
Effect of Time to Resumption of Chemotherapy
After Definitive Surgery on Prognosis for

Non-Metastatic Osteosarcoma
By Hamayun Imran, MD, MSc, Felicity Enders, PhD, MPH, Mark Krailo, PhD, Franklin Sim, MD, Scott Okuno, MD,

Douglas Hawkins, MD, Joseph Neglia, MD, MPH, R. Lor Randall, MD, Richard Womer, MD,
Leo Mascarenhas, MD, MS, and Carola A.S. Arndt, MD

Background: The dose intensity of chemotherapy has been described as affecting the outcome of the treatment of a
number of different types of tumors. A delay in the resumption of chemotherapy after definitive surgery for the treatment
of osteosarcoma can decrease the overall dose intensity. The goal of this study was to assess the prognostic
significance of the time to resumption of chemotherapy after definitive surgery in patients with localized osteosarcoma in
an extremity.

Methods: The relationships of the time between definitive surgery and resumption of chemotherapy with death and
adverse events in 703 patients with a localized resectable osteosarcoma in an extremity (556 treated in the Children’s
Oncology Group [COG] Study [INT 0133] and 147 treated at five tertiary care cancer centers) were assessed with use of Cox
proportional hazards models.

Results: The twenty-fifth, fiftieth, and seventy-fifth percentiles of time from definitive surgery to resumption of chemotherapy
were twelve, sixteen, and twenty-one days, respectively.Overall survival waspoorer for patients who had had a delay of greater
than twenty-one daysbefore the resumptionof chemotherapy compared with thosewho hadhada shorterdelay (hazard ratio=
1.57 [95% confidence interval = 1.04 to 2.36]; p = 0.03). Of seventy-one COG-study patients with postoperative com-
plications, 32% (twenty-three) had a delay of more than twenty-one days before resumption of chemotherapy, but 20% (eighty-
nine) of 444 patients with no complications had a similar delay.

Conclusions: In this retrospective analysis, increased time from the definitive surgery to the resumption of chemotherapy
was found to be associated with an increased risk of death of patients with localized osteosarcoma in an extremity. Within
the limitations of a retrospective study, the data indicate that it is best to resume chemotherapy within twenty-one days
after definitive surgery. Surgeons, oncologists, patients, and those responsible for scheduling need to work together to
ensure timely resumption of chemotherapy after surgery.

Level of Evidence: Prognostic Level II. See Instructions to Authors for a complete description of levels of evidence.

O
steosarcoma is the most common primary malignant
bone tumor in children and adolescents less than
twenty years of age, with approximately 400 new cases

each year in the United States1. The majority of the cases are
confined to the extremities, making them amenable to surgical
resection1,2. Preoperative chemotherapy reduces peritumor
edema and vascularity, thus facilitating eventual limb-salvage
procedures. With combined modality treatment, 50% to 80%

of patients with localized osteosarcoma in an extremity can be
expected to survive long term (five years or longer)3-6.

Several dose-intensity analyses have supported the con-
tention that the actual dose intensity delivered in adjuvant
chemotherapy for osteosarcoma determines the treatment
outcome7-9. A lengthy delay before the resumption of chemo-
therapy after definitive surgery could compromise the overall
dose intensity. The appropriate interval from the definitive
surgery to the resumption of chemotherapy is, in part, dictated
by concerns about wound-healing and the risk of infection.
Such considerations make deciding when to resume chemo-
therapy a challenge. In a previously published study, investi-
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gators at Memorial Sloan-Kettering Cancer Center found a
trend toward poorer disease-free survival when chemotherapy
had been delayed more than twenty-four days after surgery in
patients with a poor histological response to preoperative che-
motherapy10. The aim of the present retrospective review was to
assess the impact of the time until the resumption of contem-
porary chemotherapy after definitive surgery on the outcome in
patients with newly diagnosed localized resectable osteosarcoma
in an extremity.

Materials and Methods
Patients and Data Collection

This retrospective study was a collaborative effort of a co-
operative group (the Children’s Oncology Group [COG])

and five tertiary care centers: the Mayo Clinic (Rochester,
Minnesota), Children’s Hospital and Regional Medical Center
(Seattle, Washington), Children’s Hospital and Clinics of Min-
nesota (Minneapolis, Minnesota), University of Minnesota
Cancer Center (Minneapolis, Minnesota), and Children’s Hos-
pital of Philadelphia (Philadelphia, Pennsylvania).

The tertiary care centers were chosen on the basis of pre-
vious collaboration with pilot studies, a common philosophy
regarding the treatment of osteosarcoma, the presence of ortho-
paedic oncologists, and a previous record of outstanding collab-
oration on sarcoma projects involving retrospective reviews.

Information regarding patients treated in the coopera-
tive group trial was provided by the COG Statistics and Data
Center. Local institutional review boards approved the study at
all of the other institutions, where local investigators abstracted
the data. Variables that were collected included age, sex, race,
the bone in which the tumor was located, the size of the pri-
mary tumor, serum levels of lactic dehydrogenase and alkaline
phosphatase, the type of surgery, the surgical margins, the ex-
tent of tumor necrosis at the time of the surgery, and the
number of days to the resumption of chemotherapy after the
surgery. Information regarding surgical complications was col-
lected prospectively only for the patients in the COG study. The
percentages of patients for whom lactic dehydrogenase, alkaline
phosphatase, and tumor-size values were missing differed be-
tween the group in the COG study (1.3% [lactic dehydrogenase],
1.4% [alkaline phosphatase], and 10.4% [tumor size]) and the
group not in the COG study (44.2%, 39.5%, and 37.4%, re-
spectively) because this information was not routinely obtained
for the patients who were not in the COG study whereas the data
were required for entry of patients into the COG study. For the
remaining variables, data points were missing for, at most, 12%
of the patients in either group.

Eligibility criteria included an age of less than thirty years,
a new diagnosis of localized conventional high-grade osteo-
sarcoma in an extremity between 1988 and 2002, resumption of
chemotherapy postoperatively, and no disease progression prior
to surgery. In addition, the patient had to have received neo-
adjuvant chemotherapy with (1) doxorubicin, cisplatin, and
high-dose methotrexate with or without ifosfamide and with or
without muramyl tripeptide phosphatidyl ethanolamine either
in, or according to the previously published protocol of, the

COG Phase-III Intergroup Study INT-0133 (protocol identifi-
cation numbers, CCG7921 and POG 9351)5; (2) doxorubicin,
ifosfamide, and high-dose methotrexate with or without cis-
platin either in, or according to previously reported protocols

TABLE I Patient and Tumor Characteristics

No. (%)

Characteristics
Patients in
COG Study

Patients Not
in COG Study

Age at diagnosis
0-11 yr 177 (31.8) 38 (25.9)
12-14 yr 183 (32.9) 47 (32.0)
15-30 yr 196 (35.3) 62 (42.2)

Sex
Male 316 (56.8) 87 (59.2)
Female 240 (43.2) 60 (40.8)

Race
White 379 (68.2) 111 (86.0)
Black 75 (13.5) 5 (3.9)
Other 102 (18.3) 13 (10.1)

Site of primary tumor
Femur 316 (56.8) 84 (57.1)
Tibia 149 (26.8) 31 (21.1)
Humerus 66 (11.9) 22 (15.0)
Fibula 13 (2.3) 9 (6.1)
Radius or ulna 8 (1.4) 1 (0.7)
Other 4 (0.7) 0 (0)

Primary tumor size*
<9 cm 218 (39.2) 39 (26.5)
‡9 cm 338 (60.8) 108 (73.5)

Lactic dehydrogenase level
at or above institutional limit

No 359 (65.4) 69 (84.1)
Yes 190 (34.6) 13 (15.9)

Alkaline phosphatase level
at or above institutional limit

No 330 (60.2) 68 (76.4)
Yes 218 (39.8) 21 (23.6)

Type of surgery
Limb salvage 385 (76.8) 124 (84.4)
Amputation 116 (23.2) 23 (15.6)

Surgical margins†

Wide 445 (87.4) 108 (74.0)
Intralesional 6 (1.2) 1 (0.7)
Marginal 16 (3.1) 29 (19.9)
Radical 42 (8.3) 8 (5.5)

Tumor necrosis
£95% 279 (52.8) 86 (60.6)
>95% 249 (47.2) 56 (39.4)

*Maximum tumor size in any dimension based on the imaging
studies at the time of diagnosis. †Classified according to the
musculoskeletal sarcoma grading system of Enneking et al.14.
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in, pilot studies11,12; or (3) doxorubicin, cisplatin, and high-
dose methotrexate with or without ifosfamide in Pediatric
Oncology Group (POG) Study 9754.

Statistical Methods
We analyzed the time from the definitive surgery to the re-
sumption of chemotherapy as a continuous variable (one-week
increases) as well as a categorical variable (dichotomized at the
fiftieth and seventy-fifth percentiles). We used the Cox pro-
portional hazards regression model13 to assess the relationship
of this interval with death and adverse events and calculated
hazard ratios with 95% confidence intervals. Cox-model co-
efficients were based on their asymptotic distribution in the
proportional hazards model. Patients were included in the
analysis as long as they had begun the intended postoperative
chemotherapy regimen.

Univariate regression analyses with use of multiplicative
interaction terms between the surgery-chemotherapy interval
and tumor necrosis were conducted to assess effect modifica-
tion within categories of this variable. Patients who had tumor
necrosis of >95% were considered to have had a good response
to the preoperative chemotherapy whereas those with necrosis
of £95% were considered to have had a poor response. In the
multivariate model, we adjusted for the two well-recognized
prognostic variables, tumor size and necrosis.

The median time to resumption of chemotherapy was
compared between various categories of variables potentially
associated with definitive surgery. These included the location of
the tumor within the extremity (distal [to the knee or elbow] or
proximal [to the knee or elbow]), tumor size (maximum tumor
size in any dimension based on the imaging studies at diagnosis),
type of surgical procedure (limb salvage or amputation, with
rotationplasty classified as a limb salvage procedure because the
complication rates associated with rotationplasty are more like
those associated with limb salvage than those associated with
amputation), and type of surgical margins (classified according
to the musculoskeletal sarcoma grading system of Enneking
et al.14).

Overall and event-free survival rates were estimated with
use of the Kaplan-Meier method13. Event-free survival was
defined as the time from the definitive surgery until an adverse
event or the last patient contact. Adverse events were defined as
disease progression (local or distant recurrence), a secondary
malignant tumor, or death from any cause (i.e., disease, toxicity
related to the chemotherapy, or an accident). Overall survival
was defined as the time from the definitive surgery until death
from any cause or the last patient contact.

Finally, we examined survival after recurrence segregated
by a delay of more than 21 days compared with twenty-one
days or less before the resumption of chemotherapy after the
definitive surgery. To do this, we used Kaplan-Meier curves
and compared censoring patterns for those who did and those
who did not resume chemotherapy within twenty-one days
after the surgery. To compare the censoring patterns, we used a
chi-square goodness-of-fit test assessing the null hypothesis
that the proportion censored with less than two years of follow-

up (during the time when most recurrences are expected to
occur) was the same for both groups. All tests were two-sided,
and p values of <0.05 were considered significant.

Source of Funding
Limited funding for statistical support was provided by dis-
cretionary funds from the Mayo Clinic Department of Pedi-
atric and Adolescent Medicine. The Children’s Oncology
Group (COG) trial INT-0133, from which the majority of the
patients analyzed in this trial originated, was supported by
COG Grant CA 98543. A complete listing of grant support
for research conducted by COG and POG before initiation of
the COG grant in 2003 is available online at: http://www.
childrensoncologygroup.org/admin/grantinfo.htm.

Results

Seven hundred and three patients—556 patients from the
COG study and 147 patients from the other five collabo-

rating institutions—met the eligibility criteria. Table I shows
patient demographics and tumor characteristics.

Survival
At the time of the last follow-up, 140 of the 703 patients had
died after an average of three years (median, 2.7 years; range,
0.1 to 10.3 years) following the definitive surgery and 226
patients had experienced at least one adverse event at a mean of
1.8 years (median, 1.5 years; range, 0.04 to 7.1 years) following
the definitive surgery. No patient died as a result of compli-
cations at the time of the definitive surgery. The overall sur-
vival and event-free survival rates at five years following the
surgery were 78.8% and 66.1%, respectively.

Relationship of Time to Resumption of Chemotherapy After
Definitive Surgery with Outcome
The time to resumption of chemotherapy ranged from three
to ninety-seven days (twenty-fifth, fiftieth, and seventy-fifth

Fig. 1

Histogram of time to resumption of chemotherapy after surgery in days

for all patients.
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percentiles, twelve, sixteen, and twenty-one days, respectively)
(Fig. 1). Table II summarizes the median time and the range of
times to resumption of chemotherapy analyzed according to
characteristics related to the definitive surgery. The median
times to resumption of chemotherapy differed significantly
between the types of surgery (p = 0.005) and between the types
of surgical margins (p = 0.01). Overall, 13.8% (seventy-one) of
515 COG-study patients had postoperative complications of

hemorrhage, infection, hematoma, arterial thrombosis, and/or
wound slough recorded on the data-capture forms. The me-
dian time to resumption of chemotherapy for the COG-study
patients who had complications was fifteen days compared
with eighteen days for those who did not have complications.
The delay in the resumption of chemotherapy was more than
twenty-one days for 20% (eighty-nine) of the 444 COG-study
patients who had no surgical complications compared with
32% (twenty-three) of the seventy-one COG-study patients
who had surgical complications.

Table III summarizes the results of the univariate ana-
lyses. All comparisons showed a nonsignificant increase in the
risk of death and adverse events with an increase in the delay in
the resumption of chemotherapy after definitive surgery. Table
IV summarizes the results of the multivariate model with ad-
justment for tumor size and necrosis. The increase in the risk
of death and adverse events with each one-week increase in the
delay in the resumption of chemotherapy was not significant
when the interval was analyzed as a continuous variable. How-
ever, when it was analyzed as a categorical variable, there was a
significant increase in the risk of death of patients who had a
delay of more than twenty-one days compared with those who
resumed chemotherapy within twenty-one days after the de-
finitive surgery (hazard ratio = 1.57 [95% confidence interval =
1.04 to 2.36]; p = 0.03). Even a delay of more than sixteen days,
as compared with resumption of chemotherapy within sixteen
days, was associated with a trend toward poorer overall survival
(hazard ratio = 1.46 [95% confidence interval = 0.99 to 2.14];
p = 0.06). The corresponding hazard ratios for adverse events
were increased with an increase in the delay, but not to the same
extent as those for the risk of death. Patients with a delay of
more than twenty-one days tended to have lower event-free
survival rates than those who had resumed chemotherapy within
twenty-one days after the definitive surgery (hazard ratio = 1.33
[95% confidence interval = 0.96 to 1.86]; p = 0.09), but this result
was not significant.

There is no clear explanation for the observation that the
risk of adverse events was not increased to the same extent as
the risk of death. We thought that there were two possible

TABLE III Univariate Analyses of the Relationship Between the Delay in Resumption of Chemotherapy After Definitive Surgery and the

Risk of Death and Adverse Events

Death Adverse Events

Delay Hazard Ratio (95% Confidence Interval) P Value Hazard Ratio (95% Confidence Interval) P Value

1-wk increase* 1.06 (0.97-1.17) 0.21 1.04 (0.96-1.13) 0.30

£16 days† 1.0 (reference) 0.28 1.0 (reference) 0.41

>16 days† 1.20 (0.86-1.68) 1.12 (0.86-1.45)

£21 days† 1.0 (reference) 0.11 1.0 (reference) 0.20

>21 days† 1.34 (0.94-1.93) 1.21 (0.91-1.62)

*Time to resumption of chemotherapy analyzed as a continuous variable (in weeks). †Time to resumption of chemotherapy analyzed as a binary
variable dichotomized at either less than or equal to sixteen or less than or equal to twenty-one days.

TABLE II Time to Resumption of Chemotherapy According to

Characteristics Related to Definitive Surgery

Characteristic*

Median Time (Range)
to Resumption of

Chemotherapy (days) P Value

Location of the tumor† 0.59
Distal extremity 16 (3-67)
Proximal extremity 17 (5-97)

Primary tumor size‡ 0.54
<9 cm 16 (5-82)
‡9 cm 16 (3-97)

Type of surgery 0.005
Limb salvage 17 (5-97)
Amputation 16 (3-61)

Surgical margins§ 0.01
Wide 16 (3-97)
Not wide 19 (5-66)

Tumor necrosis 0.06
£95% 16 (3-66)
>95% 17 (4-97)

*The n value for each characteristic is the total number of patients
with available data for that particular characteristic. †Below-the-
knee and below-the-elbow tumors were considered distal, and
above-the-knee and above-the-elbow tumors were considered
proximal. ‡Maximum tumor size in any dimension based on the
imaging studies at the time of diagnosis. §Classified according to
the musculoskeletal sarcoma grading system of Enneking et al.14.
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reasons for this discrepancy: (1) there was a difference in
postrecurrence survival between patients who did and those
who did not resume chemotherapy within twenty-one days
after the definitive surgery or (2) there was a differential early
censoring pattern among patients who did and those who did
not resume chemotherapy within twenty-one days after the
definitive surgery. To investigate the first possibility, we used
Kaplan-Meier analysis to examine survival after recurrence
segregated by a delay of more than 21 days compared with
twenty-one days or less, but we found no significant difference
between the two groups (p = 0.10) (Fig. 2). To investigate the
second possibility, we used a chi-square test to examine the
proportion of patients censored during the first two years
following the surgery (the time when most recurrences are

expected to occur); again, we found no significant difference
between the two groups.

Assessment of Effect Modification
Table V summarizes the results of the regression analyses as-
sessing effect modification. When the time to resumption of
chemotherapy was analyzed as a categorical variable in the
group with a good response to the preoperative chemotherapy,
the hazard ratio for death was found to be 2.45 (95% confi-
dence interval = 1.26 to 4.76; p = 0.01) for patients who had
a delay of more than sixteen days compared with those who
resumed chemotherapy within sixteen days after the definitive
surgery. In the group with a poor response to the preoperative
chemotherapy, the corresponding hazard ratio was 0.93 (95%

Fig. 2

Kaplan-Meier curves comparing the survival after recurrence according to

whether the delay in the resumption of chemotherapy after the definitive sur-

gery was greater than twenty-one days as opposed to twenty-one days or less.

TABLE IV Multivariate* Analyses of the Relationship Between the Delay in Resumption of Chemotherapy After Definitive Surgery and the

Risk of Death and Adverse Events

Death Adverse Events

Delay Hazard Ratio (95% Confidence Interval) P Value Hazard Ratio (95% Confidence Interval) P Value

1-wk increase† 1.08 (0.97-1.21) 0.16 1.05 (0.96-1.15) 0.32

£16 days‡ 1.0 (reference) 0.06 1.0 (reference) 0.19

>16 days‡ 1.46 (0.99-2.14) 1.22 (0.91-1.64)

£21 days‡ 1.0 (reference) 0.03 1.0 (reference) 0.09

>21 days‡ 1.57 (1.04-2.36) 1.33 (0.96-1.86)

*All models were adjusted for tumor size and necrosis. The model included 561 patients with complete data. †Time to resumption of che-
motherapy analyzed as a continuous variable (in weeks). ‡Time to resumption of chemotherapy analyzed as a binary variable dichotomized at
either less than or equal to sixteen or less than or equal to twenty-one days.

608

TH E J O U R N A L O F B O N E & JO I N T SU R G E RY d J B J S . O R G

VO LU M E 91-A d NU M B E R 3 d M A R C H 2009
EF F E C T O F TI M E T O RE S U M P T I O N O F CH E M O T H E R A P Y AF T E R

DE F I N I T I V E SU R G E RY O N OS T E O S A R C O M A P R O G N O S I S



Fig. 3

Kaplan-Meier curves comparing overall survival according to whether the delay

in the resumption of chemotherapy after the definitive surgery was greater than

sixteen days as opposed to sixteen days or less in the group of patients with a

good response to the preoperative therapy.

TABLE V Analyses of the Relationship Between the Delay in Resumption of Chemotherapy After Definitive Surgery and the Risk of Death

and Adverse Events Stratified by Grades of Tumor Necrosis

Delay

Each 1-Wk Increase* £16 Days vs. >16 Days† £21 Days vs. >21 Days†

Hazard
Ratio

95%
Confidence

Interval
P

Value

P
Value for

Interaction
Hazard
Ratio

95%
Confidence

Interval
P

Value

P
Value for

Interaction
Hazard
Ratio

95%
Confidence

Interval
P

Value

P
Value for

Interaction

Death

Good response
to preop.
chemotherapy
(>95% tumor
necrosis)

1.10 0.97-1.26 0.15 2.45 1.26-4.76 0.01 1.72 0.95-3.13 0.07

Poor response
to preop.
chemotherapy
(£95% tumor
necrosis)

1.08 0.92-1.26 0.34 0.80 0.93 0.61-1.42 0.75 0.02 1.38 0.86-2.23 0.18 0.55

Adverse events

Good response
to preop.
chemotherapy
(>95% tumor
necrosis)

1.03 0.91-1.17 0.61 1.47 0.92-2.35 0.11 1.23 0.76-1.99 0.41

Poor response
to preop.
chemotherapy
(£95% tumor
necrosis)

1.09 0.96-1.24 0.17 0.53 1.00 0.71-1.39 0.98 0.18 1.36 0.93-1.99 0.12 0.74

*Time to resumption of chemotherapy analyzed as a continuous variable (in weeks). †Time to resumption of chemotherapy analyzed as a binary
variable dichotomized at either less than or equal to sixteen or less than or equal to twenty-one days.
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confidence interval = 0.61 to 1.42; p = 0.75, p for interaction =
0.02). With a similar delay, there was an increased risk of ad-
verse events among patients with a good response; however,
the hazard ratio was not significantly different from that of
patients with a poor response. Figure 3 shows a comparison of
the Kaplan-Meier curves for patients with a good response and a
delay either of more than sixteen days or of sixteen days or less.
No other time interval of delay showed a significant or clinically
relevant interaction with the extent of tumor necrosis.

Discussion

Delays in chemotherapy reduce the overall dose intensity.
Although recently some investigators did not find a clear

survival benefit from increasing the received dose or dose in-
tensity 15-17, the results of dose-intensity analyses performed by
other investigators support the hypothesis that the actual dose
intensity delivered determines the outcome of treatment of
osteosarcoma8,9. However, it is important to realize that there
have been no prospective dose-intensity analyses of patients
with osteosarcoma. Furthermore, the various methods used to
calculate dose intensity make comparisons difficult.

In this large cohort of patients with osteosarcoma treated
with contemporary chemotherapy, we found that a delay of
more than twenty-one days in the resumption of chemotherapy
after definitive surgery was associated with a decrease in overall
survival. After controlling for the two prognostic factors that are
most predictive of survival of patients with osteosarcoma, tu-
mor necrosis and size, we found a 57% increase in the risk of
death when resumption of chemotherapy was delayed for more
than twenty-one days compared with when it was resumed
within twenty-one days after the definitive surgery.

In addition, we analyzed the time to resumption of che-
motherapy according to various characteristics related to surgery
(Table II). We found the median time to resumption of che-
motherapy to differ significantly between the types of surgery
and the types of surgical margins; however, the difference was
not clinically meaningful (one day and three days, respectively).
The observation that 32% of the patients with surgical com-
plications had a delay in the resumption of chemotherapy of
more than twenty-one days was not unexpected, but perhaps
what it is most surprising and troubling is that 20% of the
patients with no reported complications still had a delay of
more than twenty-one days. We also found that the risk of
adverse events was not increased to the same extent as the risk
of death in the group with delayed resumption of chemo-
therapy after definitive surgery. We attempted to explore this
discrepancy further, but we could not find a clear explanation
for it.

In a previously published study from the Memorial
Sloan-Kettering Cancer Center10, investigators found that a
delay in resumption of chemotherapy of more than twenty-
four days resulted in poorer disease-free survival only when the
patients had had a poor histological response to preoperative
chemotherapy, but the difference was not significant (p =
0.15). Delay apparently did not have an effect on the outcome
for patients who had had a good response to preoperative

chemotherapy in that study. In our study, however, patients
with a good response to the preoperative chemotherapy fared
worse when the postoperative chemotherapy was delayed
for more than sixteen days after the definitive surgery whereas
the impact of delayed resumption of chemotherapy on the
patients with a poor response was not significant. Not only is
our study larger but the chemotherapy combinations received
by our study participants were different from the regimens
utilized in the study at the Memorial Sloan-Kettering Cancer
Center. These differences make a direct comparison of the
two studies difficult but could account for the different
observations.

There were limitations to our study, including the fact that
it was a retrospective review. Most importantly, the study cohort
was a combination of patients treated in a randomized, national
multi-institutional trial (n = 556) and patients who were not part of
that study but were treated according to the same protocol or with
relatively similar contemporary chemotherapy regimens at a lim-
ited number of institutions (n = 147). In addition to the inherent
heterogeneity of these chemotherapy regimens (although they
were all considered contemporary), the proportions of missing
data for certain variables were significantly different between the
COG-study and non-COG-study patients, as already described.
Therefore, we elected not to adjust for those variables in the
multivariate model, and it is possible that one of them might be
related to both the delay in the resumption of chemotherapy and
the underlying risk of death or recurrence. The choice to assess
two time delays (sixteen and twenty-one days) and to assess in-
teractions was exploratory in nature, and we hope that future
studies will repeat these analyses to verify the results. Finally, we
did not have complete information regarding whether all patients
received all of the planned chemotherapy cycles as specified by
the protocol or if there were other delays between chemotherapy
courses including a delay in the performance of definitive surgery,
either of which may have negatively impacted survival. However,
our approach was consistent with the primary analysis of the
largest cohort of patients in this study (the COG cohort), in
which treatment assignment was used to perform the outcome
analysis irrespective of whether patients completed the planned
chemotherapy.

Lastly, it goes without saying that when it comes to re-
sumption of chemotherapy after surgery, oncologists who favor
minimal interruptions between chemotherapy cycles almost al-
ways defer the decision to the surgeon because of the presumed
risks of delayed wound-healing and wound infection. The fact
that 20% of the patients with no record of complications still
had a delay in the resumption of chemotherapy beyond
twenty-one days suggests several possibilities. The first is that
complications were not being reported accurately, but this is
unlikely given that the data-capture forms for the COG-study
patients asked a direct yes-or-no question about surgical
complications. The second possibility is that there are logistical
issues or issues regarding communication among the surgeon,
patient, pediatric oncologist, and individuals responsible for
scheduling that interfere with the patient returning for che-
motherapy in a timely manner. The third possibility is that

610

TH E J O U R N A L O F B O N E & JO I N T SU R G E RY d J B J S . O R G

VO LU M E 91-A d NU M B E R 3 d M A R C H 2009
EF F E C T O F TI M E T O RE S U M P T I O N O F CH E M O T H E R A P Y AF T E R

DE F I N I T I V E SU R G E RY O N OS T E O S A R C O M A P R O G N O S I S



patients have ‘‘hospital fatigue’’ and do not want to return to the
hospital so soon after surgery.

In conclusion, the results of our multicenter study suggest
that a delay of more than twenty-one days in the resumption of
chemotherapy after definitive surgery is associated with an in-
creased risk of death of patients with localized osteosarcoma in
an extremity, although no association with event-free survival
was found. Thirty-two percent of the COG-study patients with
surgical complications had such a delay, which was presumed to
be due to the surgical complications; however, there was no
apparent reason why 20% of the patients without complications
had a similar delay. To address these two separate issues, we
suggest that surgeons carefully weigh the risks of surgical
complications from limb salvage procedures, which may result
in a delay in resumption of chemotherapy and a decrease in
survival, and that surgeons and pediatric oncologists work very
closely together to ensure that the patient returns to the pedi-
atric oncology clinic in a timely fashion after the surgery to
resume chemotherapy. If resistance from the patient is en-
countered, an explanation of the importance of dose intensity
should be offered even before the surgical procedure. We believe
that the results of this study are important and should be
evaluated prospectively in future studies. n
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