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Abstract. Histologic grade is an important determinant in clinical outcome of human osteosarcoma (OS).
In this study, the histologic characteristics of primary and metastatic canine OS were evaluated using a new
classification system. Histologic characteristics were classified in 166 primary and 34 metastatic canine OS.
Prognostic variables for clinical outcome were determined using multivariate analysis. Most OS were histolog-
ically characterized by severe to extreme cellular pleomorphism, a variable number of mitoses, small to mod-
erate amounts of matrix, a high percentage of tumor cells, and minimal to moderate amounts of necrosis. Tumor
invasion into vessels was present in 117/152 (71%) tumors, and 12/50 (24%) of the regional lymph nodes had
evidence of metastasis. Classification of the 166 tumors resulted in seven (4%) grade |, 34 (21%) grade Il, and
125 (75%) grade Il OS. In the multivariate analysis, histologic grade Il OS and elevated pretreatment plasma
alkaline phosphatase (AP) levels were independent predictors of clinical outcome. Dogs with high-grade tumors
and elevated AP should be carefully evaluated for the presence of metastatic disease before starting adjunctive
therapy protocols.
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Canine osteosarcoma (OS) is the most commareased survival times (ST) and disease-free intervals
bone tumor in dogs and is characterized by locall{pFl) in various other canine sarcomas, such as sy-
aggressive and highly metastatic beha%i®&rimary novial cell sarcom& multilobular osteochondrosar-
control of the tumor, consisting of amputation of theomal® and hemangiosarcom@ Histologic grading,
affected limb or resection of the tumor, is associatdtbwever, has not been widely used as a prognosticator
with prolonged survival when adjunctive chemothein canine OS and has failed to be a significant indicator
apy is administrated3® The estimated 1-year survivalfor decreased survival in flat and irregular bones, in-
rate for dogs having an amputation as their only treatluding the mandiblé?3¢ However, previous studies
ment is 11.596° but this rate increases to approxihave included a relatively small number of dogs and
mately 50% after appropriate adjunctive chemotherapysubgroup of OS (mandibular) that seemed to have a
protocols>627 distinctly better clinical outcome than does OS of other

By definition, OS is a malignant spindle-cell tumotocations3®
characterized by the formation of osteoid or immature In the present study, the importance of histologic
bone or both by the tumor cell$?526 Canine OS is grading as a significant indicator of the clinical out-
divided into several morphologic subclasses: osteceme of canine OS was evaluated. Because a grading
blastic, fibroblastic, chondroblastic, and teleangectat&ystem to evaluate canine OS was not previously avail-
The histologic features of OS, however, vary greatlgble, such a grading system was developed and tested
from tumor to tumor and within tumors themselvesn 166 dogs with OS.

Multiple types of well- and undifferentiated cells and .

matrix are often observed in a single turio®2° ) Materials and Methods
which may be why subclassification of OS has ndthimals
yielded significant differences in the prognosis of hu- All dogs with OS that were presented between 1985 and
man and canine Q%40 1999 at the Utrecht University Department of Veterinary Pa-

In human OS, histologic grading of the tumor. ifhology were eligible to enter the study if historic paraffin-
’ : Br}bedded material or formalin- or ethanol-fixed material

contrast to subclassification, serves as a good indica ; : .
. . . was available at the time of evaluation.

for prognosisé Histologic tumor grade may also be

important in canine OS and could be a criterion fd€linical data

the application of surgery and adjuvant chemotherapy Clinical data evaluated included breed, sex, age (years),

Histologic tumor grading was associated with inweight (kg), affected bone, location of tumor (left, right, or
240
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Table 1. Classification for tumor grade determination using a predetermined histologic scores for canine osteosarcoma.

Tumor

Grade Pleomorphism Mitoses Tumor Matrix Tumor Cells Necrosis
| 0-1 <25%) <10 1 (>50%) 1 (<25%) 0-1 K25%)

I 2 (25-50%) 10-20 2 (25-50%) 2 (25-50%) 2 (25-50%)
1 3—-4 (>50%) >21 3 (<25%) 3—-4 (>50%) 3—-4 (>50%)

middle), procurement of a fine-needle aspiration biopSYINGC; 3 = large number of MNGC). The whirl formation
(FNAB), plasma alkaline phosphatase (AP) level correctedas estimated on a scale of 0 to 30no whirl formation;
for the steroid-induced fraction (normal range, 40—120 W/= minimal whirl formation; 2= moderate whirl formation;
liter),38 presence of metastases at time of diagnosis, and tye maximal whirl formation). Number of mitoses was cal-
of surgical and medical therapy. Marginal resection was dedlated by adding the number of cells in mitosis of three
fined as surgical removal of the tumor but microscopic tumoandomly selected high-power fields (400 Signs of tumor
disease at the margin of the excised specimen. If the marggrewth into the vessels or tumor cells within the vessels
were free of tumor, the tumor was categorized as totalyere evaluated throughout the entire biopsy specimen. If
resected. Breeds were categorized as smallo(kg), me- present, lymph nodes were also evaluated for possible me-
dium (11-20 kg), large (20—40 kg), and giant40 kg)2¢ tastasis. OS was scored grade Il if tumor growth into the
. . vessels or tumor cells within the vessels or lymph nodes
Biopsy specimens were present. Tumor grade was determined according to a
Tumor tissue samples were collected at surgery or negassification schedule (Table 1) if tumor growth into the
ropsy immediately after euthanasia. Biopsy specimens wes@ssels or tumor cells within the vessels or lymph nodes
obtained using a Michele trephine or by incision of the tusere not present or could not be evaluated.
mor. Soft, incisable biopsy specimens were fixed in neutral
buffered 10% formalin and processed for routine histologr" vVival data
examination. Hard specimens were fixed in 70% ethanol, Of the 166 dogs, 12 were lost to follow-up. Fifty-five dogs
embedded in methylmethacrylate, and cut on a model K nvirere euthanatized. The remaining 99 dogs were used to cal-
crotome (R. Jung AG, Heidelberg, Germany). All histologiculate the following survival data: DFI (days), ST (days),
slides were stained with hematoxylin and eosin and von Koshether the patient was alive at the moment of evaluation,

sa stairt. occurrence of metastasis, recurrence of the tumor, and the
. . . location of metastases. Follow-up evaluations were per-
Histologic analysis formed 4—6 weeks after initial diagnosis, every 3 months for

All histologic samples were evaluated via blind study by year, and every 6 months thereafter or when clinical signs
one pathologist (M. Kik). Tumors were defined as OS wheof recurrence or metastatic disease occurred.
osteoid was produced by the tumor cells. Histologic subtypes = . i
of OS were defined as osteoblastic, chondroblastic, fibratetistical analysis
blastic, teleangectatic, or combinations theRédflistologic Frequency distributions were calculated and categorical
variables included tumor cell pleomorphism, amount of tudata were compared using chi-square analysis. Normally dis-
mor matrix, tumor cell density, tumor necrosis, estimateributed continuous and interval categoric data were ana-
number of multinucleated giant cells, estimated whirl folyzed using an analysis of variance. Multivariate analysis
mation, number of mitoses, tumor growth into vessels, angas performed using the general linear model procedure to
tumor grade. All variables were scored subjectively usingevaluate interactions between different dependent variables
predetermined classification system, adapted from previoasid independent variables. Histologic scores of variables of
ly reported huma¥ and veterinary?-?¢ systems. primary tumors were compared with those of their metas-

Percentage difference in tumor cell pleomorphism (TCRases using a pairetdtest. If variables were not normally
was evaluated on a scale of 0 to 4<0all nuclei identical; distributed, a logarithmic transformation was performed. If
1 = less than 25% TCP; 2 25-50% TCP; 3= 50-75% logarithmic transformation did not result in normal distri-
TCP; 4= more than 75% TCP). The amount of tumor matrifxution a nonparametric test, such as the Wilcoxon signed-
was evaluated on a scale of 1 to 3 €L more than 50% rank test, was used for comparison. Histologic scores of core
tumor matrix; 2= 25-50% tumor matrix; 3= less than 25% biopsy specimens were compared with those of the primary
tumor matrix). Tumor cell density was evaluated on a scalemor using the Wilcoxon signed-rank test for paired vari-
of 1to 4 (1= less than 25% tumor cells; 2 25-50% tumor ables.
cells; 3= 50-75% tumor cells; 4 more than 75% tumor  The influence of variables on DFI and ST was calculated
cells). Tumor necrosis was evaluated on a scale of 0 to 36ing Cox proportional hazards multivariate analysis. Fac-
= no necrosis present; % less than 25% necrosis;=2 25— tors evaluated included age, weight, sex, tumor location and
50% necrosis; 3= 50—75% necrosis; 4 more than 75% side (left, right), AP, type of surgical excision, type of che-
necrosis). The number of multinucleated giant cells (MNGGhotherapy, histologic subtype, MNGC, whirl formation, and
was estimated on a scale of 0 to 3€0no MNGC; 1= histologic tumor grade. The analysis was repeated without
minimal number of MNGC; 2= moderate number of histologic tumor grade but with the following additional his-
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Table 2. Frequencies of histologic scores for variables in 166 primary and 34 metastatic osteosarcomas.

Variable 0 1 2 3 4

Pleomorphism

Primary 1 (0.6%) 15 (9.0%) 43 (25.9%) 86 (51.8%) 21 (12.7%)

Metastasis 0 1(2.9%) 5 (14.7%) 23 (67.6%) 5 (14.7%)
Necrosis

Primary 20 (12%) 75 (45.2%) 59 (35.5%) 12 (7.2%)

Metastasis 1(2.9%) 11 (32.4%) 17 (50%) 5 (14.7%)
Matrix

Primary 58 (34.9%) 84 (50.6%) 24 (14.5%)

Metastasis 10 (29.4%) 15 (44.1%) 9 (26.5%)
Tumor cells

Primary 4 (2.4%) 17 (10.2%) 81 (48.8%) 64 (38.6%)

Metastasis 0 8 (23.5%) 16 (47.1%) 10 (29.4%)
Whirl

Primary 95 (57.2%) 47 (28.3%) 14 (8.4%) 10 (6.0%)

Metastasis 19 (55.9%) 9 (37%) 5 (14.7%) 1 (2.9%)
Multinucleated giant cells

Primary 78 (47%) 44 (26.5%) 31 (18.7%) 13 (7.8%)

Metastasis 22 (64.7%) 4 (11.8%) 6 (17.6%) 2 (5.9%)

tologic variables: TCP, number of mitoses, necrosis, amowtmpared with reference values. There were no sig-
of tumor matrix, tumor cell density, and the presence of tiificant differences in mean AP levels for different tu-
mor cells in the tumor vessels. Dogs that were lost to follownor grades.

up, died from non-tumor-related disease, or were free from

metastasis at the time of analysis were censored in the systologic data

vival analysis. Differences with & value of <0.05 were

considered significant. The frequencies of the scores for the histologic var-
iables were calculated for 166 primary tumors and 34

Results metastases in 166 dogs (Table 2). There were seven
Clinical data grade | (4.2%), 34 grade Il (20.5%), and 125 primary

In total, 175 primary tumors and 34 metastases froffade Il (75.3%) OS. The 34 metastases were all
166 dogs were available for analysis. Of the 175 prgfade Il tumors. Nine histologic subtypes were ob-
mary samples, nine were obtained using a core biop¥§fVed in this study (Table 3). The type of matrix (os-
instrument. Forty-five breeds were represented, witHgPid, cartilage, or fibrous tissue) defined the histologic
mean age of 7.3 years (range, 6 weeks—13.4 years)S@otype. Of 50 lymph nodes that were evaluated for
male : female ratio of 1.05 was observed. The weightetastatic disease at presentation, 12 (24%) harbored
was known in 141 dogs and averaged 36.6 kg (rangBetastases. One hundred seventeen of the 152 (70.5%)
7—70 kg). Seven dogs were classified as small/me8iimary tumors for which tumor vessels were available
um, 78 as large, and 56 as giant. The most commfsif evaluation and all metastases showed invasion of
locations of the OS were distal radius € 31), rib (8 Neoplastic cells into the tumor vessels. Tumor vessel
= 16), proximal humerusn(= 15), distal femur 1 = invasion could not be evaluated in 14 primary OS.
15), extraskeletaln(= 14), distal tibia 6 = 11), man- No significant differences were observed among any
dible (n = 11), and maxillaf = 11). The tumor was Of the histologic variables evaluated (for which suffi-
located on the right side in 83 dogs, on the left siggient data for both the primary and the metastatic tu-
in 69 dogs, and in the middle in 8 dogs. mor were available) when the primary tumor was com-

FNAB of the primary tumor was performed in 35pared with the correspondent metastasis in 29 dogs.
dogs. Mesenchymal tumor or OS was the clinicopatihe metastasis and primary tumor had a similar his-
ologic diagnosis for 22 (63%) aspirates. The clinicdologic subtype and formed an identical matrix in 17
pathologic diagnosis of tumor was not significantly a®f 29 dogs (59%). All 29 metastases and 26 primary
sociated with either histologic tumor grade or subtyp&umors were classified as grade Ill, and three primary
Fifteen of 49 dogs (30.6%) had an increased AP levieimors were classified as grade Il. When the data for
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Table 3. Frequencies of different histologic subtypes of 166 primary and 34 metastatic canine osteosarcomas.

Subtype Primary Tumor Metastases

Osteoblastic 87 (52.4%) 19 (55.9%)
Chondroblastic 5 (3.0%) 0
Fibroblastic 5 (3.0%) 0

Mixed fibro- and osteoblastic 26 (15.7%) 7 (20.6%)
Mixed chondro- and osteoblastic 17 (10.2%) 2 (5.9%)
Mixed teleangectatic and osteoblastic 12 (7.2%) 4 (11.8%)
Mixed fibro-, chondro-, and osteoblastic 9 (5.4%) 1(2.9%)
Mixed teleangectatic, fibro-, and osteoblastic 4 (2.4%) 1(2.9%)
Mixed teleangectatic, chondro-, and osteoblastic 1 (0.6%) 0

all primary tumors were combined, the mean score fer 8.49, 95% confidence interval [CI]: 3.1-23RB;<
amount of necrosis was significantly higher in the mé&.001), histologic grade Ill tumors (HR 5.9, 95%
tastases (1.76 0.74) than in the primary OS (1.38 CI: 2.0-17.3;P = 0.001), and increased plasma AP
0.79;P = 0.01). The differences among all other hislevels (HR = 1.003, 95% CI: 1.001-1.005P =
tologic variables were not significant. 0.003). Increased HR for histologic grade and in-
A core biopsy sample predicted the correct subtypeeased AP were also observed when the data were
in three of nine (33%) OS and the correct grade wtratified for type of surgical resection. Dogs not re-
seven of nine (78%) OS. Scores of all the other hiseiving any chemotherapy had a significantly in-
tologic variables did not differ significantly betweercreased HR (HR= 17.3, 95% CI: 4.8-62.0P <
the biopsy specimen and primary tumor. 0.001) compared with dogs that did receive chemo-
therapy in the group with plasma AP levels within the
normal reference range. HRs were not significantly
Of the 99 dogs that were not euthanatized or lost tfifferent between these groups in dogs with increased
follow-up, 17 were treated conservatively. Local tumgslasma AP levels. Increased HRs for a shorter DFI
control consisted of marginal resection of the tumor were observed for dogs with increased plasma AP lev-
eight dogs, limb amputation in 45 dogs, total resectiafls (HR = 1.004, 95% CI: 1.001-1.00P = 0.005),
other than limb amputation in 25 dogs, and regiondbgs that did not receive chemotherapy (HR14.6,
perfusion with cisplatin in four dogs. Sixty-one dog95% Cl: 3.0-71.6;7 < 0.001), and histologic high-
did not receive any other adjuvant chemotherapy, gfade tumors (HR= 3.8, 95% CI: 1.5-9.9P = 0.006).
received a maximum of four doses of lobaplatin (3f instead of tumor grade, the five histologic variables
mg/n¥), four received four doses of carboplatin (156hat predicted tumor grade were evaluated, significant
mg/n?) and doxorubicin (15 mg/f, one received four HRs for shorter ST were found with the use of che-
doses of cisplatin (60 mg/in one received five dosesmotherapy (HR= 6.1, 95% Cl: 2.1-18.1P = 0.001),
of doxorubicin (30 mg/r9), and one received low-dosepresence of tumor cells in the blood vessels (HR
methotrexate. Most dogs & 138, 89.6%) had already 8.3, 95% CI: 2.3-30.22 = 0.001), and increased plas-
died at the time of the study. Of these 138 dogs, Ida AP level (HR= 1.003, 95% CI: 1.001-1.00%
dogs died from causes other than the primary OS er 0.02). For DFI, increased hazard was associated
metastatic disease. with two variables: tumors with a high number of mi-
Of the 110 dogs on which a postmortem examingses (HR= 1.06, 95% Cl: 1.02-1.1@® = 0.002) and
tion was performed, metastases were present at thsy that did not receive chemotherapy (HRL2, 95%
time of death in 72 dogs (65.5%) and occurred in thel: 2.6-51.6;P = 0.002).
lungs in 48 dogs (66.7%), bone in 10 dogs (13.9%), ) )
nonpulmonary visceral organs in seven dogs (9.7%), Discussion
subcutaneous tissues in five dogs (6.9%), and simul-Although the clinical data presented in this study
taneously in lungs and bone in two dogs (2.8%). Thea#e comparable to those of previous studigg?.22.23.26
was local recurrence in all eight dogs with margindahe histologic data are more difficult to interpret be-
resections, half of the 16 dogs with total resectionsause classification systems were rarely used in pre-
and one of 44 dogs with amputations for which postdious studies. In 1972, Misdorp and Harpresented
mortem examinations were performed. data for 144 dogs with OS that were evaluated by mul-
When survival data for the 99 dogs were evaluatdivariate analysis. In their study of 144 cases of OS,
by multivariate analysis, increased hazard ratios (HR&J% were osteoblastic, 23% were osteoblastic-chon-
were observed for incomplete surgical resection (H&oblastic, 14% were osteoblastic-fibroblastic, and

Follow-up and survival data
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15% were osteoblastic-chondroblastic-fibroblastictic indicators for survival and DFI using multivariate
The findings of the present study are comparablenalysis, only a few appeared to be significant. Al-
when teleangectatic OS was not considered a sepatamugh complete surgical resection without adjunctive
group. The importance of the subdivision is artificiathemotherapy should be viewed as a purely palliative
because the histologic multipotentiality of the tumoprocedure, it did increase survival compared with that
similar to that in human OS, eliminates any significarior dogs that had incomplete or no resection at all.
differences in DFI and ST among the subgrotijpsFrom an ethical standpoint, it is debatable whether
Prognosticators that were used earlier, such as fibamnservative treatment (i.e., analgesics) is preferable
blasti¢®>?®and teleangectatitOS, were not associatedto palliative resection, especially because resection
with a significant better or worse prognosis in thigill improve ST and, in the case of appendicular OS,
study. Division into subclasses does not appear to amputation results in excellent function in most dégs.
warranted. The second independent prognosticator was plasma
Histologic grade provides a better assessment of tA@ level. An increased level of AP was associated
biologic aggressiveness of the tumdEXisting grad- with a shorter DFI and ST. This finding is similar to
ing systems were adapted to better suit the canine @&t of studies that evaluated the prognostic importance
High grade (grade 1ll) OS in general has a high celaf AP activity in dogs with appendicular %> HR
matrix ratio, poor differentiation of immature matri-for increased AP in both studies were comparable; in-
ces, and malighant cytologic characteristics, such a®ased AP values were not associated with more un-
degree of pleomorphism, mitotic index, vascular indifferentiated tumors or tumors with a higher grédée.
vasion, amount of necrosis, and invasiven®s8. The Musculoskeletal Tumor Committee of the Japa-
High-grade tumors were associated with significantlyese Orthopedic Association has modified the Tumor
decreased ST and DFI in this study, similar to ST andode Metastasis (TNM) system to include serum AP
DFI for other mesenchymal tumor types such as hkevels, because AP value was also a strong prognos-
mangiosarcont&and splenié’ synovial cell?® and fe- ticator in human OS.This modification would allow
line soft-tissue sarconfaln two studies, tumor gradea better correlation between survival rate and stage.
in a group of dogs with OS was evaluated using mulhe data obtained by Ehrhart et'aland Garzotto et
tivariate analysis, but higher risk was not associatedl'®> and in the present study show that this modifica-
with higher tumor gradé&®¢ Both studies, however, tion may also apply for canine OS.
included relatively small populations and one specific The response of OS to chemotherapy is variable.
tumor site. Tumor grading is a relatively simple proSome tumors appear to respond very well to adjuvant
cedure without additional costs and should be perhemotherapy, but others show little or no effect. In
formed before further therapeutic measures are undéogs with AP values within the normal range, che-
taken. Grade | and grade Il OS, which represent amotherapy was a prognostic factor in this study. Dogs
proximately 25% of the OS reported in this study, hawsith an increased AP value did not benefit from ad-
a significantly better prognosis than grade Il OS. Alilitional chemotherapy, but dogs with an AP value
researchers that use multivariate analysis to evaluatghin the normal range did benefit, similar to the sit-
whether a certain therapy is successful in treating aaation for human OS? The source of the elevated AP
nine OS should, therefore, be aware that the gradewafiue in dogs is bone-specific AP, which is produced
OS may significantly influence the outcome. by the neoplastic osteoblastsin the present study,
Several specific histologic variables, such as pletite specific isoenzymes were not determined. The re-
morphism, proportion of tumor cells, amount of masults, however, were corrected for steroid-induced
trix, necrosis, and invasiveness, did not show any si§P3® and none of the dogs had clinical signs of overt
nificant effect on survival data. The histologic variliver, gastrointestinal, or bone diseases other than OS.
ables associated with an increased risk were the nu@ther liver enzymes were not elevated (data not
ber of mitoses and presence of ingrowth of tumor celéhiown). The exact role of AP in chemoresistance has
in blood vessels (blood vessel invasion). The numbeot been elucidated. Chemorestistant tumor cells over-
of mitoses (or mitotic index) has been used in othexpressing AP may be multidrug resistant (MDR).
studies to calculate a histologic score and appearsHaman MDR OS cells overexpress P-glycoprotein,
be an important determinant of the relative risk calvhich is a negative predictor of clinical outcorf&.
culation for DFI and STF*¢Blood vessel invasion wasCanine OS that overexpress AP also may be MDR.
observed by Misdorp and Hé&tin 71.4% of the sam- The specific relation between AP and P-glycoprotein,
ples evaluated but was not always associated whlbwever, has not been established.
macroscopic metastatic disease. This frequency isOS is known as a highly metastatic tumor that sup-
identical to the results presented here. posedly metastasizes through mainly hematogenous
Of all the variables that were evaluated as prognasutes?®4° The distribution of metastases was similar



Vet Pathol 39:2, 2002 Grading System for Canine Osteosarcoma 245

to that in previous studi€d?% In the present study, Acknowledgements

however, lymphogenous metastases were present ifhe assistance of H. M. W. Priem-de Groen, W. Steen-

approximately 25% of dogs. The routine evaluation @fergen-Botweg, J. E. Rofina, and D. J. Compton is greatly

regional lymph nodes in the staging procedure of thgpreciated.

OS is therefore necessary to fully comprehend the

metastatic behavior of this tumor type. The TNM sys- References

tem is also applicable for canine OS. 1 Bacci G, Picci P, Ferrari S, Orlandi M, Ruggieri P, Cas-
In this study, the histologic variables of the primary adei R, Ferraro A, Biagini R, Battistini A: Prognostic

tumor and the corresponding metastases were com-significance of serum alkaline phosphatase measure-

pared. Most histologic variables were identical, and the ments in patients with osteosarcoma treated with adju-

histologic subtypes corresponded in most cases. TheVant or neoadjuvant chemotherapy. Cangérl224—

. - : . 1230, 1993
meta_sta5|s_often is a true reflection of the primary U5 5oce G, Picci P, Orlandi M, Avella M, Manfrini M.
mor in canine OS.

. . . . Pignatti G, Dallari D, Manduchi R: Prognostic value of
The advantage of obtaining a histologic biopsy serum alkaline phosphatase in osteosarcoma. TuF8ori

specimen for canine OS is suggested by the results of331-336, 1987

this study. Published techniques have diagnostic valugsBaldini N, Scotlandi K, Barbanti-Brodano G, Manara

of approximately 82-94%, depending on the type of MC, Maurici D, Bacci G, Bertoni F, Picci P, Scottili S,

biopsy and whether the technique was performed ad- Campanacci M: Expression of P-glycoprotein in high-

equatel13741|n this study, all core biopsy specimens grade osteosarcomas in relation to clinical outcome. N
q y: . . y- _p Y sp Engl J Med333:1380-1385, 1995

were obtained using a Michele trephine and resulteg s . .

. d diction i fnine OS Bancroft JD, Stevens A: Theory and Practice of Histo-

m_a corrgct gr_a e pre_ Iction 'r_] seven ol nine 'Cases. logical Techniques, 2nd ed. Churchill Livingstone, Lon-

Histologic variables did not differ between the biopsy qon UK, 1982

and the primary specimen, but the number of biopsy Berg J, Gebhardt MC, Rand WM: Effect of timing of

specimens examined is relatively small. Because his- postoperative chemotherapy on survival of dogs with os-

tologic grade was predicted correctly in most cases, teosarcoma. Cancé®:1343-1350, 1997

the evaluation of biopsy specimens is recommende®! 5ergmanAPJ,KMacEv[\;eVC |_E|G| i“[(zmar‘]“ 'AD'K'I"‘?”%KCJ'

and may aid in the selection and prediction of outcome Hammer AS, Knapp DW, Hale A, Kruth SA, Klein MK,

f tain th t Is. Cl ificati fOS i Klausner J, Norris AM, McCaw D, Straw RC, Withrow
or certain therapy protocois. Llassilcation o S NE Amputation and carboplatin for treatment of dogs

made easier, however, by a larger biopsy specimen, yjth osteosarcoma: 48 cases (1991-1993). J Vet Intern
including the edge of the tumor. An incisional biopsy Med 10:76-81, 1996

of the softer outer parts of the OS combined with & Brodey RS, Abt DA: Results of surgical treatment in 65
core biopsy from the calcified inner part will result in  dogs with osteosarcoma. J Am Vet Med Asst@s:

the best chances for accurate diagnosis. Ultrasound-1032-1035, 1976 . o
guided FNAB of bone lesions is another reported way® Brodey RS, Riser WH: Canine osteosarcoma. A clini-

of obtaining a preliminary diagnosis. Blind FNAB of igggthdog'c study of 194 cases. Clin Orthep54-64,

35 OS were obtained in this study, and cytologic evy payigson EB, Gregory CR, Kass PH: Surgical excision
idence for mesenchymal tumor or OS was observed in of soft tissue fibrosarcomas in cats. Vet S@@)265—
63% of these samples. The advantages of FNAB over 269, 1997
core biopsy are the relative ease and low costs of ol Dernell WS, Straw RC, Cooper MF, Powers BE, LaRue
taining the sample. However, limited information SM, Withrow SJ: Multilobular os_:teochondrosarcoma in
about tumor subtype and grade is obtained by FNAB ig 0'1%%55 1979-1993. J Am Anim Hosp Assdé:11-
Whel’.l' compared with a F:ore biopsy. We @sagrge W'H'l Ef%erth T, Vilm M: Increase of alkaline phosphatase in
Samii et aF? that sedation or anagsthe&a, which in- multidrug-resistant tumor cells and their cross-resistance
creases the cost of the procedure, is not necessary, beyo 6-thioguanine. Arzneim Forsai8:1118-1121, 1993
cause the procedure is rather painful for the animali12 Ehrhart N, Dernell WS, Hoffman WE, Weigel RM, Pow-
Canine OS presents with heterogenous histologic ers BE, Withrow SJ: Prognostic importance of alkaline
and clinical features, of which tumor grade, best pre- phosphatase activity in serum from dogs with appendic-
dicted by blood vessel invasion and mitotic index, and Ular osteosarcoma: 75 cases (1990-1996). J Am Vet Med
AP levels seem to be most important for evaluating, Ass0c213:1002-1006, 1998

. . . . Enneking WF: A system of staging musculoskeletal neo-
the prognosis for survival. Dogs with high-grade tu- plasms. Clin Orthof204:9—24, 1986

mors and elevated AP should be carefully evaluated Fykuma H, Beppu v, Yokoyama R, Omiya K: TNM clas-
for the presence of possible metastatic disease beforesification of bone and soft tissue sarcomas. Gan To Ka-

starting adjunctive therapy protocols. gaku Ryoho24:1035-1040, 1997



246

Kirpensteijn, Kik, Rutteman, and Teske

Vet Pathol 39:2, 2002

15 Garzotto CK, Berg J, Hoffmann WE, Rand WM: Prog29 Owen LN, Stevenson DE: Observations in canine oste-

16

17

18

19

20

21

22

23

24

nostic significance of serum alkaline phosphatase activity
in canine appendicular osteosarcoma. J Vet Intern M&@
14:587-592, 2000

Gleiser CA, Raulston GL, Carpenter RH, Gray KN: Tel31
angiectatic osteosarcoma in the dog. Vet Pall8oB96—
398, 1981

Goorin AM, Abelson HT, Frei E Ill: Osteosarcoma: fif-
teen years later. N Engl J Meg13:1637-1643, 1985 32
Grundmann E, Roessner A, Ueda Y, Schneider-Stock R,
Radig K: Current aspects of the pathology of osteosar-
coma. Anticancer Re$5:1023-1033, 1995

Hammer AS, Weeren FR, Weisbrode SE, Padgett S33
Prognostic factors in dogs with osteosarcomas of the flat
or irregular bones. J Am Anim Hosp Ass8t:321-326,
1995

Heyman SJ, Diefenderfer DL, Goldschmidt MH, Newton
CD: Canine axial skeletal osteosarcoma. A retrospecti§é
study of 116 cases (1986 to 1989). Vet S@y304—
310, 1992

Kirpensteijn J, van den Bos R, Endenburg N: Adaptation
of dogs to the amputation of a limb and their owners’
satisfaction with the procedure. Vet Ré&d4:115-118, 35
1999

Langebach A, Anderson MA, Dambach DM, Sorenmo
KU, Shofer FD: Extraskeletal osteosarcomas in dogs: a
retrospective study of 169 cases (1986-1996). J Agé
Anim Hosp Assoc34:113-120, 1998

Ling GV, Morgan JP, Pool RR: Primary bone tumors in
the dog: a combined clinical, radiographic, and histologic
approach to early diagnosis. J Am Vet Med As465: 37
55-67, 1974

Liu SK, Dorfman HD, Hurvitz Al, Patnaik AK: Primary 3
and secondary bone tumors in the dog. J Small Anim
Pract18:313-326, 1977

osarcomata. Res Vet S2i117-120, 1961

Powers BE: Current trends in oncologic pathology. Proc
Am Coll Vet Intern Med Foruml7:356-358, 1999
Powers BE, LaRue SM, Withrow SJ, Straw RC, Richter
SL: Jamshidi needle biopsy for diagnosis of bone lesions
in small animals. J Am Vet Med Assot93:205-210,
1988

Samii VF, Nyland TG, Werner LL, Baker TW: Ultra-
sound-guided fine-needle aspiration biopsy of bone le-
sions: a preliminary report. Vet Radiol Ultrasouda@:
82-86, 1999

Scotlandi K, Serra M, Nicoletti G, Vaccari M, Manara
MC, Nini G, Landuzzi L, Colacci A, Bacci G, Bertoni

F, Picci P, Campanacci M, Baldini N: Multidrug resis-
tance and malignancy in human osteosarcoma. Cancer
Res56:2434-2439, 1996

Spangler WL, Culbertson MR, Kass PH: Primary mes-
enchymal (nonangiomatous/nonlymphomatous) neo-
plasms occurring in the canine spleen: anatomic classi-
fication, immunohistochemistry, and mitotic activity cor-
related with patient survival. Vet Path8l:37-47, 1994
Spodnick GJ, Berg J, Rand WM, Schelling SH, Couto
CG, Harvey JH, Henderson RA, MacEwen EG, Mauldin
GN, McCaw DL: Prognosis for dogs with appendicular
osteosarcoma treated by amputation alone: 162 cases
(1978-1988). J Am Vet Med Assd®00:995-999, 1992
Straw RC, Powers BE, Klausner J, Henderson RA, Mor-
rison WB, McCaw DL, Harvey HJ, Jacobs RM, Berg
RJ: Canine mandibular osteosarcoma: 51 cases (1980—
1992). J Am Anim Hosp Asso82:257-262, 1996
Tangner CH: A modified technique for closed trephine
bone biopsy. J Am Anim Hosp Assd@5:55-56, 1985

8 Teske E, Rothuizen J, de Bruijne JJ, Mol JA: Separation

and heat stability of the corticosteroid-induced and he-
patic alkaline phosphatase isoenzymes in canine plasma.

25 Malcolm AJ: Osteosarcoma: classification, pathology, j chromatog869:349-356, 1986

26

27

and differential diagnosis. Semin Orth@8pl-12, 1988 39
Misdorp W, Hart AAM: Some prognostic and epidemi-
ologic factors in canine osteosarcoma. J Natl Cancer Inst
62:537-545, 1979

O’'Brien MG, Straw RC, Withrow SJ: Recent advancesQ
in the treatment of canine appendicular osteosarcoma.
Compend Cont Educ Pract V&b:939-947, 1993

Vail DM, Powers BE, Getzy DM: Evaluation of prog-
nostic factors for dogs with synovial cell sarcoma: 36
cases (1986-1991). J Am Vet Med Assd@5:1300—
1307, 1991

Waters DJ, Hawthorne JC, Cooley DM: Malignant skel-
etal neoplasms of dogs. Kleintierpraxi#2:809-824,
1997

28 Ogilvie GK, Powers BE, Mallinckrodt CH, Withrow SJ:41 Wykes PM, Withrow SJ, Powers BE, Park RD: Closed
Surgery and doxorubicin in dogs with hemangiosarcoma. biopsy for diagnosis of long bone tumors: accuracy and
J Vet Intern Med10:379-384, 1996 results. J Am Anim Hosp Asso21:489-494, 1985

Request reprints from Dr. J. Kirpensteijn, Department of Clinical Sciences of Companion Animals, Faculty of Veterinary
Medicine, Utrecht University, PO Box 80.154, 3508 TD Utrecht (The Netherlands).



