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High tumor volume and local recurrence following
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ABSTRACT

Background: Osteosarcoma is a high grade malignant, osteoid forming, primary bone tumor affecting the metaphysis of long
bones. Local recurrence (LR) in osteosarcomas is a sinister. Theoretically, a high tumor volume at the time of presentation will
limit surgical margins, involve vital neurovascular bundles and show poor response to chemotherapy thereby causing high rates of
amputations (as against limb salvage surgery) and should be associated with poor survival rates. This study evaluated objectively
if high tumor volume is a significant predictor of local recurrence (LR) in operated cases of osteosarcomas.

Materials and Methods: Operated cases of osteosarcoma (presenting to the Orthopedic outpatient or the Medical Oncology
outpatient between January 1, 2004 and January 1, 2011 were included in the study. Their preoperative clinical data and
investigations along with the operative notes were traced from the medical/departmental records. Details of chemotherapy
received in the neo-adjuvant and postoperative periods were noted. Besides, all demographic data were also noted. Tumor
volume was calculated using the available magnetic resonance images using the formula: ([/6] x length x width x depth). Post
data extraction, patients were divided in two groups, Groups | (without LR) and Group Il (with LR).

Results: A total of 95 cases of biopsy proven osteosarcomas were identified. Of which 64 were male and 31 females. There were
15 (15.8%) local recurrences. 71% (57/80) patients without LR fell in the age group of 10-20 years, while 66% (10/15) patients with
LR were in the age group of 10-20 years. Limb salvage surgery was done in 81.05% (77/95) patients while a total of 18 patients
underwent amputation. Of the 80 cases in Group | (without LR), 40 (50%) patients had tumor volume >200 c.c., 30 patients (37.5%)
had tumor volume between 50 and 200 c.c. while only 10 patients had tumor volumes <50 c.c. This was in contrast to the tumor
volume noted in Group Il (with LR) of 15 patients where 8 patients had a tumor volume between 50 and 200 c.c., five had bigger
tumor volumes of >200 c.c. and only two patients were smaller in size, with a tumor volume <50 c.c. The mean tumor volume in
the group without LR was 406.74 + 771.67 c.c. as compared with 195.77 + 226.8 c.c. in the group with local recurrence. Using
Mann-Whitney test, the difference between the two groups was found to be statistically insignificant (P = 1.403).

Conclusions: We conclude that high tumor volume is not a significant predictor of LR in osteosarcomas thus patients with high
tumor masses should not be denied limb salvage. However, we recommend that the decision on attempting limb salvage should
not only be based on the tumor volume alone.
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in osteosarcomas is a sinister. The alternatives for removal
of recurrent tumor are limited and amputation is usually
the treatment of choice. In these cases, life expectancy is
considerably diminished because LR in the most cases is
Website: usually followed death due to associated distant metastasis.
wwwfjoonline.com Thus, local control of the disease remains a critical goal of
treatment.'® Local recurrences in musculoskeletal sarcomas
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local recurrence. In developing countries the occurrence
of high volume osteosarcomas of the extremities is not
uncommon [Figure 1]. Theoretically, a high tumor volume
at the time of presentation will limit surgical margins,
involve vital neurovascular bundles and show poor
response to chemotherapy thereby causing high rates of
amputations (as against limb salvage surgery) and should
be associated with poor survival rates. With the same
premise, we can conclude that the high volume of initial
tumor will also affect the LR rates in osteosarcomas. Studies
evaluating high tumor volume as a prognosticator for LR
in patients undergoing limb salvage surgeries are few and
with conflicting results.”

This retrospective study reviewed a 7 year data on
osteosarcomas at a tertiary care institute and evaluated
whether high tumor volume was significantly associated
with LR or not. It was important to evaluate this as a factor
for LR since a large number of cases in our country present
late with high tumor volume and even with fungation.

MATERIALS AND METHODS

This retrospective, observational study was conducted
after obtaining approval from the ethics committee of the
institute. All patients of osteosarcoma who have undergone
limb salvage surgery or amputation as a primary procedure
for their disease, between January 1, 2004 and January 1,
2011 and Patients who presented with recurrence during the
study period were included in the study.The cases excluded
were; all cases with surgery (limb salvage or amputation)
done outside our hospital, patients who received
radiotherapy or chemotherapy outside our hospital, patients
with metastasis at the time of presentation, patients who
died within 3 months postoperatively and patients with
incomplete clinicopathological/radiological data.

Their preoperative clinical data and investigations along
with the operative notes were traced from the medical/
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Figure 1: Bar diagram illustrating the relationship between number
of patients (with and without local recurrence) and tumor volume in
our series

departmental records. Details of chemotherapy received in
the neo-adjuvant and postoperative periods were noted.
Besides, all demographic data were noted on a prefixed
proforma. The time of recurrence from surgery and any
associated distant metastasis was noted.

The tumor volume was calculated using the available
magnetic resonance (MR) images as described by Gobel
et al.!° using the formula: ([1/6] X length X width X depth).
We used the preoperative MR films for the same. Post
data extraction, patients were divided in two groups,
Groups | (without local recurrence) and Group II (with
local recurrence).

Statistical analysis

The relevant medical, radiological, and oncological secondary
data extracted from medical files, using a defined protocol was
assembled in a database (Microsoft Excel 2010, Redmond,
Washington. Statistical analysis was performed using the
SPSS, version 16, statistical software (SPSS Inc., Chicago).
Descriptive analysis was performed to determine means,
medians, and percentages. Prognostic significance of tumor
volume was compared between the two groups (i.e., with
and without local recurrence) using the Mann-Whitney test.
Chi-square test was finally applied between the two groups
using 150 c.c. tumor volume as a cut off. Conclusions were
drawn on the basis of significance of the results (P < 0.05).

REesuLTs

A total of 95 cases of biopsy proven osteosarcomas were
identified from our database. 64 (67.37%) were male
and 31 (32.63%) females. Of these, 15 (15.8%) had local
recurrences. 71% (57/80) patients without LR fell in the age
group of 10-20 years while 66% (10/15) patients with LR
were in the age group of 10-20 years. Distal end of femur
was the most common site of involvement. Limb salvage
surgery was done in 81.05% (77/95) patients, while a total
of 18 patients underwent amputation. In Group I, without
LR, 68.75% (55/80) were males and 31.25% (25/80)
were females. In Group II, with LR, 60% (9/15) were
males and 40% (6/15) were females. Though, there was
higher incidence of LR in females, the difference between
both genders as a risk factor for LR was statistically
insignificant (P = 0.507). The average follow up in our
study was 26.9 months (range 4-81 months).

Of the 80 osteosarcoma cases in Group [ (without
LR), 40 (50%) patients had tumor volume >200 c.c.,
30 patients (37.5%) had tumor volume between 50 and 200
c.c. while only 10 patients had tumor volumes <50 c.c. This
was in contrast to the tumor volume noted in Group II (with
LR) of 15 patients where eight patients had a tumor
volume between 50 and 200 c.c., five had bigger tumor
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volumes of >200 c.c. and only two patients were smaller
in size, with a tumor volume <50 c.c. The mean tumor
volume in the group without LR was 406.74 + 771.67
c.c. as compared to 195.77 = 226.8 c.c. in the group with
local recurrence. Using Mann-Whitney test, the difference
between the two groups was found to be statistically
insignificant (P = 1.403).

On taking 150 c.c. as a cut off, 10 (66.66%) cases in Group Il
had smaller tumor volume of <150 c.c. as compared to
36 (45%) cases in Group I [Figure 2]. Though LR was
more common in patients with smaller tumor volume
(of <150 c.c.), it was statistically not significant (P = 0.123).

Thus, tumor volume per se is not a significant predictor of
LR in operated cases of osteosarcomas.

DiscussioN

A large number of osteosarcomas present late to the
treating physician in developing countries. It is established
that in Ewing’s sarcoma a delay in seeking treatment
in India is largely due to socio-economic factors, which
causes the tumor size to increase and therefore do poorly
when compared to a demographically similar population
of the west, even when treated by the same multimodality
chemotherapy regimen.!' Unfortunately, such data is
lacking on osteosarcomas. A delay in seeking treatment
for osteosarcomas is known to increase the tumor size
and therefore results in a drastic change in the treatment
offered.'? It is thus prudent that the initiation of treatment
should be quick in osteosarcomas, so as to avoid large
tumor sizes, which can have a bearing on the final surgical
treatment offered and the incidence of local recurrence.
There is a paucity of objective data from India on the
relationship between tumor size and occurrence of LR in
patients with osteosarcomas. This study had aimed to fulfill
this lacuna.

Tumor volume (size of the primary tumor) as a predictive
factor for LR in osteosarcoma has conflicting results in the

Figure 2: Clinical photograph of a patient with a high volume
osteosarcoma of the proximal tibia of the left leg

literature. In a study by Bacci et al., 560 osteosarcomas
of the extremities were studied.® Of these 465 underwent
limb salvage while 95 patients had an amputation
(or a rotationplasty). The LR rate in their study was
61.5% (34 local recurrences at a median followup of
10.5 years). They took 150 cm?® as the cut off for high
tumor volume. On statistical analysis, the tumor volume
was not found to be a significant predictor of LR in their
study (P = 0.007). Our results were similar to those reported
by Bacci et al. but the LR rate in our study was 15.8% as
compared to 6.15% in their study. We feel that the high LR
in this study was multifactorial and was not dependent on
the initial tumor volume as has been seen in the statistical
analysis in our study.

In a study from the European Osteosarcoma
Intergroup,’ 202 patients were assessed for surgical
treatment of osteosarcomas. The LR rates at three different
European centers (two from United Kingdom and one from
Netherlands) were 13.3%, 6.8%, and 2.5%, respectively.
The overall incidence of LR was 8%. This was lower than
the LR rate seen in our study (14%). They evaluated tumor
volume as a predictor of local recurrence. The size and
tumor volume varied between those having amputation
and those having limb salvage surgery, but local surgery
perse (salvage vs. amputation) was not a significant factor
for LR in the study. Median length of tumor requiring an
amputation in this study was 13 cm, while it was 10.8 cm
for those patients undergoing limb salvage surgery. They
concluded that high tumor size was a significant risk factor
in the occurrence of LR in osteosarcomas (P = 0.003).
Diversity in patient population and difference in surgical
approaches can be reasons attributed to high tumor volume
being a risk factor in LR in this multi-center study. In fact,
the authors themselves conclude that the remarkably
different LR rates in different centers of the study could be
attributed to the difference in surgical margins that were
achieved postsurgery at these centers. Interestingly, in
this study, though statistically insignificant, LR was more
common in tumors with smaller volumes (thatis <150 c.c.).
We cannot explain this fact completely, but feel that this
occurs due to the presence of other factors, which affect
LR namely, surgical margins, chemotherapy response,
pathological fracture or a delay in surgery post neoadjuvant
chemotherapy. The latter being a common occurrence in
resource challenged environments like ours.

We feel that in view of the present available knowledge
for osteosarcomas, it is difficult to pinpoint tumor volume
as the single, important determinant of LR following
surgery. In a recent study, Song et al. showed that increase
in tumor volume during preoperative chemotherapy is
a prognostic factor for LR in osteosarcomas.’ However,
they also mentioned that poor response to preoperative
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chemotherapy could also be a reason in their study for
higher local relapses in patients with high tumor volume
since chemotherapy response is an important prognosticator
for local recurrence. We did not measure the change in
tumor volume postchemotherapy in our study and hence
cannot conclude on the same.

The main limitations of this study are its retrospective nature,
hospital based design, small sample size and a short follow
up. Despite the shortcomings of our study, we conclude
that initial tumor volume at presentation per se is not a
significant prognostic factor predicting LR in osteosarcomas.
We recommend that a high tumor volume osteosarcoma
should thus be carefully evaluated before planning surgery.
A prechemo MR images should be done and involvement of
the neurovascular bundle and surrounding compartments
should be carefully assessed and limb salvage surgery
planned according to the clinicoradiological profile of the
patient. Limb salvage should not be denied to patients
merely by the assessment of tumor size.
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