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Table 2. Continued

Gastrointestinal disorders

Grade
Adverse Event 1 2 3 4 5
diagnostic observations only; function; limiting instrumental  elective operative intervention urgent operative intervention
intervention not indicated ADL indicated; limiting self care ADL; indicated
disabling

Definition: A disorder characterized by blockage of the normal flow of the intestinal contents in the rectum.

Rectal pain Mild pain Moderate pain; limiting Severe pain; limiting self care - -

instrumental ADL ADL

Definition: A disorder characterized by a sensation of marked discomfort in the rectal region.

Rectal perforation - Symptomatic; medical Severe symptoms; elective Life-threatening consequences; Death

intervention indicated operative intervention indicated urgent operative intervention
indicated

Definition: A disorder characterized by a rupture in the rectal wall.

Rectal stenosis Asymptomatic; clinical or Symptomatic; altered GI Severely altered GI function; Life-threatening consequences; Death
diagnostic observations only; function tube feeding or hospitalization urgent operative intervention
intervention not indicated indicated; elective operative indicated

intervention indicated

Definition: A disorder characterized by a narrowing of the lumen of the rectum.

Rectal ulcer Asymptomatic; clinical or Symptomatic; altered GI Severely altered GI function; Life-threatening consequences; Death
diagnostic observations only; function (e.g. altered dietary TPN indicated; elective urgent operative intervention
intervention not indicated habits, vomiting, diarrhea) operative or endoscopic indicated

intervention indicated; disabling
Definition: A disorder characterized by a circumscribed, inflammatory and necrotic erosive lesion on the mucosal surface of the rectum.
Gastrointestinal disorders - Asymptomatic or mild Moderate; minimal, local or Severe or medically significant Life-threatening consequences; Death

Other, specify

observations only; intervention

not indicated

symptoms: clinical or diagnostic

noninvasive intervention
indicated; limiting age-

appropriate instrumental ADL

but not immediately life-
threatening; hospitalization or
prolongation of existing
hospitalization indicated;

disabling; limiting self care ADL

urgent intervention indicated

0cl
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Fig. 1. (a) The 5-year overall survival rate was 93%. (b) The

5-year prostate cancer-specific survival rate was 96%.

field-shrinking technique was used for almost all patients
(357 of 362, or 99%), once for 340 (94%) and twice for
the other 17 (5%). The first shrinking was performed at 60
Gy for 219 patients (61%), at 50 Gy for 76 (21%), at 40
Gy for 42 (12%), and at other doses for 20 patients (6%).
The second shrinking was performed at 60 Gy for
12 patients (71%), at 66 Gy for 4 (24%), and at 50 Gy for
1 (6%).

For the original irradiation field, three institutions
defined the clinical target volume (CTV) as the prostate
plus the whole seminal vesicle (SV), and the other two
institutions as the prostate plus a part of SV. As for the
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shrinking field, three institutions defined the CTV as the
prostate plus a part of SV, and the other two as the prostate
only. In the original field, the median margin (distance
from the CTV to the block edge) was 1.5 cm (range, 1.5-
3.0) except for in the posterior (rectal) direction, where it
was 1.3 cm (range, 1.0-2.0). As for the shrinking field, the
median margin was 1.3 cm (range, 1.0-2.0) except for in
the posterior direction, where it was 0.8 cm (range, 0.6—
1.5). In 2D simulation, a Foley catheter was placed and
contrast medium was administered into the bladder and
rectum for visualization, trying to keep the definition of
CTV and field margin described as above as much as
possible. Retrograde urethrography was not performed
routinely.

The use of the CT-simulator significantly reduced the ir-
radiation field size compared to that used for 2D simulation
(Table 3). The mean = standard deviation (SD) of the dis-
tance between block edges in the right-left (RL) direction
was 10.8 £ 1.1 cm for 2D simulation compared to 8.4+ 1.2
cm for 3D (CT) simulation (P < 0.001). The corresponding
values in the superior—inferior (SI) direction were
102+ 1.0cm and 8.2+ 1.0 cm (P<0.001), and in the an-
terior—posterior (AP) direction 8.8::09 cm and 7.7+ 1.0
cm (P <0.001).

Findings for toxicity are shown in Table 4. The
maximum CTCAE Version 4.0 Grade toxicity was
observed in the form of late genitourinary (GU) toxicity,
late gastrointestinal (GI) toxicity including rectal bleeding,
and late rectal bleeding alone. No Grade 4 or 5 late toxicity
was observed; 5 patients (1%) suffered Grade 3 GU late
toxicity and 10 (3%) Grade 3 GI late toxicity, all of which
consisted of rectal bleeding; 14 patients (4%) suffered
Grade 2 GU late toxicity and 35 (10%) Grade 2 late GI tox-
icity, 32 (9%) of which consisted of rectal bleeding. The
actuarial 2-, 3-, and 5-year Grade 1-3 GU late toxicity rates
were 13%, 17% and 23%, respectively, and the correspond-
ing figures for Grade 2-3 were 2%, 4% and 6% (Fig. 2).
The 2-, 3-, and 5-year Grade 1-3 GI late toxicity rates were
30%, 33% and 36%, respectively, and the corresponding
figures for Grade 2-3 were 13%, 14% and 14% (Fig. 3).
The 2-, 3-, and 5-year Grade 1-3 late rectal bleeding rates
were 26%, 30% and 31%, respectively, and the correspond-
ing figures for Grade 2-3 were 12%, 13% and 13%.

When the patients were divided into a 2D- and a
3D-simulation group, the respective 2-, 3- and 5-year Grade
1-3 GI toxicity rates were 35%, 38% and 41% for 2D, and
27%, 31% and 32% for 3D (P =10.083). The corresponding
figures for Grade 2-3 were 21%, 23% and 23% for 2D,
and 9%, 9% and 9% for 3D (P<0.001) (Table 3).
Similarly, the respective 2-, 3- and 5-year Grade 1-3 rectal
bleeding rates were 33%, 38% and 38% for 2D, and 23%,
26% and 28% for 3D (P=0.015), and the corresponding
figures for Grade 2-3 were 21%, 23% and 23% for 2D,
and 7%, 7% and 7% for 3D (P <0.001) (Fig. 4).
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Table 3. Comparison of 2D simulation and 3D (CT) simulation
2D (n=127) 3D (n=235) P
Median follow—up period (range) (year) 5.9 (1.1-11.6) 4.0 (1.0-8.0) <0.001
Hormone therapy <0.001
None 1 (1%) 30 (13%)
Neoadjuvant only 7 (6%) 43 (18%)
Adjuvant only 1 (1%) 1 (0%)
Both neoadjuvant and adjuvant 118 (93%) 161 (69%)
Multileaf collimator width <0.001
0.5cm 0 (0%) 5 (2%)
1.0 cm 127 (100%) 155 (66%)
2.0cm 0 (0%) 75 (32%)
Portal filed size (cm)*
Right-left (RL) 10.8+1.1 84x1.2 <0.001
Superior-inferior (SI) 10.2+1.0 8.2+1.0 <0.001
Anterior-posterior (AP) 8.8+0.9 7710 <0.001
Grade 1-3 late gastrointesitinal toxicity rate (%) 0.083
at 2 years 35 27
at 3 years 38 31
at 5 years 41 32
Grade 2-3 late gastrointesitinal toxicity rate (%) <0.001
at 2 years 21
at 3 years 23
at 5 years 23
Grade 1-3 late rectal bleeding rate (%) 0.015
at 2 years 33 23
at 3 years 38 26
at 5 years 38 28
Grade 2-3 late rectal bleeding rate (%) <0.001
at 2 years 21
at 3 years 23
at 5 years 23

*Mean = standard deviation.

Grade: Common Terminology Criteria for Adverse Events (CTCAE) Version 4.0.

Late gastrointestinal toxicity included late rectal bleeding.

DISCUSSION

To describe and analyse late toxicity is of the utmost im-
portance for the use of radiation therapy for the treatment
of prostate cancer. A number of publications have dealt
with late toxicity in prostate radiotherapy [2—13]. However,
most of these studies examined mixed populations with
respect to prescribed dose, dose fractionation, or beam
arrangements (for example, number of beam ports and their
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gantry angles). Therefore, the quantity of pure data for
the effect of portal field size on late toxicity has been
insufficient.

In Japan, prostate cancer was not considered to be a
commonly occurring cancer until around 2000. Moreover,
radical prostatectomy was preferred to radiotherapy by most
urologists until that time [14]. However, the rate of prostate
cancer incidence has been rapidly increasing recently [15],
and at the same time, definitive radiotherapy has become
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Table 4. Grade of late toxicity
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Late genitourinary

Late gastrointestinal Late rectal bleeding

toxicity toxicity

n % n % n %o
Grade 3 5 10 3 10
Grade 2 14 4 35 10 32 9
Grade 1 59 16 79 22 66 18
Grade 0 281 78 235 65 251 69
Missing 3 1 3 1 3 1
Total 362 100 362 101 362 100

Grade: Common Tefminology Criteria for Adverse Events (CTCAE) Version 4.0.

Late gastrointestinal toxicity included late rectal bleeding.
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Fig. 2. Grade 2-3 late genitourinary toxicity. The 2-, 3- and
5-year toxicity rates were 2%, 4% and 6%, respectively.

the prevailing treatment mode. For these reasons, quite a
few institutions did not have much experience with defini-
tive radiotherapy for prostate cancer around 2000, when the
subjects of our study were treated (1998-2006). Five repre-
sentative institutions in the Osaka area, where radiation
oncologists who had been trained at Osaka University were
employed, participated in this study. These oncologists
principally followed the same procedure as the one used at
Osaka University, that is, the classical 4-field technique
using anterior—posterior and lateral beams with 70 Gy in 35
fractions regardless of T-stage, Gleason Score or pretreat-
ment prostate-specific antigen level. In fact, we found that
378 of all 436 patients (87%) enrolled in the previous
survey study of ours had been treated with the same dose-
fractionation of 70 Gy in 35 fractions. In view of this
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Fig. 3. Grade 2-3 late gastrointestinal toxicity. The 2-, 3- and
5-year toxicity rates were 13%, 14% and 14%, respectively.

finding, we decided to embark upon this second survey to
investigate solely the relationship between portal field size
and late toxicity for a uniform setting of dose and beam
arrangements.

To the best of our knowledge, our study cohort is one of
the largest series treated with a uniform dose-fractionation
and irradiation technique (classical 4-field technique).
Moreover, all the institutions changed their simulation
method from simple X-ray film-based simulation (2D) to
CT simulation (3D) by the end of data acquisition for this
study, which enabled us to compare the field size of 3D
and 2D simulation. The results were very clear and easy to
understand: 3D simulation reduced the field size signifi-
cantly, as well as the rate of GI late toxicity, especially
rectal bleeding. The reason for this improvement is deemed
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Fig. 4. Grade 2-3 late rectal bleeding. The 2-, 3- and 5-year

occurrence rates were 21%, 23% and 23% for 2D simulation, and
7%, 7% and 7% for 3D simulation, respectively (P <0.001).

H
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to be simply that with the smaller irradiation field the
rectum could be largely avoided. There might be a specula-
tion that not only field sizes but also the width of the MLC
made an impact on the toxicities. We analysed the influ-
ence of the width of the MLC, but no statistically signifi-
cant impact was detected (data not shown), we think
because the number of patients treated with other than 1
cm-width MLC was too small compared to the 1 cm-width
group. This issue should be addressed with other cohorts in
other studies.

A strength of this study may well be that the surveyors
were all physicians: no non-physicians participated.
Moreover, they were mostly the same physicians that had
treated the patients who were the subject of this paper. This
makes a high degree of accuracy likely for the data collec-
tion, although it should be noted that this study was of a
retrospective nature. On the other hand, a variation was
observed in the incidence rate of Grade 1 toxicity among
the five institutions as follows; 14-33% for 5-year Grade 1
GU late toxicity, 17-36% for GI and 13-30% for rectal
bleeding. This variation might indicate that the incidence
rate of Grade 1 depended on and was influenced by the
physicians who followed up patients, especially in a retro-
spective analysis; therefore, the significance of the figures
presented as Grade 1 toxicity should be considered as rela-
tively low.

The rate of Grade 2-3 late toxicity detected in our study
was similar to, or slightly higher than, the findings of other
studies in the literature. Dearnaley et al. [6] reported that,
in their randomized controlled trial in which all patients
were treated with 64 Gy, radiation-induced Grade 2 or
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higher proctitis and bleeding occurred in 5% in the con-
formal group compared to 15% in the conventional group
(P=0.01). They found no difference between groups in
bladder function after treatment (20 vs. 23% for Grade 2 or
more, P=0.61). It should be noted, however, that the tox-
icity scales used for their study were the Radiation Therapy
Oncology Group (RTOG) criteria [16]. Morris et al. [7]
conducted an evidence-based review of 3-dimensional con-
formal radiotherapy (3D-CRT) as part of an American
Society for Radiation Oncology (ASTRO) outcomes initia-
tive. In the Task Force Conclusion, they stated that
3D-CRT reduces late morbidity, particularly GI late mor-
bidity, with the dose to the rectum limited. No benefits in
terms of GU symptoms or sexual function were observed.
Their conclusion thus shows good agreement with ours.
Zelefsky et al., in their reports of the long-term results for
3D-CRT [8] and intensity-modulated radiotherapy (IMRT)
[9] noted that, with 3D-CRT, the 5-year actuarial likelihood
of Grade 2 and 3 late GI toxicities was 11% and 0.75%, re-
spectively, while the corresponding findings for GU were
10% and 3%. With IMRT, the 10-year actuarial likelihood
of Grade 2 and 3 late GI toxicities was 2% and 1%, re-
spectively, while the corresponding findings for GU were
11% and 5%. The shapes of their actuarial toxicity curves
resembled those of ours. That is, the GI toxicity curve
reached a plateau at 2 or 3 years after radiotherapy, while
the GU toxicity curve gradually rose until 10 years or more
after radiotherapy. However, none of these studies provided
detailed information on portal field size or its relation to
late toxicity.

Dearnaley et al. had addressed this issue by a prospective
randomized trial comparing 1.0 and 1.5 cm margins, arriv-
ing at the conclusion that the larger margin had been asso-
ciated with the significantly higher incidence of toxicities
[2]. However, their study had included only 126 patients,
who had been assigned to 2x2 arms (64 Gy and 74 Gy
groups, and, 1.0 and 1.5 cm margin groups). Moreover,
their treatment planning had included two phases compris-
ing a 3-field (anterior and left/right lateral or posterior
oblique fields) phase and a 6-field (left and right, anterior/
posterior oblique and lateral fields) phase. Although those
patients had been randomly assigned, such critical hetero-
geneity of the cohort in total dose (64 Gy and 74 Gy) and
treatment planning approach (3-field and 6-field) might
make the interpretation complicated in terms of reproduci-
bility. We considered that our current study could still add
information and complement the conclusion drawn by
Deamaley et al., because it included a significantly larger
number of patients (362 patients) and the treatment was in
a more homogeneous manner (all with 70 Gy by 4-field) in
spite of its weakness as a retrospective study.

The main criticism of our study might be that the kind of
data on which it is based is so classical that no direct clinic-
al indicators such as V4ogy or Vesgy of the rectum, could
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be provided as dose-volume constraints for modern 3D
treatment planning for 3D-CRT or IMRT. However, the
authors believe that the data presented here are still mean-
ingful in terms of (i) describing a certain era of Japanese
standard practice, (ii) providing radiation oncologists and
treatment planners with a valuable reference because of the
clear correspondence between a given portal field size (as a
final block-to-block distance that would be relevant even
for the most up-to-date irradiation technology) and a given
rate of late toxicity, and (iii) providing suggestions for
newly emerging irradiation technique in terms of a toler-
ance level that should not be exceeded, as detailed next.

CONCLUSION

In conclusion, we investigated late toxicity associated with
EBRT for prostate cancer under conditions of a uniform
setting of classical 4-field 70 Gy in 35 fractions. The use of
CT simulation and the resultant reduction in the portal field
size were significantly associated with diminished GI late
toxicity, especially with less rectal bleeding. Typically, the
field size was significantly reduced from 10.8 x 10.2x 8.8
cm (2D simulation) to 8.4x8.2x 7.7 cm (3D simulation),
and at the same time, the rate of Grade 2-3 late rectal
bleeding was significantly reduced from 23% to 7%. In
view of the high overall and cause-specific survival rates
observed in our study, any novel innovative radiotherapy
should not exceed a late toxicity level of 7% for Grade 2-3
rectal bleeding in order to improve the quality of life of the
patients or at least keep it the same as with “classical
radiotherapy”.
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Abstract

Purpose We aimed to evaluate the safety, tolerability,
and efficacy of combination preoperative chemoradiother-
apy as first-line treatment in patients with advanced
esophageal cancer.

Methods We performed a phase I dose-escalation trial of
docetaxel at 25-40 mg/m” in four planned dose levels in
3-6 patient cohorts on days 1, 15, 29, and 43 administered
in combination with cisplatin (70 mg/m? on days 1 and 29)
and 5-fluorouracil (70 mg/m?*/day on days 1—4 and 29-32)
and concurrent radiation therapy (40 Gy). The tumors were
resected during weeks 10-13.

Results This study included 7 patients with esophageal
cancer. The dose-limiting toxicity was observed at a
biweekly docetaxel dose of 30 mg/m®> when patients
developed grade 3 febrile neutropenia, grade 4 thrombo-
cytopenia, and grade 4 pain/esophagus, resulting in a
maximum tolerated dose of 25 mg/m?. Grade 3/4 hema-
tological toxicity was observed in 71% of the patients and
grade 3/4 non-hematological toxicity in 57%. The overall
tumor response rate was 86% (complete, 57% and partial,
29%). All patients underwent surgery, and there were no
deaths as a result of postoperative complications.
Conclusions This preoperative chemoradiotherapy regi-
men using triplets is feasible but results in moderate
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toxicity. It is noteworthy that this regimen was associated
with a high rate of pathological complete remission.

Keywords Esophageal cancer - Chemoradiotherapy -
Docetaxel - Cisplatin - 5-Fluorouracil

Introduction

Esophageal cancer is the sixth leading cause of cancer
deaths in Japanese men. An estimated 12,000 individuals
die due to esophageal cancer every year [1]. The incidence
of esophageal adenocarcinomas is increasing in Western
Europe and the United States, whereas esophageal squa-
mous cell carcinomas are the most commonly encountered
type of esophageal cancer in Japan. Most patients with
newly diagnosed carcinoma of the esophagus present with
locally advanced disease. Since the incidence of locore-
gional and distant failure is high, considerable interest has
been generated in combining local and systemic therapy.
Preoperative chemoradiotherapy and surgery are poten-
tially curative for patients with locoregional disease, and
this treatment is probably superior to surgery alone [2—4].
However, prognosis for these patients remains poor. In an
effort to improve treatment results, newer combinations of
chemotherapy with radiotherapy have been evaluated.
5-Fluorouracil and cisplatin (CF) are the most com-
monly used agents in combination chemotherapy and
radiotherapy. A V325 phase III study on gastric cancer
demonstrated that adding docetaxel to CF significantly
improved the time to progression, survival, and overall
response rate as compared to treatment with CF alone [5].
A randomized trial of squamous cell carcinoma of the
head and neck illustrated the advantages of combin-
ing docetaxel, cisplatin, and 5-fluorouracil as induction
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chemotherapy compared to cisplatin and S-fluorouracil,
when followed by chemoradiotherapy [6]. On the basis of
these studies, it was hypothesized that a preoperative therapy
consisting of a chemotherapy combining docetaxel, cis-
platin, and 5-fluorouracil, followed by radiotherapy, could
significantly improve the prognosis of patients with localized
esophageal cancer. The present work is a phase I clinical trial
designed to evaluate the safety and efficacy of this neoad-
juvant chemotherapy. The primary end point was dose-limi-
ting toxicity (DLT) during chemoradiation. Secondary
objectives were feasibility and efficacy of the neoadjuvant
chemoradiotherapy.

Methods
Eligibility

Previously untreated patients with histological proof of
squamous cell carcinoma of the thoracic esophagus or
gastroesophageal junction (GEJ), with clinical T2-T3
NO-3, and MO (including supraclavicular or celiac lymph
node involvement) disease according to the American Joint
Committee on Cancer (AJCC), and an Eastern Cooperative
Oncology. Group (ECOG) performance status of 0-1 were
eligible to participate in this study.

The patients were required to have measurable disease by
radiological or endoscopic evaluation at the time of enroll-
ment. Other eligibility criteria included age <75 years,
adequate organ function (white blood cell count [WBC],
>3,000/pL; platelet count, >100 x 109/L; serum bilirubin,
<1.5 x the upper limit of normal (UNL); serum, AST/ALT
less than 1.5 x the UNL; alkaline phosphatase, <2.5 x the
UNL; and serum creatinine, <1.2 mg/dL; or calculated
creatinine clearance, <60 mL/min). The exclusion criteria
included history of hypersensitivity to docetaxel, cisplatin
(CDDP), 5-fluorouracil (5-FU), or polysorbate 80; infection
with fever elevation; peripheral neuropathy >grade 1; any
other serious preexisting medical illnesses; pregnancy or
lactation; and prior invasive malignancy within 5 years. This
study was approved by the Institutional Ethics Committee,
and all the patients provided their written informed consents
prior to the enrollment.

Treatment plan

Radiation therapy

External beam radiotherapy was given at 5 fractions per
week for 4 weeks (total dose, 40 Gy) [7]. Radiotherapy
was delivered using 10-MV X-rays. A computed tomo-

graphy (CT) simulator was used for three-dimensional
treatment planning. The radiation field for upper thoracic
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tumors included the region from the supraclavicular, cer-
vical, and mediastinal lymph nodes to the carina. The field
for mid-thoracic or lower thoracic tumors included the
cervical, mediastinal, and perigastric lymph nodes, and the
supraclavicular fossa was included if the cervical nodes
tested positive. The field for GEJ tumors included the
mediastinal (lower than subcarinal), perigastric, and celiac
lymph nodes. The primary tumor was included with a
craniocaudal margin of 2-3 cm.

Concurrent chemotherapy

During radiotherapy, all patients received intravenous
docetaxel (days 1, 15, 29, and 43), CDDP (days 1 and 29),
and 5-fluorouracil (days 1 thorough 4 and days 29-32), as
shown in Fig. 1. Initial dose levels were influenced by dose
levels reported as a phase I trial of definitive chemora-
diotherapy by Higuchi et al. [8]. They used docetaxel
(2040 mg/mz) and an infusion of cisplatin (40 mg/mz) on
day 1 plus a continuous infusion of 5-fluorouracil (400 mg/
m?/day) on days 1-5, administered every other week and
recommend the following dosage for phase II studies of
DCF plus radiotherapy: docetaxel 35 mg/m?® cisplatin
40 mg/m?, and 5-fluorouracil 400 mg/m?*/day with 61.2 Gy
of concurrent radiotherapy. We reduced the dose with
respect to neoadjuvant chemoradiotherapy. We used a
conventional dose-escalation schema with the primary end
point of defining the DLT of docetaxel that can be deliv-
ered with CDDP, 5-fluorouracil, and radiotherapy, as
shown in Table 1. Steroids and antiemetic premedication
were administered to all the patients.

Definition of dose-limiting toxicities (DLTs): The fol-
lowing toxicities (according to the Common Terminology
Criteria for Adverse Events (version 3.0) of the National
Cancer Institute) that occurred during chemoradiotherapy
or before surgery were defined prospectively as DLTs:

a )

Chemoradiotherapy
Docetaxel 2540 migim? [day 1]
Cisplatin 70 mg/m? [day 1] q4 *;fzeeks ,

5-flurouracil 700 mgin? [day 14 civ]

\ Radiotherapy 406y in 20 fractions

J

kA

[ SURGERY I

Fig. 1 A schematic showing the treatment and the dosage of different
drugs
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Table 1 Chemotherapy dose levels

Docetaxel Cisplatin 5-FU
(mg/mz) (rng/mz) (mg/mz/day)
Day 1, 15 Day 1 Days 1-4

Level 1 25 70 700

Level 2 30 70 700

Level 3 35 70 700

Level 4 40 70 700

(1) grade 4 neutropenia or leucopenia (persisting for 5 days
or longer); (2) grade 4 thrombocytopenia; (3) grade 3 or 4
febrile neutropenia; (4) other grade 3 or 4 non-hemato-
logical toxicity, except for grade 3 esophagitis, nausea,
vomiting, anorexia, and diarrhea within 3 days, dyspepsia,
hyperglycemia, and abnormalities of sodium, potassium,
and calcium; (5) omission of chemotherapy >1 week; (6)
interruption of radiotherapy for >1 week.

Dose-escalation schema

At least three patients were enrolled at each level. If no
DLT was observed, the next dose level was opened for
enrollment. If DLT was observed in one or two patients,
then up to three additional patients were enrolled. Intra-
patient dose escalation was not permitted. If 3 or more
patients experienced DLTs, the dose escalation was stop-
ped and that dose was regarded as the maximum tolerated
dose (MTD). The recommended dose (RD) for the phase II
study of docetaxel was determined to be one dose level
below the MTD.

Suspended criteria of chemoradiotherapy: In the case of
toxicity, no dose modification was allowed in this study. If
hematological toxicity >grade 3 occurred, administration
of the chemotherapy was delayed until the platelet count
was >10 x 10¥mm?®, and absolute neutrophils were
>2 x 10°. Radiotherapy continued despite chemotherapy
interruptions. Radiotherapy, together with chemotherapy,
was suspended if the patient experienced grade 4 esopha-
gitis until improvement to grade 2.

Surgery

Patients were underwent definitive surgical resection from
weeks 10-13. The patients in whom the primary tumor was
located in the upper or middle thoracic esophagus under-
went transthoracic esophagectomy (involving laparotomy,
right thoracotomy, and cervical anastomosis) with three-
field lymph node dissection (thoracic, abdominal, and cer-
vical). Those whose primary tumor was located in the lower
thoracic or abdominal esophagus underwent transthoracic
esophagectomy with two-field lymph node dissection.
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Reconstruction was usually carried out via a gastric tube
through the posterior mediastinal or retrosternal route.

Definition of response

The tumors, nodes, and metastases were staged according
to the International Union against Cancer criteria [9].
Clinical staging was carried out using results of endoscopy,
endoscopic  ultrasound, barium swallow, computed
tomography scanning of the abdomen and thorax, and
positron-emission tomography.

The Response Evaluation Criteria in Solid Tumors
(RECIST) criteria were used to evaluate the responses in
all the patients. The final response category assigned to the
patients represented the best response obtained during
treatment. All the patients were reassigned into stages
3-4 weeks after completing combined therapy (week 9)
using results of CT scans, endoscopy and, where available,
endoscopic ultrasound and positron-emission tomography.
Histopathological response, a secondary end point, was
based on the pathological findings after esophagectomy.
Pathological complete remission (pCR) was defined as the
complete disappearance of the tumor on histological
examination.

Monitoring procedures and follow-up

During treatment, patients were reviewed weekly, and their
weight, patient performance status (PS), and physical
examination were measured, and acute toxicities were
recorded. Biochemical analysis and creatinine clearance
were measured weekly from blood samples obtained from
the patients every week.

After active treatment, the patients were examined
(including CT scan) every 3 months for the first year, every
4 months in the next year, and then every 6 months in the
next 3 years. Endoscopic examination was carried out
annually.

Results
Patients

Between December 2009 and November 2010, we enrolled
7 patients with esophageal cancer into this study. Patient
characteristics are summarized in Table 2. There were 5
male and 2 female subjects of ages ranging from 38 to
71 years (median, 61 years). The PS was 0 in all cases. Of
these, 5 patients had stage IIIA esophageal cancer and 2
had stage IIIB esophageal cancer. All the patients had
squamous cell carcinoma.

@ Springer
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Table 2 Patient characteristics

Age (year)

Median 61

Range 38-71
Gender (1, %)

Male 514

Female 2 (28.6)
ECOG performance (n, %)

0 6 (85.7)

1 1 (14.3)
AJCC TNM stage (n, %)

A 5(71.4)

B 2 (28.6)
Histological type (n, %)

Squamous cell 7 (100)

ECOG Eastern Cooperative Oncology Group, AJCC American Joint
Committee on Cancer

Treatment delivery and toxicity

All the patients were evaluated for toxicity weekly during
radiotherapy and concurrent chemotherapy. The adverse
effects of the treatment are summarized in Table 3. The
patients completed planned radiotherapy without any
treatment interruptions. Hospitalization and intravenous
fluids were required in the case of 4 patients with grade 3
esophagitis.

Among the 3 patients who were administered level 1
docetaxel, none had DLTs. Of the 3 patients who were
administered level 2 docetaxel, 2 had DLT. One patient in
dose level 2 experienced grade 3 febrile neutropenia. This
event caused a delay in chemotherapy; however, radio-
therapy was completed without any interruption. Despite
the use of opioids, 1 patient at dose level 2 experienced

severe pain due to esophagitis after the completion of
radiotherapy. Since the pain resulted in the patient
becoming confined to bed, we deemed it as grade 4 pain
and DLT. However, these symptoms disappeared after
approximately 2 weeks of central venous nutrition.
Therefore, a fourth patient was treated. This additional
patient had grade 4 thrombocytopenia. Therefore, DLT
occurred in 3 of the 4 patients, and the level 2 dose was
designated as the MTD and the level 1 dose was designated
as the RD for phase II studies. One patient who was
administered level 2 docetaxel had grade 4 hyponatremia
and was diagnosed with the syndrome of inappropriate
antidiuretic hormone secretion (SIADH), but this patient
recovered after water restriction, and Na supplements were
applied.

All the patients underwent definitive surgical resection
during weeks 10-13. Four patients underwent transthoracic
esophagectomy with three-field lymph node dissection and
3 underwent transthoracic esophagectomy with two-field
lymph node dissection. Infections were the predominant
complication of surgery (Table 4) and occurred in 3
patients (43%). One patient (14%) developed anastomotic
leakage, which was resolved with conservative measures.
There were no deaths at 30 days after the surgery. Fur-
thermore, there was no in-hospital mortality during the
6-month follow-up, and there were no treatment-related
deaths.

Response

All the 7 patients are included in the response analyses
(Table 5). Complete pathological response was seen in 3
patients and partial response in 4 patients with an overall
response rate of 86%. One patient had progressive disease.
Complete tumor resection with microscopically clear

Table 3 Common toxicities
(NCI-CTC version 3)

Level 1 (n =3)

Level 2 (n = 4) Overall (n = 7)

Any G3 G4 Any G3 G4 Any G3 G4
Leukopenia 3 2 0 4 3 0 7 5 0
Neutropenia 3 1 0 4 3 0 7 4 0
Anemia 3 0 0 4 1 0 7 1 0
Thrombocytopenia 1 0 0 2 1 1? 3 1 1
Febrile neutropenia 0 0 0 1 1? 0 1 1 0
Creatinine 1 0 0 1 0 0 2 0 0
Anorexia 3 1 0 4 0 0 7 1 0
Nausea 3 0 0 4 0 0 7 0 0
Vomiting 0 0 0 0 0 0 0 0 0
Esophagitis 3 2 0 4 2 0 7 4 0
Pain/esophagus 3 2 0 3 1 1# 6 3 1
? Three patients in dose level 2 Diarrhea 1 0 0 0 0 0 1 0 0
experienced dose-limiting Fatigue 3 0 0 2 1 0 5 1 0
toxicity
@ Springer
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Table 4 Post-operative complications (within 30 days of surgery) in
patients undergoing resection

Complications Thoracic
surgery (n = 7)

Postoperative infection
Anastomotic leakage
Anastomotic stricture
Recurrent nerve paralysis
Recurrent nerve paralysis

_ W N = =N

Pneumonia
Re-operation 0

Anastomotic leakage: The condition resolved with conservative
treatment

There were no deaths as a result of postoperative complications
during the study

margins (RO resection) was achieved in 6 of the 7 patients
(86%).

Discussion

Gebski et al. [10] conducted a recent meta-analysis of
neoadjuvant chemoradiotherapy for resectable esophageal
cancer; they reported that a significant survival benefit was
evident for preoperative chemoradiotherapy and suggested
that evidence-based treatment be used for esophageal
cancer. Tepper et al. [4] used chemotherapeutic agents—
100 mg/m? cisplatin and 1,000 mg/m*/for 4 days 5-fluo-
rouracil with radiotherapy (50.4 Gy total dose)—and
reported favorable results for neoadjuvant chemoradiation
followed by surgery. In particular, the 5-year survival was
16% (95% CI, 5-33%) in the surgery-alone group versus
36% (95% CI, 21-57%) in the neoadjuvant chemoradiation
group. In addition, the use of neoadjuvant chemoradiation
did not appear to increase operative mortality, and the
preoperative therapy was associated with manageable
toxicity.

Because the achievement of pCR in the primary tumor
after preoperative CRT is a positive long-term outcome

[11, 12], regimens of new drug combinations containing
docetaxel, paclitaxel, and/or other molecular target agents
have been tested to achieve higher rates of pCR and
improve survival benefit of preoperative chemoradiation
for resectable esophageal cancer [13].

In this study, to improve the therapeutic effect of stan-
dard cisplatin plus 5-FU concurrent chemoradiotherapy, we
focused on docetaxel incorporation into the therapy, which
has been extensively used with radiation for the treatment
of patients with non-small lung cancer and head and neck
cancer [14, 15]. Although not powered to demonstrate
improvements in cancer outcomes, this study shows that
the addition of docetaxel to the current preoperative che-
motherapy plans combining cisplatin and 5-FU provides a
high response rate. Pathological CR rate of 43% compares
favorably with other chemoradiotherapy studies using cis-
platin and 5-FU [3, 4].

Esophagitis was the most frequent toxicity in this study.
Hospitalization was required in 2 of 3 level 1 patients and 2
of 4 level 2 patients who experienced grade 3 esophagitis.

Spigel et al. [16] used a triplet regimen consisting of
oxaliplatin, docetaxel, and capecitabine in combination
with radiation therapy. Grade 3 esophagitis occurred in
20% of all cases. Day et al. [17] conducted a phase I trial of
cisplatin and docetaxel concurrent with 50 Gy radiother-
apy. In this trial, grade 3 radiation esophagitis was found to
be the most common acute toxicity (37.5%). In our study,
regional lymph nodes were included in the clinical target
volume (CTV) as a prophylactic irradiation field for
patients with no clinical evidence of lymph nodes metas-
tases, which was larger than the irradiation field used in
previous trials. This increased irradiation field could be
attributed to the occurrence of esophagitis, which was the
most commonly encountered adverse event.

In radiotherapy, there is no clear consensus about the
CTV, especially regarding inclusion of regional lymph
nodes in the CTV when there is no clinical evidence of
lymph node metastases of esophageal cancer.

A recent publication has suggested that the 5-year sur-
vival improves with the number of lymph nodes removed
and that this effect is observed for the removal of over 40

Table 5 Histopathological

.. Patient no.  Dose  Stage Clinical response Pathological response Status (month)
response and clinical course level
Primary LN Primary LN
1 1 B (T3N2) PR PR CR CR ADF (18)
2 1 IIA (T3N1) PR PR PR CR AWD (17)
3 1 IIB (T3N2) PR PR CR PR ADF (17)
AWD alive with disease, ADF 4 2 IMIA (T3N1) CR CR CR CR ADF (14)
alive and disease free, CR 5 2 IIIA (T3N1) CR CR CR PR ADF (11)
complete response, PR partial 6 2 IIIA (T3N1) PD NC PD NC AWD (10)
response, NC no change, PD 7 2 A (T3N1) CR PR CR CR ADF (6)
progressive disease
@ Springer
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nodes [18]. Another study showed that the total number of
surgically resected lymph nodes is independently associ-
ated with the overall and disease-free survival in esopha-
geal cancer [19, 20]. We believe that neoadjuvant
chemoradiotherapy aims to resect not only primary tumors
but also lymph nodes and surrounding tissues with
microscopically clear margins that may be potentially
involved, and neoadjuvant chemoradiotherapy is associated
with improved lymphadenectomy. Therefore, regional
lymph nodes were included as a prophylactic irradiation
field in the CTV.

In this trial, the 3 agents—docetaxel, cisplatin, and
5-fluorouracil—were found to be well tolerated when
combined with radiation in patients with potentially
resectable esophageal cancer. The antitumor efficacy, as
demonstrated by the high pathological response rate, was
also extremely encouraging. Moreover, it is noteworthy
that there was no indication of increased operative mor-
tality and morbidity in our trial.

A phase II study in esophageal cancer using the doses
found in this study (25 mg/m? docetaxel on days 1, 15, 29,
and 43; 70 mg/m? cisplatin on days 1 and 29; 700 mg/m*/
day 5-FU on days 1-4 and 29-32; and 40 Gy radiotherapy)
is currently underway at our institution.

-~
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Hepatic arterial infusion chemotherapy using 5-fluorouracil
and systemic interferon-a for advanced hepatocellular
carcinoma in combination with or without
three-dimensional conformal radiotherapy to venous tumor
thrombosis in hepatic vein or inferior vena cava
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Aim: We investigated the efficacy of hepatic arterial infusion
chemotherapy (HAIC) using 5-fluorouracil (5-FU) and systemic
interferon (IFN)-o. (HAIC-5-FU/IFN) for advanced hepatocellular
carcinoma (HCC) with venous tumor thrombosis (VTT) in the
hepatic vein trunk (Vv2) or inferior vena cava (Vv3).

Methods: Thirty-three patients with HCC/Vv2/3 underwent
HAIC with 5-FU (500 mg/body weight/day, into hepatic artery
on days 1-5 on the first and second weeks}) and IFN-o. (recom-
binant IFN-o-2b 3 000 000 U or natural IFN-o. 5000 000 U,
intramuscularly on days 1, 3 and 5 of each week). Three-
dimensional conformal radiotherapy (3D-CRT) was used in
combination with HAIC-5-FU/IFN in 14 of 33 patients to reduce
VTT.

Result: The median survival time (MST) was 7.9 months, and
1- and 2-year survival rates were 30% and 20%, respectively.

Evaluation of intrahepatic response after two cycles of HAIC-
5-FU/IFN showed complete response (CR) in three (9%) and

partial response (PR) in seven (21%), with an objective response
rate of 30%. Multivariate analysis identified reduction of VTT
(P = 0.0006), size of largest tumor (P = 0.013) and intrahepatic
response CR/PR (P =0.030) as determinants of survival.
CR/PR correlated significantly with tumor liver occupying rate
(P =0.016) and hepatitis C virus Ab (P = 0.010). Reduction of
VTT correlated significantly with radiotherapy (P = 0.021) and
platelet count (P = 0.015). Radiotherapy-related reduction in
VTT significantly improved survival of 16 patients with Vv3 and
non-CR/PR response of HAIC-5-FU/IFN (P = 0.028).
Conclusion: As for advanced HCC with VTT of Vv2/3, HAIC-
5-FU/IFN responsive patients could obtain favorable survival.
Despite ineffective HAIC-5-FU/IFN, the combination with effec-
tive radiotherapy to VTT might improve patients’ prognosis.

Key words: 5-fluorouracil, hepatocellular carcinoma,
interferon, radiotherapy, venous tumor thrombosis

INTRODUCTION

HE PROGNOSIS OF patients with advanced
hepatocellular carcinoma (HCC) remains poor,'?
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although that of patients with HCC has gradually
improved following the development of new diagnostic
techniques and advancements in therapeutic modali-
ties, such as surgical resection, radiofrequency ablation,
percutaneous ethanol injection, transcatheter arterial
chemoembolization (TACE), radiotherapy and hepatic
arterial infusion chemotherapy (HAIC).*® Recent
advances in implantable drug delivery systems have
facilitated repeated arterial infusions of anti-cancer
agents to tumors in the corresponding arterial perfusion
area. HAIC is considered suitable for HCC patients with
poor hepatic reserve due to high drug concentrations in

© 2011 The Japan Society of Hepatology
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local tissue and late rates of adverse effects of anti-cancer
agents. Among several anti-cancer agents, intra-arterial
5-fluorouracil (5-FU) and systemic interferon (IFN)
have been reported as one of the most effective combi-
nation chemotherapies for HCC with portal vein tumor
thrombus (PVIT).>** Vascular invasion of HCC with
PVIT, venous tumor thrombosis (VIT) and biliary
thrombosis in the liver, represent the worst prognostic
factors in patients with advanced HCC, especially
PVIT.*** On the other hand, VIT is less commonly
recognized poor prognostic factor than PVIT. To define
the therapeutic benefits of HAIC-5-FU/IEN for HCC
with VIT in the hepatic vein trunk (Vv2), or inferior
vena cava (Vv3), we retrospectively analyzed the treat-
ment response, survival time and prognostic factors.

Three-dimensional conformal radiotherapy (3D-CRT)
allows the delivery of higher radiation doses to tumors
and low radiation dose to normal tissue. 3D-CRT
improves the anti-tumor effect of radiotherapy and
minimizes damage to normal tissue. This modality is
probably suited as local radiotherapy for PVIT in
patients with poor hepatic reserves.?**' The synergistic
effects of the combination of chemotherapy and radio-
therapy have been reported in various malignancies
such as lung cancer and esophageal cancer.”* Recently,
Han et al.®® reported a response rate of 45% in HCC
patients with PVTT treated by HAIC with 5-FU/cisplatin
and 3D-CRT. Furthermore, Katamura et al.”’ reported
the efficacy of intra-arterial 5-FU/IFN combined with
3D-CRT for PVIT. To our knowledge, there are no
studies on the therapeutic efficacy of radiotherapy for
HCC with VTT. In addition, it is still unclear whether
radiotherapy has any additional effects on HAIC-5-FU/
IFN. Based on the above results, we retrospectively ana-
lyzed and compared differences in the clinical course
and outcome of HCC patients treated by HAIC-5-FU/
IFN with or without 3D-CRT.

METHODS

Study design and eligibility

HE FOLLOWING ENROLLMENT criteria were

applied in the study: (i) HCC with VIT in the right,
middle or left hepatic vein trunk, posterior inferior
hepatic vein trunk or short hepatic vein (Vv2), or infe-
rior vena cava (Vv3); (ii) Eastern Cooperative Oncology
Group (ECOG) performance status (PS) 0 or PS 1; (iii)
Child-Pugh stage A or B; (iv) serum total bilirubin
<3.0 mg/dL; (v) leukocyte count >2000/mm?; (vi) plate-
let count >50 000/mm?; (vii) serum creatinine <1.5 mg/

HAIC using 5-FU/IFN for HCC with 3D-CRT to VIT 443

dL; (viii) at least a 4-week rest period of no treatment
since any previous treatment for HCC; (ix) the initial
administration of HAIC for HCC; and (x) no other
serious medical condition that would interfere with
HAIC. The presence of extrahepatic metastases was not
an exclusion criterion when they were not considered
prognostic factors. This study was conducted in accor-
dance with the ethical principles of the Declaration of
Helsinki and was approved by the Institutional Review
Board of Hiroshima University. Written informed
consent was obtained from each patient after detailed
explanation about the therapy. From March 2004 to
November 2010, 33 patients met the above criteria for
HAIC-5-FU/IFN. The baseline characteristics of these
patients are summarized in Table 1.

Treatment protocol

The patients received repeated arterial infusion chemo-
therapy via drug delivery systems implanted in the
subcutaneous inguinal region. The arterial catheter was
implanted using the method described previously by
our group.’ One course of chemotherapy represented
2 weeks. 5-FU (500 mg/body weight/day; Kyowa
Hakko, Tokyo) was administered using a mechanical
infusion pump from day 1 to day 5 on the first
and second weeks. Recombinant IFN-a-2b (Intron A,
Schering-Plough Pharmaceuticals, Osaka, Japan) at
3000000 U (3 MU) or natural IFEN-o0 (OIF, Otsuka
Pharmaceuticals, Tokyo) at 5000 000 U (5 MU), was
administered intramuscularly on days 1, 3 and 5 of each
week (total dose: 18 and 30 MU, respectively). As for the
two types of IFN, similar effects were reported previ-
ously between recombinant IFN-a-2b and natural IFN-o
when combined with intra-arterial 5-FU for the treat-
ment of advanced HCC." After each treatment course,
2-4 weeks of rest/no treatment period was enforced.
HAIC-5-FU/IFN was repeated several times during the
treatment as much as possible, until we considered that
it was impossible to continue further HAIC-5-FU/IEN
based on the following criteria: (i) PS changed to 3
or 4; (ii) adverse events were estimated as grade 4 by
Common Technology Criteria for Adverse Events
(CTCAE) version 4.0; (iii) patients were evaluated clini-
cally to have progressive disease; and (iv) patient
requested termination of treatment. Fourteen out of 33
patients received 3D-CRT to VIT to control VIT progres-
sion. 3D-CRT was applied to objective progressive VIT
of Vv2/3, which was shown in dynamic computed
tomography (CT) before or during two courses of HAIC-
5-FU/IEN. From March 2004 to July 2006, when the
decision to introduce 3D-CRT was clinically left to the
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Table 1 Clinical characteristics of 33 patients with hepatocellular carcinoma (HCC) and venous tumor thrombus (VIT)

Clinical characteristics Category

Sex Male/female 30/3
Age <65 years/=65 years 15/18
ECOG PS 0/1 23/10
HCV Ab +/~ 16/17
HBs Ag +/~ 7/26
Child-Pugh stage A/B 25/8
Previous treatment Yes/no 9/24
a-fetoprotein (ng/mlL) <5 000/25 000 17/16
des-y-carboxy prothrombin (mAU/mL) <10 000/=210 000 14/19
Platelet count (/mm?) <150 000/2150 000 19/14
Size of largest tumor (mm) <100/2100 16/17
Tumor liver occupying rate (%) <50/250 20/13
Tumor staget IVA/IVB 19/14
Grade of venous invasion# Vv 2/3 13/20
Grade of portal invasion$§ Vp 0/1/2/3/4 7/1/4/8/13
Extrahepatic metastasis Yes/no 16/17
Radiotherapy to venous tumor thrombus Yes/no 14/19

tAccording to the Liver Cancer Group of Japan.

$Venous invasion. Vv1, tumor thrombus in peripheral branches of hepatic vein; Vv2, tumor thrombus in the right, middle or left
hepatic vein trunk, posterior inferior hepatic vein trunk or short hepatic vein; Vv3, tumor thrombus in inferior vena cava.

§Portal invasion. Vp1, tumor thrombus in a third or more peripheral branches of the portal vein; Vp2, tumor thrombus in a second
branch of the portal vein; Vp3, tumor thrombus in a first branch of the portal vein; Vp4, tumor thrombus in the trunk of the portal

vein.

ECOG PS, Eastern Cooperative Oncology Group Performance Status; HBs Ag, hepatitis B virus surface antigen; HCV Ab, hepatitis C

virus antibody.

attending physician, one patient of Vv2 and five patients
of Vv3 were enrolled. Since August 2006, the indication
of 3D-CRT was limited to objective progressive VIT of
Vv3 in principle, eight patients of Vv3 were enrolled.
Patients received 3D-CRT in the Division of Radiation
Oncology at our hospital. They received high-energy
photon beam irradiation using 18, 10 or 6 MV, deliv-
ered by a three-dimensional conformal technique
(CLINAC 2300 C/D or CLINACIX linear accelerators,
Varian Medical Systems Inc., Palo Alto, CA, USA). The
planning CT determined the gross tumor volume (GTV)
representing only the VIT. The dinical target volume
(CTV) was also determined; which included GIV and
intrahepatic tumor forming the basal part of VIT. The
planning target volume (PTV) represented the CTV plus
a 10-20-mm margin in all directions for internal
motion and set-up error. Four to five portal fields were
used. The outlined target volumes, total liver tissue and
organs at risk, including the spinal cord, bilateral
kidneys, esophagus, stomach and other nearby intesti-
nal tract targets, were transferred to the treatment
planning system (Pinnacle 3, Philips Medical Systems,
Eindhoven, The Netherlands) with reference to the diag-
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nostic enhanced CT images. The prescribed dose was 30,
39 or 45 Gy, based on the dose-volume constraint of
normal tissues and liver function. Using this protocol, it
was estimated that 95% of the PTV should receive at
least 95% of the prescribed dose, 50% of the liver tissue
should not receive more than 25 Gy, 50% of each
kidney not more than 20 Gy and that the maximum
dose to the spinal cord, intestinal tract and esophagus
was not more than 40 Gy. Finally, five patients received
a total dose of 30 Gy, five patients 39 Gy and four
patients 45 Gy, in daily doses of 3 Gy per fraction.

Evaluation

Every patient underwent dynamic CT before and after
two courses of HAIC-5-FU/IFN, and the therapeutic
effect was classified according to Response Evaluation
Criteria in Solid Tumor (RECIST) version 1.1?® after
completion of two cycles of the chemotherapy. A com-
plete response (CR) was defined as disappearance of
all target/non-target lesions, no appearance of any
other lesion within 4 weeks, and normalization of
o-fetoprotein (AFP) and des-y-catboxy prothrombin
(DCP). CR was confirmed at 4 weeks after the first evalu-
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ation of CR. A partial response (PR) was defined as a
decrease of at least 30% in the sum of the longest diam-
eter of target lesions with the baseline sum of the longest
diameter of target lesions as the reference. Progressive
disease (PD) was defined as an increase of at least 20%
in the sum of the longest diameter of target lesions.
Stable disease (SD) was defined as meeting neither the
PR nor PD criteria. We also evaluated the treatment
effect of VIT by measuring the longest diameter to
increase or decrease, the response of intrahepatic tumor
to the therapy and overall systemic response. Adverse
reactions were assessed every week during the treatment
using the CTCAE. Radiotherapy-induced liver disease
(RILD) exhibited the following criteria:** development
of anicteric elevation of alkaline phosphatase level of at
least twofold, nonmalignant ascites in the absence of
documented progressive disease and increased tran-
saminases levels of at least fivefold the upper limit of
normal or of pretreatment level.

Statistical analysis

Data were analyzed statistically on 1 March 2011. Dif-
ferences between background factors were examined
for statistical significance using logistic regression test
and Pearson’s %? test where appropriate. Consecutive
data (e.g. a-fetoprotein) was classified by each median
value referring to scatter diagram or histogram.
Univariate analysis of predictors of survival was
assessed by the cumulative survival rate, which was cal-
culated from the initial date of HAIC-5-FU/IFN and
assessed by the Kaplan-Meier life-table method, and
differences were evaluated by the log rank test. Vari-
ables that achieved statistical significance (P < 0.05) or
those with P-values of less than 0.10 on univariate
analysis were entered into multivariate analysis. Multi-
variate analysis of predictors of survival was assessed by
Cox proportional hazard model or Logistic regression
analysis. All analyses were performed using the Statis-
tical Package for Social Sciences (version 11, SPSS Inc.,
Chicago, IL). We assessed the survival benefits and
safety of HAIC-5-FU/IFN combined with or without
3D-CRT to VTT.

RESULTS

Overall survival and response

IGURE 1 SHOWS the cumulative survival rate of 33
patients who underwent HAIC using 5-FU/IFN. The
median survival time (MST) was 7.9 months. The 1- and
2-year survival rates were 30% and 20%, respectively. The
median observation time was 5.5 months (range, 0.7 to
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Figure 1 Overall survival of 33 patients with venous tumor
thrombosis (VIT) treated by hepatic arterial infusion che-

- motherapy (HAIC). The median survival time (MST) was

7.9 months, and the 1- and 2-year survival rate were 30%
and 20%, respectively. The median observation time was
5.5 months (range, 0.7-54.9 months).

54.9 months). Table 2 shows the response to therapy as
evaluated by RECIST. In five patients (shown as NE), CT
could not be performed after the HAIC. The systemic
(i-e., whole body) response to the treatment was: CR in
three cases, PR in five, SD in four and PD in 16, with an
overall systemic response rate of 24%. We also defined
intrahepatic (i.e., limited to the liver) response as one of
the treatment factors in order to evaluate localized thera-
peutic effects in the liver. The intrahepatic response was:
CR in three, PR in seven, SD in six and PD in 12, with an
overall intrahepatic response rate of 30%, similar to the
systemic response rate.

Univariate analysis (Table 3) and multivariate analy-
sis (Table 4) identified three factors that contributed
to overall survival; treatment-related reduction in VIT

Table 2 Clinical response to the therapy to hepatocellular car-
cinoma (HCC) with venous tumor thrombus (VIT)

CR PR SD PD NE RR

Systemic evaluation of 3 5 4 16 5 24%
response: whole body

< Intrahepatic response: 3 7 6 12 5 30%

liver only

CR, complete response; NE, not evaluable; PD, progressive
disease; PR, partial response; RR, response rate for patients with
CR and PR per entire group of patients; SD, stable disease.
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Table 3 Univariate analysis of factors that contributed to overall survival (Log rank test)

Category n P-value
Sex Female vs. male 3/30 0.567
Age (years) 265 vs. <65 18/15 0.326
ECOG PS Ovs. 1 23/10 0.324
HCV Ab Presence vs. absence 16/17 0.215
HBs Ag Absence vs. presence 26/7 0.023
Child-Pugh stage Avs. B 25/8 0.004
Previous treatment No vs. yes 24/9 0414
o-fetoprotein (ng/mL) <5 000 vs. 25 000 17/16 0.559
des-y-carboxy prothrombin (mAU/mL) <10 000 vs. 210 000 14/19 0.309
Platelet count (/mm?) <150 000 vs. 2150 000 19/14 0.0008
Size of largest tumor (mm) <100 vs. 2100 16/17 0.0003
Tumor liver occupying rate (%) <50 vs. 250 20/13 0.0013
Grade of venous invasion (Vv)t 2vs. 3 13/20 0.274
Grade of portal invasion (Vp)# 0,1,2vs. 3,4 12/21 0.224
Extrahepatic metastasis No vs. yes 17/16 0.040
Radiotherapy to venous tumor thrombus Yes vs. no 14/19 0.667
Intrahepatic response CR, PR vs. Other 10/23 0.0029
Effect of treatment on venous tumor thrombus Decrease vs. increase 18/15 0.0001

tVenous invasion. Vv1, tumor thrombus in a second branch or more of peripheral branches of hepatic vein; Vv2, tumor thrombus in
the right, middle or left hepatic vein trunk, posterior inferior hepatic vein trunk or short hepatic vein; Vv3, tumor thrombus in inferior

vena cava.

$Portal invasion. Vp1, tumor thrombus in a third or more peripheral branches of the portal vein; Vp2, tumor thrombus in a second
branch of the portal vein; Vp3, tumor thrombus in a first branch of the portal vein; Vp4, tumor thrombus in the trunk of the portal

vein.

ECOG PS, Eastern Cooperative Oncology Group Performance Status; HBs Ag, hepatitis B virus surface antigen; HCV Ab, hepatitis C

virus antibody.

(P =0.0006, hazard ratio, HR, 6.611, 95% confidence
interval [CI] 2.262-19.322), largest tumor size
<100 mm {P=0.013, HR 3.896, 95%CI 1.328-11.432),
and intrahepatic response of complete response/partial
response (CR/PR) (P =0.030, HR 2.968, 95%CI 1.108-
7.951). Patients classified as CR/PR based on intrahe-
patic response had a significantly longer MST than the
non-CR/PR group (18.7 vs. 4.4 months, respectively,
P=0.0029, log rank test) (Fig. 2). Univariate analysis
(Table 5) and multivariate analysis (Table 6) identified
two factors that contributed to intrahepatic response of

CR/PR; tumor liver occupying rate of >50% (P = 0.016,
OR 23.239, 95%CI 1.791-301.508) and positivity for
hepatitis C virus antibody (HCV Ab) (P=0.010, OR
16.886, 95%CI 1.969-144.774).

Effect of radiotherapy

The clinical characteristics of patients treated by HAIC-
5-FU/IFN with and without radiotherapy to VIT are
summarized in Table 7. Patients treated with radio-
therapy had a tendency to be elderly, hepatitis B virus

Table 4 Multivariate analysis for factors that contribute to overall survival, Cox proportional hazards model with stepwise selection

Category HR 95% CI P-value

Effect of treatment of venous tumor thrombus Decrease 6.611 2.262-19.322 0.0006
Increase 1

Size of largest tumor (mm) <100 3.896 1.328-11.432 0.013
2100 1

Intrahepatic response CR, PR 2.968 1.108-7.951 0.030
Other 1

95% CI, 95% confidence interval; CR, complete response; HR, Hazard ratio, PR, partial response.
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(HBV) negative and HCV positive. About two-thirds of
patients with VIT of Vv3 received 3D-CRT. Figure 3
shows the overall response to treatment of all patients
classified according to the application of 3D-CRT. In
patients who received HAIC alone, five out of 19
patients were classified as CR/PR based on intrahepatic
response, with a response rate of 26%. Furthermore, VIT
was considered to have decreased in seven out of 19
patients with a VIT-treatment effective rate of 37%. For
patients who received HAIC combined with radio-
therapy, CR/PR was achieved in five out of 14 patients,
with a response rate of 36%, and VIT decreased in 11
out of 14 patients, with a treatment effective rate of up
to 79%. Radiotherapy had no significant effect on the
intrahepatic response (P=0.561, Pearson’s * test). The
combination of HAIC and radiotherapy had a signifi-
cant effect on VIT (P=0.017, Pearson’s % test). Table 8
shows the results of univariate analysis for factors that
contributed to the effect of treatment on VIT. Multi-
variate analysis (Table 9) two factors that significantly
and independently influenced the VIT; platelet count
less than 150 000/mm’ (P=0.015, OR 16.087, 95%CI

0.754 !

0.507

0.257

Time (years)

Figure 2 Cumulative survival rate of 33 patients with venous
tumor thrombosis (VIT) treated by hepatic arterial infusion
chemotherapy (HAIC). Solid line: 10 patients, who underwent
HAIC and classified as complete response/partial response
(CR/PR) based on intrahepatic response, had a significantly
longer median survival time (MST) of 18.7 months
(P=10.0029, log rank test). Dashed line: 23 patients who were
classified as non-CR/PR based on intrahepatic response result-
ing in MST of 4.4 months. —, CR/PR of intrahepatic response;
~~~~~~~~~~~~ , Non-CR/PR of intrahepatic response.

HAIC using 5-FU/IFN for HCC with 3D-CRT to VIT 447

(%)
100

P=0017

75
P =0.561

50

25

Rate of effective
treatment of venous
tumor thrombus

Intrahepatic
response rate
(CR/PR)

Figure 3 Overall treatment response according to the treat-
ment regimen presence or absence of undergoing radiotherapy
to venous tumor thrombus (VIT). £21, HAIC alone; B, HAIC
plus 3-D conformal radiotherapy (3D-CRT). HAIC, hepatic
arterial infusion chemotherapy.

1.704-151.861) and response of VIT to radiotherapy
(P=0.021, OR 14.982, 95%CI 1.508-148.827).
Figure 4 shows the cumulative survival rates of 16
patients with VIT in the inferior vena cava (Vv3), based
on the VIT response to 3D-CRT. The nine patients
who received HAIC-5-FU/IFN and 3D-CRT to VIT and
showed a decrease in VIT had a significantly longer MST
of 9.2 months (P=0.028, log rank test), compared
with the seven patients who received HAIC-5-FU/IEN
without or with ineffective 3D-CRT (these patients
showed increases in VIT and MST of 3.1 months).

Incidence of extrahepatic metastasis

Figure 5 shows the cumulative rate of extrahepatic
metastases in 17 patients who were negative for extrahe-
patic metastasis before HAIC-5-FU/IFN. Eight (47%)
patients developed extrahepatic metastases after starting
HAIC-5-FU/IEN, including seven with lung metastases
and one with adrenal gland metastasis. The median time
to the diagnosis of metastasis was 7.1 months. The 6-
and 12-month cumulative incidence rates were 30%
and 56%, respectively. The median survival time was
4.4 months after the diagnosis of extrahepatic metastasis.

Other anti-cancer treatments

Nine out of 33 (27%) patients received additional
courses of HAIC with 5-FU/IFN after completing the two

© 2011 The Japan Society of Hepatology

436



448 E. Murakami et al.

Hepatology Research 2012; 42: 442-453

Table 5 Univariate analysis for factors that contribute to intrahepatic response after two cycles of hepatic arterial infusion

chemotherapy (HAIC) treatment, Pearson’s %? test

Category n P-value
Sex Female vs. male 3/30 0.905
Age (years) 265 vs. <65 18/15 0.103
ECOG PS Ovs. 1 23/10 0.980
HCV Ab Presence vs. absence 16/17 0.017
HBs Ag Absence vs. presence 26/7 0.299
Child-Pugh stage Avs. B 25/8 . 0.208
Previous treatment No vs. yes 24/9 0.061
o-fetoprotein (ng/mL) <5 000 vs. 25 000 17/16 0.520
des-y-carboxy prothrombin (mAU/mL) <10 000 vs. 210 000 14/19 0.561
Platelet count (/mm?) <150 000 vs. 2150 000 19/14 0.086
Size of largest tumor (mm) <100 vs. 2100 16/17 0.103
Tumor liver occupying rate (%) <50 vs. 250 20/13 0.023
Grade of venous invasion (Vv)t 2vs. 3 13/20 0.020
Grade of portal invasion (Vp)# 0,1,2vs. 3,4 12/21 0.963
Extrahepatic metastasis No vs. yes 17/16 0.497
Radiotherapy to venous tumor thrombus Yes vs. no 14/19 0.161

tVenous invasion. Vv1, tumor thrombus in a second branch or more of peripheral branches of hepatic vein; Vv2, tumor thrombus in
the right, middle or left hepatic vein trunk, posterior inferior hepatic vein trunk or short hepatic vein; Vv3, tumor thrombus in inferior

vena cava.

$Portal invasion. Vp1, tumor thrombus in a third or more peripheral branches of the portal vein; Vp2, tumor thrombus in a second
branch of the portal vein; Vp3, tumor thrombus in a first branch of the portal vein; Vp4, tumor thrombus in the trunk of the portal

vein.

ECOG PS, Eastern Cooperative Oncology Group Performance Status; HBs Ag, hepatitis B virus surface antigen; HCV Ab, hepatitis C

virus antibody.

recommended courses. On the other hand, 24 out of 33
(73%) patients did not complete HAIC-5-FU/IEN. Sub-
sequently, 21 (64%) patients received other anti-cancer
treatments, and 12 patients (36%) received best sup-
portive care (BSC). The other treatments included TACE
in 17 patients (MST 8.3 months), HAIC in six patients
(MST 14.9 months) and systemic chemotherapy in six
patients (MST 2.8 months). The MST of the additional
treatment group was 11.8 months, which was signifi-
cantly longer than the BSC group (with MST of
3.0 months, P=0.0078, Log rank test). With regard to
the regimens of other treatments, trans-arterial treat-

ments tended to be associated with longer survival than
systemic chemotherapy and BSC.

Adverse reactions and complications

Fever, fatigue, nausea and anorexia were the most
common adverse events, but these were mostly CTCAE
grade 1 or 2. CTCAE grade 3 or 4 adverse reactions
included leukopenia in five patients (15%), thrombocy-
topenia in two (6%), anemia in three (9%) and anor-
exia in two (6%). Six patients required treatment with
granulocyte colony-stimulating factor for leukopenia.
Three patients required blood transfusion, but none

Table 6 Multivariate analysis for factors that influenced intrahepatic response to two cycles of hepatic arterial infusion chemo-

therapy (HAIC) treatment. Logistic regression analysis

Factors Category OR 95% CI P-value

Tumor liver occupying rate (%) <50 23.239 1.791-301.508 0.016
=50 1

HCV Ab Presence 16.886 1.969-144.774 0.010
Absence 1

95% CI, 95% confidence interval; HCV Ab, hepatitis C virus antibody; OR, odds ratio.
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