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Abstract

Background—Histologic response to chemotherapy has been shown to be an independent
prognostic factor in patients with osteosarcoma and Ewing’s sarcoma. However, in patients with
soft tissue sarcoma (STS), the prognostic impact of histologic response to therapy is less clear. We
sought to determine the prognostic significance of treatment-induced pathologic necrosis in
patients receiving neoadjuvant chemoradiotherapy for STS.

Methods—Between 1989 and 2011, we identified 113 patients with grade 2 or 3 extremity or
truncal STS who received protocol neoadjuvant interdigitated chemoradiotherapy followed by
surgery. We quantified the extent of tumor necrosis in the resected specimens and correlated this
with outcome.

Results—The median tumor necrosis was 90%, and 103 (91%) patients received all 3 cycles of
planned neoadjuvant chemotherapy. The likelihood of achieving = 95% necrosis was not related to
the number of pre-operative cycles of chemotherapy received but was related to tumor histology
(MFH 62% versus synovial sarcoma 0%, p<0.001; myxoid liposarcoma 56% versus synovial
sarcoma 0%, p=0.002). At a median follow-up of 6 years, there were no statistically significant
differences in the 5-year local control, disease-specific, and overall survival rates for patients with
> 95% necrosis (n = 50, 44%) and < 95% necrosis (n = 63, 56%), even when stratifying by
histology.
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Conclusions—In a homogeneous population of patients with high-grade extremity and truncal
STS treated with neoadjuvant chemoradiotherapy, the extent of pathologic tumor necrosis did not
correlate with outcome.
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Introduction

There are several potential advantages to the preoperative, or neoadjuvant, administration of
chemoradiation therapy (CRT) for soft tissue sarcomas (STS). These include: (1) tumor
shrinkage that may facilitate a less radical resection and, in some cases, enable a limb-
salvage approach in lieu of amputation; (2) lower morbidity owing to lower treatment
volumes and doses in the preoperative setting; (3) immediate treatment of micrometastatic
disease, thus potentially forestalling the development of overt metastases; and (4) an in vivo
test of the sensitivity of the tumor to CRT, thus providing an early indication of the potential
effectiveness of the neoadjuvant regimen. The most objective, reliable measure of this in
Vivo sensitivity to neoadjuvant therapy is the extent of pathologic tumor necrosis. Treatment-
induced pathologic necrosis has been shown to be an independent prognostic factor in
patients with osteosarcoma and Ewing’s sarcoma,1=> though not all studies have
conclusively demonstrated the correlation of histologic response with treatment and survival
in osteosarcoma.5~7 However, in patients with extremity or truncal STS, the prognostic
impact of histologic response to therapy is much less clear, with only a few published
studies offering conflicting results.8-13 These studies are limited by either their small study
populations or by the heterogeneity of their treatment regimens. We sought to determine the
prognostic significance of treatment-induced pathologic necrosis in STS in a large,
homogeneous group of patients receiving a uniform regimen of neoadjuvant CRT.

Patients and Methods
Study Cohort

After approval from the Massachusetts General Hospital (MGH) Institutional Review Board
was obtained, the MGH Department of Radiation Oncology sarcoma database was searched
for patients age 18 or older who were treated between 1989 and 2011 with preoperative
chemoradiotherapy for localized extremity and superficial trunk STS. We excluded patients
with tumors located primarily in the bone, cartilage, head, neck, retroperitoneum, and brain.
We also excluded patients with the following histologies: desmoid tumor,
dermatofibrosarcoma protuberans, chondrosarcoma, osteosarcoma, rhabdomyosarcoma,
Ewing’s sarcoma, and peripheral neuroectodermal tumors.

The study design and patient evaluation have been previously described in detail.1# In brief,
patients = 18 years of age with high-grade (grade 2 or 3 in a three-tier grading system)
extremity STS = 8 cm who were judged to be medically fit were offered treatment after
granting informed consent. Diagnostic core needle biopsies or incisional biopsies of the
tumors were obtained in all patients. The protocol therapy is outlined in Figure 1. Patients
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were to receive a total of 6 cycles of MAID chemotherapy and 44 Gy of preoperative
radiation therapy. Three cycles of chemotherapy were given preoperatively, interdigitated
with 44 Gy in split courses of 22 Gy in 11 fractions of 2 Gy per day between the first and
second cycles and between the second and third cycles. The MAID chemotherapy regimen
was as follows: mesna 2500 mg/m2/d by continuos i.v. infusion on Days 1 — 4; adriamycin
(doxorubicin) 20 mg/m?2/d continuous i.v. infusion on Days 1 — 3; ifosfamide 2000 mg/m?/d
continuous i.v. infusion on Days 1 — 3; and dacarbazine 250 mg/m2/d continuous i.v.
infusion on Days 1 — 4 with or without granulocyte colony-stimulating factor (G-CSF) 5
pg/kg/d starting on Day 5. Surgery was planned for 80 days after the initiation of the first
cycle of chemotherapy.

Surgical resection was planned 3 weeks after the completion of the preoperative
chemoradiation therapy. Tumors were resected with the intent of limb salvage with negative
margins (RO resection). The biopsy site was excised en bloc with the definitive surgical
specimen. The wounds were either closed primarily or reconstructed with rotational flaps,
with or without a skin graft. If the surgical margins were deemed positive, another 16 Gy in
8 fractions was delivered postoperatively to the tumor bed with a 1-cm margin. A boost was
not given to patients with 100% tumor necrosis. Postoperative MAID chemotherapy,
planned for an additional 3 cycles, was resumed after completion of the postoperative RT or
21 - 35 days postoperatively in patients with negative margins not receiving postoperative
RT.

All patients had pre-treatment imaging of their primary tumors with either magnetic
resonance imaging (MRI) or computed tomography (CT), and the majority of patients had
follow-up imaging after three cycles of chemotherapy and radiotherapy, prior to surgery.
The resected tumors were graded according to the National Cancer Institute (NCI) grading
system using three-tiers, and tumors with overlapping grades were classified at the higher
tier. According to an institutional protocol, the resection specimens were bivalved along the
long axis of the tumor, and a slab of the long axis was submitted for microscopic
examination. Additionally, one section per centimeter was taken of the remaining two halves
and submitted for microscopic examination, and the extent of necrosis was assessed relative
to the percentage of residual viable tumor based on these representative tumor sections.
Pathology reports of surgical specimens were evaluated in conjunction with operative
reports to determine the type of resection and margin status. Resections were classified as
being RO (macroscopically complete with negative microscopic margins), R1
(macroscopically complete with positive microscopic margins), or R2 (macroscopically
incomplete). A positive microscopic margin was defined as tumor present at the inked
surface of the specimen.

Patients were routinely seen in follow-up in our multidisciplinary Connective Tissue
Oncology Clinic. Patients were seen at 1 month and 3 months after the end of treatment,
then every 3 months for the next two years, every 4 months during year 3, every 6 months
for years 4 and 5, and then yearly thereafter indefinitely. Radiographic imaging of the chest
(typically chest computed tomography scans) was performed at least every 6 months for the
first 5 years of follow-up, and magnetic resonance imaging of the primary site was obtained
as clinically indicated.
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Data Collection and Analysis

Results

The MGH Department of Radiation Oncology sarcoma database contains prospectively
entered data obtained from patient notes and medical records. Data entered and retrieved for
this study included tumor histology and grade, location, and stage at diagnosis; dates of
operations; pathologic information, such as tumor size, margin status, percent tumor
necrosis, and vascular invasion; radiation treatment dates, doses, and modalities; patients’
dates of diagnosis, treatment, and follow-up; and status at each follow-up (no evidence of
disease, alive with unknown status, alive with disease, dead of disease, dead of unknown
cause).

Data were analyzed for associations between percent pathologic necrosis and outcomes,
including rates of local control (LC), disease-specific survival (DSS), and overall survival
(OS). Dates of death for patients with social security numbers were obtained from the Social
Security Death Index (SSDI). LC was calculated from the date of treatment initiation to the
date of first local recurrence. DSS was calculated from the date of treatment initiation to the
date of documented death due to sarcoma. OS was calculated from the date of treatment
initiation to the date of documented death by SSDI. Censoring occurred at the earlier of date
of death or date of last contact. Estimates for LC, DSS, and OS rates were calculated using
the method of Kaplan and Meier (KM). Unadjusted intergroup comparisons based on each
outcome were made using the log-rank test. Necrosis percentage comparisons by histology
and by number of pre-operative cycles of chemotherapy were made using Fisher’s exact test.
All reported p-values are two-sided using a significance threshold of 0.05. Statistical
analyses were performed using SAS version 9.2.

Patient and tumor characteristics

Clinicopathologic features of the 113 patients in this series are shown in Table 1. The
majority of the patients was male, approximately 50 years old, presented with a primary
tumor, and had grade 2 or 3 tumors of the lower extremity. The most prevalent histologic
types were malignant fibrous histiocytoma (now referred to as undifferentiated pleomorphic
sarcoma) and myxoid liposarcoma, and the vast majority of patients underwent a RO
resection. A total of 103 (91%) patients received all 3 planned cycles of preoperative
chemotherapy, whereas 4 (4%) and 6 (5%) patients received only 2 and 1 cycle of
preoperative chemotherapy, respectively. All 113 patients received 44 Gray of preoperative
XRT. The median pathologic tumor necrosis rate was 90%, and 50 (44%) patients had =
95% necrosis. The likelihood of achieving = 95% necrosis was not related to the number of
pre-operative cycles of chemotherapy received but was related to tumor histology (MFH
62% versus synovial sarcoma 0%, p<0.001; myxoid liposarcoma 56% versus synovial
sarcoma 0%, p=0.002).

Recurrence and survival outcomes

At a median follow-up of 6 years (range, 0.8 — 17.4 years), the overall 5-year local
recurrence rate for all 113 patients was 7.0%. The time to local failure ranged from 6.6 to
139 months. The 5-year local control (LC) rates for patients who received CRT with < 95%

Cancer. Author manuscript; available in PMC 2015 December 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Mullen et al.

Page 5

and = 95% pathologic necrosis were not statistically different at 92.3% and 93.9% (p =
0.65), respectively (Table 2 and Figure 2). Furthermore, the 5-year disease-specific survival
(DSS) rates for patients with < 95% and = 95% pathologic necrosis were not statistically
different at 89.3% and 85.0% (p = 0.25), respectively (Table 2 and Figure 2). Lastly, the 5-
year overall survival (OS) rates for patients in the CRT cohort with < 95% and = 95%
pathologic necrosis were also not statistically different at 86.7% and 85.0% (p = 0.34),
respectively (Table 2 and Figure 2). When stratifying by histology, there was also no
difference in any outcome measure (LC, DSS, or OS) according to the extent of pathologic
Necrosis.

Discussion

In this study of a relatively large number of patients with high-grade extremity or truncal
STS who were treated in a homogeneous fashion with a protocol of preoperative CRT at a
single institution, we demonstrate that the extent of pathologic tumor necrosis does not
correlate with outcome. In fact, of 9 patients who enjoyed complete, 100% treatment-
induced pathologic necrosis, 3 died of metastatic disease. By contrast, all 7 patients whose
tumors showed the lowest rates of histologic response (< 10% necrosis) are alive and well.

The percentage of patients in our series achieving at least 95% pathologic necrosis after
neoadjuvant CRT (44%) is on par with the rates reported in other series.8-11.13 The few
published studies reporting on histologic response after preoperative XRT alone show
relatively low rates of treatment-induced necrosis. For example, Choong et al.1>
demonstrated that only 15 of 38 tumors (39%) exhibited > 80% necrosis after 50.4 Gy of
preoperative XRT. Among studies that employed only preoperative systemic (not intra-
arterial) chemotherapy without XRT, high pathologic necrosis rates of 85% to = 95% were
reported in 13% to 48% of patients.811:16.17 However, not surprisingly, the highest
pathologic necrosis rates have been reported in series in which intra-arterial chemotherapy is
at least one component of the neoadjuvant regimen.9:10.18

Though treatment-induced pathologic necrosis has generally been accepted as an important
prognostic variable in bone sarcomas,}~> few studies have investigated the correlation
between pathologic necrosis and outcome in patients with STS. Several studies have shown
that higher rates of treatment-induced pathologic necrosis do in fact correlate with lower
metastatic potential and improved survival. In the largest study by Eilber et al., including
496 patients receiving a variety of different neoadjuvant treatment regimens over a nearly
25-year period, patients whose tumors exhibited > 95% pathologic necrosis had a 2.5-fold
lower risk of local recurrence and a 1.9-fold lower risk of death than those patients whose
tumors exhibited < 95% necrosis.? However, only the final 125 patients included in this
study received ifosfamide, which is perhaps the most active chemotherapy in the treatment
of STS, and it was this group that had the highest rates (48%, or 39 of 81 assessable tumors)
of = 95% pathologic necrosis. Thus, it is no surprise that this group survived longer and that
this improved survival correlated with higher rates of pathologic necrosis. In comparison,
only 13% (30 of 228 assessable tumors) of the patients who were treated on protocols
including intra-arterial doxorubicin and XRT achieved a pathologic necrosis rate of = 95%.
Intuitively, one would expect that this group would have exhibited the highest rates of
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pathologic necrosis, since the tumors are receiving such aggressive, locally cytotoxic,
therapy. However, the tumors treated on these protocols in fact had low rates of pathologic
necrosis, and not surprisingly, the patients treated on these protocols had poorer survival
rates, as these patients received no systemic chemotherapy; the intra-arterial administration
of doxorubicin does nothing to treat potential sites of metastatic disease. These important
facts may help explain why Eilber et al. found a correlation between the extent of pathologic
necrosis and outcome in their large study.

In a much smaller study of 33 patients by Henshaw et al., 76% of the patients had > 95%
tumor necrosis, and although none of the patients received preoperative XRT, all of them
were given intra-arterial cisplatin.1? They demonstrated that patients with > 95% tumor
necrosis had a longer survival time than those who did not, though among the 4 patients who
developed metastatic disease, 3 had > 95% necrosis. Similarly, Pezzi et al., in a study of 45
patients receiving preoperative adriamycin-based chemotherapy alone, showed that
histologic response to chemotherapy (graded on a scale of 0 to 4) correlated with a
significantly longer survival time.8 Lastly, MacDermed et al. found that in 34 patients with
locally advanced STS of the extremity treated with neoadjuvant ifosfamide and XRT,
necrosis rates were predictive of subsequent metastatic risk.13

On the other hand, several other studies, including our own, show that the extent of
pathologic tumor necrosis does not correlate with outcome. Menendez et al. in a study of 82
patients treated with neoadjuvant chemotherapy alone did not find a correlation between
histologic response and outcome, concluding that tumor necrosis following chemotherapy
has no prognostic value in STS.11 Similarly, Lucas et al., in a study of 31 patients
homogeneously treated with the same neoadjuvant chemotherapy regimen, showed no
correlation between percentage of post-treatment viable tumor and overall or event-free
survival.12 Importantly, these two studies included only neoadjuvant chemotherapy in the
treatment protocol, and thus other therapies such as XRT and intra-arterial chemotherapy,
which certainly affect the histology of the tumor, are not present to mask the effects of the
systemic chemotherapy alone.

Similar to Eilber et al.,? we were able to achieve high rates of = 95% pathologic necrosis in
patients who received an ifosfamide-containing chemotherapy regimen. But unlike Eilber et
al., we found no correlation between percent pathologic necrosis and any outcome measure,
including local control, disease-specific, or overall survival, and this was true even when
stratifying by histology, including the particularly chemosensitive histologies of MFH and
myxoid liposarcoma. In fact, similar to the findings of Lucas et al.,12 we found that a high
percentage of patients with high necrosis rates went on to die of metastatic disease, and
conversely, that several patients with virtually no tumor necrosis at all are alive and well.
Thus, histologic response in and of itself may not be a reliable predictor of biologic
behavior. Furthermore, using pathologic tumor necrosis as a parameter to decide who may
have enjoyed a beneficial response to a given preoperative chemotherapy regimen, and thus
who may continue to benefit from more of the same chemotherapy after surgery, may not be
wise. Similarly, we urge caution in the use of the treatment-induced pathologic necrosis rate
as an endpoint to judge the effectiveness of therapies in clinical trials. Ultimately, until we
have a more reliable predictor of outcome, it may be most prudent to use the outcome of
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survival itself as the true measure of the effectiveness of a given therapy; after all,
prolonging survival is what we all want to achieve at the end of the day.

Another potential measure of tumor response to neoadjuvant therapy is the radiographic
response, most commonly measured by the RECIST criteria.1® We have previously reported
that in a subset of 58 patients treated on this CRT protocol, that the majority (36 of 58, or
62%) of patients have stable disease (SD), and that half (n=18) of these patients with SD
showed < 95% pathologic necrosis and the other half showed = 95% necrosis.2> Another
29% (17 of 58) of the patients had a partial response, and 13 (76%) of these patients had =
95% necrosis compared to 4 that did not. The remaining 9% (5 of 58) of patients exhibited
progressive disease, and 2 of these patients had = 95% pathologic necrosis in the resected
tumors. Though a greater percentage of patients who had a PR by RECIST criteria also
showed = 95% pathologic necrosis, this was not statistically significant. Furthermore,
radiographic response as measured by RECIST did not correlate with any outcome measure,
making this measurement a similarly poor indicator of the effectiveness of a given
neoadjuvant therapy. A tumor may dramatically shrink in response to neoadjuvant therapy
(uncommon) but show mostly viable tumor, whereas on the other hand, a tumor may stay
the same size or even grow but then show dramatic cell death. Indeed, we have noted that
radiographic “progression” by RECIST criteria in patients undergoing neoadjuvant
chemoradiation for soft tissue sarcomas can reflect significant necrosis of tumor with
enlargement of the mass from osmotic effects.14 Recent studies have shown that the Choi
criteria,2! which are based on changes not only in tumor size but also in attenuation at CT or
tumor contrast enhancement at MR imaging, are a better predictor of both pathologic
response?? and survival?3 in patients with STS who receive preoperative chemotherapy
alone. As we move forward, perhaps we should adopt the Choi criteria for radiographic
tumor response assessment in STS treated with neoadjuvant chemotherapy and (possibly)
CRT.

This study has some important limitations that deserve mention. First, as with many of the
previous studies examining the impact of pathologic tumor necrosis on outcome, our study
is limited by small patient numbers, though it is the second largest published study on this
subject. A much larger, multi-institutional study would be necessary to render a more
conclusive result. Second, our approach to the measurement of the percentage of pathologic
necrosis may differ from that of others, as there is no acceptable, standardized grading
system employed by all soft tissue pathologists around the world. Furthermore, our
particular neoadjuvant regimen is unique to our institution, and thus the results of this study
may not be generalizable to other institutions. Lastly, the use of preoperative XRT in
addition to systemic chemotherapy in our protocol potentially masks the effect of the
chemotherapy by enhancing the treatment effect on the primary tumor while leaving
systemic disease unaffected. Unfortunately, we do not have a cohort of patients treated with
chemotherapy alone for comparison, and given the undeniable salutory effect of XRT on
local tumor control in STS and the many advantages to its administration before surgery, it
is unlikely that we will ever have such a cohort for comparison in the future.

In conclusion, patients with high-grade extremity and truncal STS who undergo an
aggressive regimen of preoperative chemoradiotherapy achieve a high percentage of
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thologic tumor necrosis. Importantly, however, the extent of pathologic tumor necrosis

does not correlate with any outcome measure. Furthermore, radiographic tumor response as
measured by RECIST criteria does not correlate with the extent of pathologic tumor necrosis
nor outcome. Further research is needed to identify better predictors of outcome based on
the clinical, radiographic, and pathologic tumor response to neoadjuvant therapy in STS.
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RT: 22 Gy/course

Total: 44 Gy
A A A
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Registration for + margins

Figure 1.
Neoadjuvant MAID chemoradiation treatment protocol.
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Figure 2.
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C) Overall Survival (OS)

Overall survival (OS), disease-specific survival (DSS), and local control (LC) based on the

extent of treatment-induced pathologic necrosis.
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Patient and tumor characteristics (n = 113).
N (%)
Gender:
Male 74 (65)
Female 39 (35)
Age at diagnosis:
<50 years 56 (49)
> 50 years 57 (51)
Primary Site
Upper Extremity 12 (11)
Lower Extremity 90 (80)
Trunk 11(9)
Presentation
Primary 110 (97)
Recurrent 3(3)
Size
<5cm 0
5-10cm 39 (34)
>10 cm 74 (66)
Histology
Malignant fibrous histiocytoma 29 (26)
Myxoid liposarcoma 28 (25)
Synovial Sarcoma 14 (12)
Myxofibrosarcoma 5(4)
Malignant Peripheral Nerve Sheath Tumor 4(3)
Leiomyosarcoma 3(3)
Other 30 (27)
Grade
2 58 (51)
3 55 (49)
Margin
Negative 99 (88)
Positive 14 (12)
Pathologic Necrosis
Median 90%
<95% 63 (56)
0-25% 13 (12)
26 - 50% 8(7)
51— 75% 20 (18)
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N (%)
76 — 94% 22 (19)
>95% 50 (44)
100% 9(8)
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Patient outcomes based on the extent of treatment-induced pathologic necrosis.

Table 2

Outcome (95% CI)

2 95% tumor necrosis

< 95% tumor necrosis

P-value

5-year local control

93.9% (77.7%, 98.5%)

92.3% (80.6%, 97.1%)

0.65

5-year disease-specific survival | 85.0% (69.1%, 93.1%)

89.3% (77.7%, 95.1%)

0.25

5-year overall survival

85.0% (69.1%, 93.1%)

86.7% (73.8%, 93.5%)

0.34
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