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Induction Chemotherapy Using FAP for Patients with
Stage II/III Squamous Cell Carcinoma of the Esophagus
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Abstract. Background: The aim of this study were to evaluate
the feasibility and efficacy of chemotherapy using fluorouracil,
adriamycin, and cisplatin (FAP) in patients with clinical stage
1/ squamous cell carcinoma of the esophagus (SCCE).
Patients and Methods: Forty patients were enrolled in the
study. They received 30 mg/m? adriamycin and 70 mg/m?
cisplatin on day 1, and 700 mg/m? 5-fluorouracil on days 1-5
every four weeks. Following two courses of chemotherapy,
eligible patients underwent esophagectomy. Results: Twenty-
one patients (53%) achieved partial response, and 27 patients
underwent surgical resection (resection rate: 68%). Grade 3/4
toxicities developed: 7 patients (18%) with leukopenia, 23
(58%) with neutropenia. The three and five-year survival rates
were 55% and 48%. Patients with surgical resection had
better prognosis than those without resection, with a three-
year survival rate of 68% vs. 25%. Conclusion: FAP is
effective and feasible and surgery may provide additional
benefit for SCCE patients with FAP.

Squamous cell carcinoma of the esophagus (SCCE) is a
disease with one of the highest mortality rates and is often
diagnosed at a late stage with metastatic spread. Even if
SCCE is diagnosed at the T1 to T3 disease, lymph node
metastases frequently occur at distant sites. In addition,
lymph node metastasis is one of the major prognostic factors
of patients who have undergone curative esophagectomy, and
the number of lymph node metastases is strongly correlated
with the prognosis (1).

A recent randomized control study revealed that postoperative
adjuvant chemotherapy with cisplatin and 5-fluorouracil (5-FU)
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was better able to prevent relapse in patients with esophageal
cancer than surgery-alone in those with lymph node metastasis
(2). Moreover, in stage II and III squamous cell carcinoma of the
thoracic esophagus, overall survival (OS) of patients treated with
neoadjuvant chemotherapy followed by surgery was superior to
that of patients with esophagectomy followed by chemotherapy.
According to these two studies, preoperative chemotherapy with
cisplatin plus 5-FU can be regarded as one of the standard
treatment for patients with stage II/IIl squamous cell carcinoma
in Japan. However, in a later report on JCOG9907, a survival
benefit of preoperative chemotherapy was observed only in
patients with clinical stage II disease, but not in those with stage
IIT (3). Therefore, in order to improve the prognosis of patients
with locally advanced SCCE including stage III esophageal
cancer, a more intensive and feasible regimen of neoadjuvant
chemotherapy is required.

Combination chemotherapy with 5-FU and cisplatin (FP) has
been a standard regimen for advanced or metastatic esophageal
cancer. However, recently, a triplet regimen, consisting of the
addition of another drug to FP, has also been introduced.

For advanced head and neck cancer, and gastric or
esophagogastric cancer, chemotherapy using FP combined
with docetaxel was reported to achieve better outcomes than
FP treatment (4-6). In a randomized phase III trial for
advanced gastric cancer that compared therapy with
docetaxel, cisplatin and 5-FU (DCF) every three weeks with
FP every four weeks, the median time-to-tumor progression
(TTP) and median OS (OS) were reported to be significantly
higher with DCF every three weeks (7). Docetaxel in addition
to FP has been considered one of the standard regimens for
head and neck squamous cell carcinoma and gastric or
esophagogastric adenocarcinoma (4-7), and also for patients
with SCCE (8). On the other hand, adriamycin in addition to
FP (FAP) has also been reported as a candidate neoadjuvant
chemotherapy for esophageal cancer, with demonstrated
response rates of 55.6% and 56.5% in recent reports (9, 10).

We have performed FAP chemotherapy for patients with
stage II and III esophageal cancer as induction therapy,
which was scheduled mainly as neoadjuvant chemotherapy
for esophagectomy. Therefore, the aim of the study was to
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Table 1. Patients’ characteristics (40 cases).

Table II. Results of induction chemotherapy (40 cases).

Gender No of cases
Male 31 Frequency of chemotherapy
Female 9 1 Cycle 10
Mean age, year ( range) 69.0 (57-79) 2 Cycles 27
Depth of tumor invasion (T) 3 Cycles 3
Tlb 1 Tumor response
T2 8 CR 0
T3 30 PR* 21
T4 1 SD 18
Lymph node metastasis (N) PD 1
NO 3 Response rate (%) 52.5%
N1 10 Resection (curability)
N2 24 Absolutely curative 25
N3 3 Relatively curative 2
Stage Non-resection 2
11 5 Resectability rate (%) 67.5%
111 35

evaluate the feasibility and efficacy of chemotherapy using
FAP in patients with clinical stage II and III SCCE.

Patients and Methods

This study was performed for patients with operable clinical stage II
and III thoracic or abdominal SCCE at Kansai Rosai Hospital. This
protocol was reviewed and approved by Review Committee for
chemotherapy regimens. Prior to receiving treatment, each patient
provided a written informed consent.

Eligibility criteria. The eligibility criteria of this study were as
follows: i) histologically proven SCCE; ii) clinical stage II or III
esophageal cancer according to the Japanese classification of
esophageal cancer (11); iii) age of 20-79 years; iv) Eastern
Cooperative Oncology Group (ECOG) performance status (PS) of
0-1; v) no previous treatment for esophageal cancer including
surgery, chemotherapy and radiotherapy; and vi) adequate organ
function including a leukocyte count of between 4,000 mm3 and
12,000 mm3, a neutrophil count of over 2,000mm3, a platelet count
of over 100,000 mm3, hemoglobin of over 9.0 g/dl, aspartate
aminotranferase (AST) and alanine aminotransferase (ALT) levels
within 2.5 times the upper limits of their normal ranges, serum
bilirubin level under 1.5 mg/dl, and a serum creatinine level of
under 1.2 mg/dl or creatinine clearance of at least 60 ml/min/body.

Induction chemotherapy and evaluation. The administration
schedule began with 5-FU at 700 mg/m2, which was continuously
infused from day 1 to 5. Adriamycin at 30 mg/m? was intravenously
infused for 60 to 120 minutes on day 1 and cisplatin at 70 mg/m?
was infused for 120 minutes, immediately after adriamycin. The
patients generally received two courses of chemotherapy.

Patient evaluation during FAP chemotherapy included
hematological tests and assessments of clinical symptoms, which
were performed every week. Computed tomographic (CT) scans of
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“Including the cases with “PR in” because of resection before confirming
response with an interval of four weeks or more. CR: Complete response,
PR: partial response, SD: stable disease, PD: progressive disease.

the chest and abdomen were performed two weeks after the first
completion of chemotherapy, and esophagogrphy, CT and
endoscopy were performed after two cycles of chemotherapy in
order to assess the clinical response to induction chemotherapy.

Surgical resection was generally recommended for eligible
patients with partial response (PR) and stable disease (SD) after two
cycles of chemotherapy. Definitive chemoradiotherapy (CRT) was
recommended for patients who refused operation or were judged to
have any problem with the surgical procedures, such as poor PS,
poor organ function or no family support.

Esophageal resection with lymph node dissection along the
bilateral recurrent nerve was performed three to six weeks after the
completion of chemotherapy. If lymph node metastasis along the
recurrent nerve was confirmed using a frozen section,
esophagectomy with three-field lymphadenectomy was performed;
otherwise, that with two-field lymph node dissection was carried out.

We judged the anticancer effects in accordance with the
Response Evaluation Criteria in Solid Tumours (RECIST) (12) for
target lesions and with the tenth edition of the Response Evaluation
Criteria in Radiotherapy and Chemotherapy for Esophageal Cancer
of the Japanese Society for Esophageal Diseases, (13), for non-
target lesions, whereas for safety assessment, we followed the NCI-
Common Toxicity Criteria v2.0 (14). Histological effect based on
resected tissue specimens was judged according to the tenth edition
of the Japanese Society for Esophageal Diseases (13).

Follow-up and statistical analysis. The occurrence of relapse was
determined by imaging studies, including ultrasonography, CT and
gastrointestinal endoscopy. Follow-up including thoracic and
abdominal CT was carried out every four months following
chemotherapy or surgery during the first two years and every six
months thereafter. In patients with definitive chemo-radiotherapy,
endoscopy was performed every six months.

The vital and disease statuses were confirmed by checking the
medical records from the date of the last follow-up visit as of
December 31, 2014.
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Bone metastasis was diagnosed after chemotherapy

Figure 1. Clinical course of all patients. A total of 17 out of 21 patients with partial response (PR) and 12 out of 18 patients with stable disease (SD)
underwent surgery. However, esophagectomy could not be performed in two cases because of severe obsolete pleuritis and severe pleural plaque. The
surgical resection rate was 67.5% (27/40). CRT: Chemoradiation therapy, CT: chemotherapy, OP: operation. SIADH: Syndrome of inappropriate

secretion of antidiuretic hormone.

All enrolled patients were included in the intention-to-treat analysis
of efficacy. OS was measured from the start of chemotherapy until
the time of death or last follow-up visit in 2014 and was estimated
using the Kaplan—-Meier method. The chi-square test was performed
to determine statistical differences regarding downstaging and
pathological effects in patients with surgical resection between the PR
and SD groups. A p-value of less than 0.05 was considered as being
statistically significant. All statistical analyses were performed using
SPSS (SPSS Inc., Chicago, IL, USA).

Results

Patients’ characteristics. Forty patients were enrolled in the
study between October 2003 and January 2013. These
included 31 males and nine females, with an average age of
69.0 (range=57-79) years. All patients but three had lymph
node metastases as judged from CT before chemotherapy,
with five patients having stage II disease and 35 having stage
IIT disease. The demographic and clinicopathological
characteristics of these patients are listed in Table I.

FAP was performed in one cycle in 10 patients, two cycles
in 27 patients, and three cycles in three patients. The reasons
for performing one cycle of chemotherapy were that four
patients had renal dysfunction, one suffered from pneumonia
and five hoped for an early operation after one cycle of
chemotherapy. One patient with pneumonia chose CRT after
pneumonia and one with syndrome of inappropriate secretion
of antidiuretic hormone chose radiation therapy.

Efficacy and clinical course. Twenty-one cases of PR, 18
cases of SD, and one case of progressive disease (PD),
because of the diagnosis of bone metastasis after initial
chemotherapy, were confirmed, giving an overall response
rate of 52.5% (Table II).

A total of 17 of 21 patients with PR and 12 of 18 patients with
SD underwent surgery. However, esophagectomy could not be
performed in two cases because of severe obsolete pleuritis and
severe pleural plaque. Eleven patients did not undergo surgery: in
five cases due to refusing an operation, in two cases due to
down-grading of performance status, in two cases because of a
complication during chemotherapy (i.e., pneumonia and renal
dysfunction), in one case because of no support from his family,
and in one case because of PD (Figurel).

According to the clinical and pathological stages and
pathological responses of the resected cases, a total of nine out
of 16 cases of PR (56%) and one out of 11 cases of SD (9%)
achieved down-staging, and 14 out of 16 PR (88%) and one
out of 11 SD (9%) showed good pathological responses beyond
grade 1b: cases with PR had better clinical and pathological
effects than those with SD (p<0.05 and p<0.01, respectively).
Two cases had no residual tumor cells in resected specimens
of both primary lesion and lymph node of resected specimen,
resulting in a rate of pathological CR of 6.7%.

At the median follow-up of 66 months (range=23-119
months), 20 patients were still alive and disease-free but one
had upper mediastinal lymph node recurrence, which was
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Figure 2. Survival curve for patients overall (40 cases). The median
Sfollow-up time was 63 months and the three- and five-year survival rates
of patients were 54.7% and 48.4%, respectively.

identified in December 2014. A total of 11 out of 27 patients in
the surgical resection group died: four from lymph node
metastasis, two from local recurrence in a mediastinal lesion,
three from distant metastasis (liver, brain, bone), one from
pneumonia without recurrence 41 months after surgery, and one
from postoperative complication. In addition, nine out of 13
patients in the non-resection group died: five from locoregional
progression, two from distant metastasis to brain or liver, and
two from pneumonia and mediastinitis during CRT.

The Kaplan—Meier estimate of the overall five-year
survival rate of all patients was 48% (Figure 2).

According to the tumor response, the 3- and 5-year survival
rates were 66% and 56%, respectively, for patients achieving
PR; those tended to be better than for patients not achieving
PR by induction chemotherapy, with three- and five-year
survival rates of 42% and 42%, respectively, but these
differences were not significant (p=0.137) (Figure 3).
Regarding the survival rate by surgical intervention, the
cumulative survival rate for the patients who underwent
esophagectomy was significantly higher than in those without
it (Figure 4) (58% vs. 25% at five years, p=0.023). Of 18
patients with tumor response of SD, seven out of 11 who
underwent surgery were still alive (range=28-119 months),
whereas six out of seven patients treated by CRT or
chemotherapy died: from locoregional progression in three,
liver metastasis in one, and pneumonia and mediastinitis in one
each, with a median survival time of nine months. In patients
with SD as the tumor response for induction chemotherapy, the
cumulative survival rate for those with surgical resection was
significantly better than for those with CRT/chemotherapy
(p=0.005) (Figure 5).

2978

0.8+ ]

| —H_L PR

0.6 1

Overall survival

0.2+

0.0+

Figure 3. Survival curves according to the tumor response to induction
chemotherapy. According to the tumor response, the three- and five-year
survival rates (66% and 56%) for patients achieving partial response
(PR) tended to be better than those (42% and 42%) for patients not
achieving it by induction chemotherapy, but this difference was not
significant (p=0.137). SD: Stable disease, PD: progressive disease.

Patients undergoing esophagectomy with a good
pathological response had better OS than those with a poor
pathological response. However, no significant difference
was found in OS (p=0.102).

Toxicity. Toxicity data are summarized in Table III. Grade 3
leukopenia occurred in seven patients (18%), grade 3 or 4
neutropenia occurred in 23 patients (58%), and grade 3
thrombocytopenia occurred in three cases. Grade 3 or 4
hyponatremia occurred in three patients, to which attention
should be paid. Non-hematological toxicity of grade 3 or
more involved nausea/vomiting in one case. The
hematological and non-hematological toxicitities of induction
chemotherapy of FAP were as expected and manageable.

No treatment-related deaths occurred during FAP
chemotherapy but one patient died after 30 days
postoperatively due to surgical complication of pneumonia
caused by Methicillin-resistant Staphylococcus aureus
(MRSA) and hepatic failure.

Discussion

Induction chemotherapy is defined as chemotherapy as the
initial treatment for cancer, as the first part of a
multidisciplinary ~ therapy,  including neoadjuvant
chemotherapy. We performed induction chemotherapy not
only for patients with clinical stage II or III SCCE as
adjuvant chemotherapy but also for patients who hesitated
about which therapy to choose, surgery or CRT, or for
patients for who it was unclear whether sufficient familial
support was available for surgical treatment.
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Figure 4. Survival curves comparing patients undergoing surgical
resection versus those undergoing CRT or chemotherapy following
induction chemotherapy. The cumulative survival rate for the patients
who underwent esophagectomy was significantly better than for patients
who did not (p=0.023).

Table II1. Toxicity due to induction chemotherapy.

Grade Grade  Grade Grade Grade
1 2 3 4 3/4(%)
Bone marrow
Leukopenia 8 13 7 0 18
Neutropenia 5 2 17 6 58
Thrombocytopenia 12 3 3 0 8
Anemia 16 11 1 0 3
Gastrointestinal
Stomatitis 15 6 0 0 0
Diarrhea 13 5 0 0 0
Nausea/vomiting 23 9 1 0 3
Hyponatremia 12 0 2 1 8
Fever 5 0 0 0 0
Alopecia 23 16 0 0 0

This FAP regimen for induction chemotherapy appears to
be well tolerated, with manageable hematological toxicities
and limited non-hematological ones, and seems more
effective for locally advanced esophageal cancer than the
standard FP regimen (15-17), with a response rate of 52.5%.

In terms of the rationale for preoperative therapies, this
could be consistently thought to be the down-staging or down-
sizing of the primary tumor in order to improve the complete
resection rate, and to eliminate hematogenous/lymphogenous
micrometastases resulting in the prevention of postoperative
recurrence. On the other hand, the demerits of induction
therapy are that surgical treatment is delayed in patients with
a tumor that is increasing in size, regardless of chemotherapy,
and which cannot be performed because of the severe side-
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Figure 5. Survival curve comparing patients undergoing surgery versus
those undergoing CRT or chemotherapy following induction
chemotherapy in those with stable disease (SD) as the tumor response.
In patients with SD as the tumor response, the cumulative survival rate

for those with surgical resection was significantly better than in those
treated with CRT or chemotherapy (p=0.005).

effects of chemotherapy. Furthermore, induction chemotherapy
may increase postoperative morbidity and mortality.

A meta-analysis reported by Kranzfelder et al. revealed no
evidence of increased mortality resulting from neoadjuvant
chemotherapy and CRT (18). In addition, the mortality of the
JCOGY907 study was reported not to increase in association
with preoperative chemotherapy: it was 0.6% in the surgical
group and 0.6% in the preoperative chemotherapy group (3).

In this study, although one among 27 patients (3.7%) with
esophagectomy died 30 days postoperatively due to surgical
complication of pneumonia caused by MRSA and hepatic
failure, this mortality rate is thought to be within the
acceptable range.

Randomized trials of neoadjuvant therapies for SCCE are
summarized in Table IV (3, 19-24). In the 1990s, several
randomized trials of neoadjuvant chemotherapy followed by
surgery vs. surgery alone were conducted for patients with
SCCE using combination therapy with cisplatin and other
anticancer agents, such as bleomycin, vindesine and 5-FU.
However, none of these trials demonstrated the efficacy of
neoadjuvant chemotherapy for patients with SCCE.

Boonstra et al. demonstrated that preoperative
chemotherapy with a combination of etoposide and cisplatin
significantly improved OS in patients with SCCE, with the
result that five-year survival rates were 26% and 17%,
respectively (p=0.03, HR=0.17, 95% CI=0.51-0.98) (24). In
addition, Ando et al. reported in the JCOG9907 study on
resectable clinical stagell/IIl thoracic SCCE that OS in
patients with preoperative chemotherapy using two courses
of cisplatin and 5-FU followed by surgery was superior to
that in patients with postoperative chemotherapy. The five-
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Table IV. Randomized trials of neoadjuvant chemotherapies in squamous cell carcinoma of the esophagus.

Author Year Country Treatment No. of Resection Response pCR rate  Median Survival %
(Ref.) cases rate % rate % (No. of  survival (Years)
/Curative resection (No. of cases) cases) months
rate % (No. of cases)
Nygaard et al.* 1992 Norway CDDP/bleo 56 52 (29/56)/44 (22/50) 7 31% (1Y),
(19) 3% (3Y)
Surgery 50 56 (28/50)/37 (15/41) 7 34% (1Y),
9% (3Y)
Schlag 1992  Germany CDDP/vinblastone/ 22 69 (11/16)/43 (7/16) 38 (8/21)52** 10 20% (1Y)
(20) bleo Surgery 24 79 (19/24)/42 (10/24) 10 32% (1Y)
Maipang et al. 1994  Thailand  CDDP/vinblastone/ 24 33 (8/24)/ 17 58% (1Y),
(21) bleo 53 (8/15%%%) 31% (3Y)
Surgery 22 17 85% (1Y),
36% (3Y)
Law et al. 1997 China 5-FU/CDDP 74 81 (60/74)/67 (40/60) 58 (35/60"") 6.7 (4/60***) 16.8 38% (3Y),
(22) 28% (5Y)
Surgery 73 95 (69/73)/35 (24/69) 13 14% (3Y),
0% (5Y)
Ancona et al. 2001 Italy 5-FU/CDDP 47 85 (40/47)/79 (37/47) 407 12.8 25 44% (3Y),
(23) 34% (5Y)
Surgery 47 87 (41/47)/74 (35/47) 24 41% (3Y),
22% (5Y)
Boonstra et al. 2011 Netherlands  CDDP/etoposide 85 81 (69/85)/ 40 (32/80) 7 16 42% (2Y),
(24) 26% (5Y)
Surgery 84 83 (70/84)/ 12 30 %(2Y),
17% (5Y)
Ando et al. 2012 Japan 5-FU/CDDP/surgery 164 95 (155/164)/ 2.5 (4/155) 55% (5Y)
3) 96 (149/155)
Surgery/5-FU/CDDP 166 98 (162/166)/ 44% (5Y)

91 (147/162)

“Nygaard et al. reported four types of therapy, surgery alone, pre-operative chemotherapy, pre-operative radiation therapy, pre-operative

EED

. . sksksk
including minor response;

chemotherapy+chmo-radiotherapy;

completed the chemotherapy program;

***assessed by pathological examination.

CDDP: cisplatin, bleo: bleomycin, 5-FU: 5-fluoroyracil, pCR: pathological complete response

year OSs were 55% and 43% in the preoperative and
postoperative chemotherapy groups, respectively (HR=0.73,
95% CI1=0.54-0.99, p=0.04) (3).

These two studies in the 2000s demonstrated the
superiority of preoperative chemotherapy to surgery alone for
patients with SCCE. The reason for the favorable results is
not clear, but may be due to progress in the management of
chemotherapy and in perioperative management and surgical
techniques, such as three-field lymphadenectomy.

Two meta-analyses that compared neoadjuvant
chemotherapy and surgery with surgery alone for resectable
esophageal carcinoma including SCCE and adenocarcinoma
performed by Malthaner ef al. (25) and Urshel et al. (26)
demonstrated no advantage of neoadjuvant chemotherapy
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over surgery alone in terms of short-term OS ( at 1 and 2
years, and 1, 2, and 3 years, respectively). On the other hand,
a meta-analysis performed by Kaklamanos et al.
demonstrated improved two-year survival of patients treated
with neoadjuvant chemotherapy compared with surgery
alone (27). Moreover, a recent meta-analysis by Xu et al.
showed that there was no evident difference in one-year
survival, resection rate, and operative mortality, but there was
a statistically significant survival advantage at three and five
years for patients with esophageal cancer treated with
neoadjuvant chemotherapy compared with that for those
treated with surgery alone (28).

On the basis of these results, preoperative chemotherapy
followed by esophagectomy has become accepted as a standard
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therapeutic strategy for clinical stage II or III SCCE. However,
the efficacy of the FP regimen as adjuvant chemotherapy is not
satisfactory, especially for patients with stage III disease.

With the development of chemotherapy schedules and drugs
for esophageal cancer, the curative effect of neoadjuvant
chemotherapy will become more and more pronounced in
patients with esophageal cancer. Thus, a triplet regimen,
consisting of the addition of another drug to FP, has been
introduced. In terms of the FAP regimen reported by
Shimokawa et al. (9) and Yanagawa et al. (10) that the response
rates were as high as 55.6% and 56.5%, respectively, our
response rate of 52.5% is similar. From these results, the FAP
regimen may be one of the most promising regimens for
neoadjuvant chemotherapy for SCCE with respect to its
usefulness and safety.

On the other hand, docetaxel combined with cisplatin and
5-FU is now regarded as a standard regimen for advanced
gastric and esophagogastric adenocarcinoma. And in recent
years, several trials of preoperative chemotherapy using DCF
have demonstrated a high response rate of over 60% (8, 29).

In Japan, a three-arm phase III trial (JCOG1109 study)
started in November 2012, with the aim of confirming
whether DCF is superior to FP, and whether FP is superior to
CRT, as preoperative therapies for SCCE.

The majority of the available reports reveal that resectable
SCCE is likely to benefit from adjuvant chemotherapy. The
focus of future trials should be on identification of the
optimal regimen to minimize the side-effects of
chemotherapy and maximize quality of life, as well as to
achieve a higher local control rate and a stronger effect on
lymph node metastasis in order to improve the complete
resection rate and to prevent postoperative recurrence.
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