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Table 4 Results of randomized controlled trials on neoadjuvant transarterial chemoembolization and non-transarterial chemoembolization

before hepatectomy for resectable hepatocellular carcinoma (HCC)

Study Year Total (TACE/mon-TACE) Percentage of HBV Percentage of HCV Percentage of
patients (n) patients (n) (TACE/mon-TACE) (TACE/mon-TACE) Child—Pugh class A
(TACE/mon-TACE)
This study 124 81/43 12/26 73153 88/91
Zhou et al. [18] 2009 108 52/56 98/98 0/0 84/89
Yamasaki et al. [15] 1996 97 50/47 NR NR NR
Wu et al. [17] 1995 52 24/28 75/68 NR 92/86

Study Mean preoperative Cytotoxic agent TACE sessions Complete necrosis (%)
tumor size (cm) per patient (n) (TACE/non-TACE)
(TACE/non-TACE)
This study 4.1/5.0 EPI 1 21/0
Zhou et al. [18] 9.0/9.5 5FU, CDDP 1.5 15/0
Yamasaki et al. [i53] 3.1/3.3 DOX 16/NR
Wu et al. [17] 14.3/14.5 DOX 3 NR/NR
Study Morbidity (%) Mortality (%) 3-year disease-free 3-year overall survival
(TACE/non-TACE) (TACE/non-TACE) survival (%) (%) (TACE/non-TACE)
This study 10/19 172 28/32 75/60
Zhou et al. [18] Adhesions and longer 0/0 26/21 40/32
operating time
in TACE group
Yamasaki et al. [15] NR 6/9 54/42 91/88
Wu et al. [17] NR 477 40/50 33/60

Significant differences are shown in bold. The number of patients receiving TACE in this study was 81 (42 patients in the selective group and 39

patients in the whole-liver group)

TACE transcatheter arterial chemoembolization, NR not reported, HBV hepatitis B virus, HCV hepatitis C virus, EP/ epirubicin, SFU 5-fluo-

rouracil, CDDP cisplatin, DOX doxorubicin
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Hepatic Resection After Neoadjuvant Chemotherapy for
Colorectal Liver Metastases

Masaki Kaibori, Yoshinori Iwamoto, Morihike Ishizaki, Kosuke Matsui,
Satoshi Okazaki, Tatsuya Kanbara, Kentaro Inoue, Katsuji Tokuhara,
Kazuhiko Yoshioka and A-Hon Kwon
Department of Surgery, Hirakata Hospital, Kansai Medical University

Neoadjyuvant chemotherapy (NAC) for colorectal liver metastases {CRLM) is divided into two pat-
terns; 1) NAC [or resectable CRLM, 2) systemic chemotherapy for initially unresectable CRLM. The

indications and safety for NAC for resectable CRLM are still undefined. The adverse and anti-tumor

effects from NAC, and the timing of liver resection for resectable CRLM after NAC is required to be

determined. Recent progress in chemotherapy and molecular target agents has made it possible to

surgically treat initially unresectable CRLM. The discase-free and overall survival after resection of

CRLM between patients with initially unresectable and resectable liver metastases were not signifi-

cantly. It is recommended that liver resection is the first-line treatment in which initially unresectable

CRLM has changed to resectable due to systemic chemotherapy.

Key words: colorectal liver metastases, neoadjuvant chemotherapy. liver resection
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A Case of Unresectable Multiple Hepatic Metastases from Ascending Colon Cancer Successfully Treated with Pani-
tumumab and FOLFIRI (5-FU/LV/Irinotecan) Therapy: Ryo Yoshida ™, Takashi Matsuura®', Ken Hijikawa™', Hidesuke
Yanagida ™", Hiroaki Kitade™', Hideho Takada™ and A-Hon Kwon ™ (*'Dept. of Surgery, Kansai Medical University, Takii
Hospita, "“Dept of Surgery, Kansai Medical University, Hirakata Hospital)
Summary

A §8-year-old man had undargone right hemicolectorny of ascending colon cancer with multiple ver metastases. This casa
of k-ras status on the cancer tissue also showed wild type. Chemotherapy with panitumumab and 5-FU/LV/irinotecan
(FOLFIRI} regirmen was performed after the resection of the ascending colon cancer. After seven curses of treatment, meta-
static liver tumors were reduced considerably (PR). Liver resection (left hepatic lobectomy and partial resection of 54 and S5)
and radiofrequency ablation therapy were performed. Recently, chematherapy has improved overall survival of initially unre-
sectable patients by allowing tumor downstaging and complete resection. Combination chemotherapy using paniturnumab,
and FOLFIRI plus operation is a candidate as a standard treatment strategy for multiple liver metastases of colon cancer. Key
words: Paniturnumab, Colon cancer, Multiple hepatic metastases (Received Dec. 8, 2011/Accepted Mar. 13, 2012}
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A Case of Curative Resection for Advanced Hepatocellular Carcinoma with Portal Vein Tumor Thrombus after Hepatic
Arterial Infusion Chemaotherapy: Morihike Ishizaki, Masaki Kaibor, Kosuke Matsui, Richi Nakatake, Hideyuki Matsushima,
Talsuma Sakaguchi and A-Hon Kwon (Dept. of Surgery, Kansal Medical University)
Surranary

An B4 year—old woman experienced apigastralgia with increasing serum protein induced by vitamin K absence or antag-
onists—I1 (PIVKA-IL} levsls, and she was referred *to our hospital. The serum levels of tumor markers were elevatad [al-
pha-fetoprotein (AFP) 22,640 ng mL, PIVKA 135,140 mAU mL], and & mass lesion of 7 o in diameter in the right lobe
of the liver with portal veirn tumor thrombus IPVF'T’ in the migjor trunk was detected by abhdominal computed tormaography
{CT} scan. She was dia grosed with unresectable hepatocellular carcinoma (HCC) with PVTT, and sorafenib in combina-
tion with intermitlent cisplatin (CDDP} hepatic arferial infusion chematherapy (HAIC) was performed. After 3 courses of the
therapy, the serum levels of turmor markers were decreased (AFP; 16,2831 ng mb, PIVKA T 2,924 mAL mLY, and the size
of the fumor had also decreased to 2 cm in diameter, PVTT decreased from Vpd 1o Vp3. We judged that it was resectable,
and extended right hepateciomy and portal vein embolectomy was performed. Complate turnor nacrosis was seen during
pathologic inspection of PYTT. Although she presented with refractory pleural effusion and ascites after operation, she re-
covered and feft our hospital on postopsrative day 70. No recurrences have occurred during the 8 months after the opera-
tion. Sorafenib in combination with Intermittent CDDP HAIC is considered to be an effective therapy for advanced HOC with
PVTT in the major frunk, Key words: Sorafenib, COOP, HAIC, HCC, PYTT
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Review
Article

doi: 10.5761/atcs.ra.12.01954

The Efficacy of FDG-PET for the Management of
Esophageal Cancer: Review Article

Hiroyuki Kato, MD, PhD, FACS, and Masanobu Nakajima, MD, PhD

BF-Fluorodeoxyglucose positron emission tomography has become an important informative
modality during the past two decades. Because this type of tomography is a functional
imaging construct, its primary use is in the field of oncology. It is being used increasingly in
the management of several tumor types including esophageal cancer. These tomography
scans can distinguish between benign and malignant tumors, identify stages of tumor spread,
assess tumor recurrence, and monitor the response of malignant disease to therapy. The aim
of this review was to outline the current and future roles of positron emission tomography in

the management of esophageal cancer.

Keywords: esophageal cancer, FDG-PET, PET/CT, SUV, staging

Introduction

Esophageal cancer has proven to be one of the most
difficult malignancies to cure despite improved surgical
techniques, reduced perioperative mortality, and the in-
troduction of multimodality therapy."® Accurate tumor
staging—particularly with regard to the depth of tumor
invasion, involvement of lymph nodes, and distant metas-
tasis—is essential for optimal treatment selection and de-
livery. It facilitates individually tailored patient manage-
ment.” Preoperative chemotherapy and chemoradiother-
apy have been introduced as therapeutic options for lo-
cally advanced cancer to downsize the primary tumor.
This step increases the rate of complete resection, which
improves local tumor control and prevents the formation
of distant metastases.*”

Perioperative mortality and morbidity are frequent in
esophageal cancer patients. Thus, the use of neoadjuvant
therapy is important as some patients have tumors that
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show a good response to it and may even be cured with-
out undergoing surgery. It is, therefore, important to es-
tablish a method that can distinguish patients who will
have a partial response from those who will have a com-
plete response to neoadjuvant therapy.

®E-fluorodeoxyglucose positron emission tomography
(FDG-PET), a noninvasive imaging modality, has been
widely investigated during the past two decades in regard
to its use in the management of esophageal cancer.”™'
This imaging technique may facilitate definitive diagno-
ses in patients with malignant disease by differentiating
between benign and malignant tumors, assessing exten-
sion of the disease, detecting tumor recurrence, and moni-
toring the response to therapy.'¢'®

In this article, we review the role and usefulness of
FDG-PET for disease staging and treatment of esopha-
geal cancer.

Imaging with PET or PET/CT

Accurately staging esophageal carcinoma is of para-
mount importance. The prognosis and the treatment mo-
dalities and their sequences are highly variable, depend-
ing on the disease stage. FDG-PET is a promising modal-
ity for such accurate staging. FDG is the most common
radiopharmaceutical used for PET imaging. It differenti-
ates physiologically active tissues from malignant tumors
based on enhanced glucose transport in the tumors. FDG

Ann Thorac Cardiovasc Surg Vol. 18, No. 5 (2012)
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(an analog of glucose) and glucose are taken up by cells
via glucose transporters (GLUTs), which are located in
cell membranes. The tendency of malignant cells to ex-
press abundant GLUT-1""?? is the key to the amount of
uptake. An abundance of these transporters may be a
good predictor of the malignant potential of these cells
and may correlate with the invasive potential of a tumor
and the poor survival rates associated with esophageal
cancer.?”

In the early days of FDG-PET application,”*** fusion
imaging using PET and computed tomography (CT) was
nonexistent. PET/CT is a relatively new imaging modality
that can detect functional abnormalities. It is better than
PET alone because the location of the FDG uptake is re-
vealed by CT.> Using this co-registration, motion arti-
facts are minimized, and the incidence of misregistration
problems and diagnostic confusion is significantly de-
creased. The data acquired from PET images are re-
constructed using standard reconstruction algorithms,
which incorporate ordered subset expectation maximiza-
tion. The data thus obtained may be analyzed quantita-
tively, semi quantitatively, or qualitatively. The most
commonly used parameter for FDG uptake quantification
is the standardized uptake value (SUV), which is the ratio
of the injected radioactivity to total body weight.

Staging of Esophageal Cancer

1. Primary lesion

Endoscopy, endoscopic ultrasonography, esophagogra-
phy, CT, and/or magnetic resonance imaging (MRI) have
been used to determine the depth of tumor invasion. Re-
cently, magnifying endoscopy has been used to determine
tumor depth, as well.”*?? It is difficult to judge the depth
of invasion of esophageal cancer using FDG-PET.!**%%)

Kato et al. reported the detection rate of primary
tumor for each depth of invasion (T1-T4)."” According to
that report, the primary tumor was visualized by FDG-
PET in 119 of 149 patients (80%). FDG uptake was de-
tected in 21 of 49 patients with T1 tumors (43%), 9 of 10
patients with T2 tumors (90%), 50 of 51 patients with T3
tumors (98%), and 39 of 39 patients with T4 tumors
(100%). Among the 81 patients who initially underwent
surgery, FDG uptake was detected in 17 of the 40 who
had pT’1 tumors (43%), in 3 of 17 (18%) patients with pT'la
tumors (remaining within the muscularis mucosae), and
in 14 of 23 (61%) patients with pT'lb tumors (involving the
submucosa). FDG uptake rates in patients with pI'2, pI'3,
and pI4 tumors were 83%, 97%, and 100%, respectively.
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Based on these results, it cannot be clearly stated that
FDG-PET is useful for detecting early esophageal cancer.
Himeno et al. reported that pathological mucosal cancers
were not detected by FDG-PET, whereas tumors that had
invaded more deeply than the submucosal layer were de-
tectable in all cases. Therefore, they stated that FDG-PET
is useful for deciding if there was an indication for endo-
scopic resection.’” In our recent study, the detection rate
of mucosal cancer was poor, whereas submucosal (or
deeper) cancers were detected in all cases (Fig. 1). At
present, FDG-PET does not effectively determine tumor
depth. It can be used, though, for tumor localization of
advanced cancer.

2. Lymph node metastasis

Establishing the presence (or absence) of lymph node
metastasis in patients with esophageal cancer is important
because it affects the choice of treatment. A high fre-
quency of lymph node metastasis is characteristic of
esophageal cancer. Even when the tumor depth is at the
submucosal level, lymph node metastasis is present in
about 40% of patients.* The presence of lymph node
metastasis, the extent of the metastatic field, and the
number of metastatic lymph nodes influence the progno-
sis. Morphological imaging (e.g., by CT) evaluates the
metastasis according to its size, morphology, and en-
hanced status, among other parameters. Morphological
imaging cannot distinguish nonspecific lymph node
swelling from metastatic swelling.

FDG-PET is able to diagnose a metastatic lymph node
regardless of its size. Kato et al. reported that the mini-
mum size of metastatic lesions that FDG-PET can detect
is 6 mm diameter.'” Thus, FDG-PET cannot detect mi-
crometastases. There have been some reports of FDG ac-
cumulating in the presence of inflammatory lymphade-
nopathy. False-positive uptake by hilar lymph nodes is
often observed, so diagnoses must be carefully con-
structed.'?

Kato et al. reported that FDG-PET showed 77.8% sen-
sitivity, 92.9% specificity, and 84.4% accuracy. They also
showed that CT scanning had 61.1% sensitivity, 71.4%
specificity, and 65.6% accuracy.'” A meta-analysis that
summed up the 12 reports concerning FDG-PET'? found
that the sensitivity, specificity, positive predictive value,
and negative predictive value were 51%, 84%, 81%, and
57%, respectively. Other reports have demonstrated the
superior performance of FDG-PET compared to CT.'**

Flamen et al. compared FDG-PET to endoscopic ul-
trasonography (EUS) in regard to diagnosing locoregional
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Table 1 Diagnostic accuracy of lymph node metastasis of esophageal cancer per lymph nodal group

Lymphnodegroupaccuracy

Sensitivity Specificity Accuracy PPV NPV

CT (n=117) 26.5 975 91.3 50.1 93.2
45/170) (1722/1766) (1767/1936) (45/89) (1722/1847)

PET (n=117) 329 98.9° 93.12 7470 939
(56/170) (174711766) (1803/1936) (56/75) (1747/1861)

PET/CT (n = 50) 46.0° 99.4° 95.1¢¢ 87.0°¢ 95.5*
(40/87) (986/992) (1026/1079) (40/46) (986/1033)

PPV: positivepredictivevalue; NPV: negativepredictivevalue
P <0.05vs.CT; *P <0.01 vs.CT; °P <0.001 vs. CT and ‘P <0.05 vs.PET

lymph node metastasis. They found that the sensitivity of
PET was 33%, and that of EUS was 81%; in contrast, the
specificity of PET was 89%, and that of EUS was 67%.
Concerning the diagnosis of regional lymph nodes and
distant metastatic lymph nodes, the sensitivities of PET
and CT + EUS were 43% and 48%, respectively (not sig-
nificant), whereas the specificitiecs were 98% and 90%,
respectively (significant).’” Based on these studies, the
sensitivity of FDG-PET is not high for diagnosing lymph
node metastasis, but the specificity is desirable. The dif-
ferential diagnosis of metastatic lymph nodes versus in-
flammatory swelling lymph nodes is important for di-
minishing the false-positive and false-negative rates.
Dual-time-point FDG-PET, which utilizes the difference
in the maximum FDG uptake time by inflammation tis-
sue versus cancer tissue, is a promising modality for solv-
ing this problem.*”

By adding FDG-PET to usual modalities such as CT
and EUS, it is possible to improve diagnostic precision.
Kato et al. proved that the diagnostic precision of FDG-
PET for diagnosing lymph node metastases is superior to
that of CT (Table 1).*

3. Distant metastasis

Distant metastasis is the most important factor that re-
stricts therapeutic strategies. Distant metastases of esoph-
ageal cancer have been frequently observed in liver, lung,
and bone, among other sites. FDG-PET is thought to be
the most important modality in the diagnostic armamen-
tarium for detecting distant metastatic disease in patients
with esophageal cancer. In earlier studies, PET has re-
vealed occult distant metastases at nodal and nonnodal
sites in 5%—40% of patients**® with moderate sensitivity
(~67%) and high specificity (~97%)."? It may also reveal
osseous metastases that were not detected by conven-
tional bone scintigraphy.* It has been reported that PET
is superior to bone scintigraphy for detecting osteolytic
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lesions but not for osteoblastic lesions.*® Using a logistic
regression model in patients examined preoperatively
with CT, EUS, and/or PET, one investigation found that
PET was the only modality that predicted resection with
curative intent because it excluded the presence of distant
metastases. Those authors concluded that PET may be
used to prevent unnecessary surgical exploration in pa-
tients who have M1 disease.*” In another study, the use of
FDG-PET changed the clinical management of 27 of 68
patients (40%). In 12 patients, therapy was changed from
curative to palliative (owing to detection of previously
unsuspected distant metastases); in 3 patients, it was
changed from palliative to curative; and in 12 patients,
there was a change in the treatment modality or delivery
but not in the treatment intent.*?

Distant metastasis is an important factor when deter-
mining if there is an indication for surgical therapy. FDG-
PET, which can search for lesions in the entire body with
high specificity, is an essential modality.

Diagnosis of Recurrent Disease

The recurrence rate following radical therapy for
esophageal cancer is high. Therefore, close follow-up is
required. The usual imaging modalities (i.e., CT and
MRI) often have some difficulty detecting a recurrent le-
sion because they detect abnormal lesions based on nor-
mal anatomy. FDG-PET is an extremely useful modality
for detecting not only a locoregional recurrence but a dis-
tant metastatic recurrence (Fig. 2).**® Kato et al. re-
ported that the sensitivity, specificity, and accuracy of
PET for diagnosing recurrence in locoregional lymph
nodes were 100%, 75%, and 84%, respectively. The cor-
responding figures for CT were 84%, 86%, and 85%.
These authors also reported that the sensitivity of PET is
better than that of CT, but the specificity of CT is better
than that of PET in regard to detecting distant organ re-

Ann Thorac Cardiovasc Surg Vol. 18, No. 5 (2012)

— 835 —



100 #
90 ~

70
60 -
50 -
40 -
30,
20~
10 -

FDG-PET for the Management of Esophageal Cancer

= Not detected
@ Detected

Tilalm) Tiblsm) T2(mp) Tskd T4ad)

Fig.1 primary esophageal cancer detection rates at each depth of invasion.
The detection rate of tumors invading the mucosal layer (T1a) was 33%
and was 100% for tumors that invaded more deeply than the submu-

cosal layer (T1b).

S

(FDG-PET).

Fig.2 Patient whose recurrent lesion was detected by ®F-fluorodeoxyglucose positron emission tomography A ‘ B

He had undergone esophagectomy with lymphadenectomy 11 months before, and a thoracic wall
recurrence was detected by FDG-PET. A: Computed tomography (CT) scan. It is difficult to identify
the recurrent lesion (arrow). B: PET scan. A recurrent lesion is obvious at the left thoracic wall (arrow).

Maximum standard uptake value (SUVmax) was 6.3.

currence.'” The low specificity of PET was derived from
false-positive FDG uptake in the reconstructed gastric
tube, anastomosis, and hilar lymph nodes. It is improved
by acquiring anatomical information using PET/CT.

Evaluation of the Response of CRT
For advanced esophageal cancer, neoadjuvant chemo-

therapy or chemoradiotherapy (CRT) is performed as a
strategy to downstage (downsize) malignant lesions.*=%
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Among digestive malignancies, esophageal cancer is a
promising candidate for a cure by CRT.”"* In some pa-
tients, the result of definitive CRT is equal to that achieved
with a radical operation.” Patients whose tumors show a
good response to neoadjuvant therapy may be cured with-
out undergoing surgery.>® Therefore, it is important to es-
tablish a method that can predict responders.

FDG-PET is useful for evaluating the response to
CRT. CT and MRI cannot distinguish viable tumor tis-
sues from fibrotic or necrotic residual tissues, whereas
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Fig.3 PET scan of a patient rated as having a pathological partial response.
The scan was used as a monitor for neoadjuvant chemotherapy. A: The esophageal cancer demonstrated significant
FDG uptake (arrow) (SUVmax 12.36) before neoadjuvant chemotherapy. B: Three weeks following chemotherapy, the
FDG uptake was significantly decreased (arrow) (SUVmax 3.22). C: Subtotal esophagectomy was performed 4 weeks
after finishing chemotherapy. The exposed tumor showed reduction (arrow). D: Pathology examination revealed a par-
tial response (grade 1).

PET can perform a functional evaluation on the basis of
metabolic information (Fig. 3).!” The efficacy of FDG-
PET as a predictor of patients’ responses to CRT has been
reported in regard to esophageal cancer.’®* These studies
discussed the effectiveness of PET evaluation by the rate
at which the SUV was reduced. Pathological or clinical
responders may be distinguished from nonresponders by
establishing an optimal reduction rate. One study of ade-
nocarcinoma of the esophagogastric junction noted that
the change in FDG uptake 14 days after chemotherapy
was significantly related to the rate at which the tumor
volume was reduced.’® There is some doubt about mea-
suring the efficacy of CRT using a decrease in the SUV
reduction rate. The SUV of FDG-PET reflects glucose
metabolism. Therefore, reduction rates may be a good
index of the pathological response but not the number of
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apoptotic cells. To begin to evaluate the number of resid-
ual viable tumor cells, the maximum SUV should be de-
termined. Some studies have certified the importance of
the FDG uptake value after induction or preoperative
therapy.®”*® Others have noted that the baseline SUV can
predict the response to CRT.*”

Regardless of those findings, FDG-PET is a key mo-
dality for predicting the response and pathological efficacy
of chemotherapy and CRT. We believe that in the near fu-
ture FDG-PET will be active in predicting the response to
molecular targeting therapy and immunotherapy.

Summary

FDG-PET is being increasingly used for diagnosing
esophageal cancer and its initial staging. Its use in detecting
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