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To

FUTURE SUFFERERS FROM BONE SARCOMA
MAY THEY BE FORTUNATE ENOUGH TO FALL
INTO THE HANDS OF ROENTGENOLOGISTS,
PATHOLOGISTS AND SURGEONS WHO HAVE
THE COURAGE TO ACCEPT THE INVITATION
OF THE AMERICAN COLLEGE OF 5URGEQONS

TO REGISTER THEIR CASES






PREFACE
T ECESSARILY this 1s a book which

L U will be usetul only for a period of a few
vears. No one will be more gratilied than
the writer to see 1t become useless, for if
the Registry of Bone Sarcoma succeeds, our
knowledge of the natural history and essen-
tial pathologv of bone tumors will become so
much more exact that the nomenclature with
which this book deals will not be adequate.
However, 1t has seemed to the writer that
this book at the present date might help to
[Jl‘fn;,: about a standard nomenclature for
bone tumors. The important point is to get
a simple common terminology into use.
We can then make improvements on it as
our knowledge of this disease increases.
Sarcoma ol bone 1s so uncommon that
even in busy clinies the individual worker
in the different fields of pathology, roent-
agenology and surgery mav readily forget
any unfamiliar classification before he has

L |



VI Preface

occasion to use it again. It 1s intended to
put this book n a convenient form to be
kept about laboratories and hospital libra-
ries for ready use. It may serve to simplify
and unify present classifications, not only
those used in different departments of the
same hospital but those used in different
hospitals in the same city and in different
cities in the same country. In order to
have intelligent records on the success of
the different forms of therapeutics, a
uniform classification is indispensable. 1f
future writers on bone sarcoma can be
induced to register their cases when they
write therr articles and to use this classifi-
cation for therr statistics, future students
will be able to make real headway. Each
article which 1s written will be valuable if
the cases are registered, whether the
interpretations of the authors of the article
are in accord with the opinions of the
Registry Committee or not. Accumulation
of facts and evidence about a sufhicient
number of cases i1s more essential than
individual interpretations of these facts.
Reproductions of photomicrographs  and
roentgen-ray pictures appearing in articles
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in medical journals or books will never be
equal to well-fixed tissue or even to the
ortginal lilms and microscopic shdes from
which the illustrations were taken. |If
the Museum of the American College ol
Surgeons can keep the registered slides and
roentgenograms toget her with the I'L‘|}I'il'|l'!-'.
of the articles, future students can alwavs
have access to them. For instance, the
famous article by Gross written in 1879
1s still the most outstanding article on
this subject ever written in this country.
How valuable the original slides ot his
cases would be if we had them todav!

[t 1s a basic principle of the Registry that
no opinion of any expert, however famous,
is hinal. As knowledee advances, reinter-
pretation and reclassilication of recorded
facts will be a matter of course. The present
Committee consisting of Dr. James Ewing,
Dr. J. C. Bloodgood and the writer are
using this classification. We should wel-
come a better one and invite suggestions
for changes in this,

Those who are interested in the Registry
will find articles describing its work and
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methods in Surgerv, Gvnecologv and Obstet-
rics for March, 1922 and Mayv, 1924.

This book 1s a reprint with corrections
of an article which appeared in the Feb-
ruary, 1925 number of the American
Journal of Roentgenology  and Radium
Therapv.

E. A. CopMmAN, M.D.
Registrar.
227 Beacon St.
Boston, Mass.
May, 1925.
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BONE SARCOMA

INTRODUCTION

I wish to devote this book to the classi-
ication of bone tumors, especially ot
bone sarcoma. One of the main objects
of the Registry 1s to get a uniform classi-
fication which roentgenologists, clinicians
and pathologists can use in order to have
a mutual understanding of the clinical
entities which are referred to. At the
time the Registry was started, four years
ago, there were many different terms in
use and while each term was vaguely
understood by all who were interested
in bone tumors, vet there was a consider-
able amount of misunderstanding among
individuals. When  Bloodgood used  the
term periosteal sarcoma or Mallory used
!



) Introduction

the term flibrosarcoma or Ewing used
the term osteogenic sarcoma about an
individual case, they might have meant
the same entity, and they probably under-
stood one another, but there 1s no doubt
that other pathologists, clinicians and
roentgenologists  were  confused and
thought that these terms applied to three
different entities. Our own committee
of three, Dr. Ewing, Dr. Bloodgood and
myself, were accustomed to use different
terms and, although we understood one
another pretty well, we had no hard and
fast nomenclature. Two years ago a
committee was appointed by the Clinical
Pathological Association to formulate with
us as definite a nomenclature as possible.
This committee consisted of Dr. MacCarty
of the Mavo Clinic, Dr. Sondern and
Dr. St. George of New York, and Dr.
Bell of Minneapolis. The following s
the nomenclature which we adopted.

The material on pages 3 to 15 has been
printed on a single sheet for the use of
those interested in the Registry. Although
written by the author the substance has
been approved by the other members of
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the joint Committee. The remainder of the
book has been approved by Dr. Bloodgood
and Dr. LEwing, with the exception of
those portions in which the author’s indi-
vidual views are clearly expressed.

These ofhicial nomenclature sheets may
be obtamned from the Registrar’s ollice.
One 1s enclosed in each of the boxes of
registered cases, which we send from lab-
oratory to laboratory for the opimions of

our colleagues.



OFFICIAL NOMENCLATURE SHEET

[ have here set down my interpretations
of. what 1 believe the joint committees to
mean by the terms agreed upon for the com-
mon use ol clinicians, roentgenologists and
pathologists.

[ cordially mvite the individual members
of the two committees, or any ol our consulting
pathologists, or anv teacher or professor of
pathology, roentgenology or surgerv to criti-
cise the classification or my delinitions of the
terms.

[ anvone believes that there are other clin-
ical entities, he should register some cases and
let me pass them about from laboratory to
[aboratory lor the opinions of others interested,
as Fwing has done in the case of his tumor.
We should convince our colleagues before
undertaking to teach the prolession or our
unfortunate students.

Il anvone plans to use in his reports or to
teach his students other lorms of nomenclature,
as being preferable to this, as a whole or inany
detail of importance, we invite him to send us

4
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his improved nomenclature with explanations
and illustrative cases, and we will enclose a
copv in cach ol these boxes, as an alternative
[or this.

The Registry invites criticism in the spirit
of L‘IF{J|JL'I':ItiIII1.

. A. Copman, Mm.D., Registrar.

NOMENCLATURE

i. Metastatic Tumors. Clinically the
prognosis in these cases 1s universally
unfavorable. Roentgenologically they are
usually central. Histologically we believe
thev are usually true to the type of the
original tumor to some degree and are
seldom, 1if ever, purely undifferentiated
tumors in bone.

2. Pertosteal  Fibrosarcoma. Clinically
these are tumors which lie next to the
bone, do not invade 1t although they may
cause absorption by pressure on the adja-
cent surface of the bone. It 15 g
impossible to determine whether they

rossly

arose in the outer lavers of the periosteum
or in the adyacent fascia or tendinous inser-
tions. They appear to be less likely to
metastasize than the osteogenie sarcomas,
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Roentgenologically they may show changes
mm the contour of the adjacent bones, even
pushing the bones to one side or bending
them, but histologically they show no
tendency to form osteoid tissue, cartilage
and bone. It 1s this that separates them
from our class of periosteal osteogenic
sarcomas, which presumably arise from
the osteoblastic laver of the periosteum.
Periosteal fibrosarcomas are not distin-
cuishable histologically from fibrosarcomas
of the fascia.

3. Osteogenic  Tumors. These are
tumors which are believed to be derived
from cells which are supposed to be the
common ancestors ol the cells which
form bone, cartilage, the librous network
of bone and the tissue formerly called
myxomatous, which from the pomt of
view ol bone pathology is merely a phase
of cartilage or librous tissue.

The benign forms are too well known
to need special delinitions,

The anj_';n:ml lorms  are nﬁrng{*nir
sarcoma— true  bone sarcoma.  Clinically
these ;_‘,;I'U"n.\'ll'l.‘-'. have a bad })I'H:l_':l'lllﬁiﬁ and
the proportion of the different component
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parts, librous, myxomatous, cartilaginous
or bonv, has probably very httle influence
in the prognosis, which apparently de-
pends on the activity and quantity of the
undifferentiated cellular portions ol these
tumors. We  have therefore abandoned
the attempt to separate chinical entities
according to the preponderance of any
element. All forms have much the same
natural historv.

Roentgenologically these tumors are far
more frequently near the ends ol the bone
than in the shaft, although L'xu't‘plitmf-:
occur. Thev usually show a considerable
amount of bone production, generally
radiating outwards, but the more cellu-
lar tyvpes may simply destroy bone and
therefore show erosion and nvasion roent-
genologically, without producing the char-
acteristic radiating spicules.

Histologically these tumors usually show
intercellular substance resembling librous
tihh'm', I;mm-, L':ll'til:lj_ft' or osteord as well as
undifferentiated cellular tissue. Sometimes
one or another of these elements predomi-
nates the picture, but usually all the
clements may be found mn some part of
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the tumor. Some are almost entirely com-
posed of undifferentiated cells.

Certain anatomic tvpes of these osteo-
genic sarcomas appear to be subordinate
clinical entities. The commonest type is
both medullary and subperiosteal, showing
central bone destruction and subperiosteal
bone proliferation. This tvpe covers the
great majority of cases. Occasionally one
appears to develop chiefly in or under the
periosteum, but the more our experience
increases the more we find that it i1s a
difference of proportion of medullary and
periosteal involvement, rather than that
these tumors are essentially either perios-
teal or medullary. We have agreed that
it 1s necessary to carry a subdivision
“periosteal osteogenic sarcoma’ for the
present. This merely means a sarcoma
which histologically has osteogenic charac-
teristics, but which 1s anatomically cortical
or periosteal m situation. It 1s a very
diflicult matter to offer terms which will
be satisfactory for the clinical entities
which we call respectively *periosteal
librosarcoma’™ and * periosteal osteogenic
sarcoma, vet the Committee feel that
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clinicallyv, roentgenologically and histolog-
icallv thev are different. It seems that
periosteal fibrosarcoma has a better prog-
nosis than periosteal osteogenic sarcoma.
The terms are poor, for “|JL‘I'il}.-‘.tL‘£1|”
is used literally in the former and as
noting derivation in the latter.

[t is very unfortunate that the term
“periosteal sarcoma” has been widely
used in this country as synonymous with
malignant bone sarcoma (osteogenic sar-
coma). It 1s also unfortunate that the
Committee feel obliged to retamn the term
“periosteal” and to apply it to two dif-
ferent entities  still  different from the
much misused meaning. It 1s hoped that
better terms will appear.

The amount of bone production in
osteogenic sarcomas varies considerably.
When 1t takes place through the great
majority of the tumor we call it “selerosing”
(ossifving) and 1t may be that this type
has a better prognosis than the less
sclerosing forms. On  the other hand,
certain cases are so vascular, that they
actually pulsate and grow with great
rapidity, so that it seems that the group
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of “telangiectatic” sarcoma 1s clinically
of much poorer prognosis.

It seems probable that the accidental
difference of degree of freedom of communi-
cation i arterial and venous spaces in the
tumor accounts for this difference. We
do not believe that the cellular constituents
are actually more malignant than in the
other forms, but that the presence of
blood spaces lined by tumor cells and in
almost  direct arteriovenous communi-
cation, allows the cells to be washed off
directly mmto the circulation. The more
sclerosed the tumor the less likely are the
cell-lined spaces to be in direct communi-
cation with the blood stream. It mayv be
that the better prognosis in periosteal
fibrosarcoma can be explained by the
infrequent occurrence ol the cell-lined
blood channels.

Roentgenologically these anatomic varie-
ties are to a certain extent recognizable.
Histologically  they are much the same
essentially, thoueh the occurrence of much
new bone or many blood spaces in a section
would suggest that sclerosis or telangiec-

tasis would characterize the rest of the
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specimen. The real distinction is the gross
anatomy of  the tumor. '|'t‘|:mj_'it‘t'l:llil:
spaces limed by tumor cells must be dis-
tinguished from atyvpical blood vessels,
to avoid confusion with angiosarcoma.
Undifferentiated  Sarcomas are carried
under the Osteogenie Sarcomas because
such tumors arising in bone may be pre-
sumed to be of origin in cells destined to
|}|‘ndm't‘ bone. That EH, we believe that
il these undifferentiated cells should pro-
duce anv intercellular substance 1t would
be fibro-, mvxo-, chondro-, osteoid or
osscous. The group of tumors which we
call Ewmg's tumor perhaps should be
placed m this class, for some ol our con-
sulting pathologists, notably J. H. Wright,
think thev recognize a primitive osteoid
substance m many of these cases. How-
ever, Lwing 1s inclined to believe them
of endothelial origin - and  his opinion
1s gaining strength i the minds of others.
Those who have studied the collection
as a whole at least grant that this Sroup
s a chnical entity, probably ol more
favorable prognosis for radiation. At present
we carry Lwing’s tumors under a separate
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heading between malignant angiomas and
the myelomas, but it may be decided
later that they belong with these undif-
ferentiated tumors.

4. Inflammatorv conditions are placed
in the central portion of the list because on
the one hand we have cases of excessively
exuberant callus which approach malig-
nant osteogenic sarcomas in their histology,
and on the other hand there is also a
borderline in such cases as osteitis librosa
and bone cysts where the question of
new-growth or nflammation is diflicult
to decde. Some pathologists, notably
Mallory, even include under inflammation
our next division, giant cell tumor. Roent-
genologically inflammation may simulate
new-growth so exactly that in many cases
a diagnosis cannot be made. Histologically
the same dilemma is present in a consider-
able number of cases and one has to wait
for help from a knowledge of the outcome.

Under Inflammation is placed osteitis
fibrosa. We recognize this as a uselul
term to include such forms of osteitis as
daget’s  disease, von  Recklinghausen’s
disease, and the various forms ol single and
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diffuse cystic disease of bone which have
not vet received a delinite pathologic
standing. Bone cvsts belong under this
heading, too, though they merge into the
following.

5. Benign Guant Cell Tumor. A term
used l]}.' Hlnmlg:md to rt'phwv the old
term giant cell sarcoma is accepted by
the Registry. The term 1s valuable for
re-edlucational purposes. Many surgeons
and pathologists were brought up to
|'L'§_';u't1 this tvpe of tumor as more or less
malignant. Up to the present date the
Registry has found no instance of a clear
case ol one of these tumors causing a
metastasis.  Roentgenologically they are
central tumors U?~.‘|};H‘|L]in;_f the bone lm*:l“y,
giving a very different picture from the
osteogenic sarcomas. Histologically — this
tyvpe is also distinet, although our consult-
ing pathologists have not vet agreed on
the probable histogenesis of the tumor.
Any one studving the Registry cases will
feel very sure of a well-marked separation
of these tumors as a clinical entity, and
feel convinced that they are benign,
whether or not he agrees with Mallory that
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they are essentially “inflammation and
repair’”’ phenomena.

6. Instances of benign angioma occur
i bone as cavernous structures similar to
cavernous angiomas in the soft parts.
Roentgenologically they rarefy bone and
expand 1t, in something the same wayv that
orant cell tumors do, but having more and
smaller loculi. We believe that malignant
tumors of the blood vessels occur in bone,
but we have as vet registered no case which
is a typical angrosarcoma. Many supposed
angiosarcomas are probably telangiectatic
osteogenic sarcomas.

7. Ewing’s Tumor. This tumor gener-
ally nvolves the shaft of the long bones,
producing a widening of the shaft, appar-
ently by spreading apart the lamellae of
the bone. It may involve the skull or the
short bones. It i1s more apt to be multiple
than true osteogenic sarcoma. Roentgeno-
logically it shows a characteristic longi-
tudinal striation and the tumor nearly
always involves more than half of the shaft.
It does not often produce the radiating
spicules, but there may be onion-like layers
of periosteal new-bone formation suchasone
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sees in ostcomvelitis. The roentgenological
appearance is usually confused with osteo-
myelitis. It is an invasive, bone-destroving
tumor rather than a bone-producing tumor,
but it mayv set up a reactive formation of
new-bone as in ordinary bacterial infection.
Histologically, it 1s composed of undifler-
entiated round and |}-:llj~. hedral cells some-
times arranged i a perithelial manner
about the capillaries, appearing in sec-
tions in sheets between the L*;lpill:lriL‘H.
Its histology is very characteristic. Its
prognosis 1s bad, but these tumors vield
at least temporarily to radiation, which
the osteogenic sarcomas seldom do to any
oreat extent.

8. Muveloma. These tumors are almost
alwavs multiple. They are central tumors
and not bone producing. Roentgenologically
they show no bone proliferation and are
usually clearly dehined, but may at times
show invasion of the bone in a moth-ecaten
way resembling the characteristic picture
of cancer. Histologicallyv the cells resemble
the myeloevte  sertes. The  histological
diagnosis  rests on  these resemblances.
There are said to be mvelomas derived



16 Ofhicial Nomenclature

from the erythrocytes, but no such case has
as vet been registered. For clinical and
roentgenological purposes it i1s unnecessary
to subdivide the myelomas even histologi-
cally. The boundary lines are very diflicult
to draw, and for practical purposes the
histologic varieties are the same clinical
entity. They are invariably fatal, although
local improvement with the x-ray may
occur, and the disease be protracted for
many years.

Borderlines. The  nomenclature s
arranged on the same principle as the
Classification  Sheet in each envelope,
namely, that the entities which are likely
to be confused should be next to one
another. In classifving, the Registrar is
seldom in doubt between two different
borderlines.



INTERPRETATION OF THE
OFFICIAL NOMENCLATURE

[ will take up each heading and discuss
the features which make each heading a
clinical entity and try to illustrate what the
roentgenological features of these entities
are. Before proceeding with this, T want
to call Vour attention to the il]’{rn([llt'tnl'_\'
remarks, beginning I have here set down”
and ending “The Registry invites criticism
in the spirit of cooperation.”

In other words we have presented this
classification and ask the teachers of
surgery, roentgenology and pathology to
use it or to differ publicly, saying they
are ;_fuin;-_i to teach their students some
other nomenclature  which  thev  think
to be better. It seems absurd that the
students in the various universities and
the public in general should be taught
several different nomenclatures. We want
to put the burden of a better nomenclature

L7
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on the teacher or ask him to teach ours.
Ours 1s not wholly satisfactory and we
would be glad to have a better one. We
invite criticism. If anvone believes that
we have left out any entity, let him register
tllustrative cases and we will include his
entity in our work and leave it to future
students or to the general opimion of the
profession to decide whether his sugges-
tions are superior to ours.

For practical clinical purposes there are
only 8 or 10 clinical entities among bone
tumors. Unquestionably each one of these
entities may be subdivided according
to Its gross appearance, its l'ucntgﬂmln;_{-
ical appearance, its microscopic appear-
ance or even by its chinical behavior n
individual cases. For imstance, tumors of
the same kind may look vastly different
in gross appearance and still be osteogenic
sarcomas. They mav present under the
microscope varying degrees of cartilage-
like tissue or bone tissue or cellular growth,
but still be the same malignant entity
with the same clinical course as other
tumors of vastly different histologic charac-
teristics. To illustrate roentgenologically,
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osteogenic sarcoma may affect the bone
whollyv by absorption or mayv create new
bone which presents in the roentgeno-
gram the well-known radiating spicules.
[t is clear therefore that neither micro-
M'npixt nor |‘{1[’T‘|l;‘L'f‘|n|ng‘iHl nor the clini-
clan  can alone  classify  bone  tumors.
Classihication must be done by a coopera-
tive cflort on the part of these groups,
and 1t seems to me that we must look to
the pathologist for the correlation of the
different points of view presented by the
examination of the tissue, the roentgeno-
crams and the clinical life history of the
case. | feel sure that the pathologists who
have been associated with this effort,
will agree that in the diagnosis of a bone
tumor, the clinical history and roentgen
lindings should alwavs support the micro-
scope. When  these data are collected
about a case and any of the pathologists
who have been htll(l}'il],‘_ﬁ these ]{C}:i:-'-tr}'
cases reviews all the data, I believe that a
definite diagnosis and prognosis can be
given i over 9o per cent of the cases.
We must admit, however, that even with
all the facts before us there will be a
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small number of cases on which we have
essential disagreement. In the cases hith-
erto collected essential disagreement seldom
has occurred unless the data presented are
incomplete. It is really shocking to find
how seldom we are able to get the combina-
tion of a good history, a good roentgeno-
cram and a good microscopic slide. Clear
detail 1 the roentgenograms of bone
tumors 1s of very great importance.
Roentgenologists should not be satished
with poor detail in these cases.

Let me now take up our classification.
There are eight divisions or really ten,
for the benign and malignant osteogenic
tumors are different entities, and so are
the benign and malignant angiomas.

1. Metastatic tumors of the bone.
. Periosteal fibrosarcoma.
. Osteogenic  tumors, benign  and

bt

LS

malignant.
4. Il'l”&ll'llll‘l:l.[’t:rl'_"{ conditions.
5. Benign giant cell tumor.
6. Angioma (benign and malignant).
7. Ewing’s tumor.

8. Myeloma.



[nterpretation 21

These are the definite clinical entities
which we hope to establish as the essential
divisions of bone tumors. Wewant to beable
tosay that a patient with a bone tumor must
have one of these L'i:l_"hi. conditions. This im-
plies that no others are known, which are not
subdivisions of these eight classes. The
question is much more important in which
of these general classes a tumor belongs
than it 1s in what particular subdivision
of that class. In other ".".'H'I"E'_IH, the ]}n}j:tm:-:if-;
in cach class 1s fairly delinite. Metastatic
tumors are, with very few exceptions,
fatal.  Periosteal  fibrosarcoma is  very
unfavorable, but 1s probably slightly more
favorable than osteogenic sarcoma. Osteo-
genic tumors 1if malignant are extremely
unfavorable but it benign are decidedly
lavorable. We have to admit, however,
that there are borderline forms in which we
are not able to give a delinite prognosis.
Inflammatory conditions are, as a rule,
favorable. Benign giant cell tumor s
favorable; so 1s angioma, although there
may be perhaps, rarely, malignant angio-
sarcoma. lLwing’s tumor probably has a
more favorable prognosis from treatment by
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radiation than does any other form of
malignant tumor of bone. In mveloma
which i1s usually malignant, the prognosis
is slowly, but almost surely unfavorable.

Now let us consider the prognosis of
the subdivisions of these general classifica-
tions to see whether we can divide these
definite classes into more or less favorable
types.

METAasTATIC TUMORS

Metastatic tumors (Figs. 1 and 2) cer-
tainly cannot be divided in this way. They
are all unfavorable, with the possible
exception of hvpernephroma and thyroid
metastases which are said sometimes to be
solitary, and, therefore, mav in exceptional
cases be hopeful if the tumor and also the
primary focus can be removed.

Periostear FiBrosarcoma
By periosteal fibrosarcoma (Fig. 3) we
mean a tumor adjacent to bone perhaps
causing superficial erosion of the bone, but
not starting in the bone. We have in the
Registry but few tumors of this class
although most of the pathologists who have
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been working on these subjects have seen
within their experience tumors of a del-
nitely fibrous type Iving close to the bone,
probably arising from the external layer
of the pertosteum or fascia. The impression
is universal that these tumors are less
unfavorable than those that clearly arise
in the bone; that is, iff they are locally
thoroughly excised, there is a real chance
of recoverv. This impression is reinforced
by a few cases which we have in the
Registrv. A very tvpical case has been
reported by Dr. Ashhurst (Fig. 3). No
one has vet offered any subdivisions of
periosteal librosarcoma. We must accumu-
late more cases before subdividing them.

OsteoGENIC TuvoRrs

The nﬁtmnggt'r‘iir tumors may be divided
into  two distinct  classes, the benign
and the malignant. Out of respect to the
time-honored custom we have subdivided
the benign osteogenic tumors into exosto-
sis, ostecoma, chondroma and libroma.
We considered the advisability of call-
ing  these all osteo-chondroma  because
they  seldom present a  pure structure
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Fic. 1. From Registry #66, a case registered by Dr,
L. I. Stewart of Clearlield, Pa. The histology was
that of metastatic carcinoma in the opinion of Blood-
good, Ewing, Wright, Wolbach, Mallory and Phemis-
ter. The history pointed to origin in the thyroid.
Death from metastases. This figure illustrates the
method of growth of a malignant embolus of great
*.-':ls-::lli:ll'il_"y' and cellular activ [1_'.', Globular local cxpan-
sion of the bone resulted, in spite of an effort of the
periosteum to lay down new bone. This is an extreme
case but 1t 15 not uncommon for metastases to form
similar areas ol local central destruction and expansion
of the cortex.

In some cases the presence of a carcinomatous metas-
tasis is said to stimulate the bone to produce massive
new bone, especially in the case of prostatic metas-
tases. No such case has as yvet been registered, but
this phenomenon 1s not uncommon in slow-growing

typces.
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FiG. 2. This is from Registry #148, a case registered
by Dr. P. P. Swett of Hartford, Conn The histology
was that of a metastatic carcinoma in the opinion
of the pathologists. The history pointed to origin in
the adrenal. This figure illustrates the invasive
method of growth ol a m.'l“;.{l‘l.'u‘tl_ embolus. Notice
that the growth invades the cortex as well as the
medulla. In this it resembles Ewing's tumor although
the latter generallv involves a much larger section of
the shaft. This case also resembles a focus of osteitis
librosa, and the presence of the pathologic [racture
would be in keeping with this lesion.

Figures 1 and 2 together are very instructive from
Hi rm*l‘ltgrnn|n;jic u‘itwpnint for l:|u'_',.r are L'('rl:lil'll_‘-.'
quite unlike and vet both represent carcinomatous
metastases. In one the method of growth gives the
appearance of giant cell tumor and in the other of
Lowing’s tumor. So in these istances the microscope
1s of more diagnostic weight than the roentgen rav.
Yet we cannot LHRY that l|1_~..'|'nit| metastases conform
to one method and adrenal carcinoma to the other,
for we have instances where adrenal metastases caused
the former tvpe ol localized expansion. However, the
roentgenologist  might logically  favor metastases
rather than giant cell tumor, for the latter 1s unknown
in this situation. Grant cell tumors uf!m.r.u‘ invade the
condviles except in young subjects belore the epiphyses
are united. Therefore, expansive tumors ol the shalts
ol bones are presumably metastases or myelomata.
Cysts of the shalt not involving the condyles are
seldom expansive and often have rounded lines of
demarcation from the medulla.

Figures 1 and 2 illustrate the two chiel ways in which
metastases allect a bone :u‘t‘nl'{“ng_{ te whether the
character ol the tumor is expansive or invasive.
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1. 3. Registry #180. A case published by Dr. Ashhurst
T'his patient recovered alter a radical resection in 1913
and s stll living, 1924. This is the most typical
instance we have ol a **periosteal fibrosarcoma.” “ The
tumor when split open is firm and fibrous, white and
glistening, attached to periosteum over head of tibia
but not involving bone.” THistologically it is a typical
librosarcoma, without evidence ol osteogenesis. The
roentgenogram shows a slight indentation of the bone
where it lies against the tumor, but no evidence of
involvement.

Notice that our nomenclature includes in this class
tumors which may or may not be bone tumors. Such
a tumor as this migzht have arisen in the fascia, the
tendon, tlw plll“*-l.l.llll‘l 0Or llu: joint-capsule. Yet we
may conceive of its arising in the fibrous portion of
the cortical bone and growing outward.

At any rate it represents a clinical entity sometimes cur-
able by radical excision.

How does it dilfer from our subdivision periosteal
osteogenic sarcoma? In three wavs: (1) roentgeno-
eraphically, only contour deformity 1s shown in the
bone—no involvement; (2) microscopically, it is a
hibrosarcoma ||1{f|*-.l||1L,u|ﬁ|l able from fase il sarcoma
no osteogenesis; (3) the gross specimen was attached
to the In'lmall-um If it had been a periosteal osteo-
genic sarcoma it would have shown involvement of
the cortex and the major portion of it would still be
beneath the periosteum except where it had broken
through it. It would have had the same dire Prognosis
as the typical osteogenic sarcoma w hich is pr: actically
always periosteal, cortical unc! nudH[Lm The cross
section would not show even paration
between bone and tumor. "-.‘;L I'L.l‘.L no I.Il...ll case for
Hustration ol a p(':riustu;ﬂ OSteogenic sarcoma, but
they probably do exist.

Oftentimes our data are not as complete as in case 718,
I 2 ease was registered in which it was clear that the
hone was not involved and the slide showed a libro-
sarcoma, the Registrar would place it in this class of
perioste: al fibrosarcoma. "I his name might be changed
to extra periosteal or parosteal. We nee d a better name
which will SI:.{nll}. that the tumor may or may not be
a true bone tumor but s mr.h.u.l. nt to the bone.
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30 Interpretation

and are nearly always mixtures of tissue
resembling fibrous tissue, cartilage and
bone. They are really one entity, rather
than four. Essentially it makes no differ-
ence to the patient having one of these
tumors whether 1t consists of fibrous
tissue, cartilage or bone. If it does not
contamn cellular tissue and 1ts structure 1s
not too atvpical, it 1s a benign tumor which,
il thoroughly excised, will not grow again
nor cause metastases (Figs. 4 and 35).

Personally, T think 1t 1s better tospeak
of this group as benign osteogenic tumors
than 1t is to trv to differentiate these
subordinate classes. These tumors are
composed chiefly of bone and cartilage,
but as any experienced roentgenologist or
microscopist  knows, the delinite pro-
portions of bone and cartilage appear to
have Ilittle signilicance 1 any way.
They are as a rule pedunculated and
encapsulated.

The malignant osteogenic tumors are
called osteogenic sarcomas. Just a word
in regard to the term osteogenic. This
term has been especially used by LEwing
and if I understand its meaning correctly,
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it does not mean “bone forming™ but
“derived from bone™ in the sense in which
it 1s used as apphed to bone tumors;
nor does it mean strictly derived from bone,
but derived from the tissues presumably
intended to form bone. Suppose vou were
voing to build a house and piled on the
lot the raw material which you would have
to use in making the house  the clay that
vou use to make the bricks, the sand which
vou use to make the glass, the lead which
vou use to make the paint and so on to
the other parts which will compose the
complete house. Now 1f someonea cme
along and made some sort of a grotesque
structure which might vaguely resemble
a house but which consisted of all sorts
ol bizarre variations of sand and bricks,
clayv and windows and angles and corners,
this would be a house-ogeniec tumor.
The house would be composed of the
materials intended to make a house but
laid down without a normal plan. Osteo-
genic sarcomas bear the same relation to a
normal bone: thev are composed of the
basic material intended to make bone or
repair bone but thev are laid down n
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F1G. 4. Typical benign osteogenic tumor (not registered)
pedunculated, and probably encapsulated on its
external surface. The line of demarcation in the base
1s not delinite, but if such tumors can be excised
without breaking them and the base removed as
deeply as possible in the shaft, they will almost
surely be cured. Broken pieces scattered in the soft
tissues may grow again locally; so may remnants left
in the base. These tumors are usually bone at the
base and become more and more cartilaginous at
their summits. Not infrequently the areolar tissue
which slips back and forth over the cartilaginous
surfaces develops adventitious bursae. They have
been called *“exostosis bursata.” It seems to the
writer unwise to divide them nto osteoma, chon-
droma and fibroma because they are almost invari-
ably composed of all these elements in various pro-
portions. They are frequently multiple, suggesting
that the growth defect which produces them is of a
general rather than a local character, but single
tumors exactly resembling the multiple tumors do
occur. There are several dilferent terms applied to the
multiple cases, but in the Registry nomenclature
they are all “benign osteogenic tumors.”  They
|1!'u|]:|h]|\' I"L'IJi'L‘HL"l]l l|'||.' ;_{t'uut]l ol aberrant IJ[IH ol

epiphyscal cartillage,
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FiG. 5. This case, #222 in the Registry series, was sent
us by Dr. A. J. Shadman of Forest Hills, Mass.

The patient was a man, aged twentyv-one. The tumor
had been present and steadily enlarging for ten
vears. It was excised by Dr. Shadman in 1914 and
the patient is reported well in 1924,

The case tllustrates an extreme degree of In*ni;_{n Osten-
genie new growth. In a general way the more delinite
the pedicle, the sharper the peripheral outline, the
less the trabecular changes at the base of the pedicle,
the greater the mobility of the soft parts, the longer
the history, the less the pain, the more likely is the
tumor to be benign. Histologically, the more cellular
the tissue and the more mvxomatous the cartilage,
the greater the suspicion of malignancy becomes.

But there are exceptions to all these points. There may
be no pedicle and the tumor may even be endosteal,
and therefore there 15 no peripheral outhine. Also
such a tumor may be benign for vears and then show
malignant changes and rapid growth. However, with
full data a correct prognosis in most cases should be
;_',E!.'t'tl l)_\' anyonc who is familiar with the Ht‘;.‘.i:-‘utr_\.'
series. To the writer, the benign osteogenic tumors
represent aberrant ;_{rm-.'l,h toward adult tvpe, while
the osteogenic sarcomas represent aberrant repair.
Undoubtedly trauma might combine the two and
repair ol a congenital benign tumor cause the advent
of malignaney. Such a case as Dr. Shadman’s must
be near the borderline.
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Fic. 6. Registry #3513, reported by Dr. James G.
Sherman, Woonsocket, R, 1. In this case we have no
tissue but the roentgen appearance 1s so typical that
the diagnosis ol osteogenic sarcoma may be made on
it alone. It represents the typical method of mvasion
ol the bone in this disease. One sees not only the
tumor developing radiating spicules outside of the
cortex but an area of loss of density within the bone
itsell. The old shaft is conspicuously present in the
center of the tumor which surrounds it like a callus.
This case 1s a tvpical instance of what the radiologists
have called periosteal sarcoma. There 1s no reason to
suppose that the tumor originated in the periosteum
or in the center of the bone [or almost all of these
osteogenic sarcomas involve both periosteum and
medulla. It is therefore unessential to deseribe them
as central or periosteal.

[t is the hope of the Registrar that the term osteogenic
sarcoma will be used for such cases as this because
periosteal is clearly a misnomer. Its only meaning is
that the tumor is more periosteal than central, and

this has no chinieal signilicance.
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FiG. 7. Another tvpe of osteogenic sarcoma in which
the osteolytic lactor 1s more pronounced than the
osteogenic. The general shape and confirmation of
the tumor is similar to Figure 6. The remains of the
old shaft are present, but no definite new bone
|Jl'{I(ILIL‘liHI'I is visible; furthermore the ll'liL‘I'HHL‘HE}l‘
fails to show any evidence of bone or cartilage pro-
duction in the section submitted, the histological
picture being that of a flibrosarcoma. It is very
doubtful whether this osteolytic form of osteogenic
sarcoma 1s of any different nature clinically from the
maore typical case shown in Figure 6 where osteolysis
and osteogenesis are both present.

Phemister believes that the Registry should classify
these separately. We shall be glad to do so if the
follow-up ol these cases shows that there 1s any
difference in their clinical course.
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rregular and fantastic fashion with absurd
proportions of the components (Figs.
0, 7, 8 and g).

In callus or normal bone repair, for
instance, there 1s a process of osteolysis
followed by a process of osteogenesis.
This normal process of repair must have
some solvent action to round off the old
ragged bone edges and this solvent action
must be followed by an osteogenic action
which welds the ends together. Therefore,
in osteogenic sarcoma which 1 believe 1s
an abnormal process of repair or callus,
we see varying degrees of osteolysis and
osteogenesis. In some cases the tumor cells
seem to have a corrosive power. The bone
in contact with them dissolves and dis-
appears. In other parts of the tumor
irregular osteogenesis may take place and
a far greater amount of bone be deposited
than is needed. This is important to re-
member in roentzenological interpretation,
because from vour point of view an osteo-
lytic tumor gives a very different picture
from one which 1s |)1‘n{[l|ring bone, vet
osteogenic sarcoma is the cause of both
processes and the prognosis is just as
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bad in one case as in the other. Osteogenic
sarcomas, therefore, mav be whollyv osteo-
lvtic or almost entirely osteoblastie, for
[ am told by Professor Thompson of the
University of Texas, that osteoblastic is
the correct word when vou mean that a
tumor 1s actually producing bone. An
osteogenic tumor is only potentially osteo-
blastic. However, 1t 1s very t'xL'L‘}}linnu[ for
an osteogenic sarcoma to be wholly osteo-
[vtic. Both processes go on side by side.

I have been over all the roentgenograms
of the registered cases in which there 1s no
doubt of the diagnosis of osteogenic
sarcoma. | have found that very few cases
show only osteolvsis, and only one shows
no osteolysis and this i1s probably due to a
technically poor roentgenogram. Nearly
all show both osteolvsis and osteogenesis.

There are, however, certain roentgen-
ologic characteristics of osteogenic sarcoma
as opposed to giant cell tumor. In nearly
all osteogenic sarcomas one sees the old
shaft within the tumor m its former posi-
tion; on the contrary giant cell tumor
expands the shaft. The method of growth
1s quite different, for osteogenic sarcoma,
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Fic. 8. Registry #1122, a case submitted by

Dr. Bloodzoaod.

I'his 1s the type which we call sclerosing. 1t shows the

same general contour and presence of the old shaft,
but instead of osteolysis, there is abundant osteo-
senesis. | he sections also show marked increase of
new tumor bone. This case merely illustrates the
extreme grade in the opposite direction from Figure
7, which shows practically all osteolysis and no
::le_cugtm'xi:-}. In other words, the three tumors show
the same discase, but different phases or types.
Possibly these types have different clinical histories,
espectally this selerosing form which has alwavs been
thought since the days of Virchow to be more slowly
progressive than the more cellular tvpe. As vet the
statistics ol the Registry do not reinforce this beliel,
but it is not time to report on this matter, for at
present these sclerosing forms apparently show little
if any, better prognosis than the osteolytic forms; in
fact, the osteolytic forms may have a better prog-
nosis from treatment by radiation than the sclerosing
forms, though perhaps the danger of metastases from
the sclerosing form may be less,
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I'ics. ga, ob and ge. From an advanced case of telangi-
ectatic osteogenic sarcoma in the same region, #334
registered by Dr. Adair of New York. The arterial
mjection makes  the dilated  blood spaces  con-
spicuous. It differs from the others merely from the
fact that the arteriovenous communication is more
direct and hence the arterial pulsation dilates the
spaces in the tumor through which the blood flows,
as L'N|J|:lf11t'{i in the text. These blood channels are
often lined by tumor cells; hence the possibility of
metastases 1s |1l.'ig_{|lll'|‘u.*t| and the growth more |'upil|
and sinister. This tumor also belongs to the sclerosing
type as shown by the roentgen ray before the arterial
injection. The gross photograph shows that 1t 1s also
of the medullary and subperiosteal tyvpe. Other
such nstances where one tumor ]J{'l::t];{:-; to three

types might be cited to show that the subdivisions
ol osteogenic sarcoma are merely minor and perhaps

UnnNcecessary L'[II'HL"H I L"I:l‘-i:-it'.‘-i.

Figures 6, 7, 8 and g all represent cases ol osteogenice sar-
coma of the lower end of the femur., Contrast therr
variation Irom an intense bone production to none at
all. Histologically they are quite unlike. Yet those whao
have studied the Registry series believe all to be the
same deadly elinical entity—osteogenic sarcoma. The
roentgenological and histologie differences are great

but their natural history 1s the same.
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whether central or periosteal in origin,
burrows diffusely through the cortex and
grows Inside and outside the old bone,
often laying down new tumor bone both
mside and outside the shaft. That [aid
down outside the shaft is usually in ridges
or spicules radiating away from the center.
The advance of giant cell tumor, on
the contrary, 1s expansile, pulsating,
aneurysmal, absorptive in 1ts character.
These tumors are bloody but contain no
blood vessels. The red cells are in a mesh of
round or spindle cells which I believe to be
endothelium and others believe are fibro-
blasts. Probably this 1s a distinction
without a difference but at any rate the
red cells are circulating freely n this pul-
sating bloodv sponge.

The effect on the bone 1s pressure
absorption from within outward until the
periosteum is reached. At this point the
soft tissues give with each pulsation and
the subperiosteal osteoblasts keep up a line
of defence by attempting to produce new
bone. | believe the shell of giant cell tumors
is new bone- not the old expanded shaft
(el g 1 4),
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There are many  dilferent ways  of
subdividing osteogenie sarcoma. In the
past both the pathologists and surgeons
who have written on this subject have
used subclassifications according to cell
terms or tissue terms. There was supposed
to be some prognostic difference between
spindle cell sarcoma, round cell sarcoma,
ete. Even mixed cell sarcoma was a term
in common use. | cannot myselt tell vou
what mixed cell sarcoma means nor have
[ been able to hind any ]J;lt'hnln}_fi.»:t who 1s
willing to detine mixed cell sarcoma. It 1s
a vague term merelv meaning that the
shide shows a variety of cells. The ordinary
;_fi.'ml cell tumor, for instance, 1s a mixed
giant and spindle cell tumor and used to
be called sarcoma.

Attempts were also made to base prog-
nosis on the tissues which the sarcoma
mimicked. Such terms as fibro, cellulo,
osteoid, chondro, myxo and osteo sarcoma
were  used  and  collections  subdivided
accordigly.

Anyone who has studied the Registry
cases will agree that these terms are not
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sullictently definite so that in an individual
case a number ol different pathologists
can agree to use the same term. Here 1s
one of our cases, for instance, which all now
agree 1s an osteogenic sarcoma, but which
in the early days of the Registry was
classtfied by the different pathologists
under these different headings.

J. C. Bloodgood-— Periosteal myxo-sarcoma

J. Ewing— Myxo-chondro-sarcoma

F: B f\lu“ul‘}' Oﬂlt'ug‘cnit'-fiht'{;r-t‘l'l}'x{_}-
sarcoma

J. H. Wright—Osteo-chondro-sarcoma

C. Y. White— Mixed cell sarcoma

H. Fox— Myxo-sarcoma

W. C. MacCarty  Fibro-chondro-osteo-
pseudotextoma

A. C. Broders— Osteo-libro-myxo-sarcoma

The Registry furnishes many mstances
in which by selecting different helds the
tumor could be called by any one of these
names. Moreover there are intermediate
orades ol tissue in which the intercellular
substance lies between libro and myxo,
between myxo and chondro or between
chondro and osteo, ete. Other parts of the
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Fics. 10, 11 and 12. These microphotographs are all
from the same case #3335, registered by Phemister.
They illustrate the absurdity of trving to separate
osteo and chondro and librosarcoma ol bone. This
tumor had separate nodules which were chielly osteo-
SATCoIm, chondrosarcoma and hibrosarcoma respec-
tivelv. Moreover the metastases in the case showed :
ltke variation. One could find no better proof that it
15 |‘:JH_\ to subdivide osteogenic sarcomas entirely by

tissue resemblances in a single section.

same tumors may show merely cellular
tissue with no intercellular substance and
in which the cells are evidently osteolvtic
in character. One is forced to the conclu-
sion that the }}l'm:ll.lL‘t of the cells of the
same tumor mayv be osteolvtic or fibro-
blastic, chondroblastic and osteoblastic.
Furthermore, in naming the mdividual
tumors, the pathologists so often disagree
on whether the terms librosarcoma, chon-
(II'UHHI‘L'UI'I]H, My Xxosarcoma ;md osteosar-
coma should be used, that it is hopeless to
obtain authoritative unanmmity. They do
however unite on the term osteogenic for
the whole class.

When our collection  accumulates  so
that we have at least 100 ol each type we
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may attempt .'t;;':lil'l to sce whether the
Prognosis varies  according  to  the pre-
ponderance of ecach of the hibro, myxo,
chondro, osteo elements.

Another slide from another part of the
tumor might have changed the -:prnim}
of any one ol them. Therr variation n
termiology was simply a minor descrip-
tive difference in characterizing the partic-
ular  section which  was seen. There
was no prognostic nor therapeutic idica-
tion which was of consequence, whichever
one of these terms was correct (Figs.
10, T gl 12).

[ am inclined to think that the subclassi-
fication of osteogenic sarcoma which we
ourselves use at present, is of very hittle
more value, vet I hope that when our
collection has reached greater numbers
we shall be able to divide osteogenic
sarcoma into still further clinical entities.

We have attempted to subdivide osteo-
genic sarcoma into four anatomic types.
I am not sure that these types are worth
separation. The first 1s the medullary and
subperiosteal. The more our experience
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has grown, the more universal this tvpe
seems. Practically every osteogenic sar-
coma of which we have a good roentgeno-
gram or a good opportunity to examine the
gross specimen, shows both medullary and
subperiosteal invasion. This tvpe therefore
1s more of a descriptive term for all osteo-
genic sarcomas than a subdivision.

If you could examine our collection of
roentgenograms ol many instances of each
of these classes of tumors, vou would be
struck by the general resemblance of the
members of each class to each other as op-
posed to those of the other classes. For
instance, practically all of the osteogenic
sarcomas do not invade the condyles while
practically all of the giant cell tumors do.
In practically all the osteogenic sarcomas
one sees both osteolysis and osteogenests,
and the remains of the old shaft in the
tumor, On the other hand, all the giant
cell tumors are osteolytic, central and the
old cortex 1s expanded and 1s outside the
tumor. The collection reminds me of
influenza cases in the army; an individual
case was hard to diagnose but when one
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saw a whole ward full, the characteristics
of the whole group were evident.

The second subdivision is “periosteal.”
There are probably a few osteogenic
sarcomas that involve the pertosteum
and cortex without invading the medulla.
| am inclined to think that this 1s an
unnecessary subdivision because it has no
clinical significance and merely indicates
cases in which the medullary or central
ivasion is not very obvious. It 1s a very
fine distinction to say periosteal osteogenic
sarcoma  as H}JI)&?HL‘K[ to |)L‘IE:1:-;I:L‘:1| [ibro-
sarcoma. This is particularly true because
Bloodgood has for vears used the term
periosteal sarcoma in the same sense that
we use the term osteogenie sarcoma. |
think that periosteal sarcoma 1s almost
universally used by roentgenologists. They
thus designate the true malignant type
ol bone tumor which we call osteogenic.
I find that it 1s fundamentally incorrect
because these tumors are, as stated above,
almost alwavs both periosteal and central.
I believe Bloodgood himsell is willing to
admit this fact and when he uses the term
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periosteal sarcoma 1t is more from habit
than from mental conviction of its
appropriateness.

The third anatomic type is sclerosing.
This term has been commonly used by
pathologists since the days of Virchow,
as synonymous with ossifying. It means
that the tumor has produced dense bone.
This type is easy to recognize roentgenolog-
ically, microscopically and pathologically.
It 1s held to be slower growing clinically
than the cellular forms. These tumors
probably are of sligchtly better prognosis
but not enough cases have accumulated to
furnish any statistical proof of this fact.

The fourth anatomic form 1s telangiec-
tatic. This merely means that the tumor
is more or less riddled with dilated blood-
vessels or blood spaces. When 1 a bone
sarcoma the arteriovenous anastomosis
within the bone, due to breaking down of
bony septa, has reached a pomnt where the
arterial pulsation is pretty direct into the
blood channels of the tumor the pressure
expands these channels. These channels
are frequently lined by tumor cells or at
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best by a single laver of endothelium. The
rush of blood through such a tumor may
be so great that the whole tumor expands
with each pulsation. Formerly such cases
were called bone aneurysms. We now know
that this condition occurs quite frequently
although the degree is not great enough
to make the whole tumor pulsate. We
believe that this anatomic type justilies a
separate subdivision because of 1ts unusu-
allv bad prognosis. It presents the most
favorable condition for metastasis, because
the blood stream can tear ofl cells from the
sides of the blood channels and wash them
into the pulmonaryv circulation. In the
roentgenogram this telangiectatic condition
may be suspected where there 1s rregular
loss of bone substance in the interior of the
bone. After amputation it may be beauti-
fully shown by opaque arterial mjection,
as demonstrated by Dr. Frank Adair.
Sh::rph' contrasted with telangiectatic
osteogenic  sarcoma  are the glant cell
tumors which also have a very direct
arteriovenous connection but in which the
cells are not malignant. Yet in the old days
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these too were called “bone aneurysms.”
Histologically  their structure is quite
different, for in giant cell tumors the
circulation i1s i the capillary mesh of the
tumor.

You will notice another subdivision of
osteogenic sarcoma entitled undifferenti-
ated sarcoma. Tumors of this class are
always necessarily osteolytic. In the roent-
genogram they simply show loss of bone
substance, no bone proliferation. Micro-
scopically they are composed of round
cells which show no tendency to form any
known structure or tissue. That 1s, these
tumors are round cell sarcomas occurring
in bone and from their position are classed
as bone sarcomas, not because they are
known to be derived from bone or bone
elements. Some of us think that this class
should include Ewing’s tumor which will
be described later. At any rate, 1t 1s a
class of tumors which we might as well
admit are of unknown derivation; 1t
being merely an assumption that they
are bone tumors. My personal opinion
is that they represent the normal process
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which precedes  callus  formation  and
smooths ofl the old ends. Under the
microscope one sees  these little round
ceils working through all the tiny spaces
and canals and the bone melting away
before them, just as in normal bone we
see marrow spaces forming.

I cannot leave the discussion ol osteo-
cenic tumors  without mentioning  the
term mvxoma which has been used so
much by mv colleague, Dr. Bloodgood,
and others, and which perhaps deserves a
position as a clinical entity. I think it was
the consensus of opinion of the two com-
mittees who formed this classilication
that myxoma in bone 1s to be considered
as atvpical hibroma or chondroma. We
[ind mvyxomatous tissue in many tumors,
benign and malignant. Sometimes 1t 1s
the preponderating tissue in tumors, but
more commonly 1t 1s seen as a phase n a
tumor which 1 other regions shows
various degrees of atvpical appearance of
ibroma or chondroma. 1t also appears
frequently in malignant osteogenic sar-
coma. On the other hand, there are tvpical
arcas of My xXomaql in ostcitis librosa and in
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benign giant cell tumor. We doubt the
advisability of considering it a real tissue.
There 1s no case in the Registry of a pure
myxoma or myxosarcoma. Even Blood-
good has not registered his published cases.

INFLAMMATORY CONDITIONS

The fourth clinical entity in our classi-
fication 1s “inflammatory conditions.” It
1s needless to say this i1s capable of many
subdivisions.  For the purpose of the
Registry 1t 1s unnecessary to go into great
detail in this, but unavoidably we receive
instances of inflammatory conditions which
are especially apt to be mistaken for bone
tumors, and I sometimes think that we
have less trouble in differentiating the
various forms of malignant bone tumors
[rom one another than we do mn differen-
tiating inflammatory conditions from bone
tumors.

An inflammatory condition commonly
mistaken for bone tumor 1s myositis
ossificans. This has been and probably
will be agam i individual cases dillicult
to dillerentiate from osteogenic sarcoma.
The well-known criterion  lor roentgen
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differentiation is that the new-formed
¢l to the shalt
instead  of  perpendicular to it as in

bone lies as a whole paral

osteogenic sarcoma. The mistake of con-
fusing these two will seldom be made
if  cood roentgenograms  are  obtained
(Fig. 13).

Under osteoperiostitis is included the
coreat majority ol bone tumors due to
inflammation and commoniy spoken of
as osteomvelitis. We have subdivided this
division into three: traumatic, syphilitic,
and infectious. Traumatic conditions such
as  hemorrhage 1 the bone with its
resulting repair and also cartilage and bone
production in callus, may at times simulate
bone tumor. It i1s hardly in the scope of
this book to discuss this heading in detail.
I am rather glad to dodege 1t, because it
seems to me one of the hardest problems
the I'fu.'rH;_{L'l‘mll};ij‘L meets 1s to differen-
tiate between callus complicated by osteo-
myelitis  and  osteogenie  sarcoma.  The
other two subdivisions of HHI_{'HI){‘I'iHHIiIEH
are H}philitic and infectious, the latter
including tuberculosis and various reac-

tions to pvogenice mlection. Ewing’s tumor
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Fra. 13. This is probably a case of myositis ossilicans
although some pathologists have considered it a
peculiar sarcoma. The case is Registry #2603 and was
reported by Dr. J. R. Paul of Philadelphia, Pa.

Resection of the libula November 17, 1919, Amputation
was done on Iieb. 23, 1923, and the patient was re-
ported as living October 20, 1924.

The roentgenogram shows the spicules of new bone laid
down more or less parallel with the shaft instead of
radiating perpendicularly from 1t as in osteogenic
SArconii.

This instance of myositis ossilicans is more confusing
than usual, for frequently the roentgenogram shows
a distinct line of separation between the bone and
tumor, the mass lving in the muscle. Sometimes, how-
ever, it seems almost to surround the shalt ol the
bone. As in this case the mass or masses not inlre-
quently resemble the muscle bellies,



Interpretation 05

especially is hard to  distinguish  from
osteomvelitis by the roentgen rav. In
the case which illustrates this article 1t
resembles Brodie's abscess.

The final subdivision under mflamma-
torv conditions 1s ostertis librosa. This
term 1s used n its broadest sense. It
includes the various cystic or librous
conditions in the bones of patients with
Paget's disease, osteomalacia and  the
associated diseases characterized by multi-
ple cysts. It also covers the simple bone
cyst and the diffuse endosteal fibrous
tumors called by Bloodgood solid osteitis
fibrosa. In some of these cases the patho-
logic  distinction  between  mflammation
and new growth is hard to draw. Unavoid-
ablyv the cases of the most tvpical form of
osteitis fibrosa usually found m voung
people and consisting of librocystic degen-
erative changesin theshaftof the long bones
are occastonally  mistaken for sarcoma
(Figs. 14 and 13a). I would like to stress
the point that central tumors of the bone
which are not metastases or multiple
mycloma are seldom malignant.
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16, 14. An extreme instance ol osteitis hbrosa resem-
bling histologieally a low grade ol osteogenie sarcoma
of ibro-chondro type, #220 1n the Registry series and
reported by Do J. W, Sever of Boston, Mass., Under
observation ten years and stll living with deformed

femur, and lesions in other bones.
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Fic, 1g3a. A solitary evst with pathologie Tracture
Ht'y.;iwtl'x T3 sent by J. CL Tabbard of Boston.

When there s an endosteal tumor which
mvolves a |:lt‘.LEL' |Jnl'lil}r'| ol a shalt ol a hnm-,
particularly if there 1s bending or bowing
ol the bone, osteitis hibrosa should be
suspected. Oftentimes there 1s a delinite
line of demarcation at the ends of the
ocrowth ¢iving a convex outline like that of
aiant cell tumor, but occasionally the mar-
cin ol the healthy bone 1s not clear cut
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and may even have an irregular appearance
ol an mvasive character similar to that seen
in some case of metastases and in most
cases of Lwing’s tumor.

Solitary bone cvsts are included under
osteitis fibrosa although it is fairly certain
that some of them are giant cell tumors in
which the arterial connection is cut off
and the tumors have undergone cystic
r_|c;il:ntrntin|1.

BenioN Giant CELL Tumor

The fifth division n our classification
1s benign giant cell tumor. The evidence of
the Registry stands behind Bloodgood 1n
the attitude which he has taken in con-
sidering this tumor benign. Over 100
cases have been registered; i very few
has there been any real question of metas-
tases, so few that errors in primary diagno-
sis are probably responsible. This tumor
may pn:-rm‘t[ from one bone to another
wherever two bones are connected by
broad ligaments, the tumor advancing
between the lamellae of the Hj_*‘:lll‘tt‘nt:«‘ n
those portions of the body where the bones
are intimately connected, as in the tarsal
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bones, the vertebrae and the upper and
lower ends of the tibia and hbula. 1t 1s
not uncommon to have this occur. My
own view 1s that giant cell tumors are
endothehal sponges in the mesh of which
blood corpuscles freelv  crrculate. It 1s
the pulsation of the whole sponge which
dilates the bone t'.‘tl_l.'-iir'l,f_‘j the common
roentegen-ray appearance ol mflation. I
a broad ligament h:t[}[h'na to be attached
to the cortex of the bone, the two halves
of the higament will be separated and the
tumor will gradually intrude between them
and on into the other bone (Figs. 15 and 16).

As vet we have no subdivisions in benign
aiant cell tumor. Histologically they are
very similar although occasionally  they
are complicated by the presence of cystic
degeneration, hibrosis, chondrification, or
osstlication. The work of Ewing and
Herendeen! following that of Plahler and
other proneers i attempting  to  heal
agiant cell tumors by the use of roentgen
rays has been a wonderful nspiration,
and I should be much interested to know

Herendeen, R. E. The roentgen ray in the treatment of giant
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1. 15. A benign giant cell tumor, Registry #34,
reported by Dr. Frederick Kammerer of New York.

Notice the clear-cut limitations of the tumor, the
apparent expansion ol the bone and the fact that the
tumor has descended far into the condyle. 1f a large
croup ol roentgenograms ol bone tumors were
separated into two divisions, (a) those which invade
the condvle, and (b) those which do not, practically
all those which invade the condvle would be giant
cell tumors and [}l':u'lit'u“;' all those that do not
invade the condvle would be osteogenie sarcomas.
This is especially true in the femur and is also true
in most ol the other bones although exceptions occur,
particularly mn the tibia. This hgure shows that the
tumor is conlined nearly entirely to one condyle of
the bone. This 1s not uncommon in cases of giant
cell tumor of the femur and they may also occur in a
similar wav involving one condyle of the tibia.
Roentgenologists in making a differential diagnosis
between a giant cell tumor and osteogenic sarcoma
would not go far astray if they would base their deci-
S10n l.'|'|ti!'l'|}.' on the two factors of whether or not the
old shaft showed in the tumor or was expanded by the
tumor and whether or not the tumor descended into
the condvle practicallv to the cartilage.

Metastases and myeloma and bone ceysts are the only
conditions likely to be confused with giant cell
tumor. Metastases are prone to aflect the shaft in the
neighborhood of the nutrient artery while grant cell
tumors are alwavs close to the joint and never in the
shaft. Myeloma is usually muluple, while giant cell
tumor rarely is. Bone eysts, | believe, could be sepa-
rated from giant cell tumors by measurement; that
is, the transverse diameter of a giant cell tumor
compared to its long diameter is greater than the
dillerence ol the same dimensions in a bone cyst.,
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FiG. 16a. A benign giant cell tumor of the tibia which has

invaded the libula as shown by the roentgen ray.
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i, 16h, The same tumor alter amputation in gross

seCcLion.

F16s. 16, 16h and 16e. Case #212 l".'l‘_"i‘w‘ll'l'l'[l ]:_". Dr.
David Cheever of Peter Bent Brigham Tospital.

I hree |1;_{Hr':'=-. to llustrate the method of invasion ol
;,'i;l“t {'l:'” Lunors from one bone to .'|r‘|:|l||='r mn l|1n-1|_'
Unl'!irrt]a ol 1|:1' bhody where bones are l}:rlln(' I:H::t'lhk'l'

bv broad lhiezaments.
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i, 16e. A [rozen scetion of a normal .'||]L||:-"[n|n[
at this point. The broad tibio-libular attachment
lies between A and B.

The facts shown in these three ligures (1€a, 160 and
10¢) may be interpreted in two dillferent wavs, one
appealing to those who regard giant cell tumor as
a benign mass of granulation tissue, the other appeal-

in;_r, to those who regard 1t as a IH'H']J]CI"H'II.
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Vv own view is the former. 1 believe that as the cir-
cumlerence of the tibia enlarges rom the mtraos-
scous pressure the points A and B on the tibia would
become wider and wider apart, thus making a point
of least resistance for the imtrusion of the tumor into
the spongy bone of the end of the libula. In the spine
where there are many broad Ligaments olant cell
Lumaors muy pass from one vertebra to another, in the
SAIMe manner.

Professor Wolbach who has been studying many of the
Registry cases with me, feels that the interpretation
of the fTacts |n'-.-.-'-:nh.~t| |1_".' these three ligures favors
the view that giant cell tumor is a true neoplasm and
advances as an autonomous new-growth from ats
inherent growth propensities, rather than from the
mechanical character of a pulsating sponge in direct
communication with the blood stream, creating

INLFAOSSCOUS [Prossure.

The l}hnl:r;_{r.'l];i] ol the TrOss section also shows twao
other points characteristic of giant cell tumor: (1)
the tumor has extended down to the joint eartilage;
(2) 1t has extruded as a fungous mass through the old
operative mcision. While these fungous masses occur
in other kinds of tumors they are particularly charac-
teristie of this © e, Hihtu|u;.‘.i¢::t||_‘l.', these masses are
especially confusing as they grow very rapidly and
hence show maore mitoses and a greater pleomorphism
than the tissue which one finds at the lirst operation,
while the tumor s still under pressure within the
bone. One should alwavs discount histologic malig-
nancy 1n such extruding masses. It may be that this
cextrusion 1s nature’'s method of healing.
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why these progressive pulsating tumors
can be made to fibrose and ossify under
racliation, but it is a fact that this often
occurs.

ANGIOMA

The sixth division 1s angioma. We have
3 registered cases of bone tumors which
roentgenologically  resemble giant cell
tumors, being central and expansive, but
which in section show the structure of
benign cavernous angioma (Fig. 17). The
roentgenologic appearances are very simi-
lar to those of giant cell tumor but the
loculi are smaller. One of these tumors, a
very large one of the ilium, was treated
successfully with roentgen radiation. The
other 2 were excised successtully. On the
basis of these 3 cases, and a few others
mentioned in the literature, we have
made this heading of angioma of bone.
[t will take manyv more cases to estab-
lish 1t as an entity worth considering n
diagnosis.

Under the heading of angioma you will
notice the subheading of benign and
malignant. Benign I have just considered.
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#

Fic. 17. Registry 7230, reported by Dr. A, P. C.
Ashhurst ol Phi[.‘rdt'hjhi;l, Pa;

A man aged thirty-hive, with a tumor of the tarsal
scaphoid. A cvst-like cavity containing currant-
jellv-like material curctted September 16, 1922, Was
reported well in the summer ol 1924,
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The histology was that of benign angioma, similar to that
seen in tumors of the solt parts. Roentgenologically
it 1s indistinguishable from a giant cell tumor or cyst
except that the loculi are smaller. In 2 other cases of
benign angioma, one of the skuil, Reg. #230, and one
ol the ilium, Reg. #153, the loculi are even smaller
than in this case. Three cases are too few to base a
general rule upon, but tumors of bone presenting the
appearance ol giant cell tumors with very small
loculi should suggest the possibility of this condition.

The malignant forms of angioma in bone

are evidently rare. We have left this

subdivision more as a compliment to those
who have used the term angiosarcoma
than because we need it to include any
group of our tumors. I have mvited my
colleagues and many other pathologists,
privately and publicly, to register a case
of angiosarcoma; no one as yet has done

it. The fact 1s that this term was used n

the past for the vascular or telangiectatic

forms of osteogenic sarcoma. I mention 1t
largely because I hope no roentgenologist
will use 1t.

Ewing’s Tumor

The seventh division is Ewing’s tumor
(Fig. 18). At about the time the Registry
was started in the fall of 1920, Lwing
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had begun to notice a group of tumors with
pretty delinite characteristies in that t|w.\
nearly alwavs involved the shalt, mvaded
the whole bone, cortex and all, did not
produce bone, and consisted of small
round cells with no tendency to formation
of intercellular substance. Also they hap-
pilv had the characternistic of rapid regres-
sion under radiation. These tumors prob-
ablv correspond to those Gross classilied
as periosteal and central round cell sar-
coma. LEwing 1s melined to consider them
endothelioma. Most of the pathologists
who have been taking part in the work of
the Registry have greatly enjoved the
opportunity ol studying the instances of
Ewing’s tumor and curiously enough, as
our collection has accumulated, we have
found many tumors belonging to  this
tvpe. As a matter of classilication we carry
this tumor under Ewing’s name, rather
acainst his will and more or less to his
mortification, because he not infrequently
disowns a tumor which the Registrar
tries to place under his name. At any rate,
all those interested in the ]‘{L'giﬁtr}.' NOW
think  theyv recognize LEwing’s  tumor,
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h

FiG. 18, Registry #173, reported by Dr. James Ewing of
New York., An instance of the type we call “Ewing’s
tumor,” believed by Dr. Ewing to be endothelial in
character but in the opinion of the writer belonging to
the group of osteogenic sarcomas of undifferentiated
type. The roentgenological characteristics do not
difler greatly from those of osteomyelitis. There is
central invasion of a diffuse character involving the
cortex as well as the medulla. There 1s also bone
proliferation which Ewing believes not to be due to
the tumor itself but a protective eflfort of the perios-
teum to restore the bone. Notice that the upper and
lower outhines are not elear cut as m cyst or giant
cell tumor. Many cases of this condition show a more
definite JTongitudinal striation than does this case.
The bone 1s olten widened apparently by the inhl-
tration of the lamellae by the tumor itself, thus
spreading and widening the bone. It is the belief of
the writer that Ewing's tumors are osteogenic
sarcomas but that the ||i5-:.lt}[u;_{lg.' and general method
of growth are modified because ol their origin in the
shaft rather than near the ends ol the bone. As a
whole, Ewing's tumors are osteolytic in character,
seldom showing as much increase in the bone as is
present in this figure. After radiation rapid osteo-
eenesis takes place. The writer believes this s because
radiation changes the function of the cells from
osteolvsis to osteogenesis. At any rate 1t 1s a fact
that this {-Hu'n;{rm'ﬁiﬁ occurs and it is one of our
int.{-rwﬁng |1|‘:}1}]1'r1|.~; to determine whether this new
bone is normal or produced by tumor cells.
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although most of them probably think
it more properly belongs in our classifica-
tion under the heading of undifferentiated
sarcoma in the osteogenic group than under
endothelioma. However, we continue to
carry 1t 1 our classification because
after all the fundamental unit In our
classilication 1s “clinical entity” and this
tumor is certainly a clinical entity.

I not intrequently guess the diagnosis
either from the slide, the roentgen appear-
ance or the history. If vou see in the roent-
cgenogram a tumor of the shaft in which
the bone has a striated appearance as 1t
the disease was invading the marrow spaces
and separating the lamellae, thus swelling
and widening the whole shaft and cortex,
the likelihood 1s that vou will find in the
slide a round cell tumor with no inter-
cellular substance, and vou mav feel
tolerably sure that roentgen radiation will
cause the disappearance of the tumor, at
least tumpm';ll‘il}'. [ am sorry to sayv vou
may conflidently expect belore many
yvears metastases in the lungs and often
also in the skull and other bones. This
tumor has not as vet been subdivided nor
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Fic. 1. Registry =232, An instance ol myveloma regis-
tered by Dr. John Homans of the Peter Bent Brig-
ham Clinie of Boston.

his occurred in a woman aged hltv-nine. Shoulder-
inijﬂ .'Il]lj!lit.l'l]lﬂll was done since at 1_il.'|1_ tillu' Ilfll'l'l.‘
were no other tumors [present 1 liu‘ nthu'r' flnln'-;,
Six months later other tumors .'e|:|::-.1::-c| and the

|:.|Tirn1 chiced.
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does it seem likely that it will be, although
possibly the whole class may be thrown
back under the classification of undifferen-
tiated osteogenic sarcoma.

MyELOMA

The eighth and final heading is mveloma
(Fig. 19). No instance of a solitary mve-
loma has been registered. Mvelomas con-
sist of round cells resembling mvelocvtes.
There i1s no bone production, for mvelocytes
have no intercellular substance and there-
fore would not be expected to cause osteo-
cenesis. Like some giant cell tumors they
may occasionally  cause a considerable
reactive bone proliferation from the perios-
teum so that thickening of the bone at the
periphery of the tumor may result. For
the purposes of the Registry or tor com-
mon use among clinicians, roentgenologists
and pathologists, 1t is unnecessary to
subdivide myeloma. A question mayv be
raised whether mveloma 1s not really a
form of osteogenic sarcoma. We need
many more cases to give us a right to any
convictions at all on the finer points m
mveloma.
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LIST OF DESCRIPTIVE ADIJECTIVES AND
PRI ||\|"1 uscd Etl tln- l.ilrl';lll“'l_' llnr Hulh'll-ulnurn,
These terms should not be wsed as clinical entities,
but to  describe characteristics of  tumors. When
correctly  used thev are not uhfl'l.'linl‘l;l".-'l'. bt ]E'Il'_".,' are
often used incorrectly and lead to confusion, leaving
the impression that a large number of different clinieal

cntities exists.

CELL RESEMBLANCIES
Round [ small
Spindle | large

Oat cell

i " foreign body
iant cell o

Gia true tumor

Mised cell
TISSUE RESEMBLANCES
]'-HH'H-
"'I. l_\' M=
'l.llulr'lti =
Clstea-
Osteond
Osteogenic
Osteosenetic
Osteoblastic
Ossifving
Nantho-
Sclerosing
Cellular
RESEMBLANCES TO VASCULAR RELATIONS
I-ndothelio-
I I;ll'”l'
Lymph-
.""'L!I#Ilu-
Cavernous
Capillary
‘ihl'J-'lr];:.!',it'L't;lliL'
l"l'l'h hn'“;tl
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ANATOMIC RELATIONS

Multiple

I hiftuse

Perosteal
Fxtraperiosteal
P:arosteal
Subperiosteal
Central
Invasive
Solid
Dural
Alveolar
Medullary
Myelod
Myelo-

SUBDIVIDING MYELOMNA
Lymphocytic
N l_\'l'[ut‘}'l IC
Lryvthroblastic
Plasma cell

You will notice in the left hand column
on the face of a Registry envelope this list
of adjectives which have been and mav be
applied to bone tumors. The use of these
adjectives is to be discouraged unless
great restraint 1s used. They are nothing
more than descriptive terms. Theyv are
not the nouns or entities. It 1s possible to
reduce them to an absurd prohxity. 1
could take from our collection almost any
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individual case and correctiy apply a
hall dozen of these adjectives to it. I think
we could show many cases, for instance,
of mixed round and spindle cell giant cell
tumors. We certainly could furnish many
cases of mixed round and spindle cell
fibro-chondro-sclerosing, central and peri-
osteal osteoblastic sarcomas, and we might
further qualify some of these also by other
adjectives. I mention these absurd com-
pounds merely to show vou to what
depths of confusion vou may reduce the
subject of bone tumors. In reality the
bone tumor diagnosis comes down to six
entities, 1f vou omit metastatic tumors,
iflammatory conditions and angioma.
For all intents and purposes the person
with a bone tumor, which is not inflam-
matory or metastatic, mayv be told that he
has one of six tumors——periosteal librosar-
coma, prognosis tair with complete excision;
benign osteogenic tumor, prognosis excellent
with radical excision; osteogenic sarcoma,
prognosis bad no matter what its treatment,
although a few recoveries following amputa-
tion are on record; benign giant cell tumor,
prognosis good under almost any treatment
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except bad surgery; Ewing’s tumor, progno-
sis good for mmmediate reduction under
roentgen radiation, but eventually bad;
myveloma, prognosis certainly and slowly
bad but probably retarded by radiation. All
these types have, I believe, their definite
roentgen criteria and all these types have
pretty definite microscopic and clinical
characteristics. Furthermore, these roent-
cenological, pathologicaland clinical eriteria
will not be materially changed by quality-
ing these terms with any of the adjectives n
the left-hand column. Cases of osteogenic
sarcoma die pretty quickly whether they
are fibro, chondro, osteo, round or spindle
cell, and Ewing’s tumor is no worse for
being called multiple, ditfuse, central,
alveolar, perithelial or invasive. All these
adjective terms are like the colors of our
neckties which make VEry little difference
to anvone except to ourselves but are
sometimes useful to describe a man it you
do not know who he 1s.
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COOPERATION WITH THE
REGISTRY

You mav help the Registry in two wavs:
first by registering vour cases and second
by studving groups of registered cases with
it.

To register a case send a brief clinical
hihtnr.\., two or three charactenistic X-ray
prints and freshly fixed tissue or blocks or
shides. The Registrar will write to vou a
vear later giving vou the diagnoses of the
different pathologists who have studied
vour case and asking for a note on the
progress. Cases in which no operation 1s
done mav be registered with the chinical
history and x-rav prints alone.

Few hospitals are well enough organized
to satistactorily register their cases. A well-
registered case 1s therefore an indication
that the hospital has a competent roent-
genologist, pathologist, record department
and follow-up system. In addition, it is
an indication that the hospital is organized
and authoritativelv expresses itsell as will-
Ing to cooperate in this necessary study.
[t 1s also an indication that the hospital
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probably also records and studies other
rare cases and :lf-;f-e.i;_{nﬁ them to those
qualilied to treat them.

[t vour hospital Stafl is cooperating with
the Registry, the Committee will send to
vou mn boxes containing the data of about
ten registered cases at a time, the whole
collection, for the review of vour surgeons,
pathologists and roentgenologists in rota-
tion with the other interested clinics.
Only those clinics which are registering
their own cases are entitled to this prix'“tg{'.

Careful registration of a case 1s an indica-
tion that the surgeon in charge of that
patient 1s giving the benelit of the best
available consultation at his command
under the local conditions.

The immediate opinion of the Registrar
on data submitted is given 1if requested
without charge no matter what the cir-
cumstances of the patient. The consulting
pathologists’ opinions are given at the end
of a year unless duplicate data are sent to
them individually for immed ate answer.
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