P

Fic 40, —Myeloma kidney with large lamellated cast

Apitz® have published beautiful microphotographs of needle-ike
crystals m association with these tubular casts and within the tubular
epithehal cells. Crystalline deposits 1n myeloma tissue were first
described by Glaus,®” and Lohlein? was the first to describe crystalline
tubular casts m multiple myeloma

When loidosis is d with multiple myeloma, as it is in
about 10 per cent of the cases, the distnibution is that of primary
systemic amyloidosis and is often called paramyloidosis. This paramy-
1oid 1s deposited in the hymal tissues as opposed to the massive
involvement of liver, spleen, kidney, adrenal, and blood vessel walls
seen in the amyloidosis secondary to chronic suppuration or tubercu~
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losis Primary amylod frequently stains poorly with the metachro-
matic dyes, Congo red, methyl violet, and iodine green. Blood vessels
are conspicuously involved in the paramyloidosis of myeloma (fig.
32). The gastrowtestinal tract from oropharynx to rectum may be
diffusely infiltrated but here, also, the involvement may be primarily
localized 1n the arteries Nodular amylowdosis of the larynx, joint
capsulcs, (ﬁg 35), and skin occurs One fernale patient 1n this series
ated the unusual lication of almost plete bald
due to amyloid deposition n the scalp. Another patient had wide-
spread subcutaneous amyloid tumors over the lower chest and upper
abdomen. Sheletal muscle and the striated muscle of the myocardium
are frequently jnvolved, as 1s the auricular endocardium (fig 32a)
The infiltration of the heart muscle 15 often massive enough to give
nse to severe congestive heart fallure The spleen 1s usually not
greatly infiltrated, except for the blood vessels, but exceptions to this
rule do exist The Congo red test, as mentioned previously, ts usually
negative because the mass of amylotd 13 not as great as in secondary
amyloidosis and because paramylord does not absorb the dye as
avidly Blind gingival biopsy, as described by Selikoff, " was positive
1n only one case 1n the entire series (fig 32c)

The most common cause of death in the forty-one cases that came
to autopsy was cachexia, anemia, and bronchopneumoma (40 per
cent) Nine patients died with uremia; one of these demonstrated not
only the typical lesions of the myeloma kidney, but, in addition, a
severe, focal embolic glomerulonephritis, secondary to subacute
bacterial endocarditis Three died of sepsis, which was associated, i
two patients, with an acute bacterial endocarditis and in the third,
with a Welch bacillus wound infection Three patients died with
sudden collapse for which no cause could be found One fatal case
demonstrated two unusual lications, a 1
meningitis and a ruptured abdommal an:urysm Two died with
coronary arteniosclerosts and myocardial infarction and one of
agranulocytosis which developed during urethane therapy Four died
with congestve failure, caused by cardiac amyloidosis,
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t 15 clear from this siudy that a given case of multiple myeloma
may appear as any one of several vastly different symptom-
complexes Although the classical case of myeloma is easily

recognized, 1t must be realized that many patients do not fall casily
mnto any stereotyped classification, and serious errors in diagnosis may
result if the atypical cases are not stnipped of their disguise.

By far the largest number of myeloma patients offer no diagnostic
difficulties because they present with the textbook picture of the
disease. Such patents are anemic, often cachectic; they suffer from
severe pain due to multiple destructive lesions in the bones, and at
laboratory exammation, hyperglobulinemia and/or Bence Jones
proteinurta, a very raptd sedimentation rate, and other phenomena of
autohemagglunnation are found At the same time roentgen examina-
tion of the skeleton reveals the presence of clear-cut, punched out,
oval or round osteolytic areas of complete translucency, without new
bone formation cither in the bone itself or in the periosteum. Frac-
tures and collapse of vertebrac are common In other cases only
generalized decalcification of the bones can be detected Bence
Jones proteinuria occurs m approximately 50 per cent of the cases,
more commonly 1n those where the serum globulin is not elevated.
When this remarkable protemn can be found m the urine, the diag-
nosis of muluple myeloma is almost certain

Hyperglobul 15 found 1n appr ly 60 per cent of the
patients with multiple myeloma Since serum globulins may be in-
creased in many other diseases, the finding of hyperglobulimemia is
less pathognomonic for the dia.gnosxs of multiple myeloma than the
presence of Bence Jones pr(?tcxn However, i many cases of mye-
loma, electrophoretic separation s:ﬁus the presence of a sharp peak in
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the beta or globulin area, a finding hardly ever seen in other diseases
with hyperglobulinemia. Howe fract of the serum may also
be of considerable help in the differential diagnosis At any rate, the
presence of unexplamned hyperglobulinemia is always a reason for
careful examination of the bone marrow It is fortunate that the great
majority of p:nicms with multuple myeloma have either Bence Jones

ia or hyperglobul Incour series of ninety-seven cases
only 12 per cent showed netther of these two abnormalities.

In all cases where differential diagnostic difficulties do arise, they
are clearly resolved if myeloma cell proliferation 1s found in a bone
marrow aspiration It should be borne 1n muind that the myeloma in-
filtration may be patchy in nature, therefore, in rare cases of muluple
myeloma, bone marrow punctures may give negative results Oc-
casionally, direct asprration of an isolated focus of destruction, or
even an open biopsy, may be necessary in order to reach a defimte
diagnosis

In the following diseases differential diagnostic difficulues fre-
quently arise,

Skeletal Metastases of Carcinoma

Both multiple myel and 10 lving bone
may give similar roentgenologic pictures In multiple myeloma the
punched out lesions are usually more clearly demarcated and the
bone involvement 1s usually more diffuse than s the case 1n metastatic
carcinoma Whenever metastases are obviously osteoblastic, as in
prostatic carcinoma, there 13 no diagnostie difficulty Even in the
presence of osteolytic metastases, the differential diagnosis may
frcquently be made on the basis of the serum alkaline phosphatase

In 1 the alkaline phosph is usually normal, while

n mctastauc carcinoma there 1s often sufficient osteoblastic reaction
around the tumors to produce a significant elevation Bone marrow
puncture, which 1s always necessary to exclude multipl
occasionally reveal the presence of carcinoma cells

1
Y , may

Postmenopausal and Senile Osteoporosis

The changes in the spine, and sometimes also 1n other parts of the
skeleton, may be so similar in multiple myeloma to those seen 1n
postmenopausal or senile osteoporosis that errors can be avoided only

with difficulty The ) lesions 1 mulbiple myek may
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consist solely of diffuse demineralization Compressed vertebrae in the
spine of a patient with postmenopausal osteoporosis may duplicate
exactly the radiologic picture seen in multiple myeloma There s,
however, one important difference. The sheletal demineralization in
postmenopausal osteoporosts 1s usually limited to spine and pelvis,
whereas in most cases of myeloma the process 1s universal. Neverthe-
less, 1n rare cases of myeloma, the x-ray changes may be limited to the
spine, as was observed mn the patient reported on page 105 The
finding of Bence Jones protein, hyperglobulinerma, or myeloma cells
in marrow aspirate are sufficient to exclude osteoporosis
Hyperparathyroidism

In most cases of hyperparathyroidism with skeletal involvement,
careful study of the roentgenograms gives important clues to the
differential diagnosis. The uniform, ground-glass appearance of the
skull 1n hyperparathyroidism is rather characteristic. Even more jm-
portant are the biochemical changes of the blood serum. Although
hypercalcemia occurs in both hyperparathyroidism and multiple
myeloma, it is a more frequent and more marked finding in hyper-
parathyroidism Decrease of the inorganic phosphate and increase of
the alkaline phosphatase of the serum, which are constant in hyper-
parathyroidism with skeletal involvement, are not found in multiple
myeloma

Anemia

Every case of unexplained anemia merits a bone marrow puncture
In this way, cases of multiple myeloma, n which the outstanding
clinical feature js anemmia, will be easily diagnosed, even if the bone
lesions are not characteristic.

Lymphatic Leukemia

When the peripheral blood is mvaded by Jarge numbers of mye-
loma cells, that 15, when plasma cell leukemia develops, differential
diagnostic difficulties may arise. The myeloma cells which are found
in the peripheral blood often resemble lymphocytes In such cases
only an experienced hematalogist may be able to recogmze the foreign
cells as mycloma cells. Lymphadenopathy and spl ly are not
unusual in myeloma when plasma cell leukemia occurs. Since 2 bu{\c
marrow puncture should be performed in every leukemia, this dif-
ferential diagnostic problem is usually easily solved.
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Giant Cell Tumors

Large plasmocytomas may simulate the radiologic picture of a
gunt cell tumor, This holds true especially for large plasmocytomas of
the pelvis. In this respect it should be repeated that giant cell tumors
donot oceur in flat bones. Whenever an osteolytic lesion with multiple
septum formation is found in a flat bone, the presence of a plasmo-
¢ytoma or a lipoid granuloma should beseriously considered, and a bone
marrow puncture or even a biopsy of the tumor should be performed

When the only demonstrable lesion in mycloma occurs as a
solitary focus of bone destruction without septum formation, and if
the lesion 15 situated in the spine, there may be confusion with bone
sarcoma, lipoid granuloma, or cven Pott's discase. In many cases,
the diagnosis can only be made by biopsy of the lesion, but 1t would be
wise, prior to open biopsy, to cxamine the bone marrow in all cases
with such an isolated lesion,

Albuminuria, Chronic Glomerulonephritis
with or without Uremia

Unless a careful Jacobsen procedure is carried out, Bence Jones
Pproteinuria can easily be missed when significant albuminuna co-
exists. The importance of the HCI ring test for screening purposes has
already been emphasized Unless this test is routinely performed in all
Instances of albuminuria, cases of Bence Jones proteinuria arc likely to
g0 undetected. Bence Jones protein should be searched for especially i
cases of “nephntis” with heavy albuminuria, but without hypertension

Cases of multiple myeloma in which an obscure type of non-
hypertensive uremia is the outstanding sign often represent a most
difficult diagnostic problem This uremia, caused by the myeloma
kidney, may not be accompanied by bone lesions, hyperglobulinemia,
or bone pain. However, every such case in our series had Bence Jones
Protetn in the urine, and this examination should be carried out care-
f‘{“)’ In every casc of renal insufficiency of unknown etiology. Other-
wise, these cases may be erroneously carried for Jong periods of time as
examples of chronic glomerulonephritis or chronic pyelonephritss.

Fever of Unknown Origin

Fever is obscrv'cd in about half of the patients with multiple
mycloma It occasionally happens that fever is present before the
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typical signs of myeloma become evident; therefore, the possibility
of multiple myeloma should be considered in patients with fever of
upknown origin. Patients with fever due to myeloma arc nearly
always ancmic and here again the bone marrow puncture which has
to be performed for the study of the anemia will be revealing.

Back Pain

In multiple myeloma, pain in the back and ribs, often excruciating
in character, is a very common finding Nevertheless, patients are
encountered whose only complaint 15 a moderate degree of low back
pain One such patient with backache was admitted to the Mount
Sinai Hospital. This pain developed when he was hit by a wave while
surf bathing  After many variegated diagnostic procedures had given
completely negative results, a bone marrow puncture at last revealed
the true state of affairs

Certain myeloma cases may display an entirely normal skeleton on
roentgen examination and a small number of this group may even
have no bone pain. In such cases the diagnosis may not be established
before autopsy, unless a marrow aspiration is made.

Hepatosplenomegaly

It should be emphasized that marked wisceral involvement by
myelomatous tissue, causmg hepatosplenomegaly and lymphade-
nopathy, may produce a clintcal picture easily confused with reticu-
lum cell sarcoma or one of the other lymphomata Even with the aid
of tissue sections considerable difficulty may arise in differential
diagnosis 1n some of these cases

Paramyloidosis

When multiple myeloma is the cause of paramyloidosis the pres-
ence of myeloma is often masked by the symptoms due to widespread
amyloid infiltration of the various organs Thus, the dominant picture
may be one of congestive failure due to amyloid deposition in the myo-
cardium, Massive gastromntestinal bleeding or intestinal obstruction is
occasionally caused by inal paramyloidosi dary to mye-
loma (p. 94). A gingival biopsy may sometimes reveal the presence
of pammyloidosis and thereby point to the possibility of multiple
myeloma. The presence of macroglossia is always a point in favor of

this diagnosis.
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Ostcomalacia

Osteomalacia is so rare in this part of the world that the diséase
will hardly ever cause differential diagnostic difficulties. The de-
creased serum calcium and phosphorus, the increased serum phos-
phatase, and especially the hypocalciuria so characteristic of osteo-
malacia, are not seen 1n myeloma,

In this series, the diagnosis was not constdered as established until
it was supported by pathologic evidence, either biopsy matenial or
bone marrow aspirate The mere presence tn the marrow of an m-
creased number of plasma cells is not sufficient evidence, although the
presence of more than 10 per cent is highly suggestive of myeloma
It must be emphasized that the plasma cells must be abnormal or
atypical Multiple myeloma must be carefully distinguished from
hypersensitivity reactions which may be associated with hyperglobu-
linerma and plasmocytosis of the marrow We have seen as many as
12 per cent mature plasma cells in a case of Hodgkin’s disease and 19
per cent in a case of lymphopathia venereum In cases of agranulocy-
tosis the number of plasma cells often exceed that of the other bone
marrow elements
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any thfferent therapeutic methods have been tried, but

M none of these have shown evidence of being able to cure

multiple myeloma In fact, despite one hundred years of

intensive study, we are little closer to the cure of multiple myeloma

than was Dr. Watson, in 1848, when he administered “steel and

quine !¢ On the other hand, there are available several physical

and chemical agents which, in occasional cases, can produce remis-

sions of pain and effect other signs of improvement, indicating that
the course of the disease has been halted at least temporarily.

Radiotherapy

Despute the fact that multiple myeloma is not a very radiosensitive
disease, radiotherapy is still the most commonly employed therapeutic
agent It is maily of use 1n the palliative treatment of a localized
plasmocytoma causing pain or exerting pressure on adjacent struc-
tures. The benefits, which may be cxpected are well exemplified by
the patient H C. described on page 45 In such cases the results, at
least for a time, are good. Recalcification of the local lesion may occur
(fig 41), but no proven cures have been reported In those cases with
spinal cord compression and resultant paresis or paraplegia, laminec-
tomy and radiotherapy give considerable relief, as m the case of
3. W, deseribed on page 33. Jacox and Kahn?®® and Batts'¢ have em-
phasized the value of lammectomy and subsequent radiotherapy n
such cases, both in the alleviation of neurologic symptoms and in the
prolongation of life Garland and Kennedy*® reported, in a group of
patients treated with radiotherapy, a survival period of twenty-three
months, as opposed to a survival period of twelve months in'a com-
parable untreated group. However, onc of thewr patients survived for

124
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P 41 —Hoge myelomatous tumor of thum () Before saciotherapy (5) After

Note the of the les of bone 1n the lesion
Ioncwmg treatment
fourteen years, which helped to weight the stanstics heavily m favor
of the treated group In cases with diffuse or unwersal bone lesions,
spray uradiation to the enure body may be used The results
are often d but, 1 an 1 case, relief of pamn is
obtained
Therapeutic trials with radioactive phosphorus have been reported
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least for a time, are good Recalcification of the local leston may occur
(fig. 41), but no proven cures have been reported. In those cases with
spinal cord compression and resultant paresis or paraplegia, laminec-
tomy and radiotherapy give considerable relief, as i the case of
1. W., described on page 33, Jacox and Kahn®® and Batts'® have em-
phasized the value of laminectomy and subsgquent radiotherapy 1
such cases, both in the alleviation of neurologic symptoms and in the
prolongation of life. Garland and Kennedy*s reperted, in a group of
patients treated with radiotherapy, a survival period of twenty-three
manths, as opposed to a survival period of twelve months in a com-
parable untreated group Hu\\'evt‘:;, one of their patieats survived for
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5 per cent glucose in distilled water. An average of fifteen to twenty
injections are given.

Sometimes the effect of stilbamidine 1s very satisfactory indeed,
as illustrated by the following four case histores.

The first myeloma patient treated with sulbamidine, a 59 year old male,
was completely incapacitated by severe bone pains on admission X-ray ex-
amination showed the presence of numerous small foc of rarefaction through-
out the calvarium Osteolytic Jesions were also seen in the upper ends of the
tibiae and the upper and lower ends of the femora No Bence Jones protein was
found 1n the urine and the globulin content of the serum was normal Sternal
marrow aspiration revealed the presence of 30 per cent myeloma cells In
February 1945 he recewved a series of sulbamidine imjections totalling 2 5 Gm
Aftcr the treatment, he felt enurely well, He resumed his activites as a hospatal
porter, carried heavy burdens on his shoulders and lived lustily, even drinking
quite heavily Not until 1949, four years later, did he start to lose weight
Anorexia was noted and he developed pain in the buttocks At that ume the
lver and splcen were found to be enlarged to about 6 cm below the costal
margin Bence Jones protein was sull absent, but a marked hyperglobulinemia
of 7Gm per cent had developed, consisting mainly of alpha globulin (table 5)
"The bone marrew picturc was agarn typical for myeloma Osteolyuc lesions,
compatible with the diagnosis of muluple myeloma, were found on the roent-
genograms of femora, tibiae, fibulae, and astragah He responded favorably
10 a new senes of sulbamidine injections, but relapsed agatn shortly thercafter
Thals with other anumyeloma medications were without avail He developed
plasma cell leukenma and expired 1n April 1950, morc than five years after the
first course of had been Autopsy ce-
vealed widespread mycloma of the bones and nfiltraton of the viscera with
mycloma cells

The sccond patient, a 61 year old female with widespread roentgenologic
lesions, had been bedndden for several months with excrucrating bone pains
There was no Bence Jones protemuna and the globulin of the serum was normal
(16 Gm per cent) The bone marrow smears were typical for myeloma In
April 1945 she received stilbamidine mjections to a total of t 175 Gm Dunng

T ans cen o I o 7

Bence Jones proteinuria was stll absent and the serum globulin was only 1.3
Gm per cent She recewved at thus time 28 Gm_ of sulbamidine, followed by
1 Gm of pentamidine, but she did not wmprove The serum globuln re-
mained normal (1 2 Gm per cent) untl she ultimately died 1 June 1947 In
this case also, the climical tmprovement after sulbamudine treatment was grati-
fymng, at least temporanly

A third patient, a 58 year old woman wath widespread bone lesions, had
been bedridden for several months because of several bone pamns Bence Jones
protemmuna was absent but the serum globultn was increased to 4.4 Gm per
cont Bone marrow smears revealed the typical picture of muluple myeloma
In June 1948 she was given a course of 2.4 Gm of 2-hydroxystilbamudine 1
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by several observers,TSHEMLT AR of them agree that results are
discouraging, although an occasional patient may have temporary
relief of pain. Remhard and his associates'*? have even felt that the
duration of Iife 1n two of their patients was actually shortened by the
leukopenia and thrombopenia produced by the medication Half
and Watkins™ report one case m which the therapeutic benefit ob-
tained by combined use of radiophosphorus and xeray therapy was
greater than could be expected from either treatment alone. Radio-
active strontium has also been tried wath inconclusive results '

Stithamidine and Qther Diamidi

The renewed interest m a chemotherapeutic approach to the
treatment of multiple myeloma onginated 1n 1946 At that time it

was reported that suit fine (diamidino-suibene} had a favorable
effect on the bone pans of myeloma pauents 173115222 Angther elosely
rvelated compound, p fine, {damdino-ib ) pro-

P
duced a simdar symptomatc improvement. It was stressed in the
first report and repeated in later publications that these compounds
did not cure the disease and did not influence hyperglobulinemia or
Bence Jones proteinuria, when present.

1} dine and p idine have been employed successfully
sinee 1939 for the weatment of kala azar. These compounds have
proved 1o be effective even in paticnts who were refractory to anti-
mony treatment ? In order to avoid confusion, it should be stressed
that nesther sutbamidine nor p idine contans antimony.

The possibaiity that stitbamiding might affect the course of multi-
ple mycloma was entertained in part because hyperglobulinemia, &
constant finding m kala azar, 15 also found in 60 per cent of the cases
of multiple myeloma. There was, however, another reason why this
investigation was mnitiated The cytoplasm of myeloma cells, if
stained with Giemsa or other Romanowsky stains, is deeply baso-
philie; of stained wath pyrontn, strongly pyroninophibie, The baso-
philia and pyromnophilia of the cytoplasm of the myeloma cells
indicate the p of large of ribc Jeic acid,?? Since

I dine and other o d; in high dilutons are capable of
precipitating nucletc acid® 1t secemed worthwhile to study the effect of
these drugs on the nucleoproteins of myeloma cells. -

Silbamidine 1 injected intravenously in the form of stilbamidine
di-iscthionate, in daily doses of 100 to 150 mg dissalved in 200 cc. of
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porarily, more dramatic As will be explamned later, urethane in some
cases actually influences hyperglobulinemia and Bence Jones protein-
uria. Stilbamidine, moreover, has several unfortunate side effects apart
from transient hypotension which appears alter intravenous mjection
Whereas stilbamidine in therapeutic doses does not noticeably affect
the function of the healthy kidney, it scems to influence adversely
the function of previously damaged kidneys *1*' It has already been
mentioned that a significant number of mycloma patients either have
myeloma kidneys or actually suffer from a diffuse glomerulonephritis
Thus greatly limits the number of myeloma patients who may be con-
sidered for stlbamidine treatment The greatest disadvantage of
ilbamidine consists of an csf lly disagreeable and annoying side
effect. Two to three months after the institution of sulbamidine
treatment a dissociated neuropathy of the trigeminal area may de-
velop,3%73 165.188.174175 This consists of anesthesta to touch 1n one or
all the branches of the trigemnal nerve, but no loss of pam or tem-
perature sensation Subjectively the patients complain of a “wooden
face,” usually associated with tingling and burning, which 1s especi-
ally troublesome when 1t affects the eyelids and the forehead These
extremely disagreeable paresthesias develop a few months after
termination of the treatment, even if the total dose of stilbamidine
has not exceeded ten injections of 150 mg In general, 1t appears that
the larger the total dose given, the more intense the trigeminal dis-
turbance In many patients the paresthesas persist for months, in
exccpuonal cases even for years This neuropathy 1s so disabling that
has been repl by pe dine 1 the treatment of
kala azar As will be pointed out later, 1t may be possible to diminish
the intensity of the neuropathy hy protectung patients from sunhght
for several months after stilt tr has been ter
Notwithstanding all the disadvantages mentioned above, the
stilbamidine treatment of multiple myeloma captivated the interest
of many chmeians because 1t was possible to demonstrate that this
compound combimned with the nucleoprotemns of the cytoplasm of
the myeloma cells In many patients 1t was found that following
stibamidine treatment dark basophilic and pyroninophilic granules
developed 1 the cytoplasm of alcohol fixed myeloma cellgtstis2
(frontisprece—fig 3d) The properties of these granules indicate that
they consist, for the greater part, of nbosenucleic actd That the
granules can be dissolved by the enzymatic actwvity of ribonuclease
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divided daily doses She responded favorably and was able to resume her nor-
mal activities She then received one myection of 2-hydroxysnlbardine per
week for six months and did well thereafter “This favorable condition peraisted
for about one year yntl June 1949 when she developed a relapse The serum
globulin was now 4 6 Gm_per cent and about 50 per cent of the total serum
protein consisted of beta globulin (table 7, case 5). A new serzes of 2-hydroxy-
stilbamidine njections totalling 2 0 Gm did not relieve her pain. In December
1949 urethane treatment was started which soon resulted m thrombapenia and
a genera] hemorrhagic tendency She recesved ACTH, cortisone, and small
doses of urethane intermuttently but died after long suffering 1n December 1951

A fourth patient, who has scemingly profited considerably from sulbami-
dine treatment, has already been mentioned {p 14) She died more than eight
years after the first sercs of sulbarmdine imjections was grven

These four favorable cases are chosen from sixty patients treated
with sulbammudine or other diarmdine derivatives. In most myeloma
patients, the improvement resulting from such treatment was of
much shorter duration or was absent It was tmpossible ta predict in
advance which patients would profit from stilbamidine or which
cases would be resistant Since 1946 a number of reports have been
published indicating that other clinicians have also observed more or
less favorable effects of stilbammdine and pentarmidine upon the course
of multtple myeloma 257377145185 Some authors have had completely
negative results Although we have never observed a decrease of the
hyperglobulinemia or Bence Jones protemnuriz under the influence
of sulbammdine, others have reported, 1n a few stances, not only
chnical tmprovement but also a decrease of the hyperglobulines
mia 14 219 The Medical Division of Merck and Company, which for
several years dispensed stilbamidine free for clintcal trials, summarized,
m 1948, one hundred and ninety-four cases of multiple myeloma,
treated with this compound by one hundred and fifty different groups
of chnicians '#* More than half of these patients recetved, temporarnly,
erther parnal or complete relief from the severe hone pains which are
associated with this disease Some of the patients experienced dramatic
benefit
There are several reasons, however, why stilbamidine has lost a
good deal of 1ts popularity in the treatment of multiple mycloma
Urethane, which has more recently been recommended for the
weatment of this discase, can be administered orally, This is a great
advantage, especially since the intravenous injections of stilbamld}nc
must be given very carefully in order to avoid obliteration of veins
In addition, the results of urethane treatment may be, at least tem-
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like stilbamidine, this 2-hydroxy derivative destroys kala azar flagel-
lates in the test tube and in the experimental animal 2 It was demon-
strated that the admmnistration of 2-hydroxystilbamidine to patients
did not further impaur the function of the myeloma kidney and that st
did not cause a trigeminal neuropathy 78173 184 A possible explanation
for the latter dufference may be connected with the light sensitivity
of stilbamidine. Stilbamidine is converted, under the influence of
ultraviolet light, to a toxic compound When exposed to the sunlight,
a stilbamidine solution readily loses 1ts fluorescence, whereas under
the same d 2-hydroxystilk dine remains essentially un-
changed ' [t thus seems possible that stilbamidine, deposited 1n the
skin, slowly changes to a toxic substance under inftuence of sunhght
and that the latter product causes the trigeminal neuropathy It should
be pointed out that in this part of the world the neuropathy ts limited
to the trigeminal area In the tropics, the arms and chest, which are
usually uncovered, are also involved

This 2-hydroxystilk dine 1s usually ad ed 1ntravenously,
dissolved in 5 per cent glucose 1n distilled water 1t can however, if
ncccssary, be injected intramuscularly In many respects the actions of
2h Jine and of sulb are 1d I In patients
with kala azar,!® South American mucocutancous leishmamasis, '™
and wisceral blastomycosis,™* the results of 2-hydroxystilbamidme
therapy are highly satisfactory After intravenous administration of 2-
hydroxystitbarmidine, basophilic granules can also be demonstrated 1n
alcohol-fived myeloma cells These granules consist of ribosenucleic
acid combined with 2-hydroxystilbarmdine. The same holds true
for cclls of other organs. More important still, unhke sulbamldmc,
¢ of 2-hydr 1L dine can be 1
not only in thc cytoplasm, but also in the nuclei of myeloma cells and
of cells of parenchymatous organs.'® 183,18 Bone pains are amelior-
ated, n at least some myeloma patents, by the 2-hydroxy compound
However, just as when treated by sulbamidine, the disease process
appears unaltered and no clear cut infl of the hydroxy p i

upon the hyperglobulinemia or the Bence Jones proteinuria has been
observed

Urethane

In recent years it has been shown that urethane, which can be

admunistered orally, has a temporary salutary cﬂ'cct upon the pain
and other climeal of

Y
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is strong evidence for this identity 2 In additien, photographs
made with a quartz microscope and using ultraviolet light of various
wave lengths reveal that the granules absorb light of 2570 Angstrom
umts, the characteristic wave length for nucleic acid.'1%5 It was
further shown that the granules contain not only ribosenucicic acid,
but also stilbamidine When studied with the fluoroscent microscape,
they show a fluorescence similar to that of pure stilbamidine in
crystalline form or in solution Moreover, when studied with the
quartz microscope, the granules absorb light of 3300 Angstrom units,
whuch is characteristic for stilbarmidine 5%

Thus, part of the stilbamidine administered to myeloma patients is
found 1 the bone marrow and, at least after fixation with methyl
alcohol, it was found within the myeloma cells, evidently conjugated
with ribosenuclerc acid Ths, however, is not a specific characteristic
of myeloma cells. In many other cells, for cxample liver cells, pre-
formed ribosenucleic acid granules are present After stilbamidine
treatment, these nucleoprotein granules of hver cells become much
larger than before and can be demonstrated to contain some of the
mjected diamidine Kurnick and his associates observed that after
myections of sulbamidine, granules consisting of ribosenucleic acid
and stilbamidine developed 1n the tumar cells of mice with a trans-
plantable ascites tumor * The presence of these granules, however,
did not mfluence the growth of the tumor

Only 10 per cent of the injected sulbamudine 1s excreted in the
urine ¥%¢ Chemical determinations have demonstrated that after
stilbarmdine injections, considerable quanuties of the diamidine are
deposited 10 various organs, espectally in the lver, kidneys, and
adrenals The dramidine remains there for many months, even
years.* This deposition varies to some extent in different species In
humans, the sulbamidine concentration 1s highest in the liver and
adrenals, lower 1n the kidneys. In the mouse, on the other hand, the
largest concentratton is found in the kidneys, Thus it has become appar-
ent that phar I Iy the diamidines are remarkable substances.

Because of the toxic side effects of stilbamudine, other diamidine
derivatives have been sought which would not further impair the
function of an already damaged hidney and which also would not
produce the very annoying trigeminal neuropathy. One of these
derivatives, 2-hydroxystilbamidine, apparendy [fulfills these re-
quirements. It has been established from animal esperiments that,
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number of abnormal plasma cells 1 the bone marrow were observed
together with morphologic changes in the plasma cells which indi-
cated arrested or retarded growth. Some patients, who had been
bedridden before treatment, improved so much that they became
ambulatory and could resume part of their normal acuvities After
four to six months, rocntgenologic examination revealed recalcifica-
tion and reappearance of trabecular patterns in the osteolytic areas,
particularly in the bones subject to weight bearing. In most instances,
the skull lesions did not show actual signs of healing, but during the
period of observation the progression of these lesions seemed to be
cheched Relapses, however, did occur.

Rundles and his associates have performed many painstaking
imvestigations in order to explore the therapeutic efficiency of ure-
thane in multiple myeloma *#13¢ Seven of eleven myeloma patients
i their series had hyperproteinemmia % In six of these scven cases,
the electrophoretic pattern revealed the presence of large amounts of
gamma globulin In the seventh case the abnormal protein migrated,
on electrophoresis, with a speed intermediate between the beta and
gamma globulin fractions. In five patients the abnormal protetns i
the serum were markedly reduced by the admimstration of ure-
thane. The change 1n the serum protems appeared only after urethane
had been administered for at least one month and only after the growth
of plasma cells, as studied by multiple bone marrow punctures, had
been suppressed As the abnormal globulins disappeared from the
serum, the initial low level of serum alburmin rose to normal Neverthe-
less,a completely normal electrophoretic pattern was notrestored in any
of the cases. In two patients in whom plasma cell prohiferation was not
appreciably influenced by urethane treatment, no change in the
electrophoretic pattern was observed As the concentration of the
abnormal globulins of the serum was reduced, the authors reported
that the Bence Jones p 1a invariably inished 1n 8
In one of Rundles’ patients with extreme skeletal disease and marked
Bence Jones proteinuria, hypoproteinemia existed, but the electro-
phoretic pattern was practically normal Following urethane treat-
ment, the proteinuria became much less and the concentration of the
total protein of the serum rose to normal. Thus, it scemed that as the
growth of plasma cells was retarded or arrested by the admnistration
of urethane, abnormal serum and urinary proteins tended to return
to normal

Rundles and his associates have postulated that during treatment
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The fact that urethane is a protoplasmic and mutotic poison has
been known for many decades As far back as 1910, Warburg?®
demonstrated that the addition of 1 Gm, of phenylurethane to 2 liters
of sea water suppressed the cell division and nuclear division of sca
urchin eggs. Urethane has been shown to inhibit the development of
leukernia and the growth of certain tumors. Paradoxically enough,
urethane not only inhibits mitoses, but 1t also produces, after a long
latent period, pulmonary tumars 1n mice and rats There is no paral-
lelism between the antimitotic effect and the carcinogenic and antis
leukemic actions of the drug, since they occur at totally different
time-dosesresponse relationships.

As a result of experimental work on ammais with transplantable
leukemia, ethyl urethane was administered to a large number of
patients suffering from leukerma and other mabgnancies It is now
generally agreed that 1n chromc myelogenous leukerma the action of
urethane 15 comparable to, though possibly not as consistently ef-
fectve as, roentgen radiation.'3% Urethane is fairly effective in chronic
lymphatic feukemia, but afmost completely valueless in the acute
forms of the disease

Since multiple myeloma can be considered to represent the aleu-
kemic form of plasma celf leukemia, 1t was only natural that chinicians
would be nterested 1n the mfluence of urethane upon the course of
myeloma Alwall® was the first to report favorable effects of urethane
upon multiple myeloma. His first patent, suffering chiefly from
skeletal pain, showed no tmprovement during the administration of
3 to 4 Gm of urethane daily for four months A gratifying result was
later obtained, however, by intravenous injections of stilbamidine
A second patient with multiple myeloma and severe anemia was also
given urethane in doses of 3 to 4 Gm daily. Duning the first four
months of the treatment, anemia, mncreased sedimentauon rate,
albuminuria, and hyperglobulinemia were all favorably influenced.
Plasma cells disappeared from the bone marrow. This remussion was
sustained for three years and then a relapse occurred which caused

the death of the patient about four years after the treatment had been
started,*”

In 1949, Loge and Rundfes!®? confirmed Alwall’s findings. They
administered 2 t6 4 Gm. of urethane per day and continued this over a
period of eight to ten weeks. A lola! dose varying between 120 :mfi
300 Gm. appeared necessary to obtain a f:lvora\:.vlc result .Undgr this

nt, fever and pain often abated and striking reductions in the

treatmel
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treatment was continued every other wonth without interruption Despree the
pan, he was 1n relanvely good condition and could stll continue his usual
activides For another five months his weight and blood picture were well
marmntained but in January 1951 his condition rapudly deteriorated ch was
T e ey s S0 4o L. -

a complete sensory and motor paralysis of the lower extremities and bowel an
bladder i A process was visualized on the

grams, involving portians of the bodics, laminac, and pedicles of the third,
fourth, and fifth dorsal spines He died 1 March 1951, about one year and nine
months after the disease was first dragnosed. The autopsy revealed the presence
of many myelomas of the skull, compression of the cord by collapse of the second
and third dorsal yertebrae, involvement of the right cighth nb and first deft
nb and practically all the bodues of the thoracic and lumbar vertebrae There
was myclomatous infiltration of the liver and parenchymatous nephritis

In this patient, urethane apparently improved the general condi-
tion and reduced the high serum globulin to normal values (table 14).
The duration of the disease was evidently not changed, since the aver-
age span of life of a pauent with multiple myeloma, after the disease
has been diagnosed, usually varies between one and a half to two
years It should also be considered that before the urethane treatment
was started the outstanding symptoms and signs of this patient con-
sisted of fatigue, anemia, and hyperglobulinerma, but that actual bone
pains or x-ray lesions were not present.

Taste 14 —Mr. B —Multiple Myeloma. Urethane Treatment Subjectice Improvement for

One Year usth Reduction of Hyperglobulinemua to Normal Values Ewstus Tiwenty-One
Months after Start of Urethane Admimistration

Date (Glsz%)‘ Alb /glob | Bence Jones protetn | Urethane

621749 | 9 38/112 One plus Started
1/18/49 | 140 | 54729 Neg 270 Gm
11/16/50 | 6 1933 Neg 630 Gm
March 51 | Died

A second paticnt was scen 1n Novomber 1948 after a sudden onset of low
back pain with spasm and restriction of motion Roentgenograms made at that
time sevealed no lesions In March 1949, the patn became much worse and the
roentgenograms now showed punched-put arcas 1n many bones, most marked
m the lower ribs and pelvis The hemoglobin was 78 per cent; the blood urca
nitrogen, serum calewum, phosphorus, and phosphatase were all within normal
hmuts The albumun content of the serum was 3 Gm. per cent, the globuhn
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on page 104. Moderate leukopenia always develops during urethane
treatment, but as a rule this does not nccessitate discontinuing
therapy. In one patient a severe agranulocytosis developed, the white
count decreasing to 800 cells per cu. mm. Thrombopema with
hemorrhagic tendency is also not rare. All five patients who responded
temporarily to urethane ultimately died with no noticeable increase
in longevity.

Whereas the effcct of urethane treatment in multiple myeloma in
hospitalized patients was not encouraging, temporarily favorable
results were occasionally obtained in patients who were seen on an out
patient basis.

A 55 year old man was first scen on June 21, 1949 He complained that i
the past year he had lost 20 pounds 1n weight and that in the past six months he
had become very weak Six weeks prior to the first examnation he had an epi-
sode of “virus pneumomia ” After this acute 1liness the fatigue became much
mare severe and profuse sweating was noted There were no complaints of pan,
The physical examination was entircly negative except for moderate pallor of
the skin and conjunctivac The paticnt was anemic with 9 Gm_ of hemoglobin,
and 2,540,000 red cells There were 55C0 white cells with a normal distnbution
One plus Bence Jones protein was found 1n the unine The sedimentatton rate
was markedly increased to 34 mm 1n 45 minutes (Cutler method) The blood
urea mitrogen was 18 5 mg per cent, unic acid 54 mg per cent, creatinine
16 mg per cent, serum calcium 16 4 mg per cent The total proten conteat
of the serum was 15 Gm per cent with 3 8 Gm per cent albumin and 11 2 Gm
per cent globulin Sternal marrow aspiration showed that the bone marrow
contained 95 per cent young myeloma cells The patient was started on urc-
thane therapy, 5 Gm daly His general condition improved rapidly, the red
blood cells rose ta 4,500,000, the hemoglobin to 12 Gm per cent After he had
received 210 Gm of urcthane 1n the course of six weeks, the daily dosc was
reduced to 2 Gm, given duning alternate months His weight rose 10 225
pounds, he was completely free of symptoms, and he returned to an actne
business life Durnng the month 1n which he received urethane, the white
blood cells dropped to 2500 per cu mm only to rise again to 4000 perjcu mm
dunng the month when no urcthane was gnen On November 18, 1949,
about four months after the urethanc treatment had been started, the patent

. 1l ta o omemeoms nfiha gamam had smeroved

, . . ‘ rGm
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- - With
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urethane being admumstered every other month, he remained well unti Sep-
tember 1950 when he began to complamn of pams in the nght lower ghes(
. Lo P S vl t o



TREATMENT OF MYELOMA 139

smproved again. Between October 1951 and June 1952 he had taken another
240 Gm of urcthane Nevertheless, as shown by roentgen examinauon, the
discase continued to spread and the hyperglobulinemia persisted The serum
albumin was 4 1 Gm per cent, and the serum globuhn 5 4 Gm per cent,

In this patient the disease was apparently controlled during the
first period of treatment and the hyperglobulinemia disappeared
Two years and five months later a relapse occurred This was con-
trolled climcally by renewed treatment with urethane. Nevertheless,
roentgenalogic study during the subsequent period of apparent well-
being showed that the myeloma was rapidly spreading throughout the
skeleton and the hyperglobulinemia, which had recurred during the
relapse, persisted (table 15).

A third panent who ¢ 10 urethane com-
plamed chiefly of pam m the lower back Roentgenograms showed marked
destruction of the fifth lumbar vertcbra There were also a few osteolytic
lestons 1n the rest of the skeleton and the bone marrow showed the presence of
a large number of mycloma cells This patient was treated with urethane and
roentgen therapy The pams 1n the back disappeared rapidly and recalcifica-
tron of the pactially destroyed fifth lumbar vertebra was noted One year after
the begimming of the treatment, the roentgenogeams of the spinc showed that a
considerable improvement had been obtatned (fig 42) However, dunng the
same pertod, new myelomatous lesions had started to develop 1n the skull (fig
43) and 1n the rest of the skeleton Despite continued urcthane treatment, roent-
gen treatment, cortisone, and ACTH, the disease was rapidly progressive and
the patient succumbed onc year and eight months after the disease was first
discovered

It 1s discouraging that in the large number of patients we have
scen, only three cases showed a favorable response to urethane These
three cases seem to confirm the observations of Rundles and his
associates that 1 certain patients urethane has an inhibitory influence
upon the progress of multiple myeloma This drug occasionally halts
the proliferation of the myeloma cells and, as a result, the hyper-
globuhinemia may temporarily disappear In some cases, the total
serum protein d hes, and the hyperglot as determied
by Howe fractionation seems to be reduced However, electrophoretic
analysis may show that the relative proportion of the abnormal
globulin {ractions does not change (table 7, case 1) The favorable
nfluence, moreover, 1s transient and n most cases where improvement
15 obtained, the Life expectancy does not seem to be longer than the
average, that 15, about one and a half to two years after the onget of
the disease An occasional patient may live longer than two years,
but even without treatment, this does occur As mentioned above,
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TaeLe 15 —Mr Lo~—Afultiple Myeloma, Urethane Treatment Subjectire Improvement
for Theee and One Half Years, but Necertheless wsth Roentgenslogse Fridence of Frogress

of the Disease

Date }:%l; Alb /glob | Bence Jones protein | Urethane
March 49 78 30/50 Neg Started
June 49 80 43/20 Neg 490 Gm
Dec 50 — 39/15 Neg 630 Gm
Aug 51 — 43/47 Neg 630 Gm
Sept 51 72 52/32 Neg 660 G,
Dec 51 68 51/30 Neg 660 Gm -
June 52 70 41/5 4 Neg 900 Gm

content 5 Gm  per cent, the sedimentation rate was very much mcreased. No
Bence Jones protein was found 1n the urine A sternal marraw puncture showed
that 80 per cent of the marrow cells were replaced by plasma cells. Urethane
treatment was started on March 31, 1949, For two days a daily dose of 2 Gm
was gwven, th 4Gm were d daily. He rapidly improved
and after three months of treatment, the albumin content of the serur had
inereased to 4 3 Gm per cent and the globulin content had decreased to 2 Gm
per cent (table 15) In July he returned to work On August 20, 1949, urethane
was stopped because the white blood cclls had fallen to 1700 per cu mm Up
to this pomnt he had received a total of $80 Gm of urethane, The patient was
on a full working schedule The hemoglobin was maintained at 80 per cent and
the red blood count ranged around 4,000,000. Beginning 1n September 1949,
25 mg. of p were d twice weekly by intra-
muscular injection In November, urethane therapy was resumed at a daily
dose of 2 Gm Urethane was stopped 1n December after an extra 50 Gm of the
drug had been taken

One year later, in December 1950, the serum albumun was 3 ¢ Gm per
cent, the serum globulin 1.5 Gm. per cent Except for various minor migratory
pains, the patient’s condition remained good throughout this perod and he
worked regularly He continued to da well and therefore did not take any
urethane untl August 11, 1951, when a severe attack of pain 1n the lumbar
spine occurred At this time, the total protein was 9.0 Gm percentwith 4 3 Gm
per cent albumin and 47 Gm per cent of globuhn. It was evident tha(' 'lhe
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Urethane therapy was resumed, 2 Gm - daily. His complamts of bone pain per-
sisted for another month but then gradually improved, He contiued the
urethane treatment 2 Gm, daily on alternate months, and in June 1952 he felt
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mmproved again Between October 1951 and Junc 1952 he had taken another
240 Gm of urcthane Nevertheless, as shown by roentgen exarmnation, the
disease continued to spread and the hyperglobulinema persisted The serum
albumin was 4 1 Gm per cent, and the serum globuhn 5.4 Gm per cent.

In this patient the discase was apparently controlled during the
first period of treatment and the hyperglobulinerma disappeared
Two years and five months later a relapse occurred This was con-
trolled clinically by renewed treatment with urcthane. Nevertheless,
roentgenologic study during the subscquent period of apparent well-
being showed that the myeloma was rapidly spreading throughout the
skeleton and the hyperglobulinermia, which had recurred during the
relapse, persisted (table 15).

A third patient who 1o urethane com-
plained chuefly of pain mn the lower back Roentgenograms showed marked
destruction of the filth lumbar vertebra There were also a few osteolyuc
Iestons 1n the rest of the skeleton and the bonc marrow showed the presence of
a large number of mycloma cells This patient was treated with urcthane and
rocmigen therapy The paws m the back disappeared rapdly and recalaificar
tion of the partially destroyed fifth lumbar vertebra was noted Onc vear after
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gen treatment, cortisone, and ACTH, the disease was rapidly progressive and

the pauent succumbed one year and esght months after the disease was first

discovered

It 1s discouraging that m the large number of patients we have
seen, only three cases showed a favorable response to urethane These
three cases seem to confirm the observations of Rundles and his
associates that in certain patients urethane has an mhibitory influence
upon the progress of multple myeloma This drug occasionally halts
the prohferation of the myeloma cells and, as a result, the hyper-
globulinemia may temporarily disappear In some cases, the total
serum protein d hes, and the hyper as determined
by Howe fractionation seems to be reduced However, electrophoretic
analysis may show that the relative proportion of the abnormal
globulin fractions does not change (table 7, case 1) The favorable
influence, moreover, 1s transient and in most cases where 1mprovement
35 obtained, the hfe expectancy does not seem to be longer than the
average, that 15, about one and a half to two years after the onset of
the disease An occasional patient may hve longer than two years,
but even without treatment, this does occur. As mentioned abave,
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Tante 15.—3Mr. L—>Multiple Mydoma, Urethane Treatment, Subjectue Improvement
for Three and One Half Years, but Neertheless urth Roentgenologic Evrdence of Progress

of the Disease
Hgb

Date 3 Alb /glob | Bence Jones protein | Urethane
March 49 8 30/50 Neg Started
June 49 80 43/20 Neg. 490 Gm
Dec 'S0 — 39/15 Neg. 630 Gm
Aug 51 — 43/47 Neg 630 Gm
Sept 51 { 72 52/32 Neg 660 Gm
Dec 51 68 51/30 Neg. 660 Gm,
June ’S2 | 70 41/54 i Neg 900 Gm.

content 5 Gm per cent, the sedimentation rate was very much increased. No
Bence Jones protein was found in the uriae A sternal marrow puncture showed
that 80 per cent of the marrow cells were replaced by plasma cells Urethane
treatment was started on March 31, 1949 For two days a daily dose of 2 Gm
was gwen, th 4Gm were admini daily, He rapidly improved
and after three months of treatment, the albumin content of the serum had
increased to 4 3 Gm per cent and the globulin content had decreased ta 2 Gm
per cent (table 15} In July he returned to work On August 20, 1949, urethane
was stopped because the white blood cells had fallen to 1700 per cu, mm Up
10 this pownt he had received a total of 580 Gm af urethane, The patient was
on a full working schedule The hemoglobin was maintained at 80 per cent and
the red blood count ranged around 4,000,000, Beginning 1n September 1949,
25 mg of P were 1 d twice weekly by intra-
muscular 1mecuon. In November, urethanc therapy was resumed at a daily
dose of 2 Gm Urethane was stopped 1n December after an extra 50 Gm of the
drug had been taken

Qne vear later, in December 1950, the serum albumin was 39 Gm per
cent, the serum globulin 15 Gm  per cent. Except for various minor mjgratory
pains, the patient’s condition remained good throughout this period and he
worked regularly He contnued to do well and therefore did not take any
wrethane unnl August 11, 1951, when a severe attack of pamn in the Jumbar

fecamt LA

for another month but then gradualty wmpraved He continued tue
-’;rs:::n:rmumem 2 Gm daily on alternate months, and in June 1952 he fele
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patients treated with sulbamidine, 1n whom the protein metabolism
is not influenced as favorably as it 1s by urcthane, may occasionally
five much longer than the average of two years

In summary, urethane should be tried 1n patients with multiple
myeloma in daily doses of 2to 5 Gm untl 2 total dose of 240 to
300 Gm. has been reached. A large number of myeloma patients do

Fic 43 —Same paticnt as figure 42 Whle the lesion of the vertebra was regress-

ing, the skull rapudly

not tolerate urethane 1n the doses which are necessary to obtain even
a temporary improvement The favorable results to be expected 1n
panents who improve on urethane are 1) increase in the hemoglobin
and a decrease 1n the plasma cell nfiltration of the bone marrow,
2) return to normal of the hyperglobuli hypoalbumi
and abnormal electrophoretic pattern and a decrease n Bence Jones
protemnuria, 3) increase in bone density on roentgenograms and re-
calaification of osteolytic areas

It may be of some clinical smportance that the favorable responses
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MAY 1949

6-7-1950 c
Fic 42 —Apparent heahing of fifth lumbar vertebral body in mycloma dunng
therapy with urethane
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patients treated with stilbamidine, n whom the protein metabolism
is not influenced as favorably as it is by urethane, may occasionally
Live much Jonger than the average of two years,

In summary, urethane should be tried 1n patients with multiple
myeloma in daily doses of 2to 5 Gm unul a total dose of 240 to
300 Gm. has been reached A large number of myeloma patients do

> }.8.51

. Fio 43 —Same patient as figure 42 While the leston of the vertcbra was regress-
ing, the skull d rapidly

not tolerate urethane m the doses which are necessary to obtamn even
a temporary improvement The favorable results to be expected 1n
patients who improve on urethane are 1) increase i the hemoglobin
and a decrease in the plasma cell infiltration of the bone marrow;
2) return to normal of the hyperglobul hypoalbuminerni
and abnormal electraphoretic pattern and a decrease 1n Bence Jones
proteinuria, 3) increase mn bone density on roentgenograms and re-
calefication of osteolytic areas

It may be of some chinical importance that the favorable responses
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to urethane which we observed were not found in patients on the
hospital wards In general, patents seen on an out patient basis
suffer from less advanced stages of the disease than patients admitted
to the wards. It scems probable that more favorable, though still
temporary responses, can be cxpected in the initial stages of the
disease. As a matter of fact, Rundles and his associates also mention
that about one third of their recent patients were referred for diagnosis
and treatment so late in the course of their disease that “effective”
therapy was not possible.?# 138 If the treatment is effective in the early
stages of the disease, then occasionally a patient must be encountered
whose span of life will exceed that of the customary two year period.
The fact that one pauent with multple plasmocytomas without
generalized marrow involvement (p 103) improved for a long period
on urethane suggests that this form of myeloma, despite the severe
nature of the pains, may represent the initial stage of the disease.

ACTH and Cortisone

Shortly after the introduction of ACTH and cortisone into clinical
medicine, Thorn'*® reported that ACTH had favorably influenced
the course of one case of multiple myeloma. This patient with wide-
spread discase impraved rapidly on ACTH given in doses of 20 mg
every six hours over a period of twenty days. The elevated serum
globulin fell from 10 2 Gm to 4 8 Gm per 100 ¢c, the myeloma cells
disappeared from the bone marrow, the serum caicium fefl from
26 mg per cent to 10 8 mg per cent and the alkaline phosphatase of
the serum rose from 3 0 to 6.8 Bodansky umts per 100 cc.

The results reported by ather authors have been partly good and
partly bad Bethel® reported on cight cases of mycloma treated with
ACTH and cortisone or both He observed diminution of pain,
sncrease of appetite, and a drop of the abnormal serum globulins of
at least 2 Gm per cent in four of the cases. In one patient, whose
globulin fraction dropped 5.9 Gm. per cent, consecutive bone marrow
smears revealed a considerable reduction in the number of myeloma
cells. In the other seven patents, however, no effect upon the mycloma
cells or upon the radiologic skefetal lesions could be observed. Bethel
concluded that since considerable clinical and laboratory improve-
ment had been observed in four of his eight patients, ACTH and
cartisone may have a favorable, though temporary, effect upon

myeloma.
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Engle®? administered 80 mg of ACTH intramuscularly for thirty-
two days and 60 mg for twenty-eight days to one patient Thus patient
improved steadily, the Bence Jones protein excretion fell to a trace,
and the serum globulin decreased from 11 2 Gm per cent to 3.4 Gm
per cent. After cessation of the ACTH treatment, the bone pains
became much worse for about four wecks. There was a gradual
spontaneous improvement and the patient became ambulatory
Three and one half months after the ACTH was withdrawn, the
serum globulin had again risen to 4.7 Gm per cent and Bence Jones
proteinuria had reappeared

Pearson and Eliel'¥! reported one favorable case Their patient
was maintained for five months on cortisone and testosterone pro-
pionate treatment Although large numbers of myeloma cells per-
sisted 1n the bone marrow, the patient felt subjectively well. The
serum globulin content dropped markedly, the hemoglobin mncreased
and the renal function improved

Dameshek*® saw considerable improvement 1n two cases, with
decrease m abnormal plasma protemns and improvement in the mar-
row and peripheral blood Gardner®* observed a temporary response
with reduction of the plasma protemn. Engle and Barr,*® however,
found no improvement 1n the serum globulin content or the plasma
cell proliferation 1n the bone marrow 1n three cases of myeloma treated
with ACTH Limarz1!%7 noted the same negative result i two cases

Effersoe and his associates treated six patients®**? and in five cases
the bone pains disappeared completely The pathologic serum globu-
Lin fell slightly 1n five patents during the treatment pertod but rose
again after cessation of the ACTH The decrease m the pathologic
globulin during treatment was so small that 1t was nearly within the
Lirmts of error of the electrophoretic analysis A decrease in the Bence
Jones proteinuria occurred, but there was no significant change 1n the
number of plasma cells in the marrow during or after the treatment
The type of the cells and the degree of differentiation remained un-
changed In their discussion these authors mention that administra-
tion of ACTH and cortssone to hypermmmunized rabbats induces a
dimnution 1n the serum antibody concentration and a decrease m the
number of plasma cells.’* In patients with chronic polyarthritis and

allergic disorders the increased serum globulin falls during ACTH
treatment It seems that myeloma cells are less susceptible to the
effects of ACTH and cortisone than are normal plasma cells



144 MULTIPLE MYELOMA

We have administered ACTH and cortisone to twenty-three
patients in doses comparable to those which have been reported to
give favorable results. The results were distinctly unfavorable except
for occasional subjective improvement. As an example of the lack of
influence of cortisone on most cases of multiple myeloma the folfowing
observation may be reported,

This patient, a white nveter 56 years old, was admutied on August 9, 1950
with a hustory of three years of repeated attacks of fever, usually due to broncho-
pneumonia These attacke had oceurred nearly every month During the yedr
preceding admussion he also developed a chronic cough Four months previous
ta adtmssion, pain developed 1 the lower antenor ribs and was soon accom-
panied by dull aching pain 1n the clavicle, in the spine, and in the nght hip
The pauent also complaned of pains 1n the jaw On admission he appeared
exsremely ill Bence Jones protemnuna was present The albumin/globubn
rano was 2 0/7.0 The bone marrow smear showed a large number of mycloma
cells Radiograms revealed many osteolytic lesions in the shull and mandible
Several vertebrae (D 4, D 7, D 9, and L 1) showed compression fractures On
admussion a bronchopneumonia of the right lower fobe was found, The latter
cleared up dunng antibiotic treatment and bed rest, but the bone pans per-
usted despite immobihization

On Avgust 25, 1950, thig patient was started on cornsene, 100 mg, daily.
This compound was admimstered for about six weeks and was stopped on
October 12, 1950 Duning the cortisone treatment the patent had a transient
penod of euphona when the bone pain seemed less severe but shortly thereafter
he appeared to go downhsll with progressivecachiexia The painsin the back and
m the ibs soon returned with their onginal seventy The albumin/globulin
rauo showed no nigmficant change, He had a persistent low grade fever, con-
tinued to produce purulent sputum, and suffered occasionally from bouts
of bronchopncumoma On September 4, while he was lying in bed, a com-
plete transverse fracture of his sternum, at the level of the fourth intercostal
space, occurred (fig 10)

After cessation of the cortisone treatment, the condition of the patient
remained poor, Starting on March 15, 1951, the patient recerved ten mjee-
tions of 2-hydroxysulbarudine During this period his anorexia increased and
N Fu - e nd A, AP tha rn crtm nF cmcmrteona hic candihon

In only three cases did ACTH or cortisone treatment lead to a
significant, though temporary, improvement. The first of these cases
has been mentioned before (p. 105) This patient had widespread
myeloma of the spinc. However, generalization of the myel must
have been limited, because three bone marrow punctures werc negas
tive. In addition, significant improvement had already occurred while
on urethane before the ACTH treatment was started.
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A sccond patient was admtted 1n November 1949 with dull pans 1a the
lumbar spine and in the ight chest He was not anemic, the blood urea nitro-
gen was 13 Gm, per cent, the scrum albumin 4.3 Gm per cent, the globuhn
17 Gm per cent. Bence Jones protewn was found in the unne The phenol-

excrenon to only 125 per cent i three hours
Roengen exammmauon revealed the presence of numerous punched out
lesions throughout the skeleton In the sternal marrow smear large numbers of
myeloma cells were found He was first treated with urethane By February
1950, a total dose of 162 Gm had been admumstered without the shghtest 1m-
provement The Bence Jones protemn excretion was heavy, the serum albumn
was 38 Gm per cent, the scrum globulin 16 Gm per cent

In June 1950 fus general condation deteriorated The blood urea nitrogen
had risen to 33 mg per cent, the serum creaunine to 6 4 mg per cent At this
tume ACTH treatment was started with daily doses of 80 mg Under this treat-
‘ment the bone pains gradually diminished, he became more energetic, hus appe-
tite returned, he was able to dnve hus car, and, after a few months, he resumed
tis daily work While on ACTH, the blood sugar increased and ghcosuna
was noted This was easly controlled by small doses of insulin In December
1950 the nonprotein mtrogen of the scrum was 76 Gm. per cent, the creatinine
42mg per cent, the scdimentation rate of red blood cells only 25 mm per hour
On December 29, 1950 he died suddenly, possibly of 2 pulmonary embolism

In this case ACTH led to subjective well being but there was no
olyective improvement

Another patient, a 48 year old man, was admitted n June 1950 with severe
paroxysms of pam 10 the back radiaung wnto the legs He required narcotics

and was dden. The skeletal roentgenograms
revealed a widespread myeloma, and Bence Jones protcinuna was present The
serum albumin was 28 Gm per cent, the globuln 31 Gm per cent Urcthane
had been given but had no influence on his pain After ten days of ACTH,
40 mg daily, pan was completely relieved Within a few days he could move
around in bed and after a few weeks he was able to walk with the help of an
orthopedic corset The serum globuhing were not affected, the serum albumin
was 33 Gm per cent, scrum globulin 34 Gm  per cent The Bence Jones pro-
tewnuriz simslarly did not dimimish He developed evidence of renal insuffi-
ciency, the blood urca mitrogen was 35 mg per cent, the serum creatimine
varied between 4 and 6 mg per cent The bone marrow stll contained large
numbers of myeloma cells After a few weeks, intense prunitus developed which
prevented continuation of the ACTH mjections The blood urea nitrogen had
increased to 60 mg per cent and the serum creaumine to 11 mg per cent
When the ACTH was discontinued, the severe pams recurred Two months later
3t was again possible to give small amounts of ACTH intermuttently and wath
this therapy he survived for several months However, a sodmm poor diet,
daily glucose infusions, and frequent blood transfusions were necessary, He
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In this patient subjective improvement of pains was also obtained
with ACTH The progress of the disease, however, was not halted, the
side actions of ACTH were many and intense, and the span of Iife
was not increased.

These patients represent the only favorable observations we have
been able to collect from twenty-three patients treated with ACTH
and cortisene. Subjective improvement can sometimes be obtained,
hyperglobulinemia and Bence Jones proteinuria may be reduced, but
nevertheless the favorable influence of cortisone and ACTH upon the
course of myeloma 15 discouragingly small, The main value of these
drugs in the treatment of this disease appears to be their ability to
produce distinct euphona with diminished appreciation of pain

Other Chemotherapeutic Methods of Treatment

Rubi 153 noted beneficial effects in myeloma from neo-stibo-
san, including control of bleeding tendency, shrinkage of tumor
masses, and improvement of plasma proteins. These results have not
been confirmed by others and neo-subosan has largely been aban-
doned because it has a nephratoxic effect in the presence of existing
renal damage.

Nitrogen mustard® has been reported to have very little beneficial
effect in myeloma and our own experience with eight cases confirms
this impression Only one patient showed a temporary remission of
symptoms which perhaps could be attributed to the drug. Aurcomy-~
cin, aminopterin, and large doses of testosterone prapionate, calcium,
and phosphorus have had no effect on symptoms or on the course of
the disease




13. SUMMARY

ultiple myeloma is a umiversally fatal disease, consisng
pathologically of a proliferation of immature plasma

cells, usually anising in the bone marrow The proliferat-

ing cells, designated as myeloma cells, have a basophilic cytoplasm. In
the large majority of cases no inclusions are found 1n the cytoplasm of
these cells A fine azumphlhc granulauon is only rarely present, while

more fr q! I prmem are seen
Fuchsinophilic and acidephil 1 so-called Russell bodies, are
mentioned by most authors but are decidedly rare The eccentric
nucleus of myeloma cells usually contans one and occasionally two to
four nucleoli The chromatm is commonly arranged i clumps

bling a string of S the chromatin 15 present
in a loosely knit network similar to the nuclear pattern of reticulum
cells There 13 no unamimous opmon regarding the origm of the
myeloma cells, but there 1s increasing adherence to the view that they
are derived from the reticulum cells of the bone marrow In most cases
the proliferation of myeloma cells 15 diffuse throughout the bone
marrow, so that bone marrow punctures anywhere will yield cells
diagnostic of the disease In 1solated cases, however, this proliferation
15 patchy 1n character and 1n such patients diagnostic punctures may
yield normal bone marrow

Multtple myeloma occurs twice as frequently mn men as in women
It 15 lumted to no age group, but 1 the greater majority of cases 1t
occurs 1 patients over 40 years of age In two thirds of ninety-seven
consecutive cases observed at the Mount Sinai Hospital, recognizable
symptoms started between the ages of 50 and 70. The youngest patient
of this group was 29, the oldest 76 The average period of suryival was
twenty months, but most of the patients lived less than one and a half
147
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years A few cases survived for several years and one patient died,
more than eight years after the first signs of myeloma were recognized.

Anemia 1s common. Thrombopenia, due to replacement of bone
marrow by myeloma cells, occurs frequently, A small number of
plasma cells 15 commonly found in the peripheral blood. Sometimes
the peripheral blood is invaded by large numbers of myeloma cells,
with a resulting plasma cell leukemia In such cases a leukemia-like
infiltration of liver, spleen, lymph nodes, and other visceral organs
with myeloma cells is found at autopsy Thus same visceral infiltration
by myeloma cells may also be found at autopsy in patients who have
had no signs of plasma cell leukemia during life Because of these
findings, many authors designate muluple myeloma as the aleukemic
phase of plasma celi leukerma.

Due to the changes 1n the blood proteins, the sedimentation of the
red bfood cells 15 usually very high and roufeau formation 1s common,
A hemorrhagic tendency is frequiently seen, not only when thrombo-
penia exists, but also i patients with a normal platelet count, in
whom the hemorrhagic diathesis seems to be related to an increase of
abnormal serum globulins Patients with so-called cryoglobulinemia
nearly always have a hemorrhagic tendency, and most instances of
cryoglobulinerma have been found in patients with myeloma

Bone pain 15 the most common symptom 1n muitiple myeloma. It
15 usually locahized in the rib cage or the lower back, but also occurs
frequently 1 the tips and shoulders. Pathologic fractures occurred
m fifty-nine of our ninety-seven patients, most commonly in the form
of compression fractures of one or more vertebrae In 30 per cent of
our patients the fractures affected other bones, Although the onsct of
the disease 15 usually wsidious, 1t may begin suddenly with a path-
ologic fracture

In twenty-four of our nincty-scven patients palpable plasmo-
cytomas developed, usually due to perfofation of the cortex of an
affected bone by proliferating myeloma cells, Palpable tumors are
occas.onally found in the shull These swellings are nearly always soft
or rubbery 1 consistency. In about 50 per cent of our patients onc
or more attacks of pneumonia were observed. The well known
tendency to develop of p ia in \a may be related

partly to increased viscosity of the blood due to h)pcrglcbulmcml’\
and panly to the decrease in the titer of serum antibodies, which is

frequent in this disease.
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Neurologic signs are common, generally arising from direct com-
pression of the spinal cord or of nerve roots Not mirequently the first
sign of the myelomatous disease 1s compression of the cord Peripheral
neuritis, not due to the direct involvement of nerves or nerve roots,
is also seen in myeloma

Impairment of renal function 1s a frequent and serious comphica-
tion of multple mycloma, and 1s seen parucularly in those pauents
who excrete Bence Jones protein in the urine This abnormal protein
has a low molecular weight of 35,000 to 40,000 Therefore, 1t readily
passes the glomerular membrane and precipitates as giant casts all
through the tubular system. The ensuing tubular blockade must be
one of the main causes of the renal insufficiency, but reabsorption, by
the tubular epithelium, of large globules of protein, probably Bence
Jones protein, may be another reason for tubular damage The uremia
caused by a myeloma kidney 1s hardly ever accompanied by hyper-
tension In our series, twelve patients showed the pathologic picture
of the myeloma kidney at autopsy and only one of these had hyper-
tension. The close relation between Bence Jones proteinuria and
renal insufficiency 15 further demonstrated by the fact that all our
patients with myeloma kidneys at autopsy had excreted Bence Jones
protein during hife. Increase of the blood urea nitrogen above 30 mg
per cent was found in 55 per cent of all our patients with Bence Jones
proteinuria. Such an increase was found in only 24 per cent of our
cases with a ncgauvc Bence Jones reaction in the urine

E:

1s frequent Enlargement
of the liver was prcsem in 38 per cent of our patients, enlargement of
both Liver and spleen in 22 per cent Lymph node enlargement also
occurs but is much rarer At autopsy, the enlargement of liver, spleen,
and lymph nodes 15 frequently found 1o be due to infiltration with
myeloma cells

Unexplained fever, possibly due to small patches of pneumoma,
is very frequent. Clubbing of the fingers occurs but 1s rare

The classical roentgenologic picture of a plasmocytoma consists
of a punched out osteolytic area without significant degree of osteo-
blastic reaction Frequently all the bones of the skeleton are niddled
by such lesions The x-ray picturc of the skull is especially character-
stic. Oceasi y the picture of a 1 lesion may
simulate a giant cell tumor of the bone However, since the latter has
a predilection for the long bones, the presence of a lesion resembling a
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years. A few cases survived for several years and one patient died,
more than eight years after the first signs of myeloma were recognized.

Ancmia is common. Thrombopenia, due to replacement of bone
marrow by myeloma cells, occurs frequently. A small number of
plasma cells 1s commonly found in the peripheral blood. Sometimes
the peripheral blood is invaded by large numbers of myeloma cells,
with a resulting plasma cell leukerma In such cases a leuhemia-like
wifiltration of hver, spleen, lymph nodes, and other visceral organs
with myeloma cells is found at autopsy. This same visceral infiltration
by myeloma cells may also be found at autopsy 1n patients who have
had no signs of plasma cell leukemia during life. Because of these
findings, many authors designate multiple myeloma as the aleukemic
phase of plasma cell leukemia

Due to the changes i the blood proteins, the sedimentation of the
red blood cells is usually very high and rouleau formation is common
A hemorrhagic tendency is freqaently seen, not only when thrombo-
penia exists, but also in patients with a normal platelet count,
whom the hemarrhagic diathesis seems to be related to an increase of
abnormal serum globulins Patients with so-called cryoglobulinemia
nearly always have a hemorrhagic tendency, and most instances of
cryoglobulinemia have been found 1n patents with myeloma.

Bone patn 1s the most common symptom 1n multiple myeloma. It
is usually localized 1n the rib cage or the lower back, but also occurs
frequently i the hips and shoulders. Pathologic fractures occurred
in fifty-nine of our ninety-seven patients, most commonly tn the form
of compression fractures of one or more vertebrae In 30 per cent of
our patients the fractures affected other bones. Although the onset of
the disease 1s usually isidious, 1t may begin suddenly with a path-
ologic fracture

In twenty-four of our mmnety-seven patients palpable plasmo-
cytomas developed, usually due to perforlation of the cortex of an
affected bone by proliferating myeloma cells. Palpable tumors are
occas.onally found in the skull. These swellings are nearly always soft
or rubbery 1n consistency. In about 50 per cent of our patients one
or more attacks of pneumomia were observed. The welf known

dency to devel of p in myel may be related
partly to mcrcascd viscosity of the blood due to hyperglobulinemia
and panly to the decrease in the titer of serum antibodies, which i3

frequent in this discase.
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A completely normal electrophoretic pattern 1s extremely rare in
multiple myeloma

The increased gamma and beta fractions of mycloma sera are not
identical with the gamma and beta fractions found 1n normal sera
The gamma and beta peaks seen in the electraphoretic curves derived
from myeloma sera are extremely sharp, much sharper than the
peaks found in the sera of patients with hyperglobulinemia due to
other diseases, such as hver cirthosis, kala azar, chronic hypersensi-
tivity, acute lupus erythematosus, subacute bacterial endocardtis,
etc, Chemical and immunologic differences between the beta and
gamma globulin of myeloma sera and of normal sera also exist

The changes of the electrophoretic patterns 1n myeloma sera are
not due, to any sigmficant degree, to the presence of Bence Jones
protein The presence of Bence Jones protein in serum and other body
fluids can best be demonstrated by immunologic methods No more
than 02 Gm per cent of this protein has been found 1n myeloma sera
with this method This quantity 15 so small that 1t can only be
determined by immunologic and not by chemical or electropho-
retic methods This tiny amount 1s insufficient to explain the large
and abnormal’ amounts of beta or gamma’globulin an the myeloma
sera

At the Mount Sinai Hospital the sera of forty-four patients with
multiple myeloma were examined electrophoretically Four of these
cases showed an increase of the alpha fraction, six of the beta fracuon,
and twenty.one of the gamma fracuon In thirteen cases only minor
anomalies of the electrophoretic pattern could be ehicited, and 1n
these cases, the Howe fractionation showed completely normal figures.
In the cases with marked hyperglobulinemia, Bence Jones proteinuria
occurred much less frequently than m the patents with mnor
anomalies of the electrophoreuc patterns Only seven of the thirty-one
cases with electrophoretically proved hyperglobulinerma excreted
Bence Jones protein n the urine However, ten of our thirteen cases
with minor electrophoretic anomalies had Bence Jones pratern m the
urine There is some reason to believe that both Bence Jones protemn
and the ahnormal serum globuling m multiple myeloma are synthe-
sized by the myeloma cells

It can be shown by ultracentrifugation that the different globulin
fractions which can be separated by electrophoresis are not homo-
geneous. Both beta and gamma globulins of myeloma patients have
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giant cell tumor in a flat bone, especially in the pelvis, is good reason
1o suspect the presence ofa plasmocy(oma.

In multiple myeloma three remarkable changes in protein metab-
olism, Bence Jones proteinuria, hyperglobulinemia, and paramyloida-
sis, are frequently observed

The presence of Bence Jones protein should only be considered as
certain when a substance is found which both precipitates at 45 C.
and dissolves at 95 C When 1t occurs, it 1s almost pathognomonic for
the diagnosis of multiple myeloma. The alleged occurrence of Bence
Jones proteinuria in rare cases of lymphatic leukemia can usually be
explaned by a confusion between the latter disease and plasma cell
leukermia The appearance of myeloma cells in the peripheral blood
often differs from that of myeloma cells n the bone marrow, and
these can easily be mistaken for young lymphocytes Bence Joncs pro-
tein occurs in about 50 per cent of the cases of multiple myeloma
This abnormal protein can be crystallized in the test tube; it has also
been noted to crystaliize within the body tissues.

In about 60 per cent of the cases of myelama the globulin content
of the serum 18 mereased, usually leading to hyperproteinemia when
the atbumin of the serum 15 not significantly decreased. However, the
hyperglobulinemia in muluple myeloma is often accompanied by a
marked decrease of the serum albumin, so that there are many
cases of multiple myeloma with hyperglobulinemia but without
hyperproteinemia.

The presence of hyperglobulinemia can be detected by the sodium
sulfate precipitation as first devised by Howe or by one of the modifica-
tioms of this method. There may be an increase of the euglobubin frac-
tion alone or of the pseudoglobulin fraction afone or both fractions
may be increased at the same tme Electrophoretic separation of the
different globulin fractions of the serum shows that the hyperglobu-
finemia 1n multiple myeloma is most frequently due to an increase of
the gamma fraction; an increase of the beta fraction is much less
common, while an increase of the alpha fraction occurs only rarely
Often the larger part of the glabulins consists of a fraction which,
during electrophoresis, migrates more rapidiy than the gamma but
less rapidly than the beta globulin, the so-called M protein. There
remains a considerable group of cases where only miner anomalicAs of
the globulin fractions can be discovered by electrophoretic separation

1n such cases the results of the Howe fractionation are always normal.
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A completely normal electrophoreuic pattern is extremely rare in
multiple mycloma.

The increased gamma and beta fracuions of myeloma sera are not
identical with the gamma and beta fractions found in normal sera
The gamma and beta peaks scen 1n the clectrophoretic curves derived
from mycloma sera are extremely sharp, much sharper than the
peaks found in the sera of patients with hyperglobulinemia due to
other diseases, such as hiver cirrhosis, kala azar, chromec hypersensi-
tivity, acute lupus erythematosus, subacute bacterial endocarditis,
etc Chemical and immunologic differences between the beta and
gamma globulin of myeloma sera and of normal sera also exist

The changes of the clectrophoretic patterns 1n myeloma sera are
not due, to any significant degree, to the presence of Bence Jones
proten The presence of Benee Jones protein in scrum and other body
fluids can best be demonstrated by immunologic methods No more
than 0 2 Gm. per cent of this protein has been found 1n myeloma sera
with this method This quanuty is to small that it can only be
determined by immunologic and not by chemical or electropho-
retic methods. This tiny amount 1s msufficient to explain the large
and abnormali amounts of beta or gamma™globulin 4n the myeloma
sera

At the Mount Sinai Hospital the sera of forty-four patients with
multiple myeloma were examined electrophoretically, Four of these
cases showed an increase of the alpha fraction, six of the beta fraction,
and twenty-one of the gamma fraction In thirteen cases only mnor

hies of the ch phoretic pattern could be elicited, and in
thesc cases, the Howe fractionation showed completely normal ﬁgurcs.
In the cases with marked hyperglobul Bence Jones p 12
occurred much less frequently than in the patients wuh mnor
anomalies of the electrophoretic patterns Only seven of the thirty-one
cases with electrophoretically proved hyperglobulinema excreted
Bence Jones protein 1n the urine However, ten of our thirteen cases
with minor electrophoretic anomalies had Bence Jones protein 1n the
urine. There is some reason to believe that both Bence Jones protein
and the abnormal serum globulins in multiple myeloma are synthe-
sized by the myeloma cells.
It can be shown by ultracentrifugation that the different globulin
fractions which can be separated by electrophoresis are not homo-
gencous. Both beta and gamma globulins of myeloma patients have
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the same sedimentation constant on ultracentrifugation (S7) and
therefore have siumilar molecular weights.

In a disease described by Waldenstrom the increased serum
globulins have a very high sedimentation constant of § 19-20. This
disease, which he has desi d as macroglobul ia, is possibly
different from multiple myeloma, since macroglobulins are only rarely
found in the sera of m)cloma patients

The third y of protein metabol in multipl 1
consists of paramyloxdosxs In this candition amyla.d is deposxted in
pierminal 'nr*anons especially in mesodermal nssucs, such as the

‘‘‘‘‘ ro and in the
sional
case of myeloma with paramyiviuvss, wa.) in the
liver, hidneys, and spleen This is 1 striking contrast to the secondary
amyloidosis developing after chronic suppuration, in which the
amyloid s deposited in liver, kidneys, spleen, adrenals, and also in
the blood vessel walls. The deposition of paramyloid may give rise to
remarkable clinical symptams and signs. Macroglossta in a myeloma
patient is nearly always a sign of depositon of paramyloid Some
patients with myel develop plained heart failure and at
autopsy this is shown to be caused by amyloidosis of the myocardium
In one of our myeloma patients severe intestinal bleeding was due to
amyloidosis of the intestinal wall In another patent large hard
masses were dep 1 1n the subc layers of the skin over the
lower chest and upper abdomen, paramyloid “en cuirasse”. Congo
red tests are of little value in the diagnosis of paramyloid because the
liver 1s usually spared A gingival biopsy occasionally shows the
deposition of paramyloid 1n the blood vessels

The calcium content of the serum in muluple mycloma s often
increased, probably as a result of rapid demineralization of the
skeleton In 38 per cent of our cases, the scrum calcium exceeded
12 mg. per cent The highest value recorded was 17.5 mg. per cent
High values for the serum calcium often indicate advanced disease
and a poor prognosis The inorganic serum phosphorus 13 normal
except in the presence of uremia, when it is generally elevated. The

alkaline phcspha!asc of the serum 15 usually normal. This sign has
differential diagnostic value because in many othcr mslancrs of
deminerahizing discases of the skel the afkali is
\ncreased. In 83 per cent of our cases the alkaline phosphatasc of the
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serum was completely normal. The other 17 per cent exhibited eleva-
nons of the serum phosphatase at one time or another, in general in
the presence of large fractures. Liver damage, especially in the course
of urethane treatment, is another reason for increase of the alkahune
phosphatase of the serum When, in the absence of pathologic fractures

or liser disease, the serum phosph remains el d, the di
of mu\up\c my doma s‘nou\d be questioned.
ion occurs o Hy in le mycloma.

Four of our forty autopsied cases had renal stones, and one had micro-
scopic calcifications in the lungs. The uric acid content of the serum is
often elevated in multiple myeloma This must be due to increased
destruction of the cytoplasm and nuclet of proliferaung myeloma
cells, just as is the case in myeloid and lymphatic leukemia In 50 per
cent of aur cases the uric acid content of the scrum exceeded 7 mg.
per cent.

Solitary plasmocytomas occur, but are decidedly rare In most
cases of so-called solitary plasmocytoma, 1t is possible to find evidence
that generalization has already taken place Bone marrow punctures
are of the greatest importance in uncovering such generalization
Nevertheless, there are rare observations of plasmocytomas which
have remained solitary for many years In addition there are patients
who, 1 the course of years, develop multiple tumors conusting of
proliferating myeloma cells in different parts of the skelcton without
signs of generalized bone marrow 1nvolvement In such cases typical
generalized myelomatosis can stull develop after several years It
seems justified to consider these cases of multiple plasmocytomas
without generalized proliferation of myeloma cells as representing the
mital stage of muluple myeloma.

Extramedullary plasmocytamas also occur without accompanying
osseous involvement They occur especially in the mucous mem-

« branes of the nose, paranasal sinuses, pharynx, and larynx, and oc-
casionally also 1n other organs Sometmes these tumnors remain local-
1zed, but 1n many cases the complete picture of multiple myeloma
ultimately develops

The dragnosis of multiple myeloma is oftcn easy However, scme-
times duffer from p
hyperparatt ! and skeletal may oﬂ'er |
difficulties Multiple myeloma may also appear as unexplamed
anenma, lymphatic leukemia, giant cell tumors of bone, chronic
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glomerulonephritis, and fever of unknown origin. When bone pain is
absent, the diagnosis is especially difficult.

The treatment of multple myeloma is still highly unsatisfactory.
Radiotherapy affords palliative reliel especially when a plasmo-
cytoma exerts pressure on adjacent structures. Stilbamidine and
2-hydroxystilbamidine, urcthane, cortisone, and ACTH may all be
followed by periods of apparent well being The course of the disease
may be slowed, but ultimately the span of life is not significantly
prolonged. It 1s somewhat encouraging that urethane and sometimes
cortisone and ACTH, in contrast to stilbamidine, may reduce the
hyperglobulinemia and Bence Jones proteinuria. It seems, therefore,
that these agents actually have an effect upon the disease, although
they have no permanent curative action Radioactive phosphorus,
mitrogen mustard, testosterone propionate, aminopterin, aureomycin,
and neostibosan have all been tested but have been found to be of
lttle value.
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glomerulonephritis, and fever of unknown origin, When bone pain is
absent, the diagnosis is especially difficult.

The treatment of multiple myeloma is still highly unsatisfactory
Radiotherapy affords palliative relief especially when a plasmo-
cytoma exerts pressure on adjacent structures Stilbamidine and
2-hydroxystilbamidine, urethane, cortisone, and ACTH may all be
followed by periods of apparent well being. The course of the disease
may be slowed, but ultimately the span of life is not significantly
prolonged It is somewhat encouraging that urethane and sometimes
cortisone and ACTH, in contrast to stilbamidine, may reduce the
hyperglobulinemia and Bence Jones proteinuria. It seems, therefore,
that these agents actually have an effect upon the disease, although
they have no permanent curative action Radmacnve phosphorus,
nitrogen mustard, 'one prog te, pterin, aureomycin,
and neostibosan have all been tested but have been found to be of
little value.




RIBLIOGRAPHY 157

4 Daviso¥, C. anD Batser, B, A : Mycloma and uts neural complications, Arch-
Surg 35193, 1937,

7y oy DecastELLO, A . Bewtrage zur Kenntis der Bence-Jonesschen Albuminurte
Zeschr Kin Med 67 319, 1908-9.

©Devr, C E anp Rose, G A - The Bence Jones protemn of multiple myelomatosis,
its methionne content and ats possible significance in relation to the aetiology
of the disease Biochem . 4f 610, 1940

“Dent, C E anp Rost, G, A.. A physical and chermeal study of Bence Jones pro-
tewn with especial reference to 1ts methionine content and the possible sigmifi-
cance of this Biochem I, 43 14, 1948

® Dowxey, H Handbook of Haematology. New York, Hoeber, 1938

# Duvotr, M, Pourer, L, Lavany, £, DECRAUSE, M, AND GaULTizR, M.- My-
lomes multples avee tumeurs cutandes, miérét nasograptuque Bull. et mém,
Scc. Méd Hép Pans 51687, 1938

2 EprersoE, P Effect of ACTH and Cortisone upon Serum Proteins, Scandimnav.
1. Clin & Lab Inyesugaton 2 265, 1950

4 ErrersE, P, Gormsen, H, HarsoE, N, Nietsen, 8 E, avo Vmesaex™ A
On the :ﬂm of corticotropin ACTH on myclomatosis wuh special reference
to the bone marrow and the serum proteins Acta med Scandmav 74363, 1952

S Enrtc, W Dhe N ber Bence-. P Zuchr
khin Med 727 396, 1932

saEgsen, H N Prmary systenue amvloidosss, Am. J Med 7144, 1946

#ErLner, A Das Vorkommen des Bcncc-]oncschen Kérpers :m Hamn ber

Tumoren des K und seine Deutsche
Arch klic Med 62 255, 139‘7
®Esov, W O The and of

J. Infect Dis 76 193, 1935

¥ Enger, L L Discussion remarks, i Proceedings of the Second Climical ACTH
Conference, vol 2, 1951, p 217.

# Enctx, R L asp BARR, D P Maultiple mycloma treated with ACTH Proceed-
1ngs of the Second Chnical ACTH Conference, vol 2, 1951, p 209

 Err, A aND Herzent,P A Comparatie cytology of Wright's stained smears and
fustologic secuions ip multiple myeforna Am 3 Chn Path 76 1, 1946

# FacreAUS, A Antibody production 1n relation to the development of plasma cells
Acta med Scandiav Supp 730 204, 1948

¢ Fanrazs, R The suspension statality of the blovd Acta med Scandinav 55 1,
1921

@ Foutoy, J. D The prophylactic action of vanous aromatic diamidines i trypa-
nosorniases of Mice Ann Trop Med 3878, 1944

 Fentat, J Transmussion of myeloid leukermua in mice J Exper Med 67 423, 1935

 Gazoner, F Discussion remarks, Blood Club proceedings ACTH 10 leukema
Blood 5 791, 1950

 Garrawp, L H ano Kenneov, B, R Rocntgen treatment of multiple myeloraz
Radiclogy 50 297, 1948

GrscichTEr, C F Anp Corezand, MM Multple myeloma Arch. Susg
76 807, 1928.

1 Gravs, A Uber multiples Myclomazytom mit Exgenartigen zum Teil Kristall-
ahnlichen Zellemlagerungen mut Elastolyse und ausgedehnter Amylowdose und
Verkalkung Virchow’s Arch. Path_Anat. 223 301, 1917

#Grozivki, A anp Recsmwstery, M Myeloma und Leucemia lymphatica
plasmacellalacis Wien khin Wehnischr 79,336, 1906



156 BIBLIGGRAPHY

# Benek Joves, H On a new substance occusning in the urine of 2 patient with
“mollies ossiwm " Phat Tr Royal Soc London, 1848, p 55

= E 3 Multiple myeloma of chaldren Arch Surg § $33, 1928,

*Besz, M Cytalogre §; Normale et Pathologique Parss, Masson et Gie,,
948

MBeraer, F H D remarks, m, P; dingss of the Second Clinical ACTH

Conference, vol 2, 1951, p 216

B Bease, J Diasmdines in myelomatosts, Acta radial 37 65, 1952,

# Biomes, £, Breo, §, ano Harnor, N Another case of by perglobulmemia and
affection of the central nervons system Acta med Scandinav 738 1, 1950,

* Bickes, §, Errersor, P, Gorusex, H, avo Harnop, N Leukemic myelomatosis
{plasma cel leukerma) Acra radiof 37 196, 1932

8 Brenee, 1 avp Kixerere, P Notes on mycloma Acta radsot 79 487, 1938

¥ Bive, F, FaonaEUs, A , anp Trosiin, B Studies op nucleic acd metabohst in
plasma cells Acta physiol Scandinay 70 282, 1948

» Bz\c,lg Asp Pruns, P Serum protems in lencopen Actamed Scandsnav. 92,415,
19!

# Brornesog, M avo Gorwven, H L b uber das Vork von
i 1 e xper lier Hyperglobul bei Kamnchen Kin
Wehnschr 20 314, 2941

3 Brackyan, G, Barses, W, Borrs, M, ano Davis, B On the pathogenesis of
renal faiuce avsocrzted with muluple myeloma Eleetrophoretic and chesmcal
analtyns of protem i vone and blood serum J Clin Investigation 27 163, 1944,

3t Cappers, D asp Mavsers, R Plasmacytoma of the petrous temporal bone and
base of sl J. Lamng & Otol 50 340, 1035

#Canter, I R Plasma cell hyperplana and byperglobulinemia i tnchinoss
Am I Path 25309, 1949

3a Cnopvackt, P Em Barag zur Kensisieder plasmazytaren Granulome (Plasmo-
mata Conunctivac) Khn Rfonawhi f Augenh 95 470, 1935,

B Cumisrian, H AL Mulugle myeloma, a hstological comparison of sx cases
J Exper Med 9325, 1907

3¢ CHrRSTOPHERSOY, W B aAnpn Miter, A | A re-evaluaton of sohtary plasma cell
myeloma of the bone Cancer 3 240, 1950

B nure, I avp Gospoy, A Muluple myeloma with unusual visceral nvolves
ment Arch Path 37 546, 1942

# Cueee, 1 oavp Gorpov, A J Muluple myeloma, lesions of the extra.osscous
hematoposenic sstem Am. § Chn Path 20934, 1950

# Cowrasp, P. 3 Anp Harcrzaves, W H Neuropathy alter sutbamudine weat-
ment Lancet 2686, 1947 .

# Cotuteg, F €, Rewcit, &, avp Kna, J W The vatae of precipitin tests for Bences
Jones protein in cacly diagoosse N England 3 Med 247 60, 1952

4 Corcopan, A C anp Pace, I H  Renal damage from ferroheme pigments,
myoglobin, hemoglobun, hemann Texas Rep Biol & Med 3528, 1945

# Covrvitrs, C G Notes on the patholagy of cranal tumors Tumors ongnating
1 the marrow of the diploe Bull Los Angeles Neurg Soc 73 19,1948

Py, D C Amylodoss Froc Stafl Meer Mayo Chin 27637, 1947

aDycasre, B B asD Datcasrn, § B Soltary plasmocytoma with tertnmal dis-
scrmnation Acta radsol §7 231, 1952,

“paprines, I On the microscopic character of Tolhities ossium, Dublin Quart

N Sc 2835, 1846
"Dgurs‘un, AW Blood Chub proceedings ACT I in Jeukermnsa Blood 5 791, 1950,




BIBLIOGRAPHY 159

* Kapewirz, vov H.: Plasmazellen und Exweusstoffwechsel Acta. haemat, 5232,
1

% Kantek, O + Zur Symptomatologie des muluplen Myelams, Beobachtung von
Albumosurie Prag Med Wchnschr, 1433 45, 1889

51 Kesterson, ] AnD McSwary, B.. Myeloma of bone, J, Bone & Joint Surg 244.224,
1952,

%Ki, § §. Betrag zur Kenntns der Kahlerschen Krankhert st Myeoss Fun-
goides, Besonders fiber dic Genese der Geschwulstzellen Arch. f Jap Chir

1679, 1939

9 Keeseerer, P.: Uber das Lymph und das P Hulare Myeloma,
Bestr. path Anat 67.492, 1920

s Korac, M J - The action of and related comp on nucl

teins Cancer Res 7 44, 1947,
KRy, P, D'Ascio, C J, ANp Suerty, A Muluple myeloma with new bone
formation Arch Int Med 81976, 1949
» Krevzer, H  Plasmacellutares Myelom mit multipler tedweise hemorrhagischer
Herd Myelose der Medulla Spinalis Deussche Ztschr Nervenh, 90.224, 1926
o et oA PR AR
# Kunkst, B G avo Hoaowans, C L, Mechansm and signsficance of the thymol
turbidity test for liver disease. J Chin, Invesugation 26 1060, 1947
» Kunker, H. G , SLATER, R J, axp Goop, R A Relauon between certain mye-
loma protemns and normal gamma globulin Proc Soc Exper Biol & Med
76 190, 1951,
# Kurnick, N. B, Kiery, G , ano Kieey, E Effect of stibamidine on ascites tumor
of mice Expenenua 4 152, 1950.
100 Kurnicn, N B anp Youarewm, S B Penpheral neuntis complicating muluple
myeloma Arch Neurol & Psychiat, 59 378, 1948.
1 Lang, S L Plasmocytoma of the mandible Oral Surg 5 434, 1952
19 Lawrence, ] H Asp Rosevriar, R L - Muluple myeloma associated with
polycythernia, report of 4 cases Am J Med Sc 2/ 149, 1949
19% Lges, L, Ducroquet, R , anp Lfcer H  Maladies du Squelette Panis, Masson,
1949, p 233
13 Levin, B, Opernorzer, V G, Ao Wirrenzap, T P Serum protein fractions
A companson of precipitation methods with electrophoress J. Clin Path
3260, 1950
© Lews, L A, Bortz, D W, avp Barrie, J D, Jr  Electrophoretic and ultra-
centnfugal analysis of serum protems m multple mycloma, Clevetand Chn
Quart 19 119, 1951
195 Lictrrenstery, L anp Jarre, H L Mulugle myeloma a survey based on 35
cases, exghteen of which came to autopsy. Atch Path 41 207, 1947
198 Lvpsroos, G A Awp Murogr, H J - Multiples Myelom mit leukamischen und
a 3 Actamed 81363, 1941
7 Lescarzi, L R.: Diagnostic and therapeutic aspects of muluple myeloma M
Chn North America 35 189, 1951
1 Lisco, H Russell bodics occurring in the Lymph Follicles of the Intestinal Tract
of Pigs Anat. Rec 82 59, 1942
1 Loce,J P axp Runpees, R W Urcthan (ethylcarbamate) therapy in multiple
myeloma Blood 4 201, 1949.




158 BIELIOGRAPHY

s Gorosay, R, Apasts, W 8., awnp Lucnsivors, E.- Renal function m muluple
myeloma. I, Lab & Cha Med, 40,519, 1952,

#mQoryrz, R WS Yend MK 31381, 19%2

¥ Gunn, F D avp Mame, & E. Megakanoblaste myeloma with eosstaliine pron
tesm i the renal tubules, reportof acase Areh Path. 25377, 1938,

BGurman, A B The plasma protens in disease, in, Ausan, M, L. and Edsail, § T.
(eds} Advances in Proten Chemistry, New York, Academe Press, 1948, vol,
4, pp 156-250

" Gutay, A B, Moore, D. H, Gunias, E B, McCreviann, V', asn Kasat,
E A : Fracdonaton of scrum protemas i hyperprotesnemia with special refere
ence to muluple mycloma § Clin. Invesugation 20.763, 1941,

T Guiax, &, B, Tvsox, T L, anp Guosean, E B, Serum calcjum, anorganic
phosphorus and phosp aetivity m b hyrod Fager’s duease,
tultiple myelorna, and neoplastic diseases of the bones Arch Int Med 57379,
193

WHAEnOKE, T A anp Greexsean, E. M Massive stifbamicine thesapy of mubriple
myefoma Am J Chin Path 70.634, 1949,
¥ Hargs, R D, Powers, W, N, avp Bagey, H A Multiple myeloma, ity treats
ment with urethane and ACTH South M. J. 47467, 1951
WHau, B E avp Waxievg, © H  Radiophosphorus in the treatment of blood
dysceanaz M Cha North Americz 37 810, 1947
7% Hass, G M, Huntiagrow, R, and Kaowoseok, N . Amylod ¢he gropercies of
amylowt deposits occurring i several species under diverse conditiont Arch
Path 25 226, 1943
" Hexroey, L ano Wewkes, W H  Immunological differences of erystalline Benee
Jones prateins Biochem J, 34,487, 1940
“ Hesmexen, L Therapie mit cytostanschen Stoffen Acta haemat 2 25, 1949
™Heser, § anp ScHw arTZsAN, J  Variations in the srocmtgen appearance of the
shefetal systern in myeloma Radwology 58 178, 1952
# Hetrwie, G A Extrameduliary plasma cell turners as observed in vanous foca-
wons Arch, Path, 36 95, 1943,
% Hur, R, M., Muticay, R M, axp Dustor, S G, Plasma cell myeloma assocs-
ated with high concenteation of plasma hpoprotein Am ), Path 2 689, 1948
# Hows, P E . The use of sodum sulphate as the globulin pracipitant in the deter-
mination of protesns in bloed S, Brol. Chem 4993, 1921
s Jacksovy, H, Jr, Parker, F., J&, ano Bemsea, M Studies of diseases of the
fymphosd and myeclod wusues. 11 Plasmocy toma and there relation w mutuple
myclomata Am. I Med Sc 187 169, 1931
» fagomson, B M Anp Wier, L, W The detecuon of unnary Bence-Sones
proton Am J. Chin Path 14138, 1944
s Japomsoy, L O, Srure, . L, Bamroy, £ § G, Surmy, T, Lucitasven, O,
ao D, G F » Natrogen mustard therapy  studies on the effect of methyl-bus
{b hlorethys) ammo by ide on d discases and alied dus-
ordersof the hemopoienc systesn 3 A M A. 732263, 1947
» Jocamsaw, V. © A case of multiple myclomars with chronic nephnhis showing
Bence-Jones prote: m the uring and blood serum. L. Url 7167, 1917
 Ixcox, H W, axo Kasy, L. A, Muluple myeloma with spinal eoed involvement.
Am 1. Roentgenol, 30 201, 3933,
7 Iagaen, £ - Das dullare P4
o Janssen, L W.. Elecyopboreiic
Akad Wetenschappes, seet, H

Zschr § Kreb 52,049, 1942
studses on sensen protesns Verhand, Kan, Nederd.




BIRLIOGRAPHY 159

 Kapensrz, vov H.: Plasmazelien und Eiwesstoffwechsel Acta haemat. 5.232,

% Kaner, O. Zur Myeloms, Beabachtung von
Albumosurie Prag Med, \\'chnschr ll 33 45, 1889

" Kesterson,J asp McSway, B, Myeloma of bone J. Bone & Joint Surg, 344 224,
1952

#Kn, § §. Batrag zur Kenntns der Kahlerschen Krankheit mut Mycosss Fun-
godes, Besonders fiber die Genese der Geschwulsezellen Arch. f Jap Chir
1679,1939

" ku:urnu:k, P.- Uber das L h und das P Myeloma
Beitr. path Anat 67 492, 1920
*Korac, M J The action of and related on

teins Cancer Res 7 44, 1947

saKrany, P, D'Anaio, C T, Avo Sueniy, A Multple myeloma with new bone
formation Arch Int Med 8976, 1949

s Kneuzer, H  Plasmacellutares Myclom mit multipler teitweise hemorrhagischer
Herd Myelose der Medulla Spinahs Deutsche Ztschr Nervenh 90 224, 1926

.r: e e R TR S L

% Kuwker, H G avo Hoactap, G L Mechanism and sigmificance of the thymol
turbidity test for hver discase J Chn Investigation 26 1060, 1947.

*Kuwker, H G, Stater, R J, avp Gooo, R A. Relation between cortain mye-
foma protcins and normal gamma globulin Proc. Soc Exper Biol & Med
76 190, 1951,

# Koraok, N B, Keen, G, ap Keewy, E - Effect of sulbamidsne on ascites tumor
of mice Expenenua 4 152, 1950

1 Kurnick, N. B AnD Yomares, S B Penpheral ncuntis complicating muluple
myeloma Arch, Neurol & Psychiat. 59 378, 1948

9 Lang, § L Plasmocytoma of the mandible Oral Surg 5 434, 1952

9t Lawrence, J H axp Rosewriar, R. L Mutuple mycloma associated wath
polycythemua, report of 4 cases Am.J Med Sc 278.149, 1949

Wi LiGe, L, Ducroque™, R , a0 Leczr H  Maladies du Squelcttc Paris, Masson,
1949, p 233

Wi Levin, B, Osernorzer, V G, ano Warrenean, T P Scrum protemn fractions
A companson of precipitation methods with electrophoress J Chn Path
3260, 1950

4 Lews, L A, Bortz, D W, axo Batrig, J D, Jx  Electrophoretic and ultra-
centnfugal analyns of serum protems 1 muluple myeloma, Cleveland Clin
Quart 78119, 1951

1 Lictrenstemy, L anp Jasre, H. L Muluple mycloma a survey based on 35
cases, exghtcen of which came to autopsy Arch Path 44207, 1947.

4 Lisoezoost, G A. anp Muwoer, H T Muluples Myclom mit leukamischen und

Actamed. 8363, 1941,

@ parzs, L R Diagnostic and therapeutc aspects of muluple mycloma M
Clra_North America %5 189, 1951

1% L35, H. Russell bodies occurnag m the Lymph Follicles of the Intestnal Tract
of Pigs Anat, Rec 8259, 1942

19 Loce, J P ap Runoies, R W Urethane (ethylcarbamate) therapy in multiple
myeloma Blood 4 201, 1949




158 BIBLIOGRAPHY

8%« GoLoman, R,, Anams, W. S, anp Lucssiver, E. Renal function an muluple
myeloma. J Lab & Chin, Med 40.519, 1952

@ Gorrz, R W.* d dosis Medicine 37,381, 1952

®Guxny, F D anp Mante, A E. Megakaryoblastic myeloma with crystalline pro-
tetn wn the renal tubules, report of a case. Arch. Path, 26 377, 1938

" Guniax, A B, The plasma proteins in duscase, in, Auson, M. L and Edsall, J, T.
(eds) Advances in Protein Chemistry, New York, Academic Press, 1948, vol.
4, pp 156-250

" GurMaN, A. B,, Moore, D. H, GurMan, E. B, McCLELLAND, V., AnD KasaT,
E A : Fractionation of serum protetns in hyperproteinemia with speciaf refec.
ence to multiple myeloma. J Clin, Investigauon 20 765, 1941,

" Gurian, A B, Tyson, T L., anp Gurman, E. B. Serum calaum, jnorganic
phosphorus and ph: activity in hyper Paget’s disease,
muluple myeloma, and neoplastic diseases of the bones Arch Int Med 57.379,
1936

7*Haeoicke, T A AND GREENsPAN, E. M. Massive stilbamidine therapy of multiple
myeloma Am JI. Chn Path. 79 634, 1949,

"Hames, R D, Powsrr, W N, Anp Baiey, H. A, Muluple myeloma, its treat-
ment with urethane and ACTH South M J. 44 467, 1951

Harr, B E anp Warkms, C H . Radiophosphorus in the treatment of blood
dyscrasias M. Chn, North America 37.810, 1947

7% Hass, G M, HuntingTox, R, and Krunpieer, N Amyloid the properues of
amyloid deposits occurning 1 several species under diverse condinons Arch
Path 35226, 1943

7 HentoEN, L anp Werker, W H,, Immunological differences of crystalline Bence
Jones proteins Biochem I, 31487, 1940

7" Henmever, L Therapie mit cytostatischen Stoffen Acta haemat 2 25, 1949,

" Heser, S AND SCHWARTZMAN, J - Variations in the roentgen appearance of the
skeletal system 1n myeloma Radiology 58 178, 1952

7 HeLuwie, C. A Extramedullary plasma cell tumors as observed in vartoug loca-
tons Arch. Path 36 95, 1943,

9= T v bR RN

oo~ e

B .

A et U1 T D A w02 10m
5 - . 28 of diseases of the

relation to muluple
8 . anary Bence-Jones

protein’ Am J. Clin Path. 74.138, 1944
s Jacosson, L O , Seorw, C. L, Banrox, £ § G, Surma, T., Lucusavon, C,
anp Diex, G F Nitrogen mustard therapy studies on the effect of methyl-bis
b |

¢, hyl) ammo hyd on diseases and allied dis-
. S 4 we A 13922 1047
8 Ja . .
0 Ja e v .
J. Roentgenul ov 2u1, 1420,
” JAS;::‘R E.- Dang Hare P); ytom Zuschr. . Ki b 52 349, 1942

o Janssen, L W.: Electrophoretic studies on serum proteins. Verband Kon Nederl.
Akad Wetepschappen, sect. 47,



BIBLIOGRAPHY 161

Scandinavian Congress of Internal Medicine, Copenhagen, June 27, 1948
Acta med Scandsnav Supp 237 86, 1950

35 OLiacen, B Modern analyses of blood protem Nord med, 34 992, 1947

"8 OLHacen, B On the ion between the el h pattern and certain
simple globulin reactions of human serum (the formol gel, Takata and Welt-
mann tests) Acta med Scandinav Supp. 796 478, 1947

B4 Ounacev, B, Tiorerr, B, ano Wissine, P.. The endocellular nucleic acid
d and m Scand J Clin
Lab Investigation 7 49, 1949

137 OLiveR, J @ New directions 1n renal morphology, a method, 1ts results, and its
future Harvey Lectures 40 102, 1944-45

1% Pawge, B H A case of myeloma with unusual amyloid deposition Am J Path
7 691, 1931

U3 Parsser, §, Zucher, R A, anp MeveR, L. M Hematologic changes associated
with the immune responses in man Acta med _Scandwmav. 74f 201, 1952

135 PaTTERSON, E , HADDOW, A , Triomas, J. A, AND WaTKnson, J M Leukaerma

treated with urethane Lancet 250 677, 1946
wp, - - - - -

10 pe . "
the cytochermistry of plasma cells and seticulum cells J Chn Path 281, 1949
14 Peanson, O H anp Evret, L P . Use of AGTH and cortisone 1n lymphomas and
feukemias J AMA 74/ 1349, 1950
4 Prvev, A anp Riscw, 1. S, Muluple mycloma aleukemic and Jeukerue Foha
Haemat 46 37, 1931
0 Rawoor, H . Le traitement du myélome muluple par la pentamudine Acta
clin Belg 5 523, 1950
W SRS . P
"

8 Rerver, M Application of electrophorens to medical problers M Ann Distr
Columbra 27 11, 1952

Hte Renver, M and STERN K G Edectrophoretic studies on the protem distnbution
1n the serum of mulaple myeloma patients Acta Haemat 9 19, 1953

W Remmson F H Mnaans 0 U Bennsees o € oo Aeaeom 7 7

W E

19 Ronr, K, Mabgne Knochs d K Schweiz  Med.
‘Wchnschr 77 207, 1947.

1% Rorvik, K Cr Acta med 137 390, 1950

19 Rosentiiat, N aNp Vocer, P Value of the sternal puncture 1n the diagnosis of
multiple mycloma . Mt Simai Hosp 4 1001, 1938

2 Rossnwasser, H _Plasmocytoma of the nasal cavity Laryngoscope 44 826, 1934,

1 Rusisteny, M H_ Use of antimony 10 multiple myeloma_ Blood 4 1068, 1949,

™ Runoies, R, W, Coorer, G R, avp Witziz, R W Muluple myeloma IV,

Abnormal serum components and Bence-Jones protem J Chn. Tn i
Do 0% P . Investigation



160 BIBLIOGRAPHY

1 Lonvem, M Ewwel fle 10 den Har Ichen bei muluple Mjeloma
Bets path Apat 69 295, 1921

1 LowenAupt, E * Probferative fesions 1a multiple myeloma with special referense
to those of the spleen. Am 3 Path 27 171, 1945

B Low-Beer, B V' A, Lawrence, J. H, asn Stoxg, RS The thesapeutic use of
arvficaally produced radicattive substances Radiology 30 573, 1942

1 Luparsct, O Zur Myclomfrage Virchow’s Archiv. 7587 213, 1906

WLopn, H Zur K der E toffwechselstorung bewm Plasmocy
Schweiz med Wehaschr 77 190, 1947

W Luns G anp Prosser T. M. Plasma cell tumouss J Bone & Joint Surg 308 124,
1948

MLuTIcEns, W ano Bavro, E D' Treatment of mutuple myelorna with urethane,
JAMA 147 824, 1951

e MacIntyre, W Case of mollities and fragiitas ossium accompanied with urne
strongly charged with anumal matter Med, Chie Soc, Tr 33 214, 1850,

T MacNus-Levy, A Muluple Myelome, Euglobuknimie Amyloidosis Zur Khsik
und Pathologie der Amylordosis Ztschr. £ klin Med 726 62,1933

2 Macwus-Levy, A Mulusple myeloma X1 Actamed Scandinav 95 218, 1938,

9 Mapa k1, Jouw F Flasma Cell Leukemta Asch, Path
A3 393, 1952

¢ Afajoor, C L H Possibihty of detecting individual proteins in blood serum by

of solut: curves in sodwm zuiphate solatons

Companison of solubilsty carves with results of electrophoresis Y. Bial Chem
759 583, 1947

9 Matiory, T B Case Reports New England 1. Med. 227 986, 1939,

2 Mancovies, £ Repont of case of prinary muluple mytloma with Bence-Jones
protein in pleucal effusion Ann Int Med 2.881, 1928,

3 7 assiad, J D, Kriz, § R, ano Wizniaws, J P Influence of sulbamidine in
mujtiple myeloma with pre-exisang renal mvolvement. Virgimia M Monthly
76 347, 1949

aanmy, N H A study of the plasma and tisue globuhos in myclomatasis 3
Clip Investigauion 26 1189, 1947,

18 Masstys, R Untersuchung bei emem Falle von Bence-Jonesscher Krankhest
Deutsches Arch { Khin Med 20729, 1911

136 Medical Dasion of Merck and Co Ine  Stlbanuding in the Treatment of
Multiple Myeloma 1943

1 Meves, L M awp Rurzay, | An unusual case of plasma-celf feukemia treated
with a folic acid antagomst ang urethane Cancer 4 1043, 1951

8 NMeveer, L Bence Jones protetnuna Arch Int Med 57 708, 1936

whhiaes, 3 M, Love, P B, axp Stnonseacw, § B Successful Treatment of
actinomycosis with sulbamdine J A M A 75 35, 1952,

1o Mune, J Serum protewn fractioctation; comparnison of sodiurn sulphate precipita-
teons and electrophorests. § Biol Chem 169 595, 1947

wt N\oorg, I H., Kasar, E, anp Gumaay, A. B Benee Jones protemncrua in
muluple mycloma J Cha Investiganon 2267, 1943

42 Nowwg, M Berag zur Khomk der Myels X der Wirbelsiule, Neurol
Cemraibl 401, 1921 N

m Onren, R L, Hovontrow, J. I, awp Motoney, W C - Urethane soxicity, seport
of a case of hepatic necrons appareatly due 10 urethane New England J. Med
243984, 1950

14 OJiacEs, B Spentancous precipstation of erystathne globuln n myeloma serur




BIBLIOGRAPHY 161

Scandinavian Congress of Internal Medicine, Copenhagen, June 27, 1948
Acta med Scandinav Supp 239 86, 1950

133 O1nacen, B : Modern analyses of blood protein Nord med. 34992, 1947

13¢ Outacrn, B : On the between the el h pattern and certain
sunple globulin reactions of human serum (the formol gel, Takata and Welt-
mann tests) Acta med Scandinav Supp 796 478, 1947

1% Ornacew, B, THORELL, B, AND Wrsstvg, P The endocellular™nucleic acid

. in Scand J Chn

an
Lab Invesugation 7.49, 1949

% Ouwver, ) New directions in renal morphology, a method, uts results, and s
future Harvey Lectures 40 102, 194445

19 Patge, B H A case of mycloma with unusual amylod deposition Am J Path
7691,1931

B3 Parpser, §, Zucker, R A, anp Mever, L M Hematologic changes associated
with the xmmune responses in man Acta med _Scandmav 734201, 1952

13% Pattersoy, E , Happow, A , Tuiomas, J A, avD Warxivsoy, J M Leukaerma
treated with urethane Lancet 250 677, 1946

1 PatL, L W anp Pones, E A Solitary myeloma of bone, review of roentgeno-
Jogic features with report of 4 addinional cases Radiology 35 651, 1940,

9 Pearse, A G . The nature of Russell bodies and Kurloff bodies Observations on
the cytochemustry of plasma cells and renculum cells J Chin Path 2 81, 1949,

HiPearsow, O H awp Ewrer, L P. Use of ACTH and cortisone in lymphomas and
leukermas J A M A 744 1349, 1950

3 Pinev, A aD Riscw, T S - Multiple myeloma aleukemic and leukemuc Folia
Haemat 46 37, 1931

W Ramov, H Le traitement du myélome muluple par la pentamudine Acta
chn Belg 5523, 1950

M Rensawy, H A i a3 a cause of 1 observa-
tions 1n case of myeloma JAMA 99 1411, 1932

145 Rencany, H, A, ano Exuusp, C M Long conunued vacane therapy as a cause
of amyloidasis Am J M Sc 790 88, 1935

M Rerver, M Application of electrophoresis to medical problems M Ann Dustr
Columbia 27 11, 1952

% Remner, M anp Stern K. G Electropharetic studies on the protein dmnbuuon
n the serum of multiple mycloma patients Acta Haemat 9 19, 195

' Rervtaro, E H, Moore, C V, Bizrsaus, D S, anp Mooz, J Radmacmc
phosphorus a1 a therapeutc agent Review of literature and analysis of results of
treatment of 155 patients with various blood dyscrasias, lymphomas and other

malignant ncoplasnc ducascs J Lab & Chn Med 31 107, 1946

W RoperTsoN, T of hyper-
sensiuvity Am 3 Med 9315 wso.

“Roug, K, Maligne Knoch h X ! Schwaiz Med
Wehnschr 77 207, 1947

15 Rorvik, K Acta med 137 300, 1950.

8 RosEN'mAL, N AND VocEr, P Value of the sternal puncture 1 the diagnosis of
R mulnple myeloma J Mt, Sinai Hmp 4 1001 1938
OSEN" "4

T
301125, 1951



162 BIALIOGRAPHY

W RuNpLes, R W, Doy, M, L., axo Duvow, E. 8., Multsple myeloma. Effect
of urethane therapy on plasma cell growth, abnormal serum proten com-
ponents_and Beace-Jones proteinuna §. Chn. Invesugaton 28.1243, 1950

¥ Runpres, R W ano Reaves, R J. Mgltiple mycloma 11 Vanabiluy of roentgen
appearanct and effect of urethane therapy on skeletal dusease. Am 7 Roent.
genol. 64.799, 1950,

W RUBELL, W An address on a characteriatic organism of cancer. Bar M J.
21356, 1890

3 Rustizey, § Multiple myeloma Deuwsche, Zuschr, £ Chir. 3,162, 1873,

W SanrzuaN, A, Tane, Z., Liasen, F, anp Scareer, 1@ Urmary excretion of

th dine and 2-hiyd 3 i J Mt Sina1 Hasp 1721, 1950

1 Sarrziav, F, anp B H  Muluple plasmocy toma yreated with wrethase,
Acta med Scandinav, 736 388, 1950,

8 Sanprinres, 8 Das Heutdge Bild des Plasmozytomns, Deursche med, Wehnschr,

76 168, 1951

135 ®r, 5 Khnicher und elek Beitrag zur Kerntnis der
Pathophyswlogie des Plasmocytoms Deutsche med. Wehnsche 74 1563,
1949

182 Seneinker, 1o Myetom und Nesvensysteny, Devtsche Zischr, Nesvenh 747°247,
1938

¢ Scnomnsacy, E. B, Muaer, J. M, Guosgro, M, anp Long, P H ¢ Systemic

Blastornycons Treated with Stdbamudme JAM A 746.1317, 1951
B. ann GG , E M.. The ph logy, mode of action

sud therapeutic p htses of sedbamading, ¢ idenn, and

other dramid: -2 seview Med 27 327, 1948

W Seeseany, G Ew Fall von Plama-zellulirent “Myelom ” Centralbl f, allg
Fath u path Anat 48212, 1930

#2 Sgymorr, I § axp Bernstem, I J @ Systemic reacdons 10 the intravenous ad-
sumsteauon of Congs red Quart Bull Sea me Hosp $131, 1946

1% Sex Gurta, P © Observations on the sequet of
therapy wn kala azar Indian M Gaz 78 537, 1943
W Sew Guera, P € Hydroxysu dipe m the of Indian kala azar

Indian M Gaz &5 547, 1550,

vaSuenkey, H A, Hony, R C, Iz, anp Grant, F. C. Lesions of the spinal extra-
dural space producing cord compression Arch Surg 57 125, 1945

1 Sumer, I W., Dunvean, W., axo Hanew, R. L.. Hyperprotememia due to Bence
Jones protewns m myelomatons Avch. Int. Med, 50 829, 1932

Sy, H A case of diffuse plasmoeytons with depostion of protem crysials i the
kidneys J. Path, & Bact 67 149, 1949,

3 Syeres, W - The Kudney Structure and Punction in Health and Dusease, New
Yark, Oxford Unaversity Press, 1951

174 Syapprr, Lo On the influence of sulbamidine on multiple myeloma J Mt Sivat
Hosp 13 119, 1946,

12 Suapper, 1 Splbamdine and pentamsdine in muldple myeloma 3 AMAL
733 187, 1947, 137 513, 1948,

2% GuapPER, 1. Influcmce of 2-hydrocystuibamide on the coutse of multiple mye-

2 J Mi Sinar Hosp. 75 156, 1948, .

wr S.-}:::En, T.: Medicat Clm’:u on Bone Disease, A Text and Atlas Ed, 2. New York,
Interscience, 1949

a1 Syapper, [, Rare M
Chacles € Thomas, 1952,

of Metabolic Boue Discase. Springfield, i,




BIBLIOGRAPHY 163

" Snapper, 1+ American 1 ly treated with
Lhydmxm.)bamxdme. Am J Med 13665, 1952,

" Suapper, 1, Liesen, F, Greenseay, L, axp Scuvewn, B Determination of

dinc and 2-hy deposited 1n parenchymatous organs
- and wmory Canccrl 1246, 1951

1 Svapper, L, Mimsky, 8, Ry, H , Scunem, B anp Rosentitat, M Development
of inclusion bodxcs cumamlng nbose nuclerc aad 1n m)eloma cells after mnyec-
tion of stilbamid of dine 1n myeloma tssue Blood
2311, 1947

M 8xapper, L Anp Scinep, B On the influcnce of stilbamidine upon myeloma cells.
Blood 7.534, 1946

s Suapper, 1, Scunem, B, anp Kurnicw, N The presence of diarmdines m mye-

loma cells after treatment with salb and 2 Acta
Haemat 3 129, 1950
4Svareer, [, Scisew, B, MeVay, L, avo Lisen, L Pharmacology and
value of particularly of

dine, Tr New York Acad Se 14269, 1952

138 Snapper, I, Scuvem, B, Lignsw, F, GeRBeR, J, anp Greensean, E - Influence
of nucleic acid upon the fluorescence of nucler and cytoplasm after inection of
aromatic diamudines J Lab & Chn Med 37 562, 1951

M STARK, A AND Asmon, E L Diffuse plasma cell myelomatosis Arch Path
46183, 1948

® Srern, K G anp Remer, M Electrophoresis 1n medicine Yale I Biol & Med
1967, 1946

" STEwART, A aAnp WERBER, P Myelomatons Quart, J Med 7 211, 1938

1 Stewart, M J anD Tavior, A L Observations on solitary plasmocytoma J.
Path & Bact 35 541, 1932

™ Tarr, L axp Fermis, H W Muluple myeloma associated with nodular deposits
of amylord 1n the muscles and jowsts with Bence-Jones protemnuna Arch Int
Med 64820, 1939

" Tenow, G Hyperglobubnemia, periartenal fibrosis of the spleen, and the wire
loop lesions 1n disseninated lupus erythematosus m relation to allergic patho-
geness Am J Path 24 409, 1948

192 Tennent, W Plasmocytoma of bone Brit J Surg 32 471, 1945

WaTen Trige, O T Second Yearbook for Cancer Research in the Netherlands,
1952, p 194

¥ TiorN, G, W, Forsuam, P H, Frawrey, R F, Hut, § R, Rooug, M,
STAHELIN, D | aND Witson, D L The clmical usefulness of ACTH and corti-
sone New England ] Med 242 824, 1950

1 Turower, W R AND Varentine, F C O Propamudime m chronic wound sepsis
Lancet 7:133, 1943

ad Tn7_o729N,1194L Solitary myeloma of the skull Proc Stafl Meet Chn Honolulu

W Tausowrrz, § The sternal masrow aspuration of amylowd 1n muttiple myeloma,
Blood 559 585, 1950

¥ Upw, B anp Pu-mm F. W Investigation of Bence Jones protein, Federation
. Proceedings 10262, 1951

1615, 1901



164 BIBLIOCRAPELY

™ Warpenstroy, § o Die Fruhdugnose dec Myclomatess Acta chir, Scandinav
§7 365, 1942
0 Warpenstron, § Incip of essential b bulinemia with
b 3 new synd Ac(a med. Scand; 717,216, 1944,
2 Warpenstrost, § Abnormal protens o muldple myeloma, mn: Advances in
Internal Medhcine, Chxcaga, Year Book Publﬁhcrs, 1952, vo 5.

02 \\'szxsmm(, 3 Zwei b wmut Hypergh {Purpura
H oder M tobul ia) Schwerz med  Wehnsche
78 97’2 {948

8 Warrgms, G Electroph patterns of b fud aed serum com-

pared 1 wounal and pathobgtc conditons Acta Soc Med Upsaliensis, New
Seres 57 138, 1952

Mefantenstay, R § Muluple myeloma without demonstrable bone Jessons Am.,
J Med 70325, 1958

®3Wattoren, A Un uber die M. k Upsala lakaref
forh 25113, 1920

268 Wareurs, QO Uber die Oxydanonen in Lebenden Zeffen nach Versuchen am
Seeigeler Zesche £ Phymiof chem Strassh 86 305, 1910

wrWarrey, 8 The th use of rad p by Am I M. Se
209 101, 1945

4 Wensr, C, Urethane w the treatment of multple mycloma. Canad M AL J
G2 589, 1950

0 Winerans, H W Muluple mycloma of bone, report of two cases with remarks on
the histogenesis Am J Cancer 16 540, 1932

20 Wasow, J D anp Muoxwman, L A Plasma cell myelomata of the skull and dura.
Penasslvanta M § 35 842, 1932

B WivrRose, M M Cluncal Hematology, Ed 2, Phaladelphia, Lea and Feluger,
1946, p 779

M Wintrose, M M axp Buene, MV Hyperprotemnemia associated with mulugple
yclonia Bull Johns Hopkins Hosp 32 156, 1933

43 Warws, B, Lavnay, M, axp Packer, J. Dispantion transtore de fhyper-
globuhném:c auw vours d'une maladie de Kahler traitée par la diaondime Sang
2173, 1950

s Waenr, d H A case of muluple sayeloma Tr Assoc Ama Phys 75,137, 1900,

ne fyunruans, FOH, Wonoerty, ©, ane Hassie, A Immunclogical mmvestgations.
in ten cases of plnsmccymma Bt J. Exp Path 37 507, 1951

s \wnnmm, ¥, Wuvnsm.v, c, HAssxc, A, anp H\qumun, F  [wmmun-

1‘1 Helvet M Acta. 16279,

Unt ¥

1049
2 Wisrrseany, F \\'musuv, €, asp Hucenroresr, F - Blood proten determina-
tions mn 60 cases of pl y Dieutsche med 76 481, 1945




Amnopterin, in treatment of myeloma, 146
Amyloid (see’

Causes of death, 116
Central nervous system

Antbody Tewel om mycloma, 7
Anumony, n treatment of mycloma, 29,

146

Anusera, 73, 61

Arthnitis, 48, 89

Aureomycn, n treatment of myeloma, 146
n

L.

[¢’ , 43

Congestive falure 1n myocardral amy-
Tordos:s,

Conga red test, m paramylotdosts, 94, 117

Conyunctival plasmocytomas, 111
rissone, in treatment of myeloma, 142

mye-
foma, 18
Azurophilic eytoplasmc granules, 7

Back pam, 122
Bence Jonds nephions, 35, 37, 42
Bence Jones proten, 1, 15, 43, 58
antisera, 62
electrophoretic analyss of, 61, 74
Howe fractionation,
and hyperglobulinemia, 62, 82
immunologic studies, 61
sncidence,
Tacobsen test, 59
laboratory tests, 58
methioninc content, 58
molecutar weight, 6
and paramyloidoss, 92
and renal involvement, 35, 42
Beta globulinemua, 1n mycloma, 78
Bone lesions
1n paramyladosss, 93
on x-ray (e Roentgenologic changes)
Buffy coat smear, 17

Calcium and h a8

Cramal tumors, in mycloma, 32
Cr 19,67

Cryoprotem, 68

Crystals, 116

Cutancous msofvement (see Skan)
Cytoplasm of myeloma cell, 6

Degenerative duscase of the apmal cord,
3

Demmerahzation of bones, 19, 49
Difercatial diagnoss, 118
anemia, 120
back pam, 122
chronic glomeruloncphritis, 121
fever of unknown origin, 121
guant cell cumor,
hyperparathyroidism, 120
Iymphatic leukemia, 20
osteomalacia,
osteaporosss, postmenopausal and sepile,

skeletal metastases, 119
Duration of Iife, 13

Electrophorctic abnormahines, 68
alpha patierns, 71, 75

alkaline phosphatase, 96
hypercalcemia, 95
hypocalcema, 1 uremia,
metasiati caltifcaton, 50"
renal calcul, 9

Casts, 1n mycloma ladney, 35, 115

with,
33
beta patterns, 78

mayor patterns 1 mycloma, 69
munor anomalies, 80

165



166 INDEX e
. 1N
Electrop 1 (eont ) Leuk is, 16 ) .
10 plasma cclt leukesmsa, 77 Lrukoerythroblasue blood picture, 17, 22
Eounophilia, 16 Leukopensa, 16, 1 ‘

Erythrocyte sedimentation rate, 18
Euology, 3
Euglobulia, 65
Exy } production of amyh a5
Extramedullary plasmorytomas, 109
Extraskeletal myeloma, 17, 43, 113

Fever, 48, 121
Flyoreseence, of stibamidine geanules, 130
Formol gef test,
Fractionation of strum proteins, 64
Fractures, 22

callus formaon, 56

healing of, 23, 56

CGastroiutestnal paramyloid, 88
Grant eeil tumor of bone, 54, 98

Gingaval buopsy, m amylodoss, 91
Glarerular function, m myeloma kidney,

Glomerulonephniti, 126
Hux‘:hmvn!vemem in paramylosd, 89,

Hematuria, 43
Hemorrhagic tendency, 12
Hepauc damage, with wrethane, 105, 134
Hepatospienomegaly, 43, 122
Howe fractionation, 64
Hydroxystdbarsdie, 130
Hyperglobulinemia, 3, 13, 30, 65, 118
‘and sutohemagghutination, 1%
and Bence Jones protewunia, 62, 82
differcntiation from other discases, 65
and erythrocyte sedimentation rate, 18
expersmental production, 63
formot get test for,
and paramylardasi, 85, 92
and purpura, 19
Hyperparathyraidem, 120
Hypertention, 39

Lmawnologic studies, 61, 73
Incrdence, 13
Internat hydroriephrasts, 35

Lipowd granuloma, 49, 55, 12t
Lapoprottins, 72
Lanver, damage to, with ufethane, 134
fancton tests, 44
Longevity in muliple myeloma, 14
n extramedullary plasmocytoma, 109
Lung Tvalvement (s Pulmonary Tavolve-
ment}
Lymphadenapachy, 43
Lymphane leukemsa, 120

M component, on tlectrophoresis, 6%
Macroglebutinesma, 15
Macroglossia, %

Mandsble, 53, 300

Marrow aspiration, 55, 100

Metastatic caloification, 97

Metastatic careinoma of bone, 119
Methuonine, 1o Bence Janes protein, 58
Molecutar waght, of Bence Jones protem,

Mot ceft, 9, frontisprece
Maultipte plasmocytomsas, 10, 103
Myeloma celt
atypical forms, 8
cyeaplasem, 6

s 7% L
hustologie types, 5
nueleus, 7

ongin, 9
Myelom kduey, 35, 115
Myocarduat aryloidosu, 89, 117

Neurologre involvement
cerchral ivanon, 32
cramal nerse pafiy, 34
degeneranve ducase of spnal cord, 34
herpes zosier, 34
e macrogiobubinemia, 20
penneurnits,
penpheral neuris, 3¢
psychosss, 38
spunal cord compression, 32

Nitrogen mustard, s» treatmoent of mye.

oraz,
Nucleoproteins, 126

Intracramial mycloma, 32
I 3 30
acobsen procedure, for Bence Jones
protein, 5
Joint changes, 48, 89

Rabler's ducare, 2
Kidney mvolverient, m wyeloma, 33
“and Bence Jones protonuna, 42
ehneat max;x,f;sm‘wm, 39, 43

athology,
;hysm(ogy, 37

O ia, 123
Qsteaporess, 119

Paget's ducase and myefama, 47
Parn, in the bones, 21
Paramyloidosu, 3, 19, 44, 114, 122

and Bence Joncs protesnuna, 92

of bload vessel watls, 91

and bone changes, 93

Congo ved teat in, 94

exprramental production, 85

of gastromtestinal tracy, 86, ¥3, 117



ofgmgva, 91 "+

bk hyperglobhinerna, 92
and joint changes, 48, 89, 92
of Jarynx, B8

lnca.llz.lllé); of, 86, 87, 88, 117

of lymph nodes, 88, 94
and lymphadenopathy, 44
‘macroglossia in, 90

in mycloma cell, 85

of myocardium, 89, 117
of ovaries, B8

staning charactenstics of, 86
tumor formation 1n, 86, 50
Paraproteinemia, 60
Paraprotemons, 6D
Paraproteinuria, 60
Pathology, 112
bone, 112
cutaneous manfestations, 114

“ NpEX:: -7 167

Reaat involvcinent, 35
albuminuria,
and Bence Jones protemnuna, 42
calcul, 96
casty, 35, 37
concentration tests, 43
and hypertension, 39, 40
physologic studses, 37

1 chrom

39,
Respiratory tract (see Pulmonary involve-
men
Reticulum ccll onigin of myeloma cell, 9,
0, 45, 48

Rheumatoid arthritis, 48, 89
Ribosenuclewc acid, 126, 129

Ribs
fracture of, 22
wumors of, 24
Roentgenologc changes, 49
josss, 93
sunulating grant cell tumor of bone, 54
1 Paget’s disease and mye-

113
mycloma kidney, 115
paramylodosis, 116

Pentamudine, 126
Penipheral biood picture, 16
ancmi, 16, 126

rouleat formation, 18
thrombacytopema, 17
Phenolsulfonphthalein tests, 43

loma, 49
“soap bubble™ lestons, 54, 57
Rouleau formation, 1
Russell bodicy, 7, frontispiece

Serum protein abnormalities, 15, 18,
63

Sia's ditunon test, 67
Skin chany
‘myeloma ifiltration, 114
10 paramyloidosts, 19, 91, 117
purpura, 19, 67, 90, 46
Skull tumors, 29, 32

and Bence Jones proteinuna, 98

changes, 100
extramedullacy plasmocytomas, 104

Solitary mycloma, 98
radicactive, 125
scrum, 97 cntersa, 98
after therapy, 1
131
fasiia cell feukemia, 2, 17, 44, 77 of mandible,

Plasmocytomas, extramedullary, 109
Plasmocytasts, of marrow, 12, 63, 123
Polycythemia, 1n myeloms,
Primary amylowdosis (j¢e Paramylotdosis)
Pseudoglobulin, 65

ychosis, 34
Pulmonary mnvolvement, 29

paramyloid of lung, 85
pueumona, recurrent, 29
nmulating metastane carcanoma of lung,

sternaf fractures and, 22
Purpura, 19, 46, 67, 90

Quartz scroscope, 130

Radioactive phosphorus treatment, 125
Radioactive strontium treatment, 12
Radiotherapy, m myeloma, 124
Raynaud's syndrome, 3

mulple plasmocytomas, 103
of vertebral cofumn, 100
Spinal cord compression, 32
Spleen, 1n myeloma
1n paramyloidosis, 88
splenomegaly, 43
Sternum
fracture, 22
puncture, 5
1umors of, 24
Stibamidine, 126
mephrotoxie action, 129
phaxmacoXog;(, 130
production of cytoplasme granules, 3
results of therapy, 1a mycloma, 128
tngeminal neuropathy, 129
Strontium, radioactive, 126
Surgical resection, m solitary mycloma,

Survival statistics, 13



168 °

INDEX

. in
346
Thrombocytopewus, 17, 19
hromboss, ntravaseuiar, 30
Thymol turbidity test, 44, 66
Tcngguc, wiolvement i paramylowdosss,
0

Tousi, savolvement i myetoma, 107
our mandestations
with stdbammdine, 129
with urethane, 134
Treatnent of myeloma
wih ACTH, 142
with ammoptenn, 146
wigh antimaony, 146
with mitrogen mustard, 146
with radsaactive phosphorus, 125
wath radigactive strontsum, 126
with radathierapy, 124
with stdbamudine, 129
with testexierone propionate, 146
with urethane, 134
T i with

B4
ta macrogiobuhnema, 19, 54
Urerma, 41, 42, 91, 12t
Uscthane, 131
antuntitotic efcct, 132
carcraogemc effect, 132
dusappearance of tumor formaton, 23
electrophoretic changes produced by, 19
hver damage due o, 109, 134
redurtion of Bence Jones proternana, 133
reduction of byperglobulinenma, 133
Unic atid metabolism, 57
Unnalyss, 43

Vacuolet in myefoma celt, 9
Vertebral eoflapse, 22, 54
Vertebral anvolvement, wi solacy mye-

ora,

Vinu etwlogy of myeloma, 3

Visceral mfifiration with mycdema, 17
electrophorenc studies m, 77
hepatosplenomepaly due to, 43
1ymph Yy due to, 43

129
“Fumor formation, 24, 86, 90, 112

Ulnar nerve involverment, 34

Xerzy picture (se¢ Roeatgenalagic
changes)
Keray therapy, 124






168 -~

INDEX

H

G ]

146
Thrombocytopenta, 17, 19
Thrombosis, mtravaseular, 30
Thymot wrbiduy test, 44, 66

a1
n macroglobuhnema, 19, 84
Uremia, 41, 42, 91, 121
Urethane, 131
antmutone effect, 132

Tnm;vac, mp

Tonstl, involveraent an myeloma, 109
Toxc mamitstations

with sulbamidine, £29

with urethane, 13
Treatment of myeloma

L 1
with anunoptens, 146
with antunony,
with mitrogen mustard, 146
with radiwactive phesphorus, 125
with radioactive strontinem, 124
with rachatherapy, 124
with sulbamudhine, 129
with festosterone propianate, 146
with urc‘dmnc, 133

effect, 132
dusappearance of tumor formation, 27
electrophoscuic changes produced by, 72
hver damage duc o, 103, 13:
reductron of Bence Jones proteinuaa, 133
reduction of h}{)crglobulmczma, 133

Unie acid metabotsm, &

Unnalyns, 43

Vacuoles in myeloma cell, 9
Vertebral colfapse, 22, 54
Vertebral wmvelvement, ' soliary sayes

ama,
Virus etiology of myeloma, 3
Vi infiltation with myeloma, 17
electrophoretic stadies 1, 7
hcpatusplenam:gal'g due to, 43
had hy due 10, 43

g with

129
“Turmar focmation, 24, 86, 90, 112

Ulnare nerve mvolvament, 34

Xeray picture (e Roentgenologic

changey
Keray therspy, 124






