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Recently, PET response criteria in solid tumors (PERCIST) have
been proposed as a new standardized method to assess
chemotherapeutic response metabolically and quantitatively.
The aim of this study was to evaluate therapeutic response to
neoadjuvant chemotherapy for locally advanced esophageal
cancer, comparing PERCIST with the currently widely used
response evaluation criteria in solid tumors (RECIST). Methods:
Fifty-one patients with locally advanced esophageal cancer who
received neoadjuvant chemotherapy (5-fluorouracil, adriamycin,
and cisplatin), followed by surgery were studied. Chemothera-
peutic lesion responses were evaluated using '8F-FDG PET
and CT according to the RECIST and PERCIST methods. The
PET/CT scans were obtained before chemotherapy and about 2
wk after completion of chemotherapy. Associations were statis-
tically analyzed between survival (overall and disease-free sur-
vival) and clinicopathologic results (histology [well-, moderately,
and poorly differentiated squamous cell carcinoma], lymphatic
invasion, venous invasion, clinical stage, pathologic stage, resec-
tion level, reduction rate of tumor diameter, reduction rate of
tumor uptake, chemotherapeutic responses in RECIST and PER-
CIST, and pathologic response). Results: There was a significant
difference in response classification between RECIST and PER-
CIST (Wilcoxon signed-rank test, P < 0.0001). Univariate analysis
showed that lymphatic invasion, venous invasion, resection level,
pathologic stage, and PERCIST were significant factors associ-
ated with disease-free or overall survival in this study. Although
multivariate analysis demonstrated that venous invasion (dis-
ease-free survival: hazard ratio [HR] = 4.519, P = 0.002; overall
survival: HR = 5.591, P = 0.003) and resection level (disease-free
survival: HR = 11.078, P = 0.001) were the significant predictors,
PERCIST was also significant in noninvasive therapy response
assessment before surgery (disease-free survival: HR = 4.060,
P = 0.025; overall survival: HR = 8.953, P = 0.034). Conclusion:
RECIST based on the anatomic size reduction rate did not dem-
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onstrate the correlation between therapeutic responses and
prognosis in patients with esophageal cancer receiving neoadju-
vant chemotherapy. However, PERCIST was found to be the
strongest independent predictor of outcomes. Given the signifi-
cance of noninvasive radiologic imaging in formulating clinical
treatment strategies, PERCIST might be considered more suit-
able for evaluation of chemotherapeutic response to esophageal
cancer than RECIST.
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In today’s medicine, various treatment options for cancer
are available. The selection of an effective treatment and the
appropriate evaluation of treatment response are important
both for better management of cancer patients with prolonged
survival and for preserving quality of life. Many approaches to
objectively assess treatment response, which began with the
original report by Moertel in 1976 and the subsequent World
Health Organization criteria in 1979 and were followed by the
Response Evaluation Criteria in Solid Tumors (RECIST) in
2000 and RECIST 1.1 in 2009 (/—4), have been developed.
RECIST is widely used as an anatomic tumor response metric
but is known to have limitations in the cases with tumors that
have obscure margins or scar tissue after treatment. Especially
in patients with esophageal cancer, the measurement of the
longest diameter of lesions on CT and resultant evaluation of
treatment response are difficult. Moreover, some caution is
required when predicting outcomes with novel molecularly
targeted cancer treatments with RECIST, which is based on
the reduction rate of morphologic size (5-10). Such treat-
ments, which tend to be more cytostatic than cytocidal, offer
a substantial improvement in outcome, even without major
shrinkage of tumors as evidenced by the partial response
(PR) or complete response (CR) in RECIST (/1,12).
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PET with the glucose analog '8F-FDG has been widely
used as a technique for evaluating metabolic activity in
tumors. '8F-FDG PET is believed to be more informative
for the evaluation of treatment response after chemotherapy
(13). Recently, Wahl et al. proposed the PET Response
Criteria in Solid Tumors (PERCIST) as a new standardized
method for the quantitative assessment of metabolic tumor
response. This method was proposed after review of ap-
proximately 3,000 potentially relevant references regarding
qualitative and quantitative approaches to tumor response
assessment with '8 F-FDG PET (/4). Although the concept
behind the method is quite reasonable, PERCIST should be
properly evaluated with regard to advantages over RECIST
in clinical cases. The aim of this study was to compare the
PERCIST and RECIST methods for evaluation of therapeu-
tic response to neoadjuvant chemotherapy in patients with
esophageal cancer.

MATERIALS AND METHODS

Study Design

Records of 64 patients with histologically confirmed squamous
cell carcinoma of the thoracic esophagus, who underwent neo-
adjuvant chemotherapy at the Department of Gastroenterological
Surgery, Osaka University Graduate School of Medicine, between
June 2007 and March 2010, were reviewed. At baseline, all patients
underwent esophageal fiberscopy, esophagography, and enhanced
CT from the neck to the abdomen for tumor staging according to the
TNM classification (/5). CT image acquisition began 50 s after in-
travenous injection of contrast medium (iodine content, 300 mg of
iodine/mL) at a rate of 2 mL/s. All patients were newly diagnosed
and had no prior treatment. Our indication for neoadjuvant chemo-
therapy was as follows: patients with any tumor depth (clinical T1—
4) and lymph node involvement, including regional lymph node (N1)
and distant lymph node (M1 lym) without distant organ metastases.
Clinical T1-3N1 was regarded as an absolute indication, and either
¢T3NO with a larger primary tumor or any cT4N, except those with
massive infiltration to the bronchus or aorta, was regarded as a rela-
tive indication. With regard to M1 lym, the cervical and celiac lymph
nodes served as an indication for neoadjuvant chemotherapy, but M1
lym in other sites, such as paraabdominal aorta, axilla, and hematog-
enic or disseminated metastases, were not indicative. All patients
were also younger than 80 y of age and had normal function of
the heart, liver, kidney, and bone marrow. As a result, 64 consecutive
patients received neoadjuvant chemotherapy. Among these, 8 did
not undergo PET/CT before chemotherapy in our institution, and
5 showed no surgical indication after neoadjuvant chemotherapy:
3 of 5 needed additional chemotherapy or radiation therapy because
of progression of primary tumor or metastases, and the remaining
2 were transferred to another hospital. Thus, 51 patients, who un-
derwent both neoadjuvant chemotherapy and surgery, were enrolled
in the final retrospective study. Approval from the internal Ethics
Review Board was obtained before study initiation.

Treatment

Chemotherapy was performed at the Department of Gastroen-
terological Surgery. All patients received the same regimen of
neoadjuvant chemotherapy (5-fluorouracil, adriamycin, and cis-
platin) (16). The chemotherapy regimen consisted of 2 courses of 5-
fluorouracil, cisplatin, and adriamycin, with cisplatin (70 mg/m?)
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and adriamycin (30 mg/m?) given intravenously over 2 h on day 1
and 5-fluorouracil (700 mg/m?) administered by continuous in-
travenous infusion on days 1-7. This course was repeated every
28 d unless patients showed progressive disease after the first course:
2 courses were performed. All patients underwent surgery 3-5 wk
after the completion of neoadjuvant chemotherapy. Surgery con-
sisted of en bloc esophagectomy, reconstruction with a gastric tube,
and 2- or 3-field lymphadenectomy.

PET/CT Protocol

PET/CT was performed with an integrated scanner (Gemini
GXL; Philips). Whole-body images, generally from the top of the
skull to mid thigh, were acquired about 60 min after intravenous
injection of '8F-FDG at the dose of 3.7 MBq (0.10 mCi)/kg of
weight. PET was performed using the following parameters: 3-di-
mensional emission scan, 2-min scan per bed position X 11 posi-
tions, ordered-subset expectation maximization reconstruction, and
4.0-mm slice thickness per interval. Acquisition parameters for CT
were as follows: breath-hold during normal expiration from the
level of apex of lungs to the lower pole of kidneys; no intravenous
or oral contrast medium; 120 kVp and 50 effective mAs; 16 slices;
1.5-mm detector collimation; and 5.0-mm slice thickness, with
a 4.0-mm interval. Coronal and sagittal CT images were recon-
structed using axial thin-section CT images with 1.5-mm slice thick-
ness. The PET/CT scans were obtained before chemotherapy and
about 2 wk after completion of neoadjuvant chemotherapy.

Image Analysis According to PERCIST

The software used for this study might have limitations in obtain-
ing the peak SUV (SUVpeak) as exactly specified in PERCIST 1.0
(14). These limitations are due to a maximum standardized uptake
value (SUV = tumor activity concentration/injected dose/body
weight) that is not necessarily included in the volume of interest
because of the noise effects from patients’ bodies. We used a mod-
ified method to obtain SUVpeak as follows. First, the entire tumor
was enclosed using a manual volume of interest to determine the
pixel with the maximum SUV in the tumor on PET. Second, the
mean SUV of tumor on PET was measured using a maximal 1.2-cm-
diameter volume of interest, which was placed on the hottest area
within each tumor that included the pixel with the maximum SUV.
This mean SUV of the tumor by the volumetric method corre-
sponded to SUVpeak of tumor. The SUVpeak was normalized to
the peak lean body mass SUV (SULpeak) (SUVpeak x [lean body
mass]/[total body mass]). Lean body mass was calculated according
to previously published formulas (/7). Finally, it was determined
whether the SULpeak of the tumor was higher than 1.5 times the
liver SUL mean + 2 SDs (in a 3-cm-diameter spheric region of
interest in the normal right lobe of the liver) (/4). Objective thera-
peutic responses according to PERCIST 1.0 (/4) were as follows:
complete metabolic response (CMR) was complete resolution of
I8E-FDG uptake within the measurable target lesion so that it was
less than mean liver activity (1.5 X [mean SUL of the liver] + 2
SDs) and indistinguishable from surrounding background blood-
pool levels with no new '®F-FDG-avid lesions in a pattern typical
of cancer. Partial metabolic response (PMR) was reduction of
a minimum of 30% in the target tumor 8F-FDG SULpeak, with
measurement commonly done in the same lesion as the baseline
measurement, but a different lesion was used if the second lesion
was previously present and was observed to be the most active
lesion after treatment. Stable metabolic disease (SMD) was disease
other than CMR, PMR, or progressive metabolic disease (PMD);
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TABLE 1
Characteristics of 51 Patients Who Received Preoperative
Chemotherapy for Esophageal Squamous Cell Carcinoma

Characteristic n

Sex

Male/female 43/8
Location

Upper/middle/lower 9/24/18
Histology

Well/moderately/poorly differentiated 5/32/14
Lymphoduct invasion

Positive/negative 13/38
Venous invasion

Positive/negative 34/17
Clinical T staging

cT0/cT1/cT2/cT3/cT4 0/2/5/36/8
Pathologic T staging

pT0/pT1/pT2/pT3/pT4 3/11/13/19/5
Resection level

RO/R1/R2 48/3/0
Clinical lymph node staging

cNO/cN1/cM1 lym 4/41/6
Pathologic lymph node staging

pNO/pN1/pM1 lym 19/29/3
cStage

o111/ 0/0/11/34/6
pStage

oIV 3/7/18/21/2
Pathologic response to chemotherapy

Grade 1a/1b/2/3 29/13/6/3

Age range of patients was 45-79 y (mean age = SD, 63.5 = 7.9 ).

cT, cN, cStage = clinical classification; pN, pT, pStage = path-
ologic classification; M1 lym = distant lymph node metastasis
according to TNM classification.

and PMD was a 30% increase in '8F-FDG SULpeak or advent of
new '3F-FDG-avid lesions that were typical of cancer and not re-
lated to treatment effect or infection.

Image Analysis According to RECIST

We first evaluated the hottest lesion in patients with esophageal
cancer in the present study according to PERCIST 1.0 (/4). The
hottest lesion in each patient was a primary site of esophageal

cancer in this study. Then, to compare with the metabolic change
in PERCIST 1.0, we also evaluated the anatomic size change of
the single primary site assessed in PERCIST 1.0: the longest di-
ameter was measured according to RECIST 1.1 (4).

Enhanced CT and PET/CT images were transferred to work-
stations (Advantage Workstation, Volume Viewer 2 AW, Suite 2.0
6.5.1z; GE Healthcare). Unidimensional measurements of the long
axis of tumors on coronal CT images were performed using a caliper
on the monitor, with reference to multiplanar reconstruction images
(axial, coronal, and sagittal imaging) and enhanced CT images.
Objective therapeutic responses according to RECIST 1.1 (4) were
as follows: complete response (CR) was disappearance of tumor
foci for at least 4 wk; partial response (PR) was a decline of at
least 30% in tumor diameter for at least 4 wk; stable disease was
neither PR nor progressive disease (PD); and PD was at least a 20%
increase in tumor diameter for at least 4 wk.

Evaluation According to Pathologic Criteria

Histopathologic findings were classified according to the TNM
classification (/5): pathologic T staging (pT0-4), pathologic lymph
node staging (pNO-1), pathologic distant lymph node (pM1 lym)
without distant organ metastasis, and pathologic staging (pStage 0/
I/IVII/IV). The degree of tumor differentiation (well-, moderately,
and poorly differentiated squamous cell carcinoma), existence of lym-
phatic invasion and venous invasion, resection level (complete tumor
resection [RO], microscopic residual tumors [R1], and macroscopic
residual tumors [R2]), and pathologic responses to chemotherapy
were also evaluated by a pathologist. Pathologic response to chemo-
therapy was assessed according to the percentage of viable residual
tumor cells within the postoperative cancerous tissue (/8): grade 3, no
viable cancer cells; grade 2, viable cancer cells accounting for less
than a third of tumor tissue (i.e., more than two thirds of cancer cells
are severely degenerated or necrotic); grade 1b, viable cancer cells
accounting for a third or more, but less than two thirds, of tumor tissue;
and grade 1a, viable cancer cells accounting for more than two thirds
of tumor tissue. Therapy-induced characteristics such as necrosis,
fibrosis, foamy histiocytes, mucosal edema, vascular changes in the
tumor periphery, and giant cell reactions were considered to be signs
of neoplastic regression after neoadjuvant chemotherapy (19).

Statistical Analysis

Response classifications of RECIST and PERCIST were graded on
a 5-point ordinal scale: in RECIST, not classifiable = 0, PD = 1, stable
disease = 2, PR = 3, and CR = 4; and in PERCIST, not classifi-

TABLE 2
Parameters Before and After Chemotherapy for Esophageal Cancer

Parameter

Before chemotherapy

After 2 courses of chemotherapy

Blood glucose level (mg/dL)

Mean = SD 99.7 + 17.8 104.0 = 19.4

Range 74-144 75-154
Body weight (kg)

Mean = SD 57.1 = 11.5 56.5 = 11.4

Range 25-87 25-87
Body height (cm)

Mean + SD 163.3 = 9.1 163.3 = 9.1

Range 140-181 140-181
Uptake time (min)

Mean + SD 61.6 = 4.2 61.7 + 4.8

Range 54-70 52-70

874 THE JOURNAL OF NUCLEAR MEDICINE ®

Vol. 53 ¢ No. 6 ¢ June 2012


http://jnm.snmjournals.org/

Downloaded from jnm.snmjournals.org by on March 14, 2017. For personal use only.

TABLE 3
Therapy Response Assessments from RECIST and PERCIST
Chemotherapy
Criteria Before After 2 courses
RECIST
Longest diameter (mm) 59.9 + 18.9 39.1 £ 19.5
Reduction rate of tumor diameter (%) 34.8 = 21.8
Obijective therapeutic response
CR/PR/stable disease/PD/not classifiable 0/26/20/0/5
PERCIST
Tumor SULpeak 7.15 + 3.16 3.11 £ 1.92
Liver SUL + 2 x (SD) 2.06 = 0.23 217 = 0.31
Reduction rate of tumor SULpeak (%) 53.3 + 23.4
Objective therapeutic response
CMR/PMR/SMD/PMD/not classifiable 17/26/8/0/0 17/26/8/0/0

Not classifiable = uncategorizable using either RECIST or PERCIST.

Data are mean + SD or n.

able = 0, PMD = 1, SMD = 2, PMR = 3, and CMR = 4. We
statistically compared the median values of RECIST and PERCIST
using the Wilcoxon signed-rank test. Overall survival (OS) and
disease-free survival (DFS) were calculated by the Kaplan—-Meier
test and statistically evaluated by the log-rank test. Associations
between survival and clinicopathologic results (such as chemother-
apeutic responses including changes of imaging parameters and
pathologic factors) were evaluated using univariate Cox propor-
tional hazards regression analysis for both DFS and OS. Significant
parameters identified by univariate analysis were included in a mul-
tivariate Cox proportional hazards regression analysis (stepwise
selection [Wald] method; P = 0.05 was used for entry into the
model, and P > 0.1 was selected for removal). Each cutoff value
in the reduction rate of tumor diameter and SULpeak that yielded
the largest difference in survival and recurrence was decided using
the receiver-operating-characteristic method. All statistical analy-
ses were performed using commercially available software (Med-
Calc, version 8.0.0.1; Frank Schoonjans). A P value of 0.05 or less
was considered statistically significant.

RESULTS

Fundamental Data of Patients

Characteristics of all 51 patients included in this study
are summarized in Tables 1 and 2. Blood glucose levels at
each PET/CT study before and after 2 courses of chemo-
therapy were less than 150 mL/dL in 50 patients. In the
remaining patient, blood glucose level at PET/CT after
2 courses of chemotherapy was 154 mg/dL, which was
considered to have no harmful effects on accumulation of
IBF-FDG. There was almost no difference in uptake time
between PET/CT before and after 2 courses of chemother-
apy. The interval between PET/CT scans obtained before
and after 2 courses of chemotherapy was 85.7 d £ 2.5
(mean * SD). The interval between completion of chemo-
therapy and the acquisition of the PET/CT scan was about
2 wk (mean * SD, 15.1 d * 1.3; range, 1418 d). The in-
terval between completion of chemotherapy and the imple-
mentation of surgery was about 3—5 wk (23.2 = 2.2 d; range,
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21-34 d). Lean body mass was calculated using body weight
and height as shown in Table 2: before chemotherapy, 47.5 *+
8.9 kg (mean = SD), and after 2 courses of chemotherapy,
47.2 £ 8.8 kg. With regard to pathologic response to chemo-
therapy, grade 1a was achieved in 29 patients, grade 1b in 13,
grade 2 in 6, and grade 3 in 3. Three patients with grade 3 had
pStage 0 without lymphatic or venous invasion.

Treatment Response Assessments in RECIST
and PERCIST

Results from RECIST and PERCIST are summarized in
Table 3. In RECIST, the longest diameter of the lesion was
not available with CT from 5 patients because tumors were
not visible on the CT images. In the remaining 46 patients,
the reduction rate of the tumor diameter was 34.8% =+
21.8% (mean = SD). Objective therapeutic responses
according to RECIST 1.1 were as follows: 0 CR, 26 PR,
20 stable disease, 0 PD, and 5 not classifiable. On the other
hand, according to PERCIST, the SULpeak on PET/CT
was available for all 51 patients. The reduction rate of the
SULpeak was 53.3% = 23.4% (mean * SD). Seventeen of
the 51 tumors exhibited a low SULpeak (mean * SD, 1.59 *

TABLE 4
Comparison of Treatment Response Assessments in
RECIST and PERCIST

PERCIST
RECIST Not classifiable PMD SMD PMR CMR Total
Not classifiable 0 0 1 3 1 5
PD 0 0 0 0 0 0
Stable disease 0 0 1 10 3 20
PR 0 0 7 13 13 26
CR 0 0 0 0 0 0
Total 0 0 8 26 17 51

Not classifiable = uncategorizable using either RECIST or PERCIST.
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FIGURE 1. A 58-y-old man with cancer in
lower thoracic esophagus. CT (coronal im-
age) before chemotherapy (A) shows that
long axis of tumor is 77 mm (red arcuate
line). CT (coronal image) after chemotherapy
(B) shows that the long axis of tumor is 58
mm (red arcuate line). Reduction rate is
25%. Objective therapeutic response on
RERCIST is stable disease. Tumor SULpeak
before chemotherapy is 10.52 on 8F-FDG
PET (C) and '8F-FDG PET/CT (E) (red and
blue arrows). Tumor SULpeak after chemo-
therapy is 2.58 on '8F-FDG PET (D) and
18F-FDG PET/CT (F) (red and blue arrows).
Reduction rate is 75%. Tumor SUL is distin-
guishable from surrounding background
blood-pool levels. Objective therapeutic re-
sponse on PERCIST is PMR. This patient
underwent '8F-FDG PET/CT scan 14 d after
chemotherapy. Interval between '8F-FDG
PET/CT scans obtained before and after
chemotherapy was 82 d in this patient.
There is a difference in results of response
classification between RECIST and PER-
CIST. There is no recurrence and no death
at 501 d after operation in this case. There-
fore, PERCIST appears to be more appro-
priate as a therapeutic response.

0.33) after completion of chemotherapy, which was less
than the liver background level (mean = SD, 2.17 =
0.31) and indistinguishable from surrounding background
blood-pool levels. Thus, CMR was achieved in these 17
patients. Objective therapeutic responses according to PER-
CIST 1.0 were as follows: 17 CMR, 26 PMR, 8 SMD,
0 PMD, and 0 not classifiable. There was a significant dif-
ference in the results of response classification between
RECIST and PERCIST (Table 4; P < 0.0001) (Fig. 1).
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Relationship Between Pathologic Response and
Either RECIST or PERCIST

In the present study, the distribution of pathologic
responses in CR and PR (RECIST 1.1) was 13 grade la,
7 grade 1b, 4 grade 2, and 2 grade 3, and in CMR and
PMR (PERCIST 1.0) it was 23 grade la, 11 grade 1b, 6
grade 2, and 3 grade 3 (Table 5). Good chemotherapeutic
responses (e.g., CR and PR in RECIST and CMR and PMR
in PERCIST) according to either RECIST or PERCIST did
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TABLE 5
Comparison of Treatment Response Assessments Between
Pathologic Response and Either RECIST or PERCIST

Pathologic response

Criteria Grade 1a Grade 1b Grade 2 Grade 3 Total
RECIST
Not classifiable 3 0 1 1 5
Stable disease 13 6 1 0 20
PR 13 7 4 2 26
CR 0 0 0 0 0
Total 29 13 6 3 51
PERCIST
Not classifiable 0 0 0 0 0
SMD 6 2 0 0 8
PMR 16 6 2 2 26
CMR 7 5 4 1 17
Total 29 13 6 3 51

Not classifiable = uncategorizable using either RECIST or PERCIST.

not always correlate with good pathologic responses (e.g.,
grade 2 or 3).

Chemotherapeutic Responses and Clinicopathologic
Factors Affecting Survival

Associations between survival and clinicopathologic results
(such as chemotherapeutic responses including changes of
imaging parameters and pathologic factors) were assessed
using univariate and multivariate Cox proportional hazards
regression analyses (Table 6). A cutoff value of 23% in the
reduction rate of tumor diameter yielded the largest difference
in both DFS and OS. A cutoff value of 54% in the SULpeak
yielded the largest difference in OS, and a cutoff value of 69%
in the SULpeak yielded the largest difference in DFS. How-
ever, these cutoff values were not considered to be significant
prognostic factors in the univariate Cox proportional hazards
regression analysis. Lymphatic invasion, venous invasion,
pathologic stage, and PERCIST were significant factors asso-
ciated with DFS and OS in this study. Resection level was
a significant factor associated with DFS in this study. RECIST
was not a significant prognostic factor (Fig. 2). Pathologic
response was also not a significant prognostic factor.

Multivariate Cox proportional hazards regression analysis,
including statistically significant factors in univariate analysis,
demonstrated that venous invasion was the significant prognostic
factor for predicting DFS (hazard ratio [HR], 4.519; 95%
confidence interval [CI], 1.748-11.680; P = 0.002) and OS
(HR, 5.591; 95% CI, 1.821-17.162; P = 0.003; Table 6) and
that resection level was the significant prognostic factor for
predicting DFS (HR, 11.078; 95% CI, 2.749-44.651; P =
0.001; Table 6). However, if factors obtained from the process
of treatment response assessment (reduction rate of diameter,
reduction rate of SULpeak, RECIST 1.1, PERCIST 1.0, and
pathologic response) were considered, PERCIST 1.0 (CMR vs.
non-CMR) was the most significant prognostic factor for predict-
ing DFS (HR, 4.060; 95% CI, 1.195-13.789; P = 0.025) and
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OS (HR, 8.953; 95% CI, 1.188-67.506; P = 0.034; Table 6) in
the multivariate Cox proportional hazards regression analysis.

DISCUSSION

This study demonstrated that pathologic venous invasion
and resection level were the significant prognostic factors for
predicting survival or recurrence in esophageal cancer. How-
ever, accurate information about pathologic venous invasion
and resection level was obviously difficult to obtain before
operation. Considering that imaging is commonly and widely
used to evaluate treatment response as a noninvasive pro-
cedure, PERCIST was considered to be the best for evaluation
of treatment response, which was closely related to prognosis.

Multidisciplinary treatments such as neoadjuvant chemother-
apy or radiotherapy followed by surgery are now frequently
adopted in patients with locally advanced esophageal cancer.
All patients in the present study received neoadjuvant chemo-
therapy before surgery. Patient selection for such multidisci-
plinary treatments and subsequent preoperative staging can
influence improvement of survival in patients with advanced
esophageal cancer. Recent studies have also suggested that
patients with locally advanced esophageal cancer responding to
chemoradiotherapy might not receive any additional benefit
from surgery, as compared with chemoradiotherapy alone
(20,21). Therefore, the appropriate selection of methods for
evaluation of therapeutic efficiency is crucial for effective cancer
treatment. As a prospective randomized trial demonstrated that
imaging response was the most important independent prognos-
tic factor in esophageal cancer (20), more accurate assessment
methods of imaging for better prognosis should be pursued.

There have been previous reports (22—24) on the utility
of response evaluation of neoadjuvant chemotherapy with
18F-FDG PET in locally advanced esophageal cancer. These
reports have demonstrated that cutoff values of maximum
SUYV reduction rate, determined in each study, were useful
for discrimination of PET responders from nonresponders
(22-24). However, these values showed variations ranging
from 35% to 70%. Regarding prediction of pathologic re-
sponse (25) and outcomes (26), there have been reports that
have exhibited the potentials of '8F-FDG PET in locally
advanced esophageal cancer. However, some studies have sup-
ported these results for pathologic response (27-31) and sur-
vival (28,30-32), but other reports have not (33—35). The main
reasons for the variation in the results may be due in part to the
wide variety of '8F-FDG PET evaluation criteria, timing after
the start of therapy, techniques, and endpoints used. As for
timing after the start of therapy, some studies performed '®F-
FDG PET before and after early cycles of chemotherapy and
others before and after completion of therapy (22,24,29). This
timing was closely related to the criteria used to define a re-
sponse on PET. Thus, a standardized method should be estab-
lished to evaluate therapeutic response. In the present study,
neither reduction rates of SULpeak on PET nor reduction rates
of tumor diameter on CT were demonstrated to be useful
for prediction of survival and recurrence, although patient
classification with PERCIST better predicted these prognostic
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TABLE 6
Univariate and Multivariate Cox Proportional Hazards Regression Analysis for Prediction of DFS and OS
DFS 0Ss
Characteristic n HR 95% ClI P HR 95% ClI P

Univariate analysis
Histology

Well, moderate/poor 37/14  1.011 0.391-2.610 0.983 0.175 0.057-0.532 0.056
Lymphatic invasion

Negative/positive 38/13 4.011 1.573-10.229 0.043 6.655 2.253-19.653 0.032
Venous invasion

Negative/positive 17/34  3.727 1.412-9.839 0.001 4.739 1.450-15.487 0.001
cStage

o, I, /i, v 11/40 2.856 1.036-7.878 0.139 3.705 1.068-12.854 0.174
pStage

o, I, i/, v 28/23 3.912 1.628-9.403 0.002 4.823 1.684-13.815 0.002
Resection level

R0/non-R0 48/3 5.263 1.491-18.578 0.010 3.969 0.887-17.763 0.072
Reduction rate of tumor diameter (%)

<23%/=23% 28/18 1.364 0.552-3.372 0.488 1.599 0.555-4.611 0.358
Reduction rate of SULpeak (%)

<54%/=54% 28/23 —* —* 0.683 0.245-1.903 0.483

<69%/=69% 17/34  1.767 0.723-4.317 0259 T —
RECIST

CR, PR/stable disease, PD 26/20% 1.045 0.432-2.528 0.921 1.362 0.483-3.843 0.545
PERCIST

CMR/PMR, SMD, PMD 17/34  3.896  1.623-9.350 0.018 8.330 2.925-23.720 0.014
Pathologic response

Grade 2, 3/1a, 1b 9/42 2412 0.832-6.992 0.221 4.187 1.258-13.931 0.129
Multivariate analysis (stepwise method): statistically

significant factors in univariate analysis
Venous invasion

Positive/negative 4519 1.748-11.680 0.002 5.591 1.821-17.162 0.003
Resection level

R0/non-R0 11.078 2.749-44.651 0.001
Multivariate analysis (stepwise method): factors viewed

from clinical therapy response assessments
PERCIST

CMR/PMR, SMD, PMD 4.060 1.195-13.789 0.025 8.953 1.188-67.506 0.034

*Cutoff value of 54% in SULpeak yielded largest difference in OS.

TCutoff value of 69% in SULpeak yielded largest difference in DFS.
*In RECIST, longest diameter of lesion was not available with CT from 5 patients because tumors were not visible on CT images.

Remaining 46 patients were statistically analyzed.

parameters. One possible reason is that even if reduction rate
in SUL is high, residual tumors after treatment often exhibit
intense '8F-FDG uptake. Moreover, even if reduction rate in
SUL is low, residual tumors show faint '8F-FDG uptake,
which is less than mean liver activity and indistinguishable
from surrounding background blood-pool levels. Therefore,
reduction rate in SUL may not always correlate to prognosis.
PERCIST might be more useful in predicting the prognosis
because both the reduction rate in SUL and the value of SUL
after chemotherapy are evaluated.

The RECIST (4) method, a widely applied tumor response
metric, is known to have limitations, because it depends on
morphologic changes (/4). '8F-FDG PET is considered to
overcome such limitations, because metabolic changes are
closely related to malignant potential of tumors (36) and thus
may be the most accurate noninvasive imaging modality for

878

initial staging and response assessment in esophageal cancer
(37). PERCIST—that is, RECIST using '8F-FDG PET—has
recently been proposed as a standardized method for evalua-
tion of metabolic tumor response (/4). In the present study,
no information regarding therapeutic response according to
RECIST could be obtained for 5 patients because the primary
lesions were not visible on CT. PERCIST provided therapeu-
tic responses for all patients in the present report, including
the 5 patients who could not be evaluated with RECIST.
There was a significant difference in the results of response
classification between RECIST and PERCIST. PERCIST was
found to be the strongest independent predictor of outcomes
in patients with esophageal cancer receiving neoadjuvant che-
motherapy. To our knowledge, this is the first report demon-
strating the correlation between therapeutic responses and
prognosis in esophageal cancer using PERCIST.
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FIGURE 2. Kaplan-Meier analyses. OS and DFS in patients who underwent curative resection (RO = 48, R1 = 3, and R2 = 0) after
neoadjuvant chemotherapy according to RECIST and PERCIST: OS (A) and DFS (B) based on whether patients achieved a complete and
partial response (CR-PR) or not (non-CR-PR) according to RECIST; and OS (C) and DFS (D) based on whether patients achieved CMR or
non-CMR according to PERCIST. Patients achieving CMR had significantly improved OS (2 y, 48.9% [non-CMR] vs. 88.9% [CMR], P =
0.014) and DFS (2 y, 44.6% [non-CMR] vs. 81.9% [CMR], P = 0.018). However, patients achieving a CR-PR did not have significantly
improved OS [2 y, 57.8% (non-CR:PR) vs. 58.0% (CR‘PR), P = 0.545] and DFS (2 y, 48.4% [non-CR-PR] vs. 57.7% [CR-PR], P = 0.921).

P values were obtained using log-rank statistics.

Limitations in this study included the retrospective nature
of patient data collection. However, protocols of chemother-
apy and PET or timing of PET before and after treatment
were almost uniform in all patients: the date between
completion of chemotherapy and the acquisition of the
PET/CT scan ranged from 14 to 18 d (15.1 = 1.3 d). Second,
according to RECIST, no patients were evaluated as CR.
Also, patients showing PD were excluded from the analyses
because this study dealt only with patients who underwent
surgery after effective neoadjuvant chemotherapy. Thus,
prognosis was compared between PR and stable disease

THERAPY EvVALUATION IN ESOPHAGEAL CANCER * Yanagawa et al.

groups with the RECIST method, whereas prognosis was
compared between CMR and non-CMR groups with the
PERCIST method. Further study will be needed to evaluate
response to neoadjuvant chemotherapy for esophageal cancer
patients who have progressive disease, comparing RECIST
with PERCIST. Finally, in the present study, we evaluated the
longest diameter of just 1 target lesion that was assessed in
PERCIST. In a precise sense, it might have been ideal that 5
target lesions were evaluated in RECIST 1.1. However, be-
cause RECIST 1.1 suggests that just 3 lesions (not 5 lesions)
may be used in randomized studies in which tumor progres-
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sion is the major concern (4,74), the number of lesions to
evaluate when assessing response to therapy may also be
important in both RECIST and PERCIST. Further study from
this viewpoint will be needed in the future.

CONCLUSION

This study demonstrates that PERCIST might be a more
suitable method than RECIST for the evaluation of re-
sponse of esophageal cancer to neoadjuvant chemotherapy.
PERCIST, a new standardized evaluation method that uses
metabolic information from PET (a noninvasive imaging
procedure) is expected to provide improved information for
therapeutic strategy selection in cancer patients.

DISCLOSURE STATEMENT

The costs of publication of this article were defrayed in
part by the payment of page charges. Therefore, and solely
to indicate this fact, this article is hereby marked “adver-
tisement” in accordance with 18 USC section 1734.

ACKNOWLEDGMENT

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

REFERENCES

1. Moertel CG, Hanley JA. The effect of measuring error on the results of thera-
peutic trials in advanced cancer. Cancer. 1976;38:388-394.

2. Miller AB, Hoogstraten B, Staquet M, Winkler A. Reporting results of cancer
treatment. Cancer. 1981;47:207-214.

3. Therasse P, Arbuck SG, Eisenhauer EA, et al. New guidelines to evaluate the
response to treatment in solid tumors. European Organization for Research and
Treatment of Cancer, National Cancer Institute of the United States, National
Cancer Institute of Canada. J Natl Cancer Inst. 2000;92:205-216.

4. 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:
228-247.

5. Choi H, Charnsangavej C, de Castro Faria S, et al. CT evaluation of the response
of gastrointestinal stromal tumors after imatinib mesylate treatment: a quantita-
tive analysis correlated with FDG PET findings. AJR. 2004;183:1619-1628.

6. Choi H, Charnsangavej C, Faria SC, et al. Correlation of computed tomography and
positron emission tomography in patients with metastatic gastrointestinal stromal
tumor treated at a single institution with imatinib mesylate: proposal of new com-
puted tomography response criteria. J Clin Oncol. 2007;25:1753-1759.

7. Benjamin RS, Choi H, Macapinlac HA, et al. We should desist using RECIST, at
least in GIST. J Clin Oncol. 2007;25:1760-1764.

8. Van den Abbeele AD. The lessons of GIST: PET and PET/CT—a new paradigm
for imaging. Oncologist. 2008;13(suppl 2):8-13.

9. Llovet JM, Ricci S, Mazzaferro V, et al. Sorafenib in advanced hepatocellular
carcinoma. N Engl J Med. 2008;359:378-390.

10. Forner A, Ayuso C, Varela M, et al. Evaluation of tumor response after locore-
gional therapies in hepatocellular carcinoma: are response evaluation criteria in
solid tumors reliable? Cancer. 2009;115:616-623.

11. Ratain MJ, Eckhardt SG. Phase II studies of modern drugs directed against new
targets: if you are fazed, too, then resist RECIST. J Clin Oncol. 2004;22:4442-4445.

12. Rosner GL, Stadler W, Ratain MJ. Randomized discontinuation design: applica-
tion to cytostatic antineoplastic agents. J Clin Oncol. 2002;20:4478-4484.

13. Michaelis LC, Ratain MJ. Measuring response in a post-RECIST world: from
black and white to shades of grey. Nat Rev Cancer. 2006;6:409-414.

14. Wahl RL, Jacene H, Kasamon Y, Lodge MA. From RECIST to PERCIST:
evolving considerations for PET Response Criteria in Solid Tumors. J Nucl
Med. 2009;50:1225-150S.

15. Sobin LH, Wittekind CH. International Union Against Cancer (UICC), TNM
Classification of Malignant Tumours. 6th ed. Hoboken, NJ: John Wiley & Sons; 2002.

880

6

20.

21.

22.

24.

25.

26.

217.

28.

29.

30.

33.

34.

35.

36.

37.

THE JoURNAL OF NUCLEAR MEDICINE ¢ Vol. 53 ¢ No.

. Matsuyama J, Doki Y, Yasuda T, et al. The effect of neoadjuvant chemotherapy
on lymph node micrometastases in squamous cell carcinomas of the thoracic
esophagus. Surgery. 2007;141:570-580.

. Morgan DJ, Bray KM. Lean body mass as a predictor of drug dosage: implica-
tions for drug therapy. Clin Pharmacokinet. 1994;26:292-307.

. Miyata H, Yoshioka A, Yamasaki M, et al. Tumor budding in tumor invasive
front predicts prognosis and survival of patients with esophageal squamous cell
carcinomas receiving neoadjuvant chemotherapy. Cancer. 2009;115:3324-3334.

. Chang F, Deere H, Mahadeva U, George S. Histopathologic examination and

reporting of esophageal carcinomas following preoperative neoadjuvant therapy:

practical guidelines and current issues. Am J Clin Pathol. 2008;129:252-262.

Stahl M, Stuschke M, Lehmann N, et al. Chemoradiation with and without

surgery in patients with locally advanced squamous cell carcinoma of the esoph-

agus. J Clin Oncol. 2005;23:2310-2317.

Bedenne L, Michel P, Bouché O, et al. Chemoradiation followed by surgery

compared with chemoradiation alone in squamous cancer of the esophagus:

FFCD 9102. J Clin Oncol. 2007;25:1160-1168.

Kroep JR, Van Groeningen CJ, Cuesta MA, et al. Positron emission tomography

using 2-deoxy-2-['8F]-fluoro-D-glucose for response monitoring in locally ad-

vanced gastroesophageal cancer: a comparison of different analytical methods.

Mol Imaging Biol. 2003;5:337-346.

. Lordick F, Ott K, Krause BJ, et al. PET to assess early metabolic response and to

guide treatment of adenocarcinoma of the oesophagogastric junction: the MU-

NICON phase II trial. Lancet Oncol. 2007;8:797-805.

Makino T, Miyata H, Yamasaki M, et al. Utility of response evaluation to neo-

adjuvant chemotherapy by '®F-fluorodeoxyglucose-positron emission tomography in

locally advanced esophageal squamous cell carcinoma. Surgery. 2010;148:908-918.

Levine EA, Farmer MR, Clark P, et al. Predictive value of 18-fluoro-deoxy-

glucose-positron emission tomography ('®F-FDG-PET) in the identification of

responders to chemoradiation therapy for the treatment of locally advanced
esophageal cancer. Ann Surg. 2006;243:472-478.

Blackstock AW, Farmer MR, Lovato J, et al. A prospective evaluation of the

impact of 18-F-fluorodeoxy-D-glucose positron emission tomography staging on

survival for patients with locally advanced esophageal cancer. Int J Radiat Oncol

Biol Phys. 2006;64:455-460.

Rizk NP, Tang L, Adusumilli PS, et al. Predictive value of initial FDG-PET-

SUVmax in patients with locally advanced esophageal and gastroesophageal

junction adenocarcinoma. J Thorac Oncol. 2009;4:875-879.

Swisher SG, Erasmus J, Maish M, et al. 2-Fluoro-2-deoxy-D-glucose positron

emission tomography imaging is predictive of pathologic response and survival

after preoperative chemoradiation in patients with esophageal carcinoma. Can-
cer. 2004;101:1776-1785.

Rebollo Aguirre AC, Ramos-Font C, Villegas PR, Cook GJ, Llamas EJM,

Tabares AR. '8F-fluorodeoxiglucose positron emission tomography for the eval-

uation of neoadjuvant therapy response in esophageal cancer: systematic review

of the literature. Ann Surg. 2009;250:247-254.

Roedl JB, Colen RR, Holalkere NS, Fischman AJ, Choi NC, Blake MA. Adenocar-

cinomas of the esophagus: response to chemoradiotherapy is associated with decrease

of metabolic tumor volume as measured on FDG-PET-CT: comparison to histopath-
ologic and clinical response evaluation. Radiother Oncol. 2008;89:278-286.

. Roedl JB, Halpern EF, Colen RR, Sahani DV, Fischman AJ, Blake MA. Meta-
bolic tumor width parameters as determined on FDG-PET/CT predict disease-free
survival and treatment response in squamous cell carcinoma of the esophagus. Mol
Imaging Biol. 2009;11:54-60.

. Sepesi B, Raymond DP, Polomsky M, et al. Does the value of FDG-PET-CT

extend beyond pretreatment staging? An analysis of survival in surgical patients

with esophageal cancer. J Gastrointest Surg. 2009;13:2121-2127.

McLoughlin JM, Melis M, Siegel EM, et al. Are patients with esophageal cancer

who become FDG-PET negative after neoadjuvant chemoradiation free of can-

cer? J Am Coll Surg. 2008;206:879-886.

Schmidt M, Bollschweiler E, Dietlein M, et al. Mean and maximum standardized

uptake values in ['8FJFDG-FDG-PET for assessment of histopathological re-

sponse in oesophageal squamous cell carcinoma or adenocarcinoma after radio-
chemotherapy. Eur J Nucl Med Mol Imaging. 2009;36:735-744.

Vallbshmer D, Holscher AH, Dietlein M, et al. ['3F]-Fluorodeoxyglucose-posi-

tron emission tomography for the assessment of histopathologic response and

prognosis after completion of neoadjuvant chemoradiation in esophageal cancer.

Ann Surg. 2009;250:888-894.

Juweid ME, Cheson BD. Positron-emission tomography and assessment of can-

cer therapy. N Engl J Med. 2006;354:496-507.

Sloof GW. Response monitoring of neoadjuvant therapy using CT, EUS, and

FDG-PET. Best Pract Res Clin Gastroenterol. 2006;20:941-957.

6 ¢ June 2012


http://jnm.snmjournals.org/

Downloaded from jnm.snmjournals.org by on March 14, 2017. For personal use only.

The Journal of

NUCLEAR MEDICINE

Evaluation of Response to Neoadjuvant Chemotherapy for Esophageal Cancer: PET
Response Criteria in Solid Tumors Versus Response Evaluation Criteria in Solid
Tumors

Masahiro Yanagawa, Mitsuaki Tatsumi, Hiroshi Miyata, Eiichi Morii, Noriyuki Tomiyama, Tadashi Watabe, Kayako
Isohashi, Hiroki Kato, Eku Shimosegawa, Makoto Yamasaki, Masaki Mori, Yuichiro Doki and Jun Hatazawa

J Nucl Med. 2012;53:872-880.
Published online: May 11, 2012.
Doi: 10.2967/jnumed.111.098699

This article and updated information are available at:
http://ijnm.snmjournals.org/content/53/6/872

Information about reproducing figures, tables, or other portions of this article can be found online at:
http://ilnm.snmjournals.org/site/misc/permission.xhtml

Information about subscriptions to JNM can be found at:
http://ilnm.snmjournals.org/site/subscriptions/online.xhtml

The Journal of Nuclear Medicineis published monthly.
SNMMI | Society of Nuclear Medicine and Molecular Imaging
1850 Samuel Morse Drive, Reston, VA 20190.

(Print ISSN: 0161-5505, Online ISSN: 2159-662X) SOCIETY OF
Il NUCLEAR MEDICINE
© Copyright 2012 SNMMI; all rights reserved. AND MOLECULAR IMAGING


http://jnm.snmjournals.org/content/53/6/872
http://jnm.snmjournals.org/site/misc/permission.xhtml
http://jnm.snmjournals.org/site/subscriptions/online.xhtml
http://jnm.snmjournals.org/

