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Introduction

In the treatment of extremity soft tissue sarcomas, use of 

radiation therapy (RT) in addition to limb-sparing surgical 
resection increases local tumor control (LC) by 20% to 25% 
compared to limb-sparing surgery alone [1,2]. Furthermore, 
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Purpose: The purpose of this study was to characterize and evaluate the clinical significance of volume changes of soft tissue 
sarcomas during radiation therapy (RT), prior to definitive surgical resection. 
Materials and Methods: Patients with extremity or pelvis soft tissue sarcomas treated at our institution from 2013 to 2016 with 
RT prior to resection were identified retrospectively. Tumor volumes were measured using cone-beam computed tomography obtained 
daily during RT. Linear regression evaluated the linearity of volume changes. Kruskal-Wallis tests, Mann-Whitney U tests, and linear 
regression evaluated predictors of volume change. Logistic and Cox regression evaluated volume change as a predictor of resection 
margin status, histologic treatment response, and tumor recurrence. 
Results: Thirty-three patients were evaluated. Twenty-nine tumors were high grade. Prior to RT, median tumor volume was 189 mL 
(range, 7.2 to 4,885 mL). Sixteen tumors demonstrated significant linear volume changes during RT. Of these, 5 tumors increased and 
11 decreased in volume. Myxoid liposarcoma (n = 5, 15%) predicted decreasing tumor volume (p = 0.0002). Sequential chemoradiation (n 
= 4, 12%) predicted increasing tumor volume (p = 0.008) and corresponded to longer times from diagnosis to RT (p = 0.01). Resection 
margins were positive in three cases. Five patients experienced local recurrence, and 7 experienced distant recurrence, at median 
8.9 and 6.9 months post-resection, respectively. Volume changes did not predict resection margin status, local recurrence, or distant 
recurrence.
Conclusion: Volume changes of pelvis and extremity soft tissue sarcomas followed linear trends during RT. Volume changes reflected 
histologic subtype and treatment characteristics but did not predict margin status or recurrence after resection.

Keywords: Soft tissue sarcoma, Radiographic progression, Response to radiation, Tumor control

http://crossmark.crossref.org/dialog/?doi=10.3857/roj.2018.00549&domain=pdf&date_stamp=2019-06-30


Chengcheng Gui, et al

118 www.e-roj.org https://doi.org/10.3857/roj.2018.00549

LC rates following combined RT and limb-sparing surgery are 
as high as 90% [3], matching the highest rates of LC achieved 
with radical resection [4]. Thus, RT is a valuable tool for 
reducing the morbidity of treatment while attaining excellent 
LC. RT may also confer a small survival benefit [5], though this 
has not been confirmed by prospective studies. Compared to 
post-operative RT, pre-operative RT provides similar LC but 
reduced risk of late and potentially irreversible complications, 
such as high-grade fibrosis [6].

Although large retrospective studies have established 
that larger tumor size prior to treatment is associated with 
higher risk of distant recurrence and mortality [7,8], it is 
unclear whether changes in tumor size during the course of 
RT are of similar significance. Recent studies have examined 
changes in tumor size by assessing images obtained before 
and after RT, finding relationships to histologic subtype and 
histologic evidence of treatment effect following surgical 
resection [9-12]. However, several important questions remain 
unanswered. As prior studies assessed the overall change in 
tumor volume based only on measurements before and after 
RT, it is not known whether tumors exhibit more complex and 
heterogeneous patterns of change during treatment, which 
may impact dynamic or adaptive planning. Furthermore, it 
is unclear whether radiographic tumor response during RT 
directly correlates to clinical outcomes.

Thus, goals of this study were to (1) characterize the 
patterns of volume change of extremity and pelvis soft tissue 
sarcomas during RT, (2) identify predictors of volume change 
during RT, and (3) determine whether volume changes predict 
histologic treatment response or clinical outcome.

Materials and Methods

This study was approved by the Institutional Review Board 
of Johns Hopkins Medicine (No. RB00094531), evaluating 33 
patients treated at our institution between 2013 and 2016. 
Patients with soft tissue sarcomas of the pelvis or extremity 
treated with intensity-modulated RT (IMRT) or three-
dimensional conformal RT (3D-CRT) prior to definitive wide 
excision (limb-sparing or amputation) were included if cone-
beam computed tomography (CBCT) imaging was obtained 
during RT. Cases were excluded if prior resection resulted in 
residual tumor that was no longer identifiable on imaging, or 
if treatment was performed without curative intent.

The gross tumor volume (GTV) and clinical target volume 
(CTV) were defined according to the RTOG Extremity Soft Tissue 
Sarcoma Atlas [13]. The GTV was identified and delineated 

on co-registered CT and gadolinium-enhanced T1 magnetic 
resonance images. The CTV typically comprised a 3-cm 
expansion of the GTV in the proximal and distal directions 
and a 1.5-cm radial expansion, or up to a tissue plane. Per 
institutional standard, the planning target volume (PTV) was 
defined as a uniform 5 mm expansion.

Tumor volumes during RT were measured using CBCT series 
taken immediately prior to the delivery of each radiation 
dose. CBCT series were imported into a RT planning software, 
in which the tumor volumes were contoured and its volume 
measured. For each patient, CBCT series from every 5th day 
of treatment and the final day of treatment were evaluated. 
For example, if a patient received 20 fractions over 20 days, 
CBCT series obtained immediately prior to the delivery of the 
1st, 6th, 11th, 16th, and 20th fractions were evaluated. If a 
CBCT series was not available for a given day of treatment, 
imaging obtained on the following day of treatment was 
evaluated instead. Proportional tumor volumes were calculated 
by dividing all tumor volumes by the initial tumor volume, 
measured using the CBCT series obtained immediately prior to 
the delivery of the first fraction.

Patient and treatment characteristics were obtained from 
chart review. The surgical specimen was used to determine 
the histologic subtype of sarcoma and FNCLCC grade, except 
in cases of insufficient remaining viable tumor, in which 
the initial core needle biopsy was used instead. Grade was 
dichotomized based on the Union for International Cancer 
Control (UICC) TNM recommendations, by which FNCLCC 
grade 1 is considered low-grade and FNCLCC grades 2 and 
3 are considered high-grade [14]. The surgical specimen was 
used to identify histologic outcomes of treatment, including 
resection margin status and remaining percentage of viable 
tumor following neoadjuvant therapy. Time to local recurrence, 
distant recurrence, and all-cause mortality was measured from 
the date of resection. Local recurrence was defined as tumor 
recurrence in the same limb or hemipelvis.

Statistical analyses were performed to characterize the 
change in tumor volume over the course of RT, identify 
predictors of change in tumor volume, and assess whether 
changes in tumor volume predict histologic findings and 
tumor recurrence. Change in tumor volume during RT was 
assessed using two measures: (1) change in proportional 
tumor volume and (2) rate of change in proportional tumor 
volume, estimated using linear regression. The linearity of 
volume changes was evaluated using the R2 and p-value of 
linear regression. Potential predictors of both measures of 
change in tumor volume were evaluated using the Kruskal-
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Table 1. Patient and treatment characteristics (n = 33)

Characteristic Value
Gender
 Female  11  (33.3)
 Male  22  (66.7)
Age (yr)  52.1  (9.8–76.3)
Site
 Upper extremity  7  (21.2)
 Lower extremity or pelvis  26  (78.8)
Histologic subtype of sarcoma
 HGUPS  11  (33.3)
 Myxoid liposarcoma  5  (15.2)
 MPNST  3  (9.1)
 Epithelioid sarcoma  3  (9.1)
 Other histologic subtypes (with 3 patients or fewer)  11  (33.3)
Etiology
 Primary  29  (87.9)
 Locally recurrent  2  (6.1)
 Metastatic  2  (6.1)
Grade
 Low (FNCLCC grade 1)  3  (9.1)
 High (FNCLCC grade 2 or 3)  29  (87.9)
 Unknown  1  (3.0)
RT modality
 Intensity-modulated RT  28  (84.8)
 Three-dimensional conformal RT  5  (14.7)
Radiation dose
 Planned total dose (cGy)  5,000  (4,400–5,040)
 Planned fractions  25  (20–28)
 Dose per fraction (cCy)  200  (180–200)
 Received boost  1  (2.9)
Chemotherapy
 None  19  (57.6)
 Interdigitated  8  (24.2)
 Sequential  4  (12.1)
 Concurrent  2  (6.1)
Time from RT to resection (day)  37  (19–57)
Tumor size
 Start of RT (mL)  189.3  (7.2–4,884.7)
Proportional volume change (%)  -2.1  (-89.1–21.8)
 Increase in volume >5%  4  (12.1)
 Decrease in volume >5%  10  (30.3)
 Change in volume <5%  19  (57.8)
Rate of proportional volume change (% per Gy)  -0.06  (-2.03–0.80)
 Positive rate of change (p < 0.05)  5  (15.2)
 Negative rate of change (p < 0.05)  11  (33.3)
 Rate of change not significant (p > 0.05)  17  (51.5)
Surgical margins
 Negative  29  (87.9)
 Positive  3  (9.1)
 Close  1  (3.0)
Fraction remaining viable tumor on histological analysis of resected specimen (%)  10  (0–100)
Local recurrence  5  (15.2)
Distant recurrence  7  (21.2)

Values are presented as median (range) or number (% of the total cohort).
Histologic subtypes are listed only if the number of tumors of that subtype was greater than or equal to 3.
HGUPS, high-grade undifferentiated pleomorphic sarcoma; MPNST, malignant pleural nerve sheath tumor; FNCLCC, Fédération nationale 
des centres de lutte contre le cancer; RT, radiotherapy; IMRT, intensity-modulated radiotherapy.
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Wallis test or Mann-Whitney U test for categorical factors and 
linear regression for continuous factors. Both measures of 
change in tumor volume were assessed as potential predictors 
of resection margin status, histologic treatment response, and 
tumor recurrence, using logistic, linear, and Cox regression, 
respectively. Statistical analyses were performed in R version 
3.4.4 (https://www.R-project.org).

Results

Chart review identified 33 patients with extremity or pelvis 
soft tissue sarcomas treated with RT followed by definitive 
wide excision who had CBCT imaging throughout RT. Patient 
and treatment characteristics are shown in Table 1. Twenty-
nine patients (88%) had high-grade tumors, and 29 tumors 
(88%) were primary. The most common histologic subtypes 
were high-grade undifferentiated pleomorphic sarcoma (n 
= 11, 33%) and myxoid liposarcoma (n = 5, 15%). Planned 
radiation schedules comprised a median of 5,000 cGy (range, 
4,400 to 5,040 cGy) delivered in fractions of 200 cGy (n = 
28, 85%) or 180 cGy (n = 5, 15%). Two patients concluded 
RT prematurely, after receiving 3,600 and 2,000 cGy. Due to 
close resection margins, one patient received an additional 
boost of 2,200 cGy in 11 fractions approximately 3 months 
after the end of their initial course of RT. Fourteen patients 
(42%) received chemotherapy for treatment of their sarcoma. 
Timing of chemotherapy with respect to RT was interdigitated 
in 8 (24%), sequential in 4 (12%), and concurrent in 2 (6%) 
patients.

Five patients (15%) were previously diagnosed with sarcoma. 
In two cases, the index lesion was a local recurrence of a 
previously treated lesion in the same hemipelvis or extremity. 
In two cases, the index location was a metastasis from the 
retroperitoneal space. In one case, the index lesion was a 
malignant peripheral nerve sheath tumor (MPNST) in a patient 
with neurofibromatosis type 1 (NF1) in whom two prior lesions 
were identified as MPNST. Additionally, three patients had prior 
cancer diagnoses unrelated to their sarcoma, including basal 
cell carcinoma, colorectal carcinoma, and multiple myeloma, 
all of which were in remission by the time that the index lesion 
was treated.

Four patients (12%) received RT prior to the treatment of 
their index lesion. One patient received intra-operative RT (12 
Gy) for primary leiomyosarcoma of the kidney. The patient with 
NF1 and prior MPNST received two prior courses of radiation 
for lesions distant to the index lesion. The two patients with 
prior multiple melanoma and colorectal carcinoma also 

received prior RT to locations distant to the index lesion.
Mean tumor volume immediately prior to the first fractional 

dose varied widely, from 7.2 to 4,885 mL (median, 189 mL). 
Proportional change in tumor volume ranged from -89% 
to +22% (median, -2%), and rate of proportional change in 
tumor volume ranged from -2%/Gy to +0.8%/Gy (median, 
-0.06%/Gy). Linear regression showed that 16 tumors (48%) 
demonstrated significant volume changes during RT (p < 0.05). 
Of these, 5 tumors (15%) increased in volume and 11 (33%) 
decreased in volume, whereas the remaining 17 cases (52%) 
showed neither a significant linear increase nor a significant 
linear decrease in volume.

Over the course of RT, tumor volumes tended to evolve in 
linear trends (Fig. 1A). Of 14 cases in which the tumor volume 
increased or decreased by more than 5%, all 14 cases showed 
statistically significant linear trends (p ≤ 0.04), and the median 
R2 among these was 0.96 (Fig. 1B). Of 11 cases in which the 
rate of proportional change in tumor volume was either 
greater than +0.25%/Gy or less than -0.25%/Gy, all 11 cases 
showed statistically significant linear trends (p ≤ 0.05), and the 
median R2 was 0.97 (Fig. 1C).

Myxoid liposarcomas tended to reduce in volume during 
RT (Table 2, Fig. 2A). Compared to other histologic subtypes, 
myxoid liposarcomas demonstrated greater proportional 
decrease in volume by the end of RT (p = 0.004) and faster 
rates of proportional volume loss during RT (p = 0.0002). Of 
5 cases of myxoid liposarcoma, linear regression identified a 
significant linear decrease in volume over the course of RT in 
4 cases (p ≤ 0.0006), while 1 case showed neither a significant 
linear increase nor a significant linear decrease (p = 0.3).

Sequential timing of chemotherapy and RT was associated 
with greater increase in tumor volume during RT (Table 2, Fig. 
2B). Compared to other patients treated with interdigitated or 
concurrent chemoradiation, patients who received sequential 
chemoradiation demonstrated greater proportional increase 
in tumor volume by the end of RT (p = 0.008) and faster rates 
of proportional volume increase during RT (p = 0.004). Similar 
findings were observed when comparing patients who received 
sequential chemoradiation to the remainder of the entire 
cohort (Table 2). 

Patients who received sequential chemoradiation also had 
longer times from the first image-based or histologic diagnosis 
of sarcoma to the start of RT, compared to other patients who 
received chemotherapy (median 109 vs. 59 days, p = 0.01) or 
the remainder of the entire cohort (median 109 vs. 61 days, 
p = 0.04). However, within the overall cohort, the time from 
diagnosis to the start of RT was not related to proportional 
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change in tumor volume (p = 0.7) or rate of proportional 
change (p = 0.8).

The fraction of remaining viable tumor within the resected 
specimen ranged widely, from 0% to 100% (median 10%), 
and was not significantly related to proportional change in 
tumor volume (p = 0.6) or rate of proportional change in 
tumor volume (p = 0.6). Resection margins were histologically 

positive in 3 cases (9%). Two of these patients continued 
receiving the same systemic regimens that they had been 
receiving prior to surgery. One patient received doxorubicin, 
ifosfamide and mesna, and the other patient received 
pazopanib on a clinical trial. The third patient with a positive 
resection margin did not receive systemic therapy either before 
or after resection. None of these three patients experienced 

Fig. 1. Patterns of change in tumor volume over the course of radiation therapy, for three groups: significant decrease, no significant 
change, and significant increase in tumor volume (A). Volume changes are shown for individual patients (left) and as mean and standard 
deviation for each group (right). Waterfall plots show proportional change in tumor volume (B) and rate of proportional change in 
tumor volume (C) over the cohort of 33 patients.
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local or distant tumor recurrence at last follow-up. Univariate 
logistic regression showed that positive margin status was 
associated with MPNST versus other histologic subtypes (p = 
0.02) but no other factors. When controlling for MPNST versus 
other histologic subtypes, margin status was not related 
to proportional change in tumor volume (odds ratio [OR] = 
1.002/%, 95% confidence interval [CI], 0.941 to 1.14) or rate of 
proportional change in tumor volume (OR = 0.986/(0.1%/Gy), 

95% CI, 0.753 to 1.54).
Median follow-up time after surgery was 2.3 years (range, 

3.4 months to 4.9 years). Five patients (15%) experienced 
local recurrence (Fig. 3A) and 7 (21%) experienced distant 
recurrence (Fig. 3B), at median 8.9 and 6.9 months post-
resection, respectively. Three of five cases of local recurrence 
occurred in patients who also developed distant recurrence. 
Two patients had uncontrolled metastatic disease at the time 

Fig. 2. Patterns of change in tumor volume in cases of myxoid liposarcomas versus all other histologic subtypes (A) and in cases of 
sequential chemoradiation versus all other cases (B). Volume changes are shown for individual patients (left) and as mean and standard 
deviation for each group (right). p-values represent results of Mann-Whitney U tests.
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of treatment of their sarcoma and were therefore excluded 
from analyses of distant progression. Univariate Cox regression 
showed that larger tumor volume prior to RT predicted greater 
risk of local recurrence (p = 0.034) and distant recurrence (p = 
0.048) (Table 3).

When controlling for tumor volume prior to RT, multivariate 
Cox regression showed that proportional change in tumor 
volume during RT, rate of proportional change in tumor 

volume during RT, and fraction of remaining viable tumor each 
did not predict local recurrence or distant recurrence (p ≥ 0.5) 
(Table 3). As only two patients were deceased at follow-up, all-
cause mortality could not be correlated to change in tumor 
volume or fraction of remaining viable tumor.

Discussion and Conclusion

Fig. 3. Patterns of change in tumor volume in cases of local recurrence versus no local recurrence (A) and in cases of distant recurrence 
versus no distant recurrence (B). Volume changes are shown for individual patients (left) and as mean and standard deviation for each 
group (right). p-values represent results of Mann-Whitney U tests.
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In the treatment of soft tissue sarcomas with RT, larger tumor 
size prior to treatment is associated with poorer overall 
survival [7,8]. However, sarcomas have also been observed 
to undergo marked changes in volume during RT [9-12], the 
clinical significance of which is not well understood. Thus, the 
goals of this study were to (1) characterize the patterns of 
volume change of pelvis and extremity soft tissue sarcomas 
during RT, (2) identify predictors of volume change, and 
(3) determine whether volume changes predict histologic 
treatment response and tumor recurrence.

Prior retrospective studies have attempted to characterize 
changes in the size of sarcomas during RT. However, the 
frequencies at which tumors increase, decrease, or remain 
stable in size differ conspicuously among studies. Defining 
regression as ≥50% volumetric decrease and progression as 
≥25% volumetric increase by the end of RT, Roberge et al. [9] 
reported 20% regression, 26% progression, and 54% stasis 
among 50 soft tissue sarcomas. Applying the RECIST criteria 
[15], Canter et al. [10] observed 20% progression and 80% 
stasis among 25 cases; and le Grange et al. [11] observed 

89% stasis, 7% partial response, and 4% progression among 
68 cases. The current study reports 15% progression, 33% 
regression, and 52% stasis among 33 cases, based on whether 
tumor volumes measured during RT followed significant linear 
trends. Heterogeneous tumor and treatment characteristics 
notwithstanding, it is likely that the different methods of 
assessing radiographic change contributed to the differences 
in observations.

The current study employs a more rigorous method of 
quantifying changes in tumor size, compared to prior efforts. 
Roberge et al. [9], Canter et al. [10] , and le Grange et al. [11] 
evaluated volume change based on only two time points, 
before and after RT. Tumor volumes in the current study were 
assessed based on multiple image series obtained daily during 
RT. This methodology allows not only an evaluation of the 
overall change in volume but also a finer understanding of 
the patterns of change throughout the course of RT, which 
has been absent from the literature on soft tissue sarcomas 
and has significant implications for the use of adaptive 
radiotherapy planning. Tumor volumes tended to evolve in 

Table 2. Myxoid liposarcoma and sequential timing of chemoradiation as significant predictors of proportional change and rate of 
proportional change in tumor volume

 Proportional volume change (%) Rate of proportional volume change (% per Gy)

Myxoid liposarcoma (n=5)  -65.8  (-89.1–0.3)  -1.49  (-2.03-0.16)

 Other histologic subtype (n=28)  -1.8  (-26.6–21.8)  -0.03  (-0.65–0.80)

 p-value 0.004 0.0002

Sequential chemoradiation (n=4)  +11.9  (1.8–21.8)  +0.24  (-0.009–0.44)

 Other chemoradiation timing (n=10)  -4.5  (-49.5–2.8)  -0.12  (-1.19–0.02)

 p-value 0.008 0.004

Sequential chemoradiation (n=4)  +11.9  (1.8–21.8)  +0.24  (-0.009–0.44)

 All other cases (n=29)  -2.7  (-89.1–15.9)  -0.09  (-2.03–0.80)

 p-value 0.003 0.01

Values are presented as median (range).

Table 3. Results of Cox regression evaluating predictors of local and distant tumor recurrence

Local recurrence Distant recurrence

HR (95% CI) p-value HR (95% CI) p-value

Tumor volume prior to RTa) (dL)  1.05  (1.002, 1.10) 0.034  1.04  (1.000, 1.09) 0.048

Proportional volume changeb) (%)  1.02  (0.958, 1.09) 0.54  1.01  (0.968, 1.05) 0.75

Rate of proportional volume changeb) (0.1%/Gy)  1.09  (0.848, 1.41) 0.50  1.01  (0.870, 1.18) 0.86

Fraction remaining viable tumorb) (%)  0.949  (0.824, 1.09) 0.47  1.00  (0.966, 1.03) 0.78

RT, radiotherapy; HR, hazard ratio; CI, confidence Interval.
a)Univariate Cox regression showed that tumor volume prior to RT is correlated with local and distant recurrence. b)Multivariate Cox re-
gression, controlling for tumor volume prior to RT, showed that proportional change in tumor volume, rate of proportional change in 
tumor volume, and fraction of remaining viable tumor were not significantly related to local and distant recurrence.
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a simple, predictable, linear pattern over the course of RT, 
which is particularly obvious in the cases that showed the 
largest changes in volume (Fig. 1A). This observation supports 
consideration of adaptive planning for patients whose tumors 
demonstrate either an increase or decrease in tumor volume 
across the radiation treatment course.

Despite various methods of measuring radiographic 
change, there is some consensus that myxoid liposarcomas 
demonstrate radiographic regression during RT. Roberge et al. 
[9] described a median decrease in tumor volume of 82.1% 
among myxoid liposarcomas versus 13.8% among non-
myxoid low-grade sarcomas (p < 0.001). Le Grange et al. [11] 
also found a median 64.2% decrease in tumor volume among 
myxoid liposarcomas. Similarly, this study reports a median 
66% decrease in tumor volume among myxoid liposarcomas 
versus 2% among other histologic subtypes (p < 0.006). In 
contrast to previous studies, we also found that sequential 
chemoradiation predicted radiographic enlargement of tumor 
volume during RT. Sequential chemoradiation was also related 
to longer times between the initial diagnosis and the start of 
RT, which suggests that the timing of treatment plays a role in 
whether radiographic increase in tumor volume is observed.

Previous studies have not reached consensus regarding 
the relationship between radiographic changes during RT 
and histologic treatment response at the time of surgical 
resection. Defining histologic response as total absence of 
tumor cells combined with at least one other characteristic 
finding, Roberge et al. [9] found that radiographic regression 
strongly predicted histologic response (p < 0.001). However, 
Canter et al. [10] and Stacchiotti et al. [16] observed that 
RECIST response was poorly related to histologic response. 
Furthermore, the current analysis found no correlation 
between change in tumor volume and extent of viable tumor 
on histologic analysis of the resection specimen. In contrast to 
the lack of consensus regarding histologic response, Roberge 
et al. [9] and Canter et al. [10], as well as the current study, all 
observed that radiographic changes in tumor size during RT 
did not predict surgical margin status.

From a clinical perspective, it is unclear whether histologic 
features of treatment response correspond closely to patient 
outcomes. Although some studies observed higher rates 
of disease-free survival in patients with nearly complete 
histologic response [17,18], similar studies found that 
thresholds of 80% [19,20] and 95% [21] tumor necrosis did 
not predict distant control following resection. Similarly, our 
current study did not find a significant relationship between 
extent of viable tumor seen after surgical resection and the 

frequency of local or distant recurrence. Schaefer et al. [12] 
presented a more complex picture, finding that hyalinization 
or fibrosis predicted overall and recurrence-free survival, but 
remaining viable tumor did not.

Unlike previous studies, our work directly assesses the 
relationship between radiographic change in tumor volume 
during RT and patient outcomes, including local and distant 
recurrence. Cox regression showed that neither proportional 
change in tumor volume nor rate of proportional change 
during RT predicted tumor recurrence. We acknowledge that 
this negative finding is limited by the small sample size of this 
study, but note that the predictive value of tumor size prior to 
RT was detectable even in this cohort. In the absence of more 
robust evidence, our findings suggest that the volumetric 
progression or regression of extremity and pelvis soft tissue 
sarcomas should not be considered as indicative of patient 
outcomes following treatment.

In conclusion, this work enhances our understanding 
of radiographic volume changes of extremity soft tissue 
sarcomas during RT. Generally, tumor volumes appear to 
evolve in simple, linear patterns during the course of RT. This 
suggests that adaptive planning may benefit patients by 
accounting for tumor volume change across a multi-week 
radiation treatment course, and that the presence or absence 
of radiographic changes may inform the decision of whether 
to pursue adaptive planning. Our findings also suggest that 
volume changes reflect histologic subtype and treatment 
characteristics but do not predict resection margin status, 
histologic response to treatment, or recurrence after resection.

Conflict of Interest

No potential conflict of interest relevant to this article was 
reported.

References

 1. Yang JC, Chang AE, Baker AR, et al. Randomized prospective 

study of the benefit of adjuvant radiation therapy in the 

treatment of soft tissue sarcomas of the extremity. J Clin 

Oncol 1998;16:197-203.

 2. Pisters PW, Harrison LB, Leung DH, Woodruff JM, Casper ES, 

Brennan MF. Long-term results of a prospective randomized 

trial of adjuvant brachytherapy in soft tissue sarcoma. J Clin 

Oncol 1996;14:859-68.

 3. Mundt AJ, Awan A, Sibley GS, et al. Conservative surgery and 

adjuvant radiation therapy in the management of adult soft 



Chengcheng Gui, et al

126 www.e-roj.org https://doi.org/10.3857/roj.2018.00549

tissue sarcoma of the extremities: clinical and radiobiological 

results. Int J Radiat Oncol Biol Phys 1995;32:977-85.

 4. Alvegard TA, Sigurdsson H, Mouridsen H, et al. Adjuvant 

chemotherapy with doxorubicin in high-grade soft tissue 

sarcoma: a randomized trial of the Scandinavian Sarcoma 

Group. J Clin Oncol 1989;7:1504-13.

 5.  Kachare SD, Brinkley J, Vohra NA, Zervos EE, Wong JH, 

Fitzgerald TL. Radiotherapy associated with improved survival 

for high-grade sarcoma of the extremity. J Surg Oncol 

2015;112:338-43.

 6.  O'Sullivan B, Davis AM, Turcotte R, et al. Preoperative versus 

postoperative radiotherapy in soft-tissue sarcoma of the 

limbs: a randomised trial. Lancet 2002;359:2235-41.

 7.  Pisters PW, Leung DH, Woodruff J, Shi W, Brennan MF. Analysis 

of prognostic factors in 1,041 patients with localized soft 

tissue sarcomas of the extremities. J Clin Oncol 1996;14:1679-

89.

 8.  Mahmoud O, Tunceroglu A, Chokshi R, et al. Overall survival 

advantage of chemotherapy and radiotherapy in the 

perioperative management of large extremity and trunk soft 

tissue sarcoma; a large database analysis. Radiother Oncol 

2017;124:277-84.

 9.  Roberge D, Skamene T, Nahal A, Turcotte RE, Powell T, Freeman 

C. Radiological and pathological response following pre-

operative radiotherapy for soft-tissue sarcoma. Radiother 

Oncol 2010;97:404-7.

 10.  Canter RJ, Martinez SR, Tamurian RM, et al. Radiographic and 

histologic response to neoadjuvant radiotherapy in patients 

with soft tissue sarcoma. Ann Surg Oncol 2010;17:2578-84.

 11.  le Grange F, Cassoni AM, Seddon BM. Tumour volume changes 

following pre-operative radiotherapy in borderline resectable 

limb and trunk soft tissue sarcoma. Eur J Surg Oncol 

2014;40:394-401.

 12. Schaefer IM, Hornick JL, Barysauskas CM, et al. Histologic 

appearance after preoperative radiation therapy for soft 

tissue sarcoma: assessment of the European organization 

for research and treatment of cancer-soft tissue and bone 

sarcoma group response score. Int J Radiat Oncol Biol Phys 

2017;98:375-83.

 13. Wang D, Bosch W, Roberge D, et al. RTOG sarcoma radiation 

oncologists reach consensus on gross tumor volume and 

clinical target volume on computed tomographic images for 

preoperative radiotherapy of primary soft tissue sarcoma of 

extremity in Radiation Therapy Oncology Group studies. Int J 

Radiat Oncol Biol Phys 2011;81:e525-8.

 14. Sobin LH, Gospodarowicz MK, Wittekind C. TNM classification 

of malignant tumors. 7th ed. Hoboken, NJ: John Wiley & Sons; 

2009.

 15. Eisenhauer EA, Therasse P, Bogaerts J, et al. New response 

evaluation criteria in solid tumours: revised RECIST guideline 

(version 1.1). Eur J Cancer 2009;45:228-47.

 16. Stacchiotti S, Collini P, Messina A, et al. High-grade soft-tissue 

sarcomas: tumor response assessment: pilot study to assess 

the correlation between radiologic and pathologic response by 

using RECIST and Choi criteria. Radiology 2009;251:447-56.

 17. Huth JF, Mirra JJ, Eilber FR. Assessment of in vivo response 

to preoperative chemotherapy and radiation therapy as a 

predictor of survival in patients with soft-tissue sarcoma. Am 

J Clin Oncol 1985;8:497-503.

 18. Shah D, Borys D, Martinez SR, et al. Complete pathologic 

response to neoadjuvant radiotherapy is predictive of 

oncological outcome in patients with soft tissue sarcoma. 

Anticancer Res 2012;32:3911-5.

 19. Willett CG, Schiller AL, Suit HD, Mankin HJ, Rosenberg A. 

The histologic response of soft tissue sarcoma to radiation 

therapy. Cancer 1987;60:1500-4.

 20. Hew L, Kandel R, Davis A, O'Sullivan B, Catton C, Bell R. 

Histological necrosis in soft tissue sarcoma following 

preoperative irradiation. J Surg Oncol 1994;57:111-4.

 21. Mullen JT, Hornicek FJ, Harmon DC, et al. Prognostic 

significance of treatment-induced pathologic necrosis in 

extremity and truncal soft tissue sarcoma after neoadjuvant 

chemoradiotherapy. Cancer 2014;120:3676-82.


