
RESPONSE OF BONE TO TUMOR zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAINVASION 

ROBERT AUSTIN MILCH, M.D.,* AND GEORGE W. CHANGUS, M.D. 

ANCER metastases in bone are frequently C thought of as being divisible into two 

presumably distinct roentgenographic types: 
an “osteolytic” type, characterized by relative 
radiolucency, and an “osteoblastic” type, char- 
acterized by relative radiodensity. A fairly 
extensive radiological literature describing in 
detail the radiographic features of the various 
types of neoplasm most frequently dissem- 
inated to the skeleton has arisen, supplement- 
ing this belief.’, 12-  24, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA52, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA54 Curiously, however, 
histological data relative to cancer metastases 
in bone are quite scarce. Most morphological 
studies have been concerned primarily with 
the demonstration of neoplastic tissue in bone; 
there are very few records of the structural 
characteristics of the host bone. 

Data have been presented from this and 

67 however, that would make such knowledge 
of significant import to the clinician and par- 
ticularly to the clinical investigator. The  pres- 
ent study was undertaken, therefore, in an 
attempt to delineate the various morphologi- 
cal features of metastatic cancers in bone and 
to provide thereby a histological background 
for the interpretation of physiological studies 
and serial roentgenograms in patients with 
cancer metastases in the skeleton. 

other 1aboratories,2S7 30, 33, 35, 37, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA38, 43-47, 53, 58 ,  64, 

MATERIAL 

Seven hundred and eighty-three microscopic 
sections from 241 different patients were stud- 
ied. Each represented a routinely taken bone 
specimen obtained at postmortem: approxi- 
mately two thirds were sections of lumbar 
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vertebrae. The  specimens had been decalcified 
in 10 per cent nitric acid and stained with 
hematoxylin and eosin. A careful review of 
pertinent clinical data to establish with cer- 
tainty that the bone specimen represented 
a true metastasis constituted the only attempt 
at selection of cases for study. 

There were twenty-eight different groups of 
neoplasms in the series (Table 1). Seventy-one 
cancers were of the endocrine system or of 
hormone-dependent organs, including fifty-two 
carcinomas of the breast (two in men), twelve 
of the prostate, and five of the thyroid and 
two chorioepitheliomas. Sixty-eight of the 
cases were of the lymphoma group. There were 
twenty-four cancers of the digestive tract and 
twenty-three of the respiratory system. Eight 
tumors (exclusive of the cases of chorioepithe- 
liomas and prostatic cancer considered here 
as “hormone dependent” tumors) arose from 
the genitourinary tract. The  remainder con- 
stituted a miscellaneous group of fourteen 
neuroblastomas, twelve plasma-cell myelomas, 
seven malignant melanomas, seven rhabdomy- 
osarcomas, three of Ewing’s tumor, one retino- 
blastoma, and three malignant tumors of un- 
known site of origin (Table 2). The  cases of 
leukemia, myeloma, lymphosarcoma, and 
Ewing’s tumor were considered clinically to 
be true metastases that had originated from 
lesions in the soft tissues or bones other than 
the bone section that was studied. 

METHOD 

Sections were reviewed with particular ref- 
erence to the architecture of the host bone and 
to the general configuration of the invading 
tumor. Little attention was directed specifi- 
cally to the morphological characteristics of 
the cancer cells per se, but special care at- 
tended the search for osteoblasts, osteoclasts, 
and areas of osteoid deposition, cartilaginous 
metaplasia, and connective-tissue proliferation. 

Except in instances in which different areas 
of the same section or different sections from 
the same bone differed markedly one from the 
other, the most usual findings were accepted 
as generally covering the case. Cases showing 
marked alterations in different microscopic zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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TABLE 1 
BONE RESPONSE ‘ro CANCER INVASION 

Grade zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof response 
NO - . -. 

Origin or type cases 0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 

Breast 
Leukemia 
Lung 
Neuroblastoma 
Hodgkin’s disease 
Myeloma 
Prostate 
Reticulum-cell sarcoma 
Lymphosarcoma 
Melanoma 
Rhabdomyosarcoma 
Stomach 
Urinary bladder 
Rectum 
Thyroid 
Ewing’s tumor 
Unknown 
Cholangiocarcinoma 
Colon 
Chorioepithelioma 
Esophagus 
Kidney 
Nasopharynx 
Pancreas 
Tongue 
Antrum 
Hepatoma 
Retinoblsstoma 

52  
38 
20 
14 
13 
12 
12 
10 

7 
7 
7 
7 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
6 
5 
5 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
1 
1 
i 

6 
33 

7 
2 
7 
6 
0 
7 
6 
2 
6 
3 
3 
4 
0 
2 
1 
2 
1 
2 
1 
1 
1 
1 
0 
1 
1 
1 

10 
5 
6 
7 
5 
3 
1 
3 
1 
4 
1 
3 
2 
0 
2 
0 
0 
1 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 

*One case showed all patterns. 
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11 
0 
2 
4 
0 
0 
0 
0 
0 
1 
0 
1 
0 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 

-. 

- 
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16 
0 
4 
0 
1 
0 
2 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- 

- 

4 

‘)* 
0 
1 
1 
0 
3* 
9* 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
1 
0 
1* 
0 
0 
0 
0 
0 
0 
0 

- 

- 

fields were considered separately. For purposes 
of description only, subperiosteal osteoid depo- 
sition was considered as distinct from trabecu- 
lar new-bone formation and was separately 
noted. 

Grade zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof Response. After reviewing all sec- 
tions in each case, the case was summarized in 
terms of the total extent and relative propor- 
tions of bone-destroying and bone-producing 
elements. A semiquantitative “grade of re- 
sponse” was then assigned it. 

GRADE-0 lesions were those that were pre- 
dominantly destructive in nature. They 
showed little or no evidence of either osteo- 
blastic-cell proliferation or of new bone-matrix 
formation but presented considerable evidence 
of bone destruction and necrosis. 

GRADE-I lesions were those that appeared 
to be characterized predominantly by bone- 
destroying elements but in which definite evi- 
dence of a limited amount of bone production 
was also ekdent. 

GRADE-2 lesions were those in which both 
bone production and bone destruction were 
clearly demonstrable and of approximately 
similar magnitude morphologically. 

GRADE-3 lesions were those that presented 
evidence of coexistent bone destruction and 
bone production but in which the productive 
processes appeared to be of considerably 
greater magnitude. 

 GRADE-^ lesions were those that showed both 
bone production and bone destruction but in 
which bone destruction appeared quantita- 

tively of minor importance. No distinction 
could be drawn between subperiosteal new 
bone formation and trabecular new bone for- 
mation in these cases. 

In  lesions graded zero to three inclusive, 
cortical (or subpcriosteal) osteoplasia could be 
differentiated from trabecular new bone and 
was independently graded on the basis of its 
over-all extent in all of the microscopic sec- 
tions of each case. The  absence of any appre- 
ciable cortical response was considered COR- 

TICAL GRADE 0. Maximal new cortical bone 
formation where the new cortical bone was 
distinct from subjacent or adjacent new trabec- 
ular bone was designated CORTICAL GRADE 3. 
Grades 1 and 2 represented cortical responses 
of intermediate relative extent and magnitude. 

RESULTS 

Predominantly Destructive Lesions. One 
hundred and seven of the 241 cases were con- 
sidered to show a grade-0 response and fifty- 
eight were designated as grade 1. Considered 
collectively, grade-0 and grade-I lesions com- 
prised approximately two thirds of the total 
number of study cases and represented vir- 
tually all of the tumor types that, as a group, 
are classically considered to present roent- 
genographically “lytic” cancer metastases in 
bone. The  group included twenty-one of the 
seventy-one tumors of the endocrine system, 
sixty-seven of the sixty-eight lymphomas, nine- 
teen of the twenty-four neoplasms of gastro- 
intestinal origin, seven of the eight cancers of 
the genitourinary tract, sixteen of the twenty- 
three respiratory-system neoplasms, and thirty- 
five of the forty-seven cases included in the 
miscellaneous group of malignant tumors. 
Two cases of the twenty-one endocrine-system 
or hormone-dependent tumors that showed 
little or no bone production were chorioepithe- 
liomas; two, thyroid cancers; one, a prostate 

TABLE 2 

BONE RESPONSE TO CAXCER INVASION 
~ 

Grade of response 
- No. 

Group cases 0 1 2 3 4 

Endocrine 71 8 13 12 19 19 
Lymphoma 68 53 14 1 0 0 
Gastrointestinal 24 13 6 3 0 2 
Respiratory 23 9 7 2 4 1 
Genitourinary 8 4 3 0 I 0 
Miscellaneous 47 20 15 6 1 5 

To ThI, 241 107 58 24 25 27 
_- - - - - - 

_ _ _ _ _ _ ~  ~ -. 
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FIG. 1. High power of grade-1 bone response in a 
patient with carcinoma of the urinary bladdcr. 

carcinoma; and sixteen, cancer of the breast. 
In coinposi te, grade-O and grade- 1 lesions 

displayed an essentially uiiiforni histological 
appearawe characterized by: (1) a tlecrcase in 
number and siLe of the remaining 1)ony trabec- 
ulae; zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( 2 )  the direct erosion, destruction, and 
necrosis of the bony spicules by dense sheets 
and masses zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof tuiiior; ( 3 )  the frequent, but 
inconstant occurrence of polynuciear tunior 
giant cells in areas oE bone destruction; (4) 
the almost complete absence ol cytologically 
typical “osteoclasts”; (ti) occasional destruction 
and direct invasion O C  bony trabeculae by 
non-neoplastic cells derived lroni the tumor 
stroma; (6) patchy necrosis within the tumor; 
and (7) nornioplastic or hyperplastic appear- 
ance of the surviving marrow eleiuen 1s. 

Exclusive of differences in the chaY;tcteristic 
morphological appearance of the specific cell 
types and quantitative differences in the 
amount of new bone formation (grade-l as 
opposed to grade-0 lesions), no qualitative 
differences could be found in the nature of 
the bone response in any of these cases. In  all, 
differences of bone response were differences 
of degree rather than of kind. 

I I I  three zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(xses, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAtit’o (xrciiioiiix 0 1  tlie Ineast 
; I I ~  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAon(: rec.t;il ca iwr ,  t h ; t t  I d  been (.oilsid- 
eretl to  show ;I grade-0 rcspoiise, only isolated 
iiiic~rosc~~pic loci OT t ~ m o r  coiilcl lie disccrnetl. 
The  tumor i i idus in each ol the cases bore 110 

direct anatoiiiical relationship to the bony 
trabctrulae antl had no demonstrable histologi- 
cal effect either 011 adjacent or more distal 
os>eoiis structures. In cases in which larger 
amounts ok tiimor were present, however, the 
t ra becu lae were cons tan tl y directly i n 1  pin get[ 
upon by the invading neoplasm, which ap- 
peared in antl b y  itself to pi-omote crosion 01 
the bony spicules. Areas of trabecular serrii- 
tion owing to the intrusion either of tunior 
niiisses or of intlivitlual cancer cells not inlre- 
cluently pi-csentecl a small space between the 
tunior and the bone spicule. A siiriilar phe- 
iionienoii was evident in areas of tumor giant- 
cell 1’01~111atiori and in those remarkably few 
regions in which iypic.;tl “osteoclasts” could be 
i den ti fctl . 

New bone formation at microscopic but dis- 
tinct distances froni such areas did occasionally 
occur. This was a more frequent concomitant 
ol cortical grade-l than of cortical grade-0 
lesions. Eighty-two of the cases having an 
over-all bone response characterized as grade 0 
ivcre interpreted as also possessing a cortical 
grade 0. Twenty-two of these were assigned 
cortical grade I ,  two were given cortical grade 
2 ,  and only one was designated cortical grade 
3. 0 1 1  tlie other hand, of the fifty-eight lesions 
g.iveii an over-all grade-l response, thirty-four 
Jvere interpreted as being cortical grade 0, 
seven as cortical grade 1, ten as cortical grade 
2 ,  and seven as cortical grade 3 .  

PT-edominantly Productiue Lesions. Seventy- 
six of the 241 cases were considered to show 
an over-all grade of response characterized 
either as grade 2, grade 3,  or grade 4. Each 
tlenionstia tetl, by definition, impressively 
greater arnoiints of the new. trabecular and 
subperiosteal (cortical) new bone production 
than did lesions graded 0 and 1. 

Grade-2 lesions, in which the morphological 
stigmata of bone production and bone de- 
\truc:tioii appeared to be of approximately 
cqiixl order o f  magnitude, encompassed twelve 
endocrine-systeiii tumors (eleven breast, one 
thyroid), two lung cancers, three gastrointes- 
tinal-tract neoplasms (one each of the tongue, 
stomach, and rertiiiii), antl seven miscellane- 
o u s  malignant tumors, including four neuro- 
blastomas, one malignant melanoma, one 
Ewing’s tumor, and one cancer of iinknotvn 



sile zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof origiii. Chade-3 lesions iricluded sixteeri 
breast cancers, two prostatic carcinoinas, one 
rhyroitl ciincer, four nialignant tumors zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA01 tht. 
Iiiiig, one cancer of the uriiiary bladder, and 
one c’;ise 01 Hotlgkin’s disease. Grade-4 lesions 
c.oiiiprisec1 ;I group 01 19 entloc.rine-systeii1 
tuiiiors (iiiiie cases each of breast and prostate 
;iiiccrs and one carciiioma of the thyroid 

glaiitl), threc plasma-cell 111yelonliis, one case 
c ; d i  01 (~aticcr 01 tlie lung, esophagus, and 
c . o l o i i ,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAonc iieuroblastoilla, and one malignant 
i i i i i ior 01 iinknown origin. 

‘l‘he histological sections in five of the grade- 
1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( ;ises posed particularly interesting prob- 
leius. 111 LWO, one breast cancer and one cancer 
01 the colon, tlie final autopsy diagnosis had 
been established b y  others as metastatic cancer 
ar id  coexistelit I’agct’s disease of bone. Each 
disclosed zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAit distinctly mosaic pattern of irregu- 
larly interwoven cement lines, but, neverthe- 
less, lacked the increased intertrabecular fibro- 
sis and the striking number of osteoblasts and 
the cytologically characteristic “osteoclasts” 
that are the morphological features of Paget’s 
disease. Such pagetoid alterations, however, 
were never as prominent as those present in 
the cases considered to show true Paget’s 

disease. ’The histological appearance was com- 
patible with the so-called “resting” phase of 
Paget’s disease. Pagetoid changes were occa- 
sionally observed in other lesions in  which 
bone destruction and bone repair were con- 
currently present. 

?’he remaining three cases considered grade 
-1 showed, in diverse locations, changes con- 
sistent with all other grades of response. They 
have been considered here to show a grade-4 
bone response but, depending upon the precise 
region examined, could equally well have 
been either grade 0, grade 1, grade 2 or 
grade 3. 

When viewed collectively, bone lesions of 
grades zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 ,  3, and 4 presented a bone pattern 
that was as strikingly uniform as that observed 
in grade4 and grade- 1 lesions. The  histological 
appearance was, however, quantitatively quite 
different and was characterized by: (1) an ir- 
regularly interlacing network of an increased 
number of moderately to markedly thickened 
bony trabeculae; (2) the depositon of osteoict 
both within and around tunior masses, ingress 
ol osteoblastic cells probably derived from the 
surviving portions of the bone spicules, and 
undifferentiated mesenchymal cells in the in- 

FIG. 2. Grade-3 cortical bone response in a patient with carcinoma of the breast. 
FIG. 3. Grade-4 bone response in a patient with carcinoma of the breast. 
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tertrabecular spaces or, perhaps, directly from 
pre-existent connective-tissue cells; (3) the 
prominent subperiosteal new bone formation; 
(4) clumps, isolated islands, and small masses 

of tumor cells; and (5) a tendency to hypo- 
plasia, by direct stenosis of the spaces of the 
surviving marrow. 

In  grade-2 and grade-3 cases, trabecular and 
cortical new bone formation could be readily 
distinguished. Of forty-nine cases so graded, 
seven were interpreted as possessing a grade-3 
cortical response, fourteen a grade-2 cortical 
response, eighteen a grade-I cortical response 
and only ten, of which seven occurred in le- 
sions assigned a grade9 over-all response, as a 
grade-0 cortical bone response. Although quan- 
titative differentiation into the various grades 
of bone response could be made, qualitative 
differentiation could not be made of the cases 
in the group of lesions with grade-2, -3, and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-4 
over-all bone responses. In fact, in all essential 
respects, the bone response in any given grade 
differed only quantitatively from the general 
response of a lesion assigned any other grade 
of response. Differences in all of the grades 
were clearly differences in degree only. 

Other changes, such as difference in the gen- 
eral configuration of the invading tumor and 
the structural features of the surviving mar- 
row, could be adequately accounted for in 
terms of the relative extent of response on the 
part of the host bone. On purely mechanical 
grounds, dense sheets of tumor tissue and a 
proliferating marrow could not be expected 
to occur in lesions characterked by progressive 
replacement stenosis by new bone formation, 
as especially seen in grade-3 and -4 lesions. 

In none of the cases were any major altera- 
tions in the tumor stroma observed. A tumor 
characterized by a dense stroma in its site of 
origin was similarly apt to possess a dense 
stroma when it had metastasized to the skele- 
ton. 

A peripheral rim of nonspecific connective 
tissue was occasionally observed in sharply 
circumscribed metastatic foci but appeared of 
little importance in respect to the response of 
host bone. Two cases showed foci of fatty 
metamorphosis and twenty-two cases, includ- 
ing eighteen grade-3 and grade-4 lesions, three 
grade-2 metastases, and a single lesion consid- 
ered grade 1, disclosed areas of cartilaginous 
metaplasia in juxtaposition to the surviving 
and proliferating bony trabeculae. 

Clinical Findings. There were 124 male and 
117 female patients in the present series. They 

ranged in age from 10 months to 86 years and 
were predominantly of Caucasian racial origin. 
One, a 61-year-old man with carcinoma of 
the lung, was an Oriental. 

Roentgenographic information was avail- 
able in 187 of the 241 cases. The  presence of 
metastatic foci in the skeleton had been dem- 
onstrated in zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA108 of these 187 cases. (Despite 
the fact that nearly three quarters of the study 
sections had been removed from the lumbar 
vertebrae, it was possible precisely to identify 
the tissue studied with the roentgenographi- 
cally established location of the lesion in only 
twenty-three of the 108 cases.) Three of these 
twenty-three cases had roentgenographically 
“blastic” metastases from cancer of the pros- 
tate. The  bone specimens in two were con- 
sidered histologically Grade 111, and in one, 
Grade 117. Sixteen cases, two carcinomas of 
the thyroid, five plasma-cell myelomas, one 
carcinoma of the pancreas, and eight carcino- 
mas of the breast, which were roentgenographi- 
cally considered to be “osteolytic,” had grade-0 
or grade-I bone response histologically. Three 
cases, two breast cancers and one neuroblas- 
toma, considered “osteolytic” by virtue of 
their roentgenographic appearance, were in- 
terpreted histologically as Grade 11; a single 
case of breast cancer considered roentgeno- 
graphically “mixed” but predominantly “lyt- 
ic” in type, was considered histologically 
Grade IV. 

Calcium and phosphatase data were, with a 
few exceptions, available only in patients with 
endocrine-system tumors, plasma-cell myelo- 
mas, and in some with carcinoma of the lung. 
Although few in number, the data, in general, 
did conform with the established concept that 
bone-destroying cancer metastases are fre- 
quently associated with hypercalcuria, occa- 
sionally hypercalcemia, and, in the presence 
of the increased osteoblastic activity of bone 
repair, with elevated levels of serum alkaline 
phosphatase. 

The  endocrine status in all but the breast 
and prostate cancers bore no evident relation- 
ship to the histological grade of the bone 
metastases. The  age of the patients, in the 
other tumor types, bore only an indefinite 
relationship to the grade of the bone response 
at the time of necropsy examination. In  these, 
as in tumor types in general, the grade of the 
lesion histologically tended to reflect the type 
and extent of histological undifferentiation zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof 
the tumor and consequently the postulated 
rate of growth of that tumor. 
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TAIILE 3 
RELATION OF AGE A T  NECROPSY TO GRADE 

OF BONE RESPONSE 

Grade of bone response 
___.____ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA!ge 

in 
Yr. 0 1 2 3 4 

2 1-30 0 0 1 0 0 
3 1-40 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 2 2 2 1 
41-50 2 3 2 9 2 
51-60 2 2 3 3 5 
61-70 2 2 3 2 1 
71-80 0 1 0 0 0 

Three of the patients with thyroid cancers 
had normal gonads at autopsy. One was a 
36-year-old woman with a grade-3 bone re- 
sponse, one a 59-year-old woman with a 
grade-4 bone response, and the other a 45- 
year-old man with a grade-1 response. The  
gonads of two patients were reported to be 
atrophic; one was a 43-year-old man with a 
grade-2 response; the other, a 55-year-old wom- 
an with a grade-1 response. 

Both patients with chorioepitheliomas were 
men. One died at 28 years of age and the other 
at 33 years. Both had previously submitted to 
orchiectomy and both had bone responses 
that were interpreted as grade 0. 

All twelve patients with carcinoma of the 
prostate gland had either atrophic testes or else 
were therapeutic castrates. Four patients were 
70 years or older, four were between 60 and 
70, three were between 50 and 60 at the time 
of necropsy, and one patient was 47 years old. 
Nine patients, two of whom had a grade-3 and 
one of whom had a grade-4 bone response, 
had atrophic testes and had not undergone 
surgery. One patient, aged 71 years, had had 
elevated acid phosphatases with a normal 
alkaline phosphatase and, at autopsy, had 
multiple small microscopic metastases in his 
testes. All bone sections in this case were classi- 
fied grade 1. Another patient, age 70, had 
slightly elevated alkaline and serum phospha- 
tase levels, atrophic testes, and bone responses 
that were graded 0 to 4 in varying areas. 

Two male patients with carcinoma of the 
breast had undergone radical mastectomy and 
orchiectomy. One was 41 years old and had 
a grade-4 bone response; the other was 62 and 
had a grade-2 bone response. 

There were fifty women, ranging in age 
from twenty-four to seventy-two years, with 
carcinoma of the breast. Eighteen had normal 
ovaries at the time of autopsy, nine had had 
bilateral salpingo-oophorectomies, and twenty- 
three had abnormal ovaries. Nine of these lat- 

ter (seven atrophic; two replaced by tumor) 
had grade-1 bone response; three cases (two 
replaced by tumor; one atrophic) had grade-2 
lesions; eight cases (four tumor; three atrophic; 
one cystic) had grade-3, and three cases (two 
atrophic, one tumor) had grade-4 responses in 
the particular skeletal lesions that were stud- 
ied. Four patients of the nine with previous 
surgical removal of the ovaries had grade-2 
bone responses, three each had grade-3 and 
grade-4 skeletal foci, and one patient had a 
grade-0 bone response. Five patients with nor- 
mal ovaries had grade-0 bone responses; one 
had a grade-1 response; four, a grade-2 re- 
sponse; five a grade-3 type of lesion, and three 
patients had grade-4 bone responses in their 
skeletal metastases. No particular attention 
was accorded to the question of cortical stro- 
ma1 hyperplasia in any of the forty-one pa- 
tients with intact ovaries. Patient age and the 
status of the ovaries at the time of postmortem 
examination with respect to the particular 
bone lesions studied here is noted in Tables 3 
and 4. Owing to the nature of the material 
under study, reference is made only to the 
particular lesions examined and not to the 
entire case. Since it is not uncommon to ob- 
serve a roentgenographically “blastic” cancer 
metastasis in one skeletal site, while at an 
adjacent or more distant location a “lytic” 
lesion may be noted, conclusions can be ar- 
rived at only with respect to the particular 
area studied histologically. 

COMMENT 

Route of Origin of Skeletal Metastases. No 
microscopic evidence was found in this study 
to substantiate the opinion of some13. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA29. 36, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5~ 

that lymphatics play any significant role in 
the dissemination of tumor cells to the bones. 
All the evidence noted here suggests that they 
are blood-borne. Although a few cases showed 
involvement of periosteal vessels in the pres- 
ence of a centrally located intraosseous metas- 

TABLE 4 

RELATION OF STATE OF OVARIES AT 
NECROPSY TO GRADE OF 

BONE RESPONSE 

Grade of bone response 

Ovaries 0 1 2 3 4 

Normal 5 1 4 5 2 
Absent 1 0 4 3 3 
“Abnormal” 0 9 3 8 3 



tasis and still fewer cases showed concomitant 
involvement of blood vessels and vessels that 
could be interpreted as lymphatics, thc over- 
whelming majority of the cases failed to pre- 
sent such microscopic evidence. In routine 
histological preparations there is little struc- 
tural difference between periosteal blood ves- 
sels and periosteal lymphatics and the conclu- 
sion that such vessels were certainly lymphatic 
in nature and necessarily accounted for the 
spread of cancer to bone would have to be 
documented beyond reasonable doubt. Such 
evidence appears to be lacking. 

Although periosteal lymphatic vessels have 
been demonstrated by several investigators, 
none has been demonstrated in the mar- 
row,16.22 where practically all true metastases 
are located. To our knowledge, only Kolodny 
has claimed to have demonstrated lymphatic 
drainage from bone marrow to the regional 
lymphatics and, as Willis6sp zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGo has indicated, 
these conclusions are open to different ex- 
planation. The  same is true with respect to 
data cited in support of the view that peri- 
neural lymphatics may play a role in the 
spread of cancer to bone, especially cancer of 
the prostate gland.59, 

It is possible that the deep fascia1 “lyrnphat- 
ics” described by Handley and by Roberts51 
were not lymphatics at all but rather tribu- 
taries and communications of the vertebral sys- 
tem of veins, so well described by Hui~ter ,”~  
Cloquet, Bell, and Cruveilhier, and to which 
Batsones 7, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA* and othersls. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA19, 31 have more re- 
cently directed attention. 

With but few modifications as regards de- 
tails, an accumulating body of evidence423 48, 

Go, 61, G3 tends to support the original concept 
of von Re~klinghausen~g that all cancer metas- 
tases in bone are blood-borne. In Fact, more 
recent information strongly suggests that “the 
distribution of metastases in the bones is al- 
most exclusively dependent upon the ana- 
tomical arrangement of the blood vessels into 
which tumor emboli are released and by 
means of which they gain access to capillary 

3l, 8R The findings of the present study 
are entirely consistent with this hypothesis. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Iutvaosseous Spread. Despite differenccs in 
opinion regarding the spread of cancer metas- 
tases to bone, practically all published ac- 
counts agree that, once established in bone, 
subsequent spread of the tunior occurs via the 
medullary cavity and through the Volkmann 
arid haversian canills. 

This \ \ ; I \  trl)citc~clly o l ) s t . ~ . \ ~ d  i i i  ~ J I ; I (  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAtic a l l y  
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all of the sections here studied. Such evidence 
was strikingly apparent in those cases in which 
only small, circumscribed deposits of meta- 
static cancer were present and was somewhat 
less notable in  instances where bone destruc- 
tion owing to the tumor was more extensive. 

Intraosseous spread along preformed ana- 
tomical channels in all probability accounts 
for the remarkably long interval not infre- 
quently observed in  some patients between 
the time of onset of bone pain and the roent- 
genographic demonstration of a bone metas- 

3~ 57 Similarly, this may account for 
the accepted fact, again demonstrated in this 
study, that extensive metastatic involvement 
may be present within a bone without the pres- 
enLe of the tumor being disclosed roentgeno- 

Bone Destruction. A number of hypotheses 
have been offered to account for bone destruc- 
tion after invasion by cancer cells. These in- 
clude destruction as a result of (1) the action 
of cells derived from the tumor stroma; (2) 
the action of specific bone-destroying cells, so- 
called “osteoclasts”; (3) the elaboration by the 
cancer cell of more or less specific bone resorp- 
tive substances, or the initiation by it of 
physiochemical processes that alter the physio- 
logical environment of the bone; and (4) the 
mechanical effect of compression of bone by 
tumor cells. 

In  a very few microscopic fields, minimal 
invasion of bone by connective-tissue cells 
was observed. This could not, however, ac- 
count for the amount of destruction noted 
even in the very microscopic field in which it 
was present. Moreover, the extreme rarity of 
its occurrence would tend to minimize its 
importance as a significant mechanism of bone 
destruction. 

There was very little evidence in this study 
that “osteoclasts’’ had any direct role at all in 
promoting bone destruction. Cytologically, 
typical polynuclear “osteoclasts” were almost 
completely absent from areas of active bone 
destruction. Multinucleated giant cells, how- 
ever, were not uncommon. When present, 
these were almost certainly tumor giant cells 
and not so-called “osteoclasts,” since, Save for 
the number ol nuclei, they possessed all of the 
histological features of the other tumor cells. 
Strikingly enough, they tended to  appear in 
areas where bone production was more con- 
spicuous than bone destruction. 

Detail$ of the argument against the role of 
01,  i t t t k u l .  Ilitb 1)1ewi(e o f  h c  cell knowri ;IS 

graphically.1’. 15. 50, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA55 ,  56 



the “oateoclast” are not germane here. It 
should be noted, however, that there is an 
accumulating body of evidence against any 
factual role of this cell. Data have been pre- 
sented to suggest that these cells are not dis- 
tinct cellular entities at all.3310927, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA28 

T o  the best of our knowledge, no direct 
evidence has been presented to support the 
hypothesis that specific resorptive substances 
are elaborated by cancer cells. No evidence 
either for or against this theory can be ex- 
pected on the basis of the present histological 
study. 

Although histological evidence of bone de- 
struction in practically every instance here 
studied could be attributed to the direct action 
of intruding neoplastic cells, a small space 
between the tumor and a bony spicule was 
frequently observed. Some of these were un- 
doubtedly artifacts resulting from the fixation 
and staining processes. Others, however, may 
have been the morphological representation 
of distinct physicochemical processes, such as 
those suggested by Ham. 

On the other hand, the dense massing of 
tumor cells in the more destructive phases of 
cancer metastases strongly suggests the possi- 
bility that the bone destruction can be ac- 
counted for on purely mechanical grounds. 
The  disappearance of bone under the influ- 
ence of externally applied pressure is well 
established, and there is no necessity to assume 
that the same mechanism may not be opera- 
tive as a consequence of mechanical forces 
exerted from within the bone. There was, 
however, no histological evidence to permit 
of any conclusive statement of whether or not 
mechanical forces were the sole or the major 
element in promoting bone destruction. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Bone Production. Bone production in the 
metastatic cancers seemed in no way similar to 
the processes of metastatic or dystrophic “cal- 
cification,” such as may be seen in benign 
tumors or other conditions. With some note- 
worthy differences, it seemed to be much like 
that observed in the course of lracture heal- 
ing. 

In  an uncomplicated dissolution of con- 
tinuity after trauma, the injury is unitary in 
sense of time and is normally succeeded by 
characteristically progressive repair phenom- 
ena. As a result of fracture, the vascular supply 
is interrupted, with resultant bone necrosis for 
variable distances on both sides of the fracture 
liiic. Healiiig involves the preliminary removal 
of a considerable amount of dead tissue on 

either side of the line of injury. Bone cells, 
unlike connective-tissue cells elsewhere in the 
body, cannot readily participate, since they are 
entombed in lacunae and repair is necessarily 
effected, therefore, by osteogenic cells derived 
from the frequently relatively distant perios- 
teal and “endosteal” linings of the bone. T o  
a lesser extent, new bone may appear in con- 
sequence of metaplastic transformation of un- 
differentiated marrow cells. The  over-all ap- 
pearance is that of two more or less complete 
rings of new bone formation, one SIJRROUNDING 

and one LINING the bone at the site of injury. 
Metastatic cancers in bone, on the other 

hand, present chronologically continuing in- 
juries. Since they are usually centrally located 
in the bone marrow, the extent of interrup- 
tion in blood supply is proportionately less 
than that after fractures, and repair more 
closely resembles that seen in soft tissues. At- 
tempts at repair are participated in by osteo- 
blasts of neighboring trabeculae, as well as by 
adjacent cells derived from the periosteum 
and “endosteum.” Most importantly, surviving 
portions of the involved bony trabeculae may 
themselves participate in attempts at repair. 
Thus, the over-all appearance in this type of 
bone injury is that of gradual filling in of 
defects primarily from the CENTER of the bone, 
concomitant with continuing processes of bone 
destruction. 

The  initiating and modifying stimuli re- 
sponsible for the sequence of events remain 
unclarified. Although the literature is replete 
with references suggesting (1) the role of ve- 
nous stasis and hyperemia49, x and the role of 
diminished blood supply,14 (2) the capacity of 
cancer cells to function directly as osteogenic 
cells,3* (3) the direct conversion of stromal 
fibrous connective-tissue cells into functional 
osteoblasts,24+ 40 (4) the role of necrotic bone 
acting as a foreign body> and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( 5 )  the role of 
acid phosphatase or other “diffusible chemical zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

5, 25 from tumor cells as the fac- 
tors responsible for bone production in meta- 
static cancers in the skeleton, very little evi- 
dence, even of a histological nature, has been 
presented to substantiate these views. Such 
histological data as have been presented are 
indirect and circumstantial; essentially noth- 
ing has been recorded from a physiological 
point of view. 

In  this series, histological evidence of hyper- 
emia and venous stasis appealed to be of little 
impoi t with respect to the over-all appearance 
in case5 .showing n Ixedominaiitc of bone pro- 
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duction over bone destruction. N o  evidence at  
all was found to substantiate the hypothesis 
that cancer cells can act as osteogenic cells. 
There was some evidence to suggest the direct 
conversion of connective-tissue cells into func- 
tional bone-forming cells, but, qualitatively, 
such conversion occurred mainly about the 
periphery of the lesions and, quantitatively, 
could hardly have accounted for the total ex- 
tent of new bone formation. Bone necrosis per 
se did not appear to play any significant role 
as a stimulant to bone production. On the 
contrary, bone necrosis was more pronounced 
in the bone destroying than in the bone pro- 
ducing lesions. This could not have been ex- 
pected were the bone necrosis itself the respon- 
sible stimulant to new bone formation. 

Much has been said about the role of acid 
phosphatase in forming the typically “osteo- 
blastic” metastases noted in metastatic carci- 
nomas of the prostate gland. There is n o  evi- 
dence that abnormally elevated levels zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA01 serum 
acid phosphatase and the productive bone 
lesions considered characteristic of metastatic 
carcinoma of the prostate are necessarily quan-  
titatively and directly related. Since, as a mat- 
ter of clinical experience, the relationship 
between growth of prostatic tumor and serum 
acid phosphatase appears to be of a direct 
nature, the relationship between bone repair 
and serum-acid-phosphatase levels would ap- 
pear, a priori, to  be of an indirect nature. It 
is generally accepted that a decrease in the 
acid phosphatase in the serum, and therefore 
in the extracellular fluid compartment, is in- 
dicative of regression of tumor. It can hardly 
be expected, therefore, that bone that is in 
equilibrium with the extracellular-fluid com- 
partment would behave differently from other 
tissues in the body that also are in equilibrium 
with the extracellular-fluid compartment. 
Thus, if acid phosphatase plays any role, which 
is as yet not established, in bone metastases 
from prostatic cancers, i t  would appear to be 
that of restraining rather than of stimulating 
bone growth. 

In  this connection, it is important to note 
that four patients with bone metastases from 
carcinoma of the prostate have been observed 
in whom the roentgenographic appearance of 
the involved bone was initially that of a typical 
“osteolytic” lesion. All had elevated levels of 
serum acid phosphatase and a concomitant 
increase of radio-opacity in the skeletal lesions. 
The  fact that in these patients there appeared 
to be a decrease in  tumor growth, as indicated 

by serum-acid-phosphatase levels, during pre- 
cisely the same periods when there was in- 
creased bone repair, as indicated by the roent- 
genographic appearance of the involved bones 
and the levels of serum alkaline phosphatase, 
suggests that acid phosphatase probably is not 
the responsible stimulus of bone production 
in metastatic cancer of the prostate. 

In  metastatic cancers from tissues other than 
the prostate gland, in  which acid phosphatase 
does not enter into question, it is  evident that 
factors other than the presence of this enzyme 
must be considered to explain bone produc- 
tion. 

Reaction Rates and Bone Density. Contrary 
to the common belief that increased radio- 
opacity indicates activity in carcinoma of the 
prostate, i t  is significant to note that, in other 
tumors that metastasize to bones, the consensus 
is that progressive radio-opacity of the meta- 
static bone lesions represents healing of bone 
and, consequently, diminished growth of the 
tumor. 

Histologically, however, the appearance of 
bone response in all metastatic cancers is qual- 
itatively identical in every respect. Clinical 
measures directed to decrease the rate of 
growth of both breast and prostate cancers 
are associated with objective decrements in 
the clinical criteria of growth rate in both. 
Pearson and others (vide supra) have presented 
considerable evidence to indicate that calcium- 
balance studies provide a prompt and sensi- 
tive indirect index of the rate of tumor growth 
in patients with “osteolytic” cancer metastases. 
In  patients with progressive and rapid bone 
destruction resulting from cancer invasion, 
there is almost always a markedly negative 
calcium balance, hypercalcaria, and, in some 
instances, hypercalcemia. If the rate of tumor 
growth is rapid, all of these parameters are 
proportionately increased. When tumor 
growth is relatively slow or when therapeutic 
measures have effected a regression in growth, 
the patients characteristically show a decline 
toward normal values in all of these indexes. 
All of these studies and the clinical data ob- 
tained in the present study tend to confirm 
the belief that the effect of therapy, a t  least 
in the endocrine-system tumors and presum- 
ably in all others as well, is to alter their rate 
of growth. Since in all other respects the bone 
response is identical, i t  seems valid to suggest 
that the roe11 tgenographic appearance repre- 
sents the result of bone destruction and bone 
production. In this sense, roentgenographic 
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opacity, characteristic of the “osteoblastic” 
lesion, represents a preponderance of bone 
production over and above bone destruction, 
while the radiolucent areas of “osetolytic” 
lesion are indicative of precisely the opposite. 

As a general principle, increase in bone den- 
sity and, conscquently, in roentgenographic 
opacity can arise from varying proportions in 
the degree of bone repair and bone destruc- 
tion. Of all the possible combinations only 
two are critical: when (1) the rate of bone pro- 
duction is greater than that of bone destruc- 
tion and the density ot new bone is either 
cqual to or somewhat less than the old, or ( 2 )  
the rate of destruction is less than or even 
equal to that of bone production and the den- 
sity of new bone is greater than that of old 
bone. In  a theoretical, purely physical sense, 
it follows that a roentgenographically “osteo- 
blastic” lesion (i.e., one with a bone density 
greater than that of established bone) could 
be interpreted as “progression of disease,” only 
in the event that newly formed bone is of 
greater density than that of established bone. 
All experimental evidence is strongly against 
this view, since in  various multidisciplined 
studies new bone appears to be considerably 
less dense than established bone.41 

The  conclusion seems inescapable, there- 
fore, that progressive radio-opacity of cancer 
metastases in bone represents increased new 
bone formation (i.e., bone repair) and that its 
interpretation as progression of disease (i.e., 
increased bone destruction) is erroneous. 

SUMMARY AND CONCLUSIONS 

Seven hundred and eighty-three microscopic 
sections of bone metastases obtained at autopsy 
from 241 different patients have been exani- 
ined in an attempt to delineate the various 
histological features of cancer metastases in 
bone. Based upon these findings, the following 
concept of metastatic cancer in bone is offered: 

1. Bone metastases are blood-borne in origin. 
2. When once established in a bone, further 

spread of the metastasis occurs at first along 
the preformed anatomical channels within the 
bone (the medullary cavity, and the Volkmann 
and haversian canals) and after, and frequently 
concomitant with, this intraosseous perme- 
ation by tumor takes place. 

3. T h e  process of bone destruction results 
either from (1) the direct mechanical pressure 
exerted by the tumor cells and/or (2) from a 
physicocheinical process at the bone surface 

promoted by the tumor cell in destroying the 
normally continuous layer of cells covering 
and lining the surfaces of the bone crystals. 

4. Bone production is an attempt on the 
part of the host bone to repair the injury 
represcnted by cancer invasion; there is no 
evidence to suggest that any abnormal sub- 
stance is responsible for this aspect of repair 
phenomena. 

5. There is no essential histological differ- 
ence, insofar as the host bone is concerned, 
between so-called “osteolytic” and so-called 
“osteoblastic” cancer metastases; the histo- 
logical appearance in both is distinct only in 
a quantitative scnse. Qualitatively, the histo- 
logical appearances of predominantly destruc- 
tive and predominantly productive cancer 
metastases are identical. Differences in bone 
response to the invasion of the various types of 
neoplasms are merely differences in degree and 
not differences in kind. 

6. The histological details in any given can- 
cer metastasis in bone can be accounted for 
mechanically on the basis of the amount of 
new bone formed as a “stromal response” to 
the invasion of the cancer into the bone. 

7. The histological grade of the bone re- 
sponse (grade 0-grade 4, defined in text) is a 
morphological representation of the resultant 
of two biological-rate phenomena: the rate of 
bone destruction and the rate of bone repair. 

8. The  result of an increased rate of tumor 
growth and, consequently, an increased rate 
of bone destruction is roentgenographically 
represented as an “osteolytic” lesion. 

9. An increased rate of bone repair such that 
the rate of repair is greater than the rate of 
destruction results in the production of a 
lesion that appears roentgenographically 
“blastic.” 

10. Progressive roentgenographic opacity of 
a cancer metastasis in bone is indicative of 
bone repair, irrespective of the site of origin 
of the original neoplasm; “osteoblastic” metas- 
tases from carcinoma of the prostate gland and 
roentgenographically osteoblastic metastases 
from any other site of origin represent in- 
stances of bone repair and not of “progression 
of disease.” 

11. T h e  age and endocrine status of the 
patient are relevant only insofar as the rate 
of growth of the tumor is concerned. In  pa- 
tients with neoplasms known to be affected by 
endocrine therapy, the histological grade of 
bone response in general can be directly cor- 
related with the antemortem clinical findings. 
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