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Osteosarcoma  (OS)  is  a malignant  tumor  of  mesenchymal  origin  that  produces  osteoid.  Given  that  the
prognosis  can  vary  considerably  between  dogs,  we  aimed  to explore  whether  treatment  could  be tailored
towards  patient  subgroups,  characterized  by their  predicted  risk  of  mortality.  For  the  current  study,  a
subset  of five  nonrandomized  studies  (400  subjects  of whom  88 were  dead  at  5  months  follow-up)
was  used  from  a previously  published  20 study individual  patient  data  meta-analysis.  Missing  data  was
dependent  on  observed  variables  and  was  imputed  to  correct  for  this  dependency.  Based  on  a  previously
published  multivariable  prognostic  model,  the  5-month  mortality  risk  was  predicted.  Subsequently,  in
surgically  treated  dogs,  using  a logistic  regression  model  with  a random  intercept  for  a  study  indicator,
we  explored  whether  chemotherapy  effectiveness  depended  on predicted  5-month  mortality  risk.  After
adjustment  for potential  confounders  the main  effect  of  any  chemotherapy  was  0.48  (odds  ratio)  (95%CI

0.30; 0.78).  Testing  for chemotherapy  by predicted  5-month  mortality  risk  interaction  revealed  that  the
effects  of any  chemotherapy  decreased  with  increasing  predicted  risk;  interaction  OR  3.41  (1.07;  10.84).
Results  from  individually  comparing  carboplatin,  cisplatin,  doxorubicin  and  doxorubicin  combination
therapy  to no  chemotherapy,  were  similar  in  magnitude  and  direction.  These  results  indicate  that  the
main  treatment  effects  of chemotherapy  do not  necessarily  apply  to  all patients.

© 2015  Elsevier  B.V.  All  rights  reserved.
. Introduction

Osteosarcoma (OS) is a malignant tumor of mesenchymal origin
hat produces osteoid. In dogs, OS most frequently occurs in large

nd giant breeds (Cooley and Waters, 1997; McNeill et al., 2007;
orrdin et al., 1989; Ru et al., 1998; Spodnick et al., 1992). Dogs

hat are treated with amputation have a median survival time of

∗ Corresponding author at: Institute of Cardiovascular Science, Faculty of Popula-
ion Health, University College London, London WC1E 6BT, United Kingdom.

E-mail address: amand.schmidt@ucl.ac.uk (A.F. Schmidt).
1 For the VSSO investigators.

ttp://dx.doi.org/10.1016/j.prevetmed.2015.10.016
167-5877/© 2015 Elsevier B.V. All rights reserved.
five months, with the majority succumbing to metastatic disease
(Brodey and Abt, 1976; Straw and Withrow, 1996). Clinical studies
have shown that on average survival in OS dogs can be extended by
administrating chemotherapy (Bailey et al., 2003; Chun et al., 2005,
2000; Straw et al., 1991; Vail et al., 2002).

After performing an aggregated meta-analysis (Boerman et al.,
2012), a prognostic model for mortality in surgically treated canine
osteosarcoma patients was  developed using a 20 study individual
patient data meta-analysis (IPDMA) (Schmidt et al., 2013). Such

a prognostic model can be used to predict a dog’s risk of early
mortality (Moons et al., 2012). This offers the possibility to iden-
tify subgroups of dogs according to their baseline prognosis and
target treatment to patients most likely to benefit. This can poten-

dx.doi.org/10.1016/j.prevetmed.2015.10.016
http://www.sciencedirect.com/science/journal/01675877
http://www.elsevier.com/locate/prevetmed
http://crossmark.crossref.org/dialog/?doi=10.1016/j.prevetmed.2015.10.016&domain=pdf
mailto:amand.schmidt@ucl.ac.uk
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ially prevent dogs from unnecessarily receiving treatment, which
s relevant in terms of both costs and quality of life.

In the current paper, using a five study subset of our pre-
iously published IPDMA (Schmidt et al., 2013), chemotherapy
ffects were individualized by determining whether dogs with a
ifferent 5-month mortality predicted risk, reacted differently to
hemotherapy treatment. Specifically, using an adapted version of
he previously published prediction model (Schmidt et al., 2013),
e first predicted a dog’s 5-month mortality risk based on age,
eight, gender neuter status, serum alkaline phosphatase (SALP)

evel, breed, and tumor location at time of surgery. Subsequently
e evaluated what the effect was of “any chemotherapy” com-
ared to no chemotherapy on the 5-month mortality incidence
nd if this effect differed between dogs with different predicted
-month mortality risks. These estimates were compared for con-
istency to compound specific estimates for carboplatin, cisplatin,
oxorubicin and doxorubicin combination therapy (the available
roups of chemotherapy).

. Materials and methods

The effects of the different chemotherapeutics compared to
o chemotherapy were determined using individual patient data
IPD). These IPD were used previously in an IPD meta-analysis
IPDMA) combining data of 20 studies to determine prognostic fac-
ors for early mortality in dogs with osteosarcoma (Schmidt et al.,
013). A detailed description of the data accrual can be found in the
riginal publication (a review protocol is unavailable). Briefly, stud-
es were collected via the Veterinary Society of Surgical Oncology
VSSO). In January 2012, a call for collaboration was  sent out to VSSO

embers and other veterinary oncologic researchers. Data was
eemed eligible if baseline patient characteristics of OS dogs and
ime to event (death or metastasis) were recorded. To reduce the
ossibility of publication bias (Easterbrook et al., 1991), published
nd unpublished studies were both eligible. All dogs in these studies
ere diagnosed with osteosarcoma. For the present analysis, dogs
ere excluded if they did not receive surgery; due to euthanasia

n = 197), who received limb-sparing surgery (n = 41), who  received
n infrequently used chemotherapeutic protocol (n = 13) or who
eceived radiation therapy (n = 11). Note that the exclusion of the
1 dogs (collected in 3 studies) treated with limb-sparing surgery

s contrary to the original publication, and given the small number
oes not markedly influence our results. Additionally, the study by
ottnik et al. (2010) only collected data on metastasis, not mortal-
ty, and was excluded. Data was available from 1295 dogs collected
n 16 studies.

To answer our present questions, does chemotherapy effec-
iveness differ between dogs with different predicted 5-month

ortality risk, we used the 1295 dogs to construct a logistic
egression prediction model; predicting mortality at 5 months. Sub-
equently, from these 1295 dogs (16 studies), studies were selected
hat included at least five dogs on no chemotherapy and at least five
ogs treated with one of the interventions of interest (i.e., carbo-
latin, cisplatin, doxorubicin or doxorubicin combination therapy).
ive nonrandomized studies fulfilled this criterion; of these 5
tudies, three were previously published (Amsellem et al., 2014;
irpensteijn et al., 2002; Kow et al., 2008), the two  unpublished
tudies, by Maritato and Bacon, were based on routine healthcare
ecords. After excluding dogs that received lobaplatin chemother-
py (n = 27) 400 subjects remained. Regrettably, none of these 5
tudies randomly allocated chemotherapy hence chemotherapy

ssociations are likely confounded; an issue that will be addressed
ater. We  will first briefly describe how the logistic regression
rediction model was derived (using the 1295 dogs). Second, we
escribe in detail how the predicted 5-month mortality risk was
ry Medicine 125 (2016) 116–125 117

calculated for each individual dog, resulting in an individualized
prediction. Third, we  explain how individualized chemotherapy
effect estimates were derived (based on the 400 dogs). Finally, a
number of sensitivity analyses are discussed. Note that this study
focused on 5-month mortality, because this is regarded as a clini-
cal relevant endpoint (Brodey and Abt, 1976; Spodnick et al., 1992;
Straw et al., 1991), however we  are not aware of any biological
rational other than that it reflects the median survival time after
amputation (without further treatment).

2.1. Data analysis: prediction model

Instead of using the Cox’s proportional hazards prediction model
described in Schmidt et al. (2013), the current analysis uses a logis-
tic regression model with random intercept for study. The reasons
for switching to a “simpler” logistic regression model were twofold.
First, the logistic model has a time independent intercept (contrary
to the baseline hazard in a Cox model) making it easier to introduce
our methodology, second, the proportional hazard assumption for
the treatment by predicted risk interaction term seemed to be
violated, including the null at 1 year (see Manuscript 2 for more
detail). The logistic regression prediction model used the previously
described 1295 dogs IPDMA and regressed a 5-month mortality
indicator on the predictor’s gender, neuter status, tumor location
(proximal humerus, distal femur or proximal tibia, distal radius,
versus other locations), age (years, continuous), weight (kg, con-
tinuous), breed (Rottweiler, Golden Retriever, Labrador Retriever,
Greyhound, Doberman, mixed breeds, versus other breeds) and
serum alkaline phosphatase (SALP, using study specific cut-off val-
ues for high and normal SALP levels). Chemotherapy was  included
as a nuisance variable and was  set to zero (no chemotherapy)
when predicting the 5-month mortality risk. As in the original pub-
lication, all predictors were predefined and no model selection
was used (Schmidt et al., 2013). However, linearity of the con-
tinuous predictors was  assessed by comparing a model (using a
likelihood ratio test) with restricted cubic splines (5 knots) to a
model forcing linearity. Additionally, restricted cubic spline plots
were created to visually inspect linearity. Besides, SALP which was
dichotomized, no deviations from linearity were observed (Refer to
Table 1 for the derived prediction model based on 1295 dogs with).
To prevent overfitting our prediction model (further) no additional
model comparisons were performed (Chatfield, 1995). Please see
the Appendix for a description of the model performance and Fig.
A, a calibration plot comparing predicted versus observed 5-month
mortality risk.

In the 1295 dogs about 8% of the data was  missing, information
on 5-month mortality was missing for 4.2% of the observations and
chemotherapy for 2.4% of the observations (see for more details
Schmidt et al., 2013). Univariable tests showed that missingness
was associated with observed variables (results available from the
first author) biasing a complete case analysis (Altman and Bland,
2007; Rubin, 1976). To adjust bias due to missing data, this depen-
dency was taken into account by imputing missing observation
using the aregImpute algorithm from the Hmisc package ver-
sion 3.13-0 (Harrell and Dupont, 2013). The aregImpute algorithm
was implemented using 10 burn-in iterations, 100 approximate
bootstrap samples and predictive mean matching. To get correct
estimates of the standard errors 100 imputed datasets were created
(i.e., multiple imputation). Results over all 100 imputed datasets
were pooled using Rubin’s rules (Little and Rubin, 2002; Marshall
et al., 2009).
2.2. Data analysis: predicting 5-month mortality

An individual dogs’ risk of 5-month mortality, under no
chemotherapy, was predicted using the coefficient presented in
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Table  1
Multivariable prediction model for 5-month mortality in canines surgically treated for osteosarcoma.

Variables Odds ratio (95%CI) Regression coefficients Standard errors

Intercept ˆ̌
0=−1.2379 0.48

Chemotherapy
No chemotherapy Reference ˆ̌

1=0.0000
Cisplatin 0.60 (0.31; 1.15) ˆ̌

2=−0.5108 0.33
Lobaplatin, carboplatin 0.59 (0.32; 1.10) ˆ̌

3=−0.5276 0.31
Doxorubicin 0.52 (0.29; 0.95) ˆ̌

4=−0.6539 0.30
Doxorubicin combinations 0.38 (0.21; 0.68) ˆ̌

5=−0.9676 0.30
Age (years) 1.03 (0.97;1.09) ˆ̌

6=0.0296 0.03
Weight (kg) 1.02 (1.00; 1.03) ˆ̌

7=0.0198 0.01
Male  gender 0.79 (0.60; 1.05) ˆ̌

8=−0.2357 0.14
Neutered 0.79 (0.54; 1.15) ˆ̌

9=−0.2357 0.19
High  SALP 1.45 (1.08;1.95) ˆ̌

10=0.3716 0.15

Breed
Other breed Reference ˆ̌

11=0.0000
Rottweiler 0.89 (0.58; 1.35) ˆ̌

12=−0.1165 0.22
Golden retriever 0.86 (0.53; 1.39) ˆ̌

13=−0.1508 0.24
Labrador retriever 0.81 (0.48; 1.37) ˆ̌

14=−0.2107 0.27
Greyhound 1.29 (0.70; 2.37) ˆ̌

15=0.2546 0.31
Doberman 1.47 (0.81; 2.69) ˆ̌

16=0.3853 0.31
Mixed breed 0.73 (0.49; 1.09) ˆ̌

17=−0.3147 0.20

Tumor location
Other Reference ˆ̌

18=0.0000
Prox.  humerus 1.54 (1.05; 2.25) ˆ̌

19=0.4318 0.19
Dist. femur or prox. tibia 0.97 (0.65; 1.44) ˆ̌

20=−0.0305 0.20
Dist. radius 0.69 (0.46; 1.04) ˆ̌

21=−0.3711 0.21

Example patient’s predicted logit (5-month mortality risk) = −1.2379 + 0.0000 × chemotherapy (0) + 0.0296 × 7.7 years + 0.0296 × 44 kg + −0.2357 × female (0) + −0.2357 ×
neutered (1) + 0.3716 × high salp (1) + −0.0000 × other breed (0) + 0.0000 × other location (0) = −0.0031.
Example patient’s predicted 5-month mortality risk = 1/(1 + e−(−0.0031)) = 0.4992.
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umbers represent odds ratios with 95% confidence intervals (95%CI). All odds ra
ndicator. This multivariable logistic regression model is based on the cox proporti
sing  1295 OS dogs of which 295 died within 5 months collected in 16 studies.

able 1 and by setting the chemotherapy to zero (no chemother-
py):

ogit (5 − monthmortalityrisk) = logit
(

p̂i

)

= ˆ̌ 0 + ˆ̌ 1 × chemotherapy (0) +
∑J

j=6
ˆ̌

jxij (1)

ere p̂i indicates an individuals’ predicted risk of being dead at 5
onths. ˆ̌

j represent the coefficient for the jth variable presented
n Table 1. Finally, xij represents an individuals’ value for the jth
ariable. Note, that this is equal to calculating the linear predic-
or conditional on no chemotherapy. Additionally we note that,
hile Eq. (1) is applied to every individual patient, and conditional

n a patient’s characteristics the difference in predicted risk can
e large, the predicted risk is not a truly individual estimate of

 patients’ risk of 5-month mortality. Instead, the predicted risk
hould be interpreted as an average predicted risk for a patient with
imilar characteristics. For these predictions, the random intercept
from the logistic regression model) was ignored because in clinical
ractice this prediction model would not be limited to the studies

ncluded in our meta-analysis. The predicted logit(5-month mor-
ality risk) can vary from minus to plus infinity, with zero referring
o a risk of 50%. This predicted logit(5-month mortality risk) can
e transformed to the predicted 5-month mortality risk, bounded
etween 0 and 1, by the following equation:

ˆ i = 1

1 + e−logit(p̂i)
(2)
ee Table 1 for an example.
Applying Eq. (2) results in an estimate of the predicted risk

f 5-month mortality given that the patient did not receive
hemotherapy. Note that the predicted logit(5-month mortality
ere adjusted for all other presented variables and a random intercept for a study
azard model described in Schmidt et al. (2013) including the same predictors and

risk) is expected to be linearly related with the outcome. Where
appropriate the predicted logit(5-month mortality risk) was trans-
formed to the predicted 5-month mortality risk using Eq. (2); for
example when graphing results.

2.3. Data analysis: estimating chemotherapy effectiveness

As indicated previously, first the association of “any chemother-
apy” compared to no chemotherapy with 5-month mortality was
estimated. If this association was  significant we determined how
the different chemotherapeutics carboplatin, cisplatin, doxorubicin
or doxorubicin combination compared to no chemotherapy. These
analyses used the previously defined subset of 400 subjects, col-
lected by combining 5 studies (see Appendix Table A). Depending
on the comparison, a different subset of these 5 studies was used
(see Appendix Tables B through E): for any chemotherapy all stud-
ies were used, similarly for doxorubicin combination all studies
were used, for carboplatin the study by Kirpensteijn was excluded,
for doxorubicin the studies by Kirpensteijn and Amsellum were
excluded and finally for the cisplatin comparison only the study by
Bacon was  used. This selection was based on whether the studies
included any dog on the mentioned chemotherapeutic and aims to
prevent bias due to study specific influences.

Before determining whether chemotherapy effects differed
between dogs with a different predicted logit(5-month mortal-
ity risk) we  first estimated the main effect of chemotherapy (i.e.,
a model regressing 5-month mortality on chemotherapy and co-

variables without an interaction term with chemotherapy). These
main effects provide an estimate of the average effect of chemother-
apy and were derived using a logistic regression model including
a random intercept for study. Specifically, a model was fitted,
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egressing 5-month mortality on the chemotherapy variable and a
andom intercept for study. A second model additionally included
ender, neuter status, tumor locations, age, weight and SALP. The
hird model additionally adjusted for breed. These variables were
ncluded in an attempt to adjust for confounding and were selected
ased on prior knowledge (Hernan et al., 2002). To reduce the risk of
esidual confounding and prevent the usual multiple testing prob-
em (Bland and Altman, 1995), no model reduction strategy was
mployed and no differentiation was made between predictors of
he outcome and confounders.

After determining the main effects, we explored whether
hemotherapy effectiveness depended on predicted logit(5-month
ortality risk) by including a chemotherapy by predicted logit(5-
onth mortality risk) interaction term in the model.

logit (prob [yis = 1])
= ˆ̨ 0s + ˆ̨ 1 × chemotherapy + ˆ̨ 2 × logit

(
p̂i

)
+ ˆ̨ 3 × chemotherapy

×logit
(

p̂i

)
+ εis

ere yi represent an individual’s mortality status at 5-months. Let
ˆ 1 represent the estimated association of chemotherapy compared
o no chemotherapy when all co-variables are zero [i.e., when the
ogit(5-month mortality risk) = 0], ˆ̨ 2 the association of predicted
ogit(5-month mortality risk) when a patients does not receive
hemotherapy, and ˆ̨ 3 the association of the chemotherapy by
redicted logit(5-month mortality risk) interaction term. ˆ̨ 3 indi-
ates how much the association of chemotherapy changes per unit
ncrease or decrease of the predicted logit(5-month mortality risk).
n the absence of interaction, ˆ̨ 3 becomes zero and can be omit-
ed. Epsilon indicates the amount of residual error per individual i
nd per study s. Also note that because the predicted logit(5-mont
ortality) variable include the same confounder information (see

bove), this model also adjust for confounding similar to a dis-
ased risk score (Arbogast et al., 2008). Using these estimates an
ndividualized effect of chemotherapy can be calculated:

R̂i = e ˆ̨ 1×chemotherapy(1)+ ˆ̨ 3×chemotherapy(1)×logit(p̂i) (3)

ere OR represent the estimated odds ratio of chemotherapy for the
th individual. Note, that logit

(
p̂i

)
= logit (5 − monthmortalityrisk)

nd is calculated using Eq. (1). Also, note that this methodology
as been previously applied in human medicine most notably in
he SYNTAX trial (Farooq et al., 2013; van Klaveren et al., 2015).
imilar to the results from Eq. (1) we underline that, while the
reatment effect is calculated for every individual patient it should
ot be interpreted as a truly individual estimate of chemotherapy.

nstead, it reflects a treatment effect taking into account a patients
redicted risk of mortality, which is more individualized than usual
reatment effect but certainly not the effect of chemotherapy in an
ndividual.

For the subset of 400 dogs on average 12.6% of the information
as missing; specifically, 5-month mortality 9%, chemotherapy

.5%, tumor location 9.5%, gender 5.3%, neuter status 5.3%, age 6.5%,
eight 26.3%, high SALP 57,5% and breed 4.5%, (see Table 2 for

n overview). Again missing values were imputed as previously
escribed.

.4. Data analysis: sensitivity analyses

In the following section we describe a few sensitivity analyses
valuating the appropriateness of assumptions made.

Throughout a logistic regression model was used including a

andom intercept for study. Such a model assumes that the random
ntercept can sufficiently be described by a normal distribution. To
valuate this assumption a regular logistic regression model was
sed including study as a categorical factor, which does not assume
ry Medicine 125 (2016) 116–125 119

any parametric distribution; results did not differ (see Appendix
Table F).

In all 5 studies included, chemotherapy was not allocated
randomly. Therefore it is possible that dogs did not receive
chemotherapy because of a worse prognosis, which would overes-
timate any beneficial effects of chemotherapy. To explore this, all
analyses were repeated using the subset of patients that survived
the first month (30 days). While, this analysis potentially decreases
bias, precision was  decreased because 22% of the events occurred
in the first month.

Previously, we implicitly assumed that the association of
chemotherapy by predicted logit(5-month mortality risk) interac-
tion term with the outcome was  linear. The appropriateness of this
assumption was evaluated by comparing a model with a restricted
cubic spline (with five knots) for the interaction term to a model
without splines, using a likelihood ratio test. Additionally, a model
was compared that categorized the predicted logit(5-month mor-
tality risk) in quintiles. No significant deviations from linearity were
observed.

All tests were applied using a significance level of 0.05, estimates
are presented as odds ratios (OR) with 95% confidence intervals
(95%CI). Analyses were carried out using the R statistical package
for windows version 3.0.2 (R Development Core Team, 2013), the
lme4 package version 1.1-7 for random effect models (Bates et al.,
2012), and the metafor package (Viechtbauer, 2010). R codes can
be found in Appendix 2, a PRISMA checklist is included in Appendix
3.

3. Results

Baseline characteristics of the 406 included dogs are presented
in Table 2, after surgical amputation 227 received additional
chemotherapy and 143 dogs did not, of these 87 were dead after
5 months. Information on chemotherapy was  missing for 30 sub-
jects and 5-month mortality for 36 subjects. In general, dogs not
receiving chemotherapy were older, weighed less, were more often
female, neutered and had high SALP. The range of the predicted
logit(5-month mortality risk) was −1.91 to 1.03. Baseline character-
istics for the other comparisons (carboplatin, cisplatin, doxorubicin
and doxorubicin combination) are presented in Appendix Tables B
through E.

The crude main effect estimates of “any chemotherapy” versus
no chemotherapy on 5-month mortality was OR 0.43 (95%CI 0.27;
0.70). After adjustment for potential confounders the OR was 0.48
(95%CI 0.29; 0.78), for details refer to Table 3. Results for the other
comparisons were similar; with the possible exception of the cis-
platin effect, which was  non-significant (Table 3).

Testing for chemotherapy by predicted logit(5-month mortal-
ity risk) interaction revealed that the effects of any chemotherapy
(compared to no chemotherapy) decreased with increasing pre-
dicted logit(5-month mortality risk, Table 4); interaction OR 3.41
(95%CI 1.07; 10.84) P-value = 0.04. Fig. 1 depicts how the OR of
chemotherapy changes with predicted logit(5-month mortality
risk) and 5-month mortality risk (i.e., on the risk scale) and shows
that dogs’ with a predicted 5-month mortality risk of approxi-
mately 0.43 or less benefit from chemotherapy. For dogs’ at a
higher predicted risk, the effectiveness chemotherapy is uncer-
tain because the 95% confidence interval includes the 1. Results for
the other chemotherapy compounds and studies are presented in
Figs. 2 and 3. While the compound and study specific results are not
significant they agree well with the results shown in Fig. 1 indicat-

ing uncertainty in the effectiveness of chemotherapy in dogs with
higher predicted 5-month mortality risk.

The results of the sensitivity analysis of excluding those subjects
who died within the first month are depicted in Table 4. The main
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Table  2
Baseline characteristics of 400 canines with osteosarcoma stratified by treatment status.

Variables No chemotherapy N = 143 Any chemotherapy N = 227 Number of missings N

5-Month mortality N (%) 44 (33%) 44 (20%) 36

Chemotherapy 30
No  chemotherapy 143 (100%) 0 (0%)
Cisplatin 0 (0%) 37 (16%)
Lobaplatin, carboplatin 0 (0%) 45 (20%)
Doxorubicin 0 (0%) 77 (34%)
Doxorubicin combinations 0 (0%) 68 (30%)

Age (years) mean (sd) 8.97 (2.98) 8.68 (2.72) 26
Weight (kg) mean (sd) 32.20 (15.77) 34.40 (15.43) 105
Male  gender N (%) 75 (52%) 127 (56%) 21
Neutered N (%) 109 (76%) 195 (87%) 21
High  SALP N (%) 30 (58%) 54 (47%) 230

Breed  18
Other  breed N (%) 62 (43%) 94 (41%)
Rottweiler N (%) 13 (9%) 26 (11%)
Golden retriever N (%) 7 (5%) 22 (10%)
Labrador retriever N (%) 13 (9%) 11 (5%)
Greyhound N (%) 5 (3%) 16 (7%)
Doberman N (%) 6 (4%) 6 (3%)
Mixed breedN (%) 37 (26%) 52 (23%)

Tumor location 38
Other  N (%) 73 (54%) 82 (38%)
Prox. humerus N (%) 19 (14%) 41 (19%)
Dist. femur or prox. tibia N (%) 24 (18%) 48 (22%)
Dist. radius N (%) 18 (13%) 46 (21%)

Data was  available on 400 subjects, because 30 had missing information on chemotherapy the columns add up to 370. Serum alkaline phosphatase (SALP); N equals the
number of subjects, sd equals the standard deviation. These dogs were originally included in studies by Amsellum, Bacon, Kirpensteijn, Kow and Maritato (co-authors of the
current  IPDMA).

Table 3
Treatment effect estimates of different chemotherapeutics compared to no chemotherapy on 5-month mortality in dogs surgically treated for osteosarcoma.

Any chemotherapy Carboplatin Cisplatin Doxorubicin Doxorubicin combination

Crude model
Treatment effect 0.43 (0.27; 0.70) 0.30 (0.11; 0.80) 0.66 (0.26; 1.67) 0.34 (0.16; 0.72) 0.43 (0.22; 0.86)
Ajusted model 1
Treatment effect 0.45 (0.27; 0.76) 0.27 (0.09; 0.84) 0.59 (0.19; 1.84) 0.34 (0.16; 0.72) 0.42 (0.20; 0.89)
Adjusted model 2
Treatment effect 0.48 (0.29; 0.78) 0.32 (0.11; 0.88) 0.72 (0.28; 1.88) 0.38 (0.19; 0.76) 0.45 (0.22; 0.89)
Interaction model
Treatment effect 0.81 (0.41; 1.62) 0.73 (0.12; 4.53) 1.34 (0.33; 5.37) 0.74 (0.26; 2.09) 0.66 (0.26; 1.72)
Interaction effect 3.41 (1.07; 10.84) 4.06 (0.28; 59.07) 3.95 (0.42; 36.91) 6.46 (0.89; 46.66) 2.49 (0.50; 12.43)

Results presented as odds ratios (ORs) and 95% confidence intervals (95%) with no chemotherapy as the reference group, based on 5 studies, including 400 dogs of whom
88  died (for 1 deceased dog chemotherapy treatment was  not recorded). For the number of subjects and events of the chemotherapy specific estimates see Table 2 and
Appendix Tables. The crude model refers to a model regressing a 5 month mortality indicator on a chemotherapy factor, Adjusted model 1 additionally includes variables
for  age, weight, gender, neuter status, SALP, and tumor location, Adjusted model 3 additionally corrects for breed, Interaction model, refers to a model with a chemotherapy
by  predicted logit(5-month mortality) product term. All models included a random intercept for study; note that a random intercept was  not needed for the carboplatin
comparison, which included the single study of Bacon. Besides exploring non-linearity of associations, no model selection was performed and confounders were included
based  on prior knowledge.

Table 4
Sensitivity analysis including patients surviving the first month. Treatment effect estimates of any chemotherapeutics compared to no chemotherapy on 5-month mortality
in  dogs surgically treated for osteosarcoma.

Crude model Adjusted model 1 Adjusted model 2 Interaction model

Treatment effect 0.68 (0.40; 1.16) 0.74 (0.42; 1.31) 0.81 (0.47; 1.39) 1.13 (0.54; 2.35)
Interaction effect 2.44 (0.66; 8.97)

Results presented as odds ratios (ORs) and 95% confidence intervals (95%), based on 5 studies, including 340 dogs surviving the first month of follow-up of whom 69 were
d th mo
v ed mo
c uded 
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ead  at 5 months follow-up. The crude model refers to a model regressing a 5 mon
ariables  for age, weight, gender, neuter status, SALP, and tumor location, Adjust
hemotherapy by predicted logit(5-month mortality) product term. All models incl
ffect estimates were closer to the null than in the entire sample; OR
f “any chemotherapy” 0.81 (95%CI 0.47; 1.39). Interaction effects
ere also closer to the 1: OR 2.44 (95%CI 0.66; 8.97). However,

he magnitude and direction of these interaction effects were in
rtality indicator on a chemotherapy factor, Adjusted model 1 additionally includes
del 3 additionally corrects for breed, Interaction model, refers to a model with a
a random intercept for study membership.

agreement with those estimated using the entire sample. Similar

and consistent results were found for the individual comparisons
(data not shown).
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Fig. 1. Estimated effect of any chemotherapy compared to no chemotherapy on 5-month mortality in surgically treated dogs with osteosarcoma.
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esults based on 5 studies, including 400 dogs of whom 88 died (for 1 deceased dog

. Discussion

This study showed that dogs with osteosarcoma and a relatively
ow predicted 5-month mortality risk (<0.43) benefited more from
any chemotherapy” compared to no chemotherapy than those
ith a higher predicted risk. Results from individually comparing

he chemotherapeutics, carboplatin, cisplatin, doxorubicin or dox-
rubicin combination therapy, to no chemotherapy were similar
n direction and magnitude, indicating consistency, however these
ompound specific interaction terms did not attain significance.

Previous clinical studies showed that the effect of chemotherapy
ight be modified by other factors. One of the clearest examples of

his in dogs is the synergistic effect between immunotherapy and
hemotherapy (MacEwen and Kurzman, 1996; Vail et al., 1995). To
he best of our knowledge, our study is the first to explore whether
hemotherapy effects vary according to predicted baseline mortal-
ty risk (using multiple variables).

The current study has some limitations. First, only data from
onrandomized studies were available. Therefore, chemotherapy
ffect estimates could be biased due to unobserved and residual
onfounding. To explore this, a sensitivity analysis was performed,
ncluding dogs who survived the first month. Results in this sub-
roup showed estimates closer to an OR of 1. Interaction effects
emained in the same direction and of the same magnitude as
he interaction effects using the entire sample, implying consis-
ency. A second issue is that the prediction model was  derived

ncluding the subset of studies, which were used to test for the
resence of an interaction. However, a recent simulation study
howed that such an internally developed model only deviated
nfidence intervals (dotted lines) for dogs with different predicted risks of 5-month
ram is given, corresponding to the patient frequencies of the x-axis measurement.
otherapy treatment was not recorded).

slightly from externally derived models (Burke et al., 2014). To
some, including non-significant predictors may  seem erroneous.
Perhaps surprisingly, numerous studies have shown that focussing
on significant predictors results in an overfitted model, which does
not generalize well to other settings (Steyerberg, 2009; Steyerberg
et al., 1999, 2011, 2010). To remedy this, it has been suggested to
use prior knowledge to select relevant predictors, which we  have
implemented here. More importantly, we note that the discrimina-
tory ability of the prediction model was limited (c-statistic 0.63).
However, calibration (i.e., how well the predicted risk matched
the observed risk) was very reasonable. For the current purpose,
predicting individualized chemotherapy effects, good calibration
is perhaps more relevant. Another limitation is that a number
of observations were missing. Instead of focussing on complete
cases we tried to address this problem using multiple imputation.
While imputing missing data is likely to decrease bias it possi-
ble that results were nevertheless still biased, due to missingness
being related to unmeasured variables. We  did not perform a com-
parison with a complete case analysis (dropping missing values),
because our analyses showed missing data to be associated with
observed variables invalidating a complete case analysis. Further-
more, too many subjects (n = 231; 58%) would be excluded to allow
a proper (multivariable) analysis. Similarly, due to the small sam-
ple size available and the coinciding modest power, we did not
adjust for multiple testing. Finally, by ignoring the uncertainty in
the predicted logit(5-month mortality) the variance in the inter-

action effect is underestimated. To correct for this, the entire two
stage process was bootstrapped 2000 times (accounting for cluster-
ing by study), repeated 100 times for each imputed dataset, refitting
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Fig. 2. Estimated effects of four different chemotherapeutics compared to no chemotherapy on 5-month mortality in surgically treated dogs with osteosarcoma.
Figure  shows the odds ratio (OR) of carboplatin, cisplatin, doxorubicin or doxorubicin combination therapy compared to no chemotherapy (solid line) with 95% confidence
intervals (dotted lines) for dogs with different predicted risks of 5-month mortality. The horizontal solid line indicates a neutral OR of 1.00. At the bottom of each graph a
histogram is given, corresponding to the patient frequencies of the x-axis measurement. Results based on 5 studies, including 400 dogs of whom 88 died (for 1 deceased
d  samp
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og  chemotherapy treatment was not recorded). The per compound comparisons
oxorubicin combination, and 18/122, note that, depending on the studies used, 

ependent.

he prediction model and the interaction model, and calculating
he covariance of the beta coefficients. This resulted in an inter-
ction effect OR 3.41 (95%CI 0.94; 12.43), compared to the naïve
stimate of OR 3.41 (95%CI 1.07; 10.84). Due to the small sample size

per study, e.g., the smallest study included 37 patients), it is likely
hat some bootstrapped samples contained few exposed subjects
r mortality events, resulting in a skewed bootstrapped distribu-
ion erroneously inflating the estimated covariance. Due to the
le size (event/total), was 56/180 for cisplatin, 55/220 for doxorubicin, 57/211 for
me no chemotherapy group was used in every comparison and results are thus

imputation, it was not possible to instead use the bootstrap to esti-
mate a confidence interval, which is known to perform better if the
distribution is skewed (Carpenter and Bithell, 2000). Given this, it is
probably, best to view the corrected estimated as conservative. To

give more insight in our discussed shortcomings, we replicated our
findings using an independent validation study (see Manuscript 2
jointly submitted). Despite successful replication of our results one
main and very important shortcoming remains, both the current
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Fig. 3. Forest plot of the estimated effect of any chemotherapy compared to no chemotherapy on 5-month mortality in surgically treated dogs with osteosarcoma.
The  left panel shows the main effects of chemotherapy from a model without an interaction term with logit(5-month mortality), the right panel shows the per study
interaction effect of chemotherapy and logit(5-month mortality). Effects are depicted as odds ratio (OR) with 95% confidence interval, pooled across studies using fixed
effects (random intercept only) and random effects (random intercept and random slope) logistic regression models, and adjusted for potential confounders. The interaction
effects  are per unit increase in the predicted logit(5-month mortality risk). Heterogeneity, measured as the tau-squared, was 0.01 95%CI (−0.30; 0.33) for the main effect
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nd  0.01 95%CI (−0.19; 0.19) for the interaction effect. Please note these dogs were
co-authors of the current IPDMA).

PDMA and the validation study used nonrandomized data, and
herefore we stress that our results need replication using inde-
endent (historical) RCT data. If our result can be confirmed using

ndependent RCT data it would also be sensible to include predic-
ion intervals (Sofroniou and Hutcheson, 2002) with the predicted

oint estimates, reflecting the prediction uncertainty. For this pur-
ose our estimated covariance matrix can be requested with the

ead author.
ally included in studies by Amsellum, Bacon, [Jolle] Kirpenstijn, Kow and Maritato

Such a follow-up study may also want to explore adverse events,
such as quality of life, additional healthcare costs, or immunolog-
ical related variables such as leukocytes. Unfortunately, this was
not systematically measured by the studies included in this IPDMA.
Additionally, we note that some researchers prefer absolute effect

measure such as risk differences over odds ratios. Presumably, the
risk difference is preferred because, when the outcome incidence
is low, the odds ratio can be large while the risk difference is small.
For example, if the incidence in an unexposed group of subjects is
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.05 and 0.01 in the exposed the odds ratio is 5.21 while the risk
ifference is only 0.04. However, 5-month mortality in OS dogs

s very common (24% in our sample) making this distinction less
elevant. Nevertheless, the risk difference can be calculated from
he equations presented. Finally, we want to underline that the
ere described approach has two major advantages compared to
regular” one-variable at a time subgroups analysis. First, patients
nd their baseline risk of mortality are rarely defined by only
ne characteristics, our approach correctly takes this into account,
lbeit that subgroup indicators not related to the risk of mortality
re excluded (Kent and Hayward, 2007). Second, and dependent
n its implementation, our approach can greatly reduce the type

 error rate (i.e., number of false positives) due to reducing the
umber of interaction tests to 1 (Sun et al., 2011).

. Conclusions

In conclusion, surgically treated dogs with osteosarcoma which
ave a relatively low predicted risk of 5-month mortality might
enefit most from additional chemotherapy.
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