PET Response Criteria in Solid Tumors Predicts Progression-
Free Survival and Time to Local or Distant Progression After
Chemotherapy with Regional Hyperthermia for Soft-Tissue
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We evaluated the prognostic accuracy of established PET and CT
response criteria in patients with soft-tissue sarcoma (STS) after
combined chemotherapy plus regional hyperthermia (RHT). Methods:
Seventy-three patients underwent '8F-FDG PET/CT before and after 24
cycles of neoadjuvant chemotherapy with RHT for STS. Progression-
free survival (PFS) and time to local and distant progression were among
other factors correlated with response according to PET Response
Criteria in Solid Tumors (PERCIST 1.0) and Response Evaluation Criteria
in Solid Tumors (RECIST 1.1). Results: Metabolic response by PERCIST
(n = 44/73) was an independent predictor for PFS (P = 0.002; hazard
ratio [HR], 0.35; 95% confidence interval [Cl], 0.18-0.68) and time to
local or distant progression. Other independent predictors for PFS by
multivariate analysis were adjuvant radiotherapy (P = 0.010; HR, 0.39;
95% Cl, 0.20-0.80) and a baseline tumor size less than 5.7 cm (P =
0.012; HR, 0.43; 95% ClI, 0.22-0.83). Response by RECIST 1.1 was
seen in a small group of patients (n = 22/73) and allowed prediction
of PFS for patients with sarcoma outside the abdomen (P = 0.048; HR,
0.13; 95% Cl, 0.02-0.98). Conclusion: Metabolic response by '8F-FDG
PET predicts PFS and time to local and distant progression after 2—4
cycles of neoadjuvant chemotherapy plus RHT for STS.
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Soft—tissue sarcoma (STS) is a rare and heterogeneous group of
neoplasms that derive from connective tissues. More than 80% of
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patients are diagnosed with aggressive high-grade histologic types
at initial diagnosis (/). The therapy in these patients often entails
a multimodal approach, which includes chemotherapy, radiother-
apy, and resection. Regional hyperthermia (RHT) acts synergisti-
cally with chemotherapy and radiotherapy (2). In a previous
prospective multicenter phase III trial with 341 patients with
high-risk STS, there was an improved rate for treatment response,
local progression-free survival (PFS), and disease-free survival on
addition of RHT to standard neoadjuvant chemotherapy (3,4). De-
spite an improved local effect, 19% of the patients in the RHT arm
had local progression and 24% had distant progression at 2 y. As
there are various local and systemic approaches to STS treatment,
it is crucial to identify early those patients with high risk for
relapse, to adapt optimally their treatment. However, histopatho-
logic response is only available in a setting of resectable disease,
and CT-based changes in tumor size by Response Evaluation Cri-
teria in Solid Tumors (RECIST) are inaccurate for STS response-
monitoring (5—7). On the other hand, metabolic imaging with PET
using the glucose analog '8F-FDG has been effective for predict-
ing tumor grade and outcome after chemotherapy based on early
or late changes in tumor metabolism (6—11). However, the feasi-
bility and prognostic value of metabolic response has not yet been
investigated in a setting of combined chemotherapy plus RHT. We
thus hypothesized that changes in tumor metabolism from baseline
to intermediate '8F-FDG PET/CT might predict local PFS and
time to local or distant progression in patients with STS undergo-
ing combined neoadjuvant chemotherapy plus RHT.

MATERIALS AND METHODS

Patients

Seventy-three consecutive patients who underwent 'F-FDG PET/
CT before and after neoadjuvant chemotherapy with RHT for STS be-
tween December 2008 and June 2013 were retrospectively selected from
a local database including patients from a prospective observational study
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based on the international multicenter trial Combination Chemother-
apy With or Without Hyperthermia Therapy in Treating Patients with
Soft Tissue Sarcoma (ClinicalTrials.gov number NCT00003052)
treatment protocol (n = 583) (3). Inclusion criteria were histologically
proven STS as defined by the World Health Organization (/2); neo-
adjuvant chemotherapy plus RHT for primary disease or recurrence;
baseline '8F-FDG PET/CT at a maximum of 30 d before the start of
therapy; and follow-up PET/CT after the second, third, or fourth cycle of
chemotherapy and no later than 4 mo after the start of therapy. Exclusion
criteria were no detectable tumor on baseline PET/CT, as defined by
a CT diameter of less than 1 cm; tumor maximum standardized uptake
value (SUV ,,4x) less than mean liver uptake; and blood glucose greater
than 150 mg/dL at baseline or follow-up PET/CT. A flow diagram for
selection of the study cohort is shown in Supplemental Figure 1 (sup-
plemental materials are available at http://jnm.snmjournals.org). Our
retrospective analysis of a prospective patient cohort was approved by
the local ethics committee, and the requirement to obtain informed
consent was waived.

Neoadjuvant Therapy

Sixty-six patients (90%) received neoadjuvant chemotherapy with
ifosfamide (6-9 g/m?) and doxorubicin (60 mg/m?) (ifosfamide doxo-
rubicin regimen [Al regimen]). In 7 patients, epirubicin (90 mg/m?)
and dacarbazine (250 mg/m?) (epirubicin dacarbazine regimen [EDIC
regimen]) or ifosfamide (6 g/m?), carboplatin (400 mg/m?), and etopo-
side (600 mg/m?) (mini-ifosfamide carboplatin etoposide regimen
[ICE regimen]) were chosen to adapt toxicity. The time interval be-
tween the cycles was 3 wk for Al and EDIC and 4 wk for mini-ICE.
RHT aiming for tumor temperatures of 42°C = 1°C for 60 = 5 min was
given on days 1 and 4 of each chemotherapy cycle. Further treatment
was determined by decision of a multidisciplinary tumor board. In the
case of resectable disease, definite tumor excision was performed
within 4-6 wk after induction therapy. Radiotherapy was performed
4-6 wk after surgery if indicated. A diagram of the study design is
shown in Supplemental Figure 2.

PET/CT Imaging

Patients fasted at least 6 h to achieve a median blood glucose level
of 93 mg/dL (interquartile range [IQR], 15 mg/dL) at the time of '8F-
FDG injection. Whole-body '8F-FDG PET/CT images were acquired
using a Biograph 64 TruePoint PET/CT scanner (n = 137; 94%) or
a Discovery 690 scanner (n = 9; 6%; GE Healthcare). Emission scans
were initiated 90 min after almost simultaneous intravenous administra-
tion of 20 mg of furosemide, 10 mg of butylscopolamine, and '8F-FDG.
Patients received a median body weight—adjusted dose of 254 MBq (IQR,
32 MBq) of '8F-FDG. Of the 146 diagnostic CT scans (100-190 mAs,
depending on the scanned organ region, 120 kV), 136 (93%) were
acquired with an intravenous injection of iodine-containing contrast
agent (Ultravist 300 [Schering] or Imeron 300 [Bracco]; 2.5 mL/s) at
a dose adjusted for body weight, and 10 (7%) were acquired with
no contrast agent. To allow valid pooling of the results, phantom
studies based on the National Electrical Manufacturers Association
NU2-2001 standard were conducted, and standardized uptake value
(SUV) conversion factors were calculated (/13-15).

Response Assessment

CT response was determined on target and nontarget lesions in
accordance with RECIST 1.1 (/6). PET response was determined by
changes in peak SUV (SUV ¢ ) from baseline to follow-up in accor-
dance with modified PET Response Criteria in Solid Tumors (PERCIST
1.0) (17). The following modifications were used: body weight—
adjusted SUV was calculated rather than lean body mass—adjusted SUL,
and SUV .y of a measurable target lesion was at least 2 SDs above the
mean liver SUV, rather than 1.5-fold of the mean liver SUV plus 2 SDs.
This less stringent cutoff was chosen because several studies reported
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low 8F-FDG uptake in certain STS lesions, especially in the grade 1
and 2 categories (/1,18). Mean healthy liver SUV was defined as mean
SUV computed in a 15 cm? cubic volume of interest placed in the
center of the right hepatic lobe. CT and PET responses were categorized
separately as findings of progressive disease, stable disease, partial re-
sponse, or complete response. For binary hazard analysis, any response
was defined as the presence of partial response or complete response.
No response was defined as the presence of stable disease or progressive
disease. CT diameter and SUV measurements were performed by 2
interpreters together, each with more than 5 y of experience in clinical
and scientific interpretation of '8F-FDG PET/CT scans for tumor
staging using a 3-dimensional Volume Rendering Tool (Hybrid
Viewer 3D for research; Hermes Medical Solutions).

Histopathology

Tumors were categorized in accordance with World Health Organi-
zation Classification of Tumors of Soft Tissue and Bone (2013) (12).
Tumor grading was based on the 3-tier French Fédération Nationale des
Centers de Lutte Contre le Cancer system (/2). Histopathologic regres-
sion after chemotherapy was grouped by proportion of vital tumor in
the resected tissue, in accordance with a scale proposed by Salzer-
Kuntschik et al. for osteosarcoma (/9). Grades 1-3 were defined as his-
topathologic response. Readings were performed by a soft-tissue and
bone pathologist with more than 5 y of experience, who was masked
to PET and CT data.

Outcome Assessment

Clinical follow-up of patients was performed at least every 6 mo or at
a shorter interval, as clinically indicated. Follow-up consisted of standard
evaluations including clinical examination and imaging. The primary
outcome was PFS as defined by the U.S. Food and Drug Administration
(20). Secondary endpoints were time to local event (TTE,,)), defined as
the time from start of chemotherapy to objective local progression, and
time to distant event (TTEg;.n), defined as the time from start of che-
motherapy to objective distant progression. Objective progression was
suggested on CT, PET/CT, or MR imaging and was confirmed by in-
formed decision of a multidisciplinary sarcoma board.

Statistical Analysis

Quantitative data are presented as number (percentage), median
(with IQR), or mean = SD. The optimal cutoff for baseline tumor size
and SUV was defined as the point on the receiver-operating-characteristic
curve that was farthest from the line of equality (Youden index).
Kaplan—Meier analysis of survival was performed on the basis of the
interval between the start of chemotherapy until the last date of
contact as censored observation, or until disease-related progression
as the event of interest. Quantitative survival data are given as median
(with IQR) in months. A log-rank test was used for statistical com-
parison of survival rates between independent subgroups. Univariate
survival analysis was conducted by Cox proportional hazards regres-
sion. Parameters with a P value of less than 0.20 in the univariate
analysis were entered into a multivariate Cox regression model. In the
multivariate analysis, we applied the Wald stepwise selection method
with a P value of 0.05 as entry probability and 0.10 as removal
probability. Corresponding estimates for hazard ratio (HR) and 95%
confidence interval (CI) were calculated. Significance was set at a P
value of less than 0.05. The SPSS software package (version 15.0;
SPSS, Inc.) was used for all statistical analysis.

RESULTS

Characteristics of Study Cohort and Survival

Patient characteristics are presented in Table 1. Most of the 73
STS cases were primary high-grade tumors (55; 75%) frequently
of retroperitoneal location (36; 49%). The median PFS was 15.3
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TABLE 1
Characteristics of Study Cohort

Patient characteristic (n = 73) Median or absolute number*

Age (y) 52 (IQR, 24)
Sex

Female 37 (51%)

Male 36 (49%)
Site

Head and neck 3 (4%)

Chest and trunk 7 (10%)

Abdomen and retroperitoneum 36 (49%)

Extremities 27 (37%)
Histology

Angiosarcoma 6 (8%)

Leiomyosarcoma 13 (18%)

Liposarcoma 13 (18%)

MPNST 6 (8%)

Synovial sarcoma 4 (5%)

Pleomorphic undifferentiated sarcoma 15 (21%)

Other 16 (22%)
FNCLCC grade

1 1 (1%)

2 22 (30%)

3 50 (69%)
Stage

Recurrent tumor 18 (25%)

Primary tumor 55 (75%)
Radiotherapy

Yes 30 (41%)

No 43 (59%)
Surgery

After chemotherapy 34 (47%)

Before chemotherapy 27 (837%)

No surgery 12 (16%)
Chemotherapy

Al 66 (90%)

EDIC 3 (4%)

Mini-ICE 4 (6%)
Progression (events)

Local 27 (837%)

Distant 24 (33%)

Local plus distant 37 (51%)
Deaths 19 (26%)
Time to event overall (mo) 15.3 (IQR, 17.7)
Overall survival (mo) 22.2 (IQR, 17.3)
Time of follow-up (mo) 22.2 (IQR, 17.3)
No. of therapy courses between PET scans 3 (IQR, 2)
No. of therapy courses from second PET to surgery 1 (IQR, 2)

*Data are median, with IQR in parentheses, or absolute number (with % in parentheses).
MPNST = malignant peripheral nerve sheath tumor; FNCLCC = French Fédération Nationale des Centers de Lutte Contre le Cancer.
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(IQR, 17.7) mo. Follow-up PET/CT was performed in 24 of
73 (33%) patients after 2 cycles, in 17 patients (23%) after 3
cycles, and in 32 (44%) patients after 4 cycles of chemotherapy.

PERCIST and RECIST Response

The mean tumoral SUV ., was 9.9 * 9.1 (range, 2.8-62.8) at
baseline and 6.3 * 8.4 (range, 0.5-58.9) at follow-up. The mean
baseline to follow-up change of SUV . was —33% = 48%
(range, —94% to 202%). In 8 of 73 patients (11%), baseline to
follow-up SUV .,k increased by a mean of 66% = 77% (range,
11%-202%). Sixteen of 73 patients (22%) had complete response,
28 (38%) had partial response, 25 (34%) had stable disease, and 4
(5%) had progressive disease according to PERCIST. The mean
baseline to follow-up change of SUV ., was —35% = 28% (range,
—81% to 43%) after 2 cycles, —36% = 58% (range, —94% to
172%) after 3 cycles, and —30% = 55% (range, —88% to 202%)
after 4 cycles of chemotherapy.

The mean largest tumor diameter was 7.3 £ 5.5 cm at baseline
and 6.2 * 5.6 cm at follow-up. The mean baseline to follow-up
change in the sum of the largest tumor diameters was —24% =
32%. In 12 of the 73 patients (16%), baseline to follow-up diameters
increased by a mean of 15% = 11%. In 3 patients (4%), new lesions
appeared on follow-up CT. Two patients (3%) had complete re-
sponse, 20 (27%) had partial response, 46 (63%) had stable disease,
and 5 (7%) had progressive disease according to RECIST.

Histopathologic Response

Thirty-four of 73 (47%) patients had surgery after induction
chemotherapy. The median number of chemotherapy cycles
between follow-up PET/CT and surgery was 1 (IQR, 2). The
mean proportion of vital tumor tissue after chemotherapy was
37% * 34%, and mean Salzer-Kuntschik grade was 3.5 = 1.7.
Thirteen patients (38%) had less than 10% vital tumor tissue on
histopathologic analysis (Salzer-Kuntschik grade 1-3) and were
therefore classified as histopathologic responders.

Survival Analysis

Chemotherapy with RHT acts systemically with localized
boosting by application of heat. To depict local and systemic ef-
fects, the response to therapy was expressed by 3 different outcome
parameters—that is, the primary outcome, PFS, and 2 secondary
endpoints, TTEcy and TTEign. Univariate analysis was conducted
for PERCIST, RECIST, baseline size and SUV ., histopathologic
response, and characteristics of the patient cohort that had already
been connected to patient outcome in a previous study (Tables 2
and 3) (21). Figures 1 and 2 show the corresponding Kaplan—Meier
survival curves.

Both RECIST and PERCIST responses were significantly
associated with PFS (Table 2). Patients with any response accord-
ing to RECIST (n = 22) had a 2.7-fold decrease in risk for pro-
gression or death (P = 0.016; HR, 0.37; 95% CI, 0.16-0.83); any
response according to PERCIST (n = 44) was associated with
a 3.7-fold decreased risk (P < 0.001; HR, 0.27; 95% CI, 0.14—
0.51). The median PFES in patients with any response (n = 44)
versus no response (n = 29) according to PERCIST was 16.9
(IQR, 21.6) versus 9.7 (IQR, 10.0) mo. The median PFS in
patients with any response (n = 22) versus no response (n =
51) according to RECIST was 19.1 (IQR, 23.9) versus 15.0
(IQR, 15.8) mo. Patients with no response according to RECIST
were further divided by PERCIST into patients with any response
(n = 28; median PFS, 24 [IQR, 19] mo) or no response (n = 23;
median PFS, 10 [IQR, 13] mo). PFS was significantly different
between these subgroups according to the log-rank test (P =
0.017, Fig. 3). Figure 4 shows images from a representa-
tive patient with stable disease according to RECIST and
PR according to PERCIST. In 16 patients, both RECIST and
PERCIST predicted therapy response. The median PFS of these
patients was 27.8 (IQR, 19.9) mo. In 23 patients, neither crite-
rion predicted a response; the median PFS for this group was 9.7
(IQR, 11.9) mo.

TABLE 2
Univariate Cox Regression Analysis for PFS
PFS
Variable Subcategory n P HR 95% ClI
Age (y) =50 43 0.948 0.98 0.52-1.84
Recurrence Yes 18 0.471 1.28 0.65-2.51
FNCLCC grade 3 50 0.836 0.94 0.50-1.77
Resection margin Positive 36 0.974 1.01 0.49-2.09
Radiotherapy Yes* 30* 0.004*t 0.37* 0.19-0.72*
Size (cm) <5.7* 36* 0.008*t 0.42* 0.22-0.80"
SUVpeak <10.7* 48* 0.028*t 0.50" 0.27-0.93*
RECIST Any response (complete response 22 0.016*t 0.37 0.16-0.83*
or partial response)*
PERCIST Any response (complete response 44* <0.001*t 0.27* 0.14-0.51*
or partial response)*
Histopathologic response SK 1-3 13 0.180 0.45 0.14-1.45

*Statistical significance.
P < 0.05.

FNCLCC = French Fédération Nationale des Centers de Lutte Contre le Cancer; SK = Salzer-Kuntschik grade.
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TABLE 3
Univariate Cox Regression Analysis for TTEoca OF TTEgistant

TTEIocaI TTEdistant
Variable Subcategory n P HR 95% ClI P HR 95% ClI
Age (y) =50 43 0.716 1.16 0.53-2.53 0.522 0.77 0.34-1.72
Recurrence Yes 18 0.639 122 0.53-2.79 0.281 1.60 0.68-3.73
FNCLCC grade 3 50 0.517 1.32 0.58-3.01 0.760 0.88 0.39-2.01
Resection margin Positive 36 0478 1.39 0.56-3.45 0.476 0.73 0.30-1.76
Radiotherapy Yes* 30* 0.001*T 0.18* 0.06-0.51* 0.222 0.59 0.26-1.37
Size (cm) <b5.7* 36* 0.020*T 0.38* 0.17-0.86* 0.204 0.59 0.26-1.33
SUVpeak <10.7* 48* 0.038*T 0.45* 0.21-0.96* 0.969 0.98 0.41-2.38
RECIST Any response (complete response 22* 0.115 0.46 0.17-1.21 0.036*t 0.27* 0.08-0.92*
or partial response)*
PERCIST Any response (complete response 44* 0.018*" 0.34* 0.18-0.86* 0.004*T 0.29* 0.13-0.68*
or partial response)*
Histopathologic response SK 1-3 13  0.211 0.37 0.08-1.77 0.724 0.77 0.18-3.25

*Statistical significance.
TP < 0.05.

FNCLCC = French Fédération Nationale des Centers de Lutte Contre le Cancer; SK = Salzer-Kuntschik grade.

For subgroup analysis, the study cohort was divided by tumor
location into those patients with retroperitoneal sarcoma (n = 36;
49%) versus patients with a sarcoma at any other location (i.e., chest,
neck, head, or extremities; n = 37; 51%). In the subgroup of patients
with retroperitoneal sarcoma, PERCIST significantly predicted PEFS
(P = 0.009; HR, 0.33; 95% CI, 0.14-0.75), whereas RECIST did not
indicate primary outcome (P = 0.331). For the 37 patients with
sarcoma of the chest, neck, head, or extremities, both parameters
correlated significantly with PES (P = 0.048 and 0.010, respec-
tively). Results for univariate analysis in these 2 groups are given
in Supplemental Table 1. Furthermore, patients with primary high-
grade tumors (n = 55) were analyzed separately. In this subgroup,
both PERCIST (P = 0.001; HR, 0.26; 95% CI, 0.12-0.56) and
RECIST (P = 0.044; HR, 0.34; 95% CI, 0.12-0.97) responses
significantly predicted PFS (Fig. 5).

Type of neoadjuvant treatment (chemotherapy alone vs. chemo-
therapy plus radiotherapy), baseline tumor size, and SUV ., were
significantly associated with PES for the entire cohort, whereas his-

topathologic response, choice of chemotherapy regimen (data not
shown), and the remaining patient characteristics (age; stage of
occurrence, i.e., primary or recurrence; margin positivity) did not
predict primary or secondary outcomes. On multivariate analysis,
additional radiotherapy (P = 0.010; HR, 0.39; 95% CI, 0.20-
0.80), baseline size less than 5.7 cm (P = 0.012; HR, 0.43; 95%
CI, 0.22-0.83), and PERCIST response (P = 0.002; HR, 0.35;
95% CI, 0.18-0.68) were the only independent predictors of PFS.

TTEIocaI or TTEdistant

Both RECIST and PERCIST predicted TTEyisiane, With signifi-
cant reductions in hazard (12.2- and 8.0-fold; P = 0.036 and
0.004, respectively), although only PERCIST correlated with local
progression (P = 0.018; HR, 0.40; 95% CI, 0.18-0.86). Type of
neoadjuvant treatment (chemotherapy alone vs. chemotherapy
plus radiotherapy), baseline size, and SUV ., were significantly
associated with TTE ¢, (P < 0.05 each), whereas they did not
predict distant events.

DISCUSSION

Our study shows that treatment response
A S can be predicted by '8F-FDG PET/CT after

1. 1.0 1.0 . .
— d H —ER 2-4 cycles of combined neoadjuvant che-
(7)) gm 86 | ;8 308 motherapy plus RHT in a series of 73
Q8 Pl h 2" patients with locally advanced high-grade
% 2o £ IR S g% STS. Other research groups have likewise
o ] Pe0001" 02 p=0031r "2 P=0.006" reported a significant correlation between
00 00 00 PET response and survival or histopatho-

0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60 . . . .

Progression-free survival (mo) Time to local event (mo) Time to distant event (mo) IOglc response in patients with STS after 1
PES TTE o TTE s cycl.e (5,7), after 2 cyc.les (22), or after com-
pletion (6) of neoadjuvant chemotherapy,
FIGURE 1. Kaplan-Meier survival for PFS (A), TTEjeca (B), and TTEgistant (C) in mo as determined albeit without concomitant RHT, which was

by PERCIST (n = 73). CR = complete response; PD = progressive disease; PR = partial re-

sponse; SD = stable disease. *P < 0.05.

534

integral to the present study. Our study indi-
cates that '8F-FDG PET/CT has considerable
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during therapy, whereas a decrease in tumor
metabolic rate is an early hallmark of eventual
treatment response. This difference was even
more evident for cases of local recurrence;
PERCIST predicted local recurrence with
a similar reduction in risk, whereas change

P=0011" in tumor size did not correlate with time to

Time to distant event (mo)

local progression.
There have been concerns that RHT-
induced changes in the tumor microenvi-

10 20 30 40 50 60

TTEistan

FIGURE 2. Kaplan-Meier survival for PFS (A), TTE,oca (B), and TTEgistant (C) in mo as determined
by RECIST (n = 73). CR = complete response; PD = progressive disease; PR = partial response;

SD = stable disease. *P < 0.05.

potential to guide treatment after a combined chemotherapy plus
RHT, in that adjuvant chemotherapy or radiation therapy can be
adapted in nonresponding patients. Risk-adapted therapy might
ultimately reduce treatment-associated toxicity and costs in
patients receiving a combined treatment.

Metabolic response by PERCIST was an independent predictor
of PFS. PERCIST response was associated with the strongest
reduction in risk (about 3.7-fold decreased hazard) in all patients
and in patients with high-grade tumors at primary diagnosis.
Response according to PERCIST was furthermore seen in the largest
group of patients (n = 44, 60%). On the other hand, change in tumor
size did not independently predict PFS. A large group of patients with
no significant change in tumor size after chemotherapy showed con-
siderable variation in PFS and could further be differentiated on the
basis of PET criteria into subgroups with good versus poor outcome.
Several previous studies on STS have similarly shown that changes in
tumor size are only poorly correlated with survival or histopathologic
response after chemotherapy, especially in the early follow-up period
(6,7). We concluded that changes in tumor size tend to occur later

10 PERCIST
— AR (CR or PR
— NR (SD or PD
>, 0.8+ + censored
= event
Q 06
©
Q
O 04-
o
0.2+ P<0.017*
0.0 4
0 10 20 30 40 50
Progression-free survival (mo)

FIGURE 3. Kaplan-Meier survival curves for PFS in patients with no
response according to RECIST (n = 51), shown separately for subgroups
with any response (AR) according to PERCIST (n = 28, green curve) and
no response (NR) according to PERCIST (n = 23, blue curve). Survival is
given in mo. Patients with PERCIST AR had significantly longer PFS than
PERCIST NR (P = 0.017). CR = complete response; PD = progressive
disease; PR = partial response; SD = stable disease. *P < 0.05.
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ronment might influence glycolysis and
I8SF.FDG uptake. Indeed, persistent in-
crease in lymphocyte and macrophage
recruitment has been described after appli-
cation of local heat in preclinical tumor
models (23), which might impart physio-
logic '8F-FDG uptake. The extent of tumor necrosis after chemo-
therapy may thus be underestimated, given the additional '8F-FDG
uptake arising from leukocyte infiltrates. Nonetheless, we found a sig-
nificant reduction in '3F-FDG uptake after chemotherapy, which
argues against this putative consequence of RHT in our patient pop-
ulation. We concluded that the application of local heat does not
induce a notably persistent effect on tumor glycolysis that might
potentially interfere with the accuracy of '8F-FDG PET. Thus,
changes in tumor metabolism could predict local and overall pro-
gression more accurately than the other imaging parameters in our
study.

Both RECIST and PERCIST predicted distant progression with
similar reduction in risk, albeit in a considerably larger group
of PERCIST responders than RECIST responders (44 vs. 22
patients). In our study, metabolic response by PERCIST was
significantly associated with improved PFS in patients with
retroperitoneal sarcoma, whereas change in tumor size did not
predict primary outcome. In most cases, sarcomas of the retro-
peritoneum are diagnosed late, at times when tumors had already

' i
T .

D 52 cm

Before CTx

After CTx

FIGURE 4. A 78-y-old male patient with liposarcoma encasing ab-
dominal aorta (arrow). Axial CT and fused '8F-FDG PET/CT images
are shown at baseline (A and B) and after 2 cycles of neoadjuvant
chemotherapy (CTx) (C and D). Largest CT diameter (LD) was 6.2 cm
at baseline and 5.7 cm at follow-up (8% decrease; SD according to
RECIST). SUVeak Was 4.1 at baseline and 2.7 at follow-up (34%
decrease; PR according to PERCIST). Patient had PFS of 24 mo,
compared with median PFS of 15.3 (IQR, 17.7) mo for entire study
cohort.
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FIGURE 5. Kaplan-Meier survival curves for PFS in patients with pri-
mary high-grade tumors (n = 55) in mo grouped by PERCIST (A) and
RECIST (B). CR = complete response; PD = progressive disease; PR =
partial response; SD = stable disease. *P < 0.05.

become symptomatic due to their extensive growth and space-
occupying effects. At such advanced stages, the volume of large
masses is only poorly described by the index of largest diameter,
and changes in tumor volume can be limited, given the consider-
able amounts of necrosis, hemorrhage, and edema in large
lesions.

Both baseline size and SUV ¢, predicted PFS and local recur-
rence with high accuracy. However, baseline cutoff values for
responders were determined by receiver-operating-characteristic
analysis and thus optimized for our particular patient cohort. This
optimization imparts an advantage in prognostic accuracy for both
baseline parameters relative to RECIST or PERCIST alone. Sev-
eral previous reports suggest cutoff values other than those defined
by RECIST or PERCIST, for example, an SUV cutoff greater than
30% for metabolic responders (7,24). Because we intended in this
study to test for the applicability of well-established systems, we
did not alter RECIST or PERCIST cutoff values. The addition of
radiotherapy was significantly associated with a decreased risk for
local recurrence and PFS in our patient cohort, most likely due to
an improved rate of local control, which has also been unequivo-
cally found by a previous review of 39 studies on radiotherapy for
STS (25).

Histopathologic response and inadequate resection did not
emerge as significant predictors for PFS in our study, although
both of these factors have been prognostic in previous studies on
large cohorts using overall survival for patient outcome (21,26).
The discrepancy may in part be explained by the different end-
points, but also by the smaller group of patients receiving surgery
after chemotherapy in our study. Herrmann et al. similarly found
no significant difference in survival for histopathologic respond-
ers and noted that a cohort larger than 200 patients would be
needed to detect a possible difference (7). Though patients were
recruited from a prospective database, generalization of our find-
ings may be limited by the retrospective study design and by the
use of PFS and TTE instead of overall survival to assess treat-
ment response.

CONCLUSION

Metabolic response by PERCIST after 2—4 cycles of chemother-
apy in combination with RHT is an independent predictor for PFS
as well as for local and distant progression in STS patients. Re-
sponse by RECIST was seen in a small group of patients and
allowed prediction of PFS for nonretroperitoneal STS. We did
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not see evidence for persistent effects of RHT on tumor glycolysis
and thus no significant interference with prognostic accuracy of
I8F_FDG PET after combined treatment. Our findings support car-
rying out prospective trials to examine whether metabolic re-
sponse can be used to guide treatment decisions in STS to reduce
treatment-related toxicity. This conclusion might generalize to
other tumor entities for which combined chemotherapy plus
RHT is indicated.
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