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Neoadjuvant chemoradiotherapy followed by esophagectomy for initially
rescctable squamous cell carcinoma of the esophagus with multiple lymph node
metastasis

Y. Nabeya,! T Ochiai,! H. Matsubara,' S. Okazumi,' T. Shiratori,! K. Shuto,' T. Aoki,' S. Miyazaki,' Y. Gunji,'
T. Uno,” H. 1to,? H. Shimada'

Departments of | Frontier Surgery und* Radiology, Graduate School of Medicine, Chiba University, Chuo-ku, Chiba,
Japan

SUMMARY. Neoadjuvant chemoradiotherapy (CRT) was expected to improve surgical curability and proguosis
for advanced esophageal cancer. However, the clinical efficacy of neoadjuvant CRT followed by esophagectomy
with three-field lymphadenectomy (3FL) for imitially resectable esophageal squamous cell carcinoma (SCC)
remains unclear. Since 1998, we have defined the status of metastases to five or more nodes, or nodal metastases
present in all three fields as muitiple lymph node metastasis, which was previously shown to be asseciated with poor
prognosis. Between 1998 and 2002, 83 patients with initially resectable esophageal SCC were prospectively
allocated into two groups, according to the clinical status of nodal metastasis. Nineteen patients clinically
accompanied by multiple lymph node metastasis initially underwent neoadjuvant CRT followed by curative
esophagectomy with 3FL (CRT group). The other 64 patients clinically without muitiple lymph node metastasis
immediately received curative esophagectomy with 3FL (control group). Although the overall morbidity rate
was significantly higher in the CRT group, no in-hospital death occurred in either group. Patients without
pathologic multiple lymph node metastasis in the CRT group showed 2 significantly better disease-free survival
rate than either patients pathologically with multiple lymph node metastasis in the control group or those in
the CRT group. However, the differences in the overall survival rate among the groups were not significant.
Thus, the significant survival benefit by neoadjuvant CRT in addition to esophagectomy with 3FL was not con-
firmed, although it may have been advantageous, without increase in mortality, to at least some patients who
responded well to neoadjuvant CRT, Therefore, neoadjuvant CRT can bc an initial trcatment of choice for
resectable esophageal SCC clinically with multiple lymph node metastasis. The prediction of response to CRT
and the development of alternative treatment for hematogenous recurrence could achieve a further survival
benefit of this wrimodality treatment.

KEY WORDS: esophageal squamous cell carcinoma, esophagectomy, lymph node metastasis, neoadjuvant
chemoradiotherapy, three-field lymphadenectomy.

INTRODUCTION effects of chemoradiotherapy (CRT), as an initial
treatment for down-staging, has been evaluated as
The prognosis for patients with advanced esophageal  induction CRT or ‘neoadjuvant CRT” for its potential

cancer remains dismal, even for those undergoing to achieve better surgical curability and prognosis.”®

curative resection.! ¥ Adjuvant chemotherapy and  The non-randomized studies have suggested that
radiotherapy, when administered in combination or  this combined modality therapy may prolong the
individually, have failed to increase survival.** On  survival of esophageal cancer patients when com-
the other hand, recent success with the marked direct pared with that of patients treated with surgery
alone. In contrast, a few previous randomized
studies examining the benefit of neoadjuvant CRT

Address correspondence to: Dr Yoshihiro Nabeya, Depurtment produced conflicting results,'"™" and no report has
of Frontier Surgery (M9), Graduate School of Medicine, Chiba <h iti It f: . diuvant CRT
University, 1-8-1 Tnohana, Chuo-ku, Chiba-shi, Chiba 260- shown a positive result lavoring neo? juvan

8670, Jupun. Email: nabeya-y@faculty.chiba-u.jp for esophageal squamous cell carcinoma (SCC).
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However, because of possible weaknesses in each
previous study (such as doubtful staging accuracy
and stratification, possibly unbalanced randomiza-
tion, variable radiation doses and their delivery,
variable regimens of chemoradiotherapy, variable
operative procedures, and relatively poor outcome
of the surgery-alone group), the true efficacy of
neoadjuvant CRT for esophageal SCC is uncertain.

At present, CRT may be acceptable as an initial
treatment for clinically unresectable (cT4 according
to TNM/UICC classification') esophageal cancers."
Howevet, there are three major concerns for the
application of the trimodality therapy, neoadjuvant
CRT followed by surgery, for initially resectable
esophageal cancers. First, neoadjuvant CRT may
increase risks at the time of surgical operation.
particularly in radical esophagectomy with three-
field (bilateral cervical, mediastinal, and abdominal)
lymphadenectomy (3FL). Although the surgical mort-
ality for esophageal cancer surgery has been reduced
to approximately 2-5% due to the considerable recent
improvements in surgical techniques and periopera-
tive management,**'°""* esophagectomy with 3FL
following neoadjuvant CRT reportedly appears to
be a high-risk operation, with a mortality rate that
is approximately 10% or more.>"!"® Second, some
patients may fail to receive surgery due to tumor
progression after neoadjuvant CRT unless it is
effective. Third, the survival advantage of additional
esophagectomy after neoadjuvant CRT has yet to
be confirmed when a complete response is clinically
achieved.”™ In some of such cases, either additional
CRT or no more treatment may be more beneficial
than surgery, because the results of definitive CRT
without surgery even for advanced esophageal SCC
has been reported to be excellent and comparable to
surgical treatment ** Therefore, we must evaluate
the oncological benefit of neoadjuvant CRT as well
as the surgical risk of thc following csophagectomy
with 3FL in patients with initially resectable esoph-
ageal SCC. In addition, the indication for neo-
adjuvant CRT should be strictly determined.

A previous study revealed that an increased number
of metastatic lymph nodes was a poor prognostic
indicator of esophageal SCC after surgery.” In
addition, we revealed that patients pathologically
accompanied with either five or more positive nodes
in any field, or metastatic nodes present in all three
(cervical, mediastinal, and abdominal) fields (defined
as ‘multiple lymph node metastasis’ in this prospec-
tive study) showed poorer survival rates than those
without pathologic multiple lymph node metastasis
determined after surgery.” Based on these results of
survival analyses, we decided to individualize the
initial treatment for each esophageal SCC patient
strictly according to not only ¢T, but also the clinical
status of multiple lymph node metastasis determined
at presentation. Thus, since 1998, at our Department,

all patients with initially resectable (< ¢T3) esopha-
geal SCC have been prospectively divided into two
groups. Patients who were clinically diagnosed as
have multiple lymph node metastasis initially under-
went CRT, while the other patients clinically without
multiple lymph node metastasis immediately received
esophagectomy with 3FL. Afterwards, the patients
who responded to the preceding CRT, defined as
neoadjuvant CRT, were selected for planned esoph-
agectomy with 3FL, based on the therapeutic effect,
resectability, and general condition. In addition,
during this period, several newly developed surgical
procedures, including the perioperative use of methyl-
prednisolone, were introduced in all patients under-
going esophageal cancer surgery.™® We have already
reported that our newly devised procedures were
effective in minimizing surgical invasiveness and
improved the postoperative survival rate of esoph-
agcal SCC patients undergoing esophagectomy with
3FL without neoadjuvant CRT.*® However, such
improvement of prognosis may also be attributable
to our strict selection of patients for esophagectomy
with 3FL as an initial treatment.

The aim of this study was to evaluate whether
the neoadjuvant CRT in addition to surgery could
potentially influence the clinical outcome in patients
with esophageal SCC which was clinically resectable
but accompanied with multiple lymph node meta-
stasis, since such patients were known to show poor
prognosis after immediate surgery. The preliminary
results of our prospective study suggest that the
trimodality therapy must provide a survival benefit
for, at least, some of the esophageal SCC patients
who responded well to necadjuvant CRT for multiple
lymph node metastasis.

PATIENTS AND METHODS
Patient population

From January 1998 to December 2002, at the Depart-
ment of Frontier Surgery, Chiba University Hospital,
Japan, 71 consecutive Japanese patients with histologi-
cally proven primary SCC of the thoracic esophagus
received CRT as an initial treatment, because they
were diagnosed at presentation as have either of
the following factors and gave informed consent:
(i) clinically unresectable tumor invading an adjacent
organ (cT4 according to TNM/UICC classification'?)
regardless of the status of lymph node metastasis
(n = 46); or (i) initially resectable (< ¢T3) tumor bul
clinically accompanied with multiple lymph node
metastasis, defined as the status of either five or more
positive nodes in any field, or metastatic nodes
present in all three fields (# = 25). This selection
criteria for the initial CRT as an individualized
treatment was decided according to the previously
reported data showing that patients pathologically
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with such muitiple lymph node metastasis provided
poor prognosis after immediate surgery.™* Thus,
the initial treatment for clinically resectable esoph-
ageal SCC was prospectively allocated to CRT as
well as immediate surgery, according to the clinical
status of lymph node metastasis. After CRT, the
therapeutic effect was evaluated by objective reassess-
ment. Out of the 25 patients with initially resectable
SCC and clinical multiple lymph node metastasis,
two patients (8.0%) failed to undergo a surgical
exploration, because carcinomatous pleuritis in one
patient and multiple liver metastases in the other
patient were found after CRT. Of the other 23 patients,
two other patients eventually received non-curative
operations because of unexpected dissemination in
one patient and skin metastasis at operation in the
other patient. Finally, the remaining 21 patients with
mitially resectable esophageal SCC and clinical multiple
lymph node metastasis successfully received curative
esophagectomy with 3FL following the CRT, defined
as neoadjuvant CRT, as a planned procedure. How-
ever, two patients who were concomitantly found to
have another primary cancer were excluded, and the
remaining 19 patients were adopted as the CRT group
in this study. While all 19 patients were initially diag-
nosed as possessing five or more metastatic nodes,
six (31.6%) out of the 19 patients were also diag-
noscd as having nodal metastases in all three fields.

In contrast, during the same period at our Depart-
ment, 72 consecutive Japanese patients with primary
SCC of the thoracic esophagus diagnosed as resectable
and without clinical multiple lymph node metastasis,
underwent curative esophagectomy with 3FL without
any preoperative treatment. However, eight patients
synchronously had another primary cancer, and the
other 64 patients were adopted as the control group
in this study.

Although thoracic esophageal cancer with metas-
tasis in either cervical or celiac lymph nodes was
staged as IV according to the TNM/NICC classifi-
cation," the metastatic nodes could be curatively
removed (as an RO resection) by 3FL. T'herefore, if
surgically resectable, patients with such stage IV
esophageal cancers were also included in this study.
However, all 83 patients fulfillled the criteria of no
hematogenous organ metastasis at presentation, no
previous treatment for esophageal SCC before pre-
scntation, and 4 World Health Organization status
below 2. Informed consent according to the Declara-
tion of Helsinki was obtained from ull patients, and
this study was performed according to the guidelines
of protocols approved by the institutional review
boards.

Chemoradiotherapy

CRT consisted of a regimen of systemic combination
chemotherapy with 5-fluorouracil and cisplatin plus

external irradiation. Chemotherapy was given con-
currently with radiation therapy. 5-flucrouracil was
administered as a continuous infusion for 120 h at
a rate of 500 mg/m* over 24 h, on days 0 (the day just
before the beginning of radiation therapy) through
4, resulting in approximately 3.75 g of total dosage
administered to most patients. Cisplatin was admin-
istered as an intravenous bolus (15 mg/m?) over 2 h
on days 1-5, resulting in approximately 100 mg of
total dosage administered in most patients. Radiation
therapy was also given with 10 MV photons through
anterior and posterior opposed fields. The treatment
field usually covered a prophylactic large port includ-
ing three lymph node areas, which were the bilateral
cervical, mediastinal, perigastric, and celiac com-
partments (T-shape field). A daily fractional dose of
1.8-2.0 Gy (gray) at the midplane, up to a total dose
of 46 Gy, was delivered.

Surgery and perioperative care

The anesthesia, operative procedure of esophagec-
tomy with 3FL, and postoperative care of esoph-
ageal cancer surgical patients were standardized in
our department, as previously described.!®®2¢ All
83 patients in this study had been considered accept-
able candidates for esophagectomy with 3FL with
routine functional assessment of the vital organs
and underwent complete (RO according to TNM/
UICC classification') resection by esophagectomy
with 3FL. The esophagectomy with 3FL consisted
of the removal of the thoracic esophagus and lymph
nodes in the neck, mediastinum and abdomen, by
our newly devised surgical procedures.” Esophageal
reconstruction was achieved in all patients by means
of a gastric or colon tube. A colon tube was required
in patients who had undergone gastrectomy, and
the esophagocolonic anastomosis was completed in
the left neck. Perioperatively, all 83 patients were
similarly managed, as previously described,*? and
received 250 mg of intravenous methylprednisolone
during surgery followed by 125 mg on postoper-
ative days.”* The patients were postoperatively
admitted to the intensive care unit of Chiba Univer-
sity Hospital, and initial postoperative care was
provided.

Definition of postoperative complications

The postoperative course of patients was monitored
datly, and complications were defined as follows.
According to the definition previously reported,””*
pulmonary complications in this study were objec-
tively determined as the patient’s status that required:
tracheostomy; mechanical respiratory support for
more than | week; or the administration of oxygen for
more than 2 weeks because of an arterial oxygen
pressure < 70 mmHg without inspiration of oxygen,



Neoadjuvant chemoradiotherapy 391

due to massive atelectasis, pneumonia, or pulmonary
edema. Anastomotic leakage was diagnosed by
gastrography or apparent clinical features. Recurrent
nerve palsy was diagnosed by clinical features. Post-
operative hyperbilirubinemia was defined as a peak
bilirubin level >4 mg/dL.» Liver dysfunction was
defined by elevated liver enzymes of aspartate
aminotransferase or alanine aminotransferase greater
> 200 TU (normal; < 40 IU/L, at our institute).”
Mortality was defined as in-hospital death in con-
sideration of possible adverse effect of CRT after
surgery.

Clinical and pathological diagnosis and staging

The depth of primary tumor infiltration, the presence
of lymph node metastasis or the presence of distant
organ metastasis was clinically determined by a
detailed examination by esophagography, endoscopy
including a lugol staining, endoscopic ultrasonography
(EUS), ultrasonography (US) and postcontrast com-
puted tomography (CT). An EUS-, US-, or CT-
enlarged, round-shaped lymph node of more than
1 cm was regarded as clinically positive, and the
mapping of clinically metastatic nodes was performed
by each diagnostic modality of EUS, US, and CT,
respectively. Taken together, the total number of
clinically positive nodes was finally determined in
each patient. After surgery, all parts of the esoph-
agectomy specimens were examined pathologically
with full-step sections. All of the dissected lymph
nodes were also examined pathologically to assess
the absence or presence of metastatic disease in the
equatorial section of the nodes. Patients were staged
clinically (as cTNM stage) or pathologically (as pTNM
stage), according to the TNM/UICC classification.™

Statistical analysis

Fisher’s exact probability test and Chi-square ana-
lysis were used for qualitative analysis between two
or more groups. Mann—Whitney U-test was performed

Table | Characteristics of patients according to treatment group

to compare two unpaired groups. Survival was cal-
culated from the date of definitive diagnosis to the
day of death, the last follow-up, or when recurrence
was evident. The Kaplan-Meler method was used
for survival analyses and statistical significance was
analysed by log rank test. Analyses of data were
carried out using a software package for Macintosh
(Statview 5.0, SAS Institute Inc., Cary, NC), and a
P-value of <0.05 was considered significant.

RESULTS
Patient characteristics

Patients’ characteristics are shown in Table 1.
Although all 19 patients in the CRT group were
male and diagnosed as ¢TNM stage IIB-1VB at pre-
sentation, which were significantly different from
the distributions in the control group, no significant
differences were found between the groups for the
other clinical characteristics, including the initial
tumor length and the pTNM stage defined after
surgery. In the CRT group, the tumor length after
neoadjuvant CRT (before surgery) was significantly
less than that at presentation (average, 3.7 and 6.0 cm,
respectively: P = 0.003). For esophageal reconstruc-
tion, a prepared gasiric tube was used primarily and
a postmediastinal route was most frequently selected
in either group.

Compliance with neoadjuvant CRT

In the 19 patients who completed neoadjuvant CRT
followed by esophagectomy with 3FL, chemotherapy
with an average of 39.6 Gy (range, 23.4-46.0) of
irradiation was administered before esophagectomy
with 3FL. One patient received only 23.4 Gy because
of grade 3 leukopenia (< 2000/mm®) during radiation
therapy. However, granulocyte colony-stimulating
[actor was given, and the patient successfully under-
went esophagectomy with 3FL. The mean interval
between the end of neoadjuvant CRT and the time

CRT group Control group
Characteristic (n=19) (n=1064) P-value
Mean age at operation (range) (years) 63.2 (52-71) 61.8 (40-77) 0.614
Gender (male/female) 19/0 50/14 0.032*
Tumor site (upper/middle/lower) 1199 8/37/19 0.308
Histopathological gradingt (G1/G2/G3) 5/10/4 13/34117 0.811
Mean tumor length at presentation (range) (cm) 6.0 (2.5-11.0)** 5.0 (1.5-10.0) 0.178
Meun tumor length after neoadjuvant CRT (range) (cm) 3.7 (0-7.0)** -
¢TNM staget at presentation (I, lIA/IIB-IVB) 0/19 17/147 0.009*
pTNM staget defined after surgery (0-IIA/1IB-1VB) 6/13 25/39 0.601
Esophageusl! replacement (stomach/colon) 1811 62/2 0.870
Reconstruction route (postmediastinal/retrosternal/subcutaneous) 16/2/1 57/4/3 0.811

tDefined according to TNM/UICC classification; *Significant; ** P = 0.003 (significant); tumor length at presentution versus after

neoadjuvant CRT; CRT, chemoradiotherapy.
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Table 2 Postoperative morbidity and mortality according to
treatment group

CRT group Control group

Type of complication (n=19) (n=64) P-value
Pulmonary 7 (36.8) 6 (9.4) 0.008*
Anastomotic leakage 421 5(7.8) 0.199
Palsy of recurrent nerve 4 (21.1) 3(4.7) 0.045%
Hyperbilirubinemia 2 (10.5) 8 (12.5) 0.589
Liver dysfunction 3(15.8) 7 (10.9) 0.411
Chymothorax 2 (10.5) 1(1.6) 0.130
Miscellaneous 3 (15.8) 5(7.8) 0.264
Morbidity 14737yt 25(39.)t 0.010*
Mortality 0 (0) 0(0) -

Values in parentheses are percentages in each group; tSome of
these patients had plural complications; *Significant; CRT,
chemoradiotherapy.

of surgery was 31.5 days (range, 14-54). During the
period of this study, no patient who had received
CRT failed to undergo esophagectomy with 3FL
due to an adverse effect related to the preceding
CRT, and no treatment-related death occurred.

Postoperative morbidity and mortality

Postoperative morbidity and mortality rates were
compared between the two groups (Table 2). In the
CRT group, seven (36.8%) out of the 19 patients
developed pulmonary complications, which was signifi-
cantly more frequent than in the control group
(P = 0.008). The incidence of recurrent nerve palsy
was also significantly higher in the CRT group than
in the control group. However, no significant ditfer-
ences were observed in the incidences of other post-
operative complications between the two groups,
while anastomotic leakage tended to occur more
often in the CRT group. As a result, the CRT group
was found to have a significantly higher rate of
overall morbidity (73.7%) than the control group
(P =0.010), and the postoperative hospital stay in
the CRT group (median, 36 days; range, 11-143) was
significantly longer than that in the control group
(median, 19 days; range, 12-79) (P = 0.043). However,
it should be noted that there were no in-hospital
deaths after esophagectomy with 3FL in the CRT
group as well as in the control group (Table 2).

Relationship between the clinical and pathological
status of lymph node metastasis with reference to the
history of neoadjuvant CRT

The relationship between the clinical and patholo-
gical status of muitiple lymph node metastasis is
shown in Table 3. Although 14 (73.7%) out of the
19 patients in the CRT group, initially diagnosed
as < ¢T3 with multiple lymph node metastasis, were
not accompanied with pathologic muitiple lymph
node metastasis, the remaining five patients (26.3%)
pathologically possessed multiple lymph node meta-
stasis regardless of neoadjuvant CRT completed
(Table 3). Out of the five patients in the CRT group,
three had five or more metastatic nodes over one or
two fields, one had three positive nodes over all three
fields (only one in each field), and the other patient
had metastases of more than five nodes over all three
fields. In the control group, pathologic multiple lymph
node metastasis was eventually found in 13 (20.3%)
out of the 64 patients. While all of the I3 patients
had five or more metastatic nodes, four patients
also had nodal metastasis present in all three fields,
regardless of the preoperative negative diagnosis of
multiple lymph node metastasis.

Postoperative survival according to the status of
preoperative treatment and pathologic multiple
lvinph node metastasis

We evaluated the postoperative prognosis of all
19 patients in the CRT group, compared with that
of patients in the control group with reference to
the pathological status of multiple lymph node
metastasis. In the control group, seven (53.8%) of
the 13 patients pathologically with multiple lymph
node metastasis received postoperative adjuvant
chemotherapy with 5-fluorouracil and cisplatin after
giving informed consent, while all of the 51 patients
without multiple lymph node metastasis did not.
After evident recurrence, most patients in the CRT
group received chemotherapy with 5-fluorouracil
and cisplatin or nedaplatin. In the control group, most
of the recurrent patients underwent radiotherapy
and chemotherapy with 5-fluorouracil and cisplatin.

Table 3 Relationship between the clinical and pathological status of multiple lymph node metastasis

Clinical status

Pathological status of multiple

of multiple lymph node metastasis

lymph node Neoadjuvant No. of
Group metastasis CRT patients (+) ()
CRT (+) (+) 19 5(26.3) 14 (73.7)
Control (-) (-) 64 13 (20.3) 51(79.7)
Total no. of patients 83 18 (21.7) 65(78.3)

Values in parentheses are percentages in each group; Multiple lymph node metastasis, defined as the status requiring five or more
metastatic nodes in any field, or metastatic nodes present in all three (cervical, mediastinal, abdominal) fields; CRT,

chemoradiotherapy.
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Fig.1 Kaplan-Meier analyses of overall survival (A); and

disease-free survival (time to evident recurrence) (B) for

83 patients undergoing esophagectomy with 3FL for initially
resectable (< ¢T3) esophageal squamous cell carcinoma. The
analysis was based on the history of neoadjuvant CRT and the
status of pathologic multiple lymph node metastasis, defined as
metastases to five or more nodes in any field, or nodal
metastastases present in all three (cervical, mediastinal,
abdominal) fields. CRT (bold line), 19 patients in the CRT
group; Control/— { fine line), 51 patients without pathologic
multiple lymph node metastasis in the control group; Control/+
(dotted line), 13 patients pathologically with multiple lymph
node metastasis in the control group. Patients without
pathologic multiple lymph node metastasis in the control group
had a significantly better prognosis than patients in the other
groups (A, B). No significant difference in the overall survival
rate was observed between the patients in the CRT group and
those with pathologic multiple lymph node metastasis in the
control group (A). Patients in the CRT group showed a
significantly better disease-free survival rate than those with
pathologic multiple lymph node metastasis in the control
group (B).

As shown in Fig. 1A, analysis of the actual over-
all survival rate demonstrated that 51 patients patho-
logically without multiple lymph node metastasis in
the control group had a significantly better prog-
nosis with a 2-year survival rate of 85.9% (95%
confidence interval [CI], 76.1~95.6%) than either the
19 patients in the CRT group with a 2-year survival
rate of 47.4% (95% CI, 24.9~69.8%: P <0.001), or

the 13 patients pathologically with multiple lymph
node metastasis in the control group with a 2-year
survival rate of 30.8% (95% CI, 5.7~55.9%: P <0.001).
No significant difference in the overall survival rate
was observed between the patients in the CRT group
and those with pathologic multiple lymph node
metastasis in the control group (P =0.345). While
the median overall survival time of patients without
pathologic multiple lymph node metastasis in the
control group could not be defined, that of the
patients in the CRT group was 16.2 months, and that
of the patients with pathologic multiple lymph node
metastasis in the control group was 17.0 months
(Fig. 1A).

As shown in Fig. 1B, patients pathologically with-
out multiple lymph node metastasis in the control
group also had a significantly better disease-free
survival with a 2-year rate of 76.2% (95% ClI,
64.5--88.0%), defined as the time to cvident recurrence
after surgery, than either patients in the CRT group
with a 2-year disease-free survival rate of 48.9% (95%
CI, 25.2~72.6%; P =0.036), or patients pathologi-
cally with multiple lymph node metastasis in the
control group with a 2-year disease-free survival
rate of 7.7% (95% CI, —6.8-22.2%; P < 0.001). The
13 patients pathologically with multiple lymph node
metastasis in the control group showed a signifi-
cantly worse disease-free survival rate than the patients
in the CRT group (P = 0.032) (Fig. 1B). The median
disease-free survival time was 9.44 months for patients
pathologically with multiple lymph node metastasis
in the control group, and 12.3 months for patients n
the CRT group; once again, that of patients patho-
logically without multiple lymph node metastasis in
the control group could not be defined (Fig. 1B).

According to the TNM/UICC classification,
patients diagnosed as pTNM stage IIB-1VB (pNI
or pM1 LYM) had a significantly worse prognosis
than those staged as 0-1IA (pNO and pMO0) in the
CRT group as well as in the contro} group (data
not shown). However, there were no significant dif-
ferences in the patient disease-free survival with
respect to the pTNM stage between 1B and IVB in
the CRT group (P =0.170) as well as in the control
group (P = 0.509).

Postoperative survival in patients who received
neoadjuvant CRT according to the pathological
status of multiple lymph node metastasis

We evaluated the postsurgical prognosis of patients
in the CRT group, according to the pathological
status of multiple [ymph node metastasis, compared
with that of patients pathologically with multiple
lvmph node metastasis in the control group. As shown
in Fig. 2A, 14 patients pathologically without multiple
lymph node metastasis in the CRT group apparently
showed a better overall survival with a 2-year survival
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Fig. 2 Kaplan-Meier analyses of overall survival (A); and
disease-free survival (B) for patients in the CRT group and those
with pathologic multiple lymph node metastasis in the control
group. CRT/- (bold line), 14 patients pathologically without
multiple lymph node metastasis in the CRT group: CRT/+ ( fine
fine), five patients pathologically with multiple lymph node
metastasis in the CRT group; Control/+ (dotted line), 13 patients
with pathologic multiple lymph node metastasis in the control
group. No statistically significant differences were observed
among the overall survival rates of the three groups (A).
However, patients pathologically without multiple lymph node
metastasis in the CRT group had a significantly better disease-
free survival rate than that of either patients with pathologic
multiple lymph node metastasis in the control group or those in
the CRT group (B). ®

rate of 57.1% (95% CI, 31.2~83.1%), than 13 patients
pathologically with multiple lymph node metastasis
in the control group with a 2-year survival rate of
30.8% (95% CI, 5.7-55.9%), as well as five patients
pathologically with multiple lymph node metastasis
in thc CRT group with a 2-ycar survival rate of 20.0%
{95% CI1, —15.1~55.1%). However, the differences
were not significant at P = 0.142 and 0.056, respect-
ively. Although the median overall survival time
could not be defined for patients without pathologic
multiple lymph node metastasis in the CRT group,
it was 17.0 months for patients with pathologic
multiple lymph node metastasis in the control group,

and 12.3 months for thos¢ in the CRT group, respect-
ively (Fig. 2A).

In contrast, as shown in Fig. 2B, the discase-free
survival rate of patients pathologically without
multiple Ilymph node metastasis in the CRT group
proved to be significantly better than that of cither
patients pathologically with multiple lymph node
metastasis in the control group or those in the CRT
group (P =0.003 and P = 0.011, respectively). Within
2 years after definitive diagnosis, recurrences were
found in all (100%) of the five patients with patho-
logic multiple lymph node metastasis in the CRT
group (95% CI of 2-year disease-free survival rate,
0%), and in 12 (92.3%) of the 13 patients with patho-
logic multiple lymph node metastasis in the control
group (95% CI of 2-year disease-free survival rate,
~6.8~22.2%). However, only four (28.6%) of the
14 patients without pathologic multiple lymph node
metastasis in the CRT group developed evident
recurrences (95% CI of 2-year disease-free survival
rate, 43.9~94.6%). The median disease-free survival
time was 9.18 months for palients with pathologic
multiple lymph node metastasis in the CRT group,
and 9.44 months for those in the control group. In
contrast, the median disease-free survival time could
not be defined for patients without pathologic mul-
tiple lymph node metastasis in the CRT group.

Among the 32 patients shown in Fig. 2A and 2B,
all four survivors without recurrence for more than
three years were in the CRT group without pathologic
multiple lymph node metastasis. Among the four
survivors without recurrence, two patients had no
residual SCC in all surgical specimens (pathologically
complete response to neoadjuvant CRT), one had
no metastasis (pT2pNOpM0), and one had no residual
tumor in the esophagus with one metastatic node
(pTOpN1pMO0). As an initial recurrence in the CRT
group, hematogenous organ metastasis was found
in two (40.0%) out of the five recurrent cases with
pathologic multiple lymph node metastasis and two
(50.0%) out of the four recurrent cases without patho-
logic multiple lymph node metastasis. In contrast,
out of the 12 recurrent cases with pathologic multiple
lymph node metastasis in the control group, 10 patients
(83.3%) developed lymph node metastasis as an
initial recurrence, and no hematogenous metastasis
was initially found. The median survival time after
recurrence in a total of nine patients in the CRT group
(2.03 months; range, 0.56-23.5) was significantly
shorter than that of 12 patients with pathologic
multiple lymph node metastasis in the control group
{7.90 months; range, 1.71-15.0) (P = 0.028).

DISCUSSION

The optimal therapy for advanced esophageal cancer
has yet to be determined. Recently, some clinicians
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suggested that a primarily non-surgical approach
with definitive CRT alone should be the treatment
of choice for esophageal cancer, and they questioned
the need for surgical intervention 2% The objec-
tion against surgical resection for esophageal cancer
can be attributed to its high morbidity, despite the
recent decrease in mortality rates.!>31671% Ajso, the
objection can be attributed to the difficulty in select-
ing patients who are oncologically fit for surgery,'
particularly following CRT.

In the current series, it is notable that we achieved
no in-hospital deaths in all the patients who under-
went esophagectomy with 3FL, even those following
neoadjuvant CRT. This favorable result in comparison
with previous reports®®'"® can be attributed to the
careful surgical technique used by surgeons trained
in esophageal surgery, our newly developed surgical
procedures, and our experienced perioperative man-
agement.?** However, the overall morbidity rate in
our series was similar to that reported in the recent
literature.">41%1819 The difficulty in surgeries for
advanced-staged tumors treated by neoadjuvant
CRT may have accounted for the high incidences of
pulmonary complications and recurrent nerve palsy.
The recurrent nerve palsy may have led to some of
the postoperative pulmonary complications. Other-
wise, the high incidence of pulmonary complications
may be associated with possible physical damage that
was prolonged until surgery. The apparently higher
incidence of anastomotic leakage in the CR1 group
than in the control group may be attributed to
inclusion of the anastomotic site within the radiation
field. These clinical observations suggest that, even
if all patients underwent curative esophagectomy
with 3FL under the same ‘less invasive’ operative
procedures and perioperative management,”* much
more surgical stress may have been inflicted on the
patients previously treated by neoadjuvant CRT.
This supposition can be supported by the fact that
the postsurgical hospital stay in the CRT group was
significantly longer compared with that in the con-
trol group. Although the control group in this study
was not a perfect comparison because of demo-
graphic differences in the tumor and patient factors,
it provided a baseline for our surgical team to assess
the feasibility of esophagectomy with 3FL after
neoadjuvant CRT. The exploration of the oncological
significance of such a multimodal treatment, as well
as the proper risk estimation prior to surgery has
yet to be established to justify the relatively ‘high-risk’
esophagectomy with 3FL for the patients treated by
neoadjuvant CRT.

Previous prognostic analyses, including ours of
esophageal SCC patients who underwent esoph-
agectomy, revealed that the status of either pT4 or
pathological multiple lymph node metastasis was
an important prognostic factor.* Thesc lincs of
evidence suggest that the prognosis of esophageal

SCC patients who were initially diagnosed as ¢T4
or as having multiple lymph node metastasis would
not be promising if they received esophagectomy
with 3FL as an initial treatment. Thus, since 1998,
we have strictly maintained that patients with either
¢T4 or clinical multiple lymph node metastasis should
have CRT as an initial trcaiment. We recognize that
no reported randomized trials that compared CRT
followed by surgery with surgery alone in esoph-
ageal SCC patients demonstrated a significant
improvement in the overall survival rate in favor of
the trimodality treatment.'*~'*# One randomized trial
in patients with resectable SCC of the esophagus
revealed a significant improvement in disease-free
survival.!? However, the significantly higher post-
operative mortality in the trimodality group compared
with the surgery-alone group'? negated any overall
survival benefit that may have been achieved by
neoadjuvant CRT. In contrast, some individual trials
showed a survival benefit for the neoadjuvant CRT
and surgery compared with surgery alone in esoph-
ageal cancer patients.™”% Although the evidence is
very encouraging, these non-randomized studies
included patients with different histological types
or those who received different types of therapeutic
procedure, and the criteria for treatment selection
were not nccessarily strictly defined. In contrast, in
our prospective study, the postoperative mortality
was ‘zero’, all patients had SCC of the esophagus,
and the criteria for CRT was strictly determined.
Therefore, the survival rate observed reflects the
oncological outcome of each treatment group for
esophageal SCC, even if our study was not a ran-
domized one without selection bias.

The promising result of our study is that all
19 patients clinically with multiple lymph node
metastasis in the CRT group showed a significantly
better disease-free survival rate than the 13 patients
pathologically with multiple lymph node metastasis
in the control group. In the 13 patients, the number
of metastatic nodes was underestimated before
surgery. With the limitation of diagnostic accuracy,
the negative predictive value of multiple tymph node
metastasis was 79.7% (51/64) in the control group,
while the positive predictive value could not be deter-
mined in the CRT group. Furthermore, 14 patients
finally without pathologic multiple lymph node
metastasis in the CRT group provided a significantly
better disease-free survival rate than either the
13 patients with pathologic multiple lymph node
metastasis in the control group or the five patients
who eventually had pathologic multiple lymph node
metastasis in the CRT group. Therefore, this pre-
liminary survival data suggest a potential benefit
from neoadjuvant CRT in some patients. However,
we could not demonstrate a significant difference in
the overall survival rate among the three groups. An
additional number of patients and a longer follow-up
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may be required to determine modest differences
in the outcomes. Another explanation for the lack
of a significant difference in overall survival rate
may be provided by the difference in distribution of
initial recurrence types. The high incidence of hemato-
genous organ metastasis may be associated with a
significantly shorter survival time after recurrence
in the CRT group compared to that in the control
group, in which lymph node metastasis accounted
for the majority of recurrences. In the future, some
effective treatment, such as second-line chemotherapy,
for hematogenous metastasis should be established
to improve the survival of esophageal SCC patients
who underwent neoadjuvant CRT. At present, all
of the five patients pathologically with multiple
lymph nodc mctastasis in the CRT group recurred
and died: their prognosis was as poor as that of the
13 patients pathologically with muitiple lymph node
meltastasis in the control group. In contrast, all four
long-term survivors without recurrence in the CRT
group responded well to neoadjuvant CRT, and were
not accompanied by pathologic multiple lymph node
metastasis. Whereas we have reported that the
expression of angiogenic factors predicted the response
to CRT and the outcome of esophageal SCC patients,”
the development of inore convenient biomarkers that
help determine which patients are most likely to
respond to CRT would allow therapeutic strategies
to be targeted to patients who would most likely
benefit from them according to the disease status.
The application of neoadjuvant CRT for initially
resectable esophageal cancers is controversial.**
Other than the direct effect of radiotherapy for locore-
gional control, occult distant metastases receive earlier
systemic chemotherapy and are more responsive to
it. In addition, the histopathological examination of
the resected specimens makes it possible to assess
the effectiveness of the treatment regimen delivered.
Nevertheless, this approach must be balanced against
the risk of disease progression if the treatment de-
livered is ineffective. In our series, of the 25 patients
initially diagnosed as <c¢T3 with multiple lymph
node metastasis, four patients (16.0%) failed to
receive curative resection after the preceding CRT.
However, our study revealed that the prognosis of
csophageal SCC patients with pathologic multiple
lymph node metastasis, irrespective of whether neo-
adjuvant CRT was administered or not, was very dismal
even after curative esophagectomy with 3FL. Like
the patients pathologically with multiple lymph node
metastasis in the CRT group, the four patients clin-
ically with multiple lymph node metastasis who
missed curative surgery, while their pathological
status of multiple lymph node metastasis was not
determined, were also considered as non-responders
to the preceding CRT. Otherwise, even if the four
patients clinically with multiple lymph node metastasis
had undergone surgical exploration as an initial

treatment, they would have possessed pathologic
multiple lymph node metastasis. Thus, most of the
patients clinically with multiple lymph node meta-
stasis in whom neoadjuvant CRT was ineffective would
be potentially not curable at present. Accordingly,
even if resectable, esophageal SCC patients accom-
panied with clinical multiple lymph node metastasis
would not be at an oncological disadvantage after
neoadjuvant CRT. The initial CRT may act as 4
selection tool for patients who would not receive
survival benefit from esophagectomy with 3FL. Thus,
neoadjuvant CRT can be an initial treatment of
choice for patients with clinically resectable esoph-
ageal SCC and multiple lymph node metastasis. On
the other hand, the ¢cTNM stage was not considered
as an appropriate indicator of neoadjuvant CRT
for initially resectable esophageal SCC.

Definitive CRT may be recommended in some
patients with advanced esophageal cancer, as pre-
viously described.” The results of definitive CRT
without surgery for advanced esophageal cancers
have been reported to be excellent and comparable
to surgical treatment.”"* In fact, no obvious benefit
was reportedly given for the small number of patients
treated surgically after a complete response to the
preceding CRT.” However, as we experienced in our
study, as well as the previously reported study,” the
absence of residual tumor in the esophagus does
not rule out the presence of lymph node metastasis.
In addition, it is very hard to distinguish residual
tumor from postneoadjuvant fibrosis. Therefore, the
clinical diagnosis of complete response after neo-
adjuvant CRT is not considered necessarily as reliable
in the management of esophageal SCC, and we
consider esophagectomy with 3FL to be an integral
and important part of the multimodal treatment
option for advanced esophageal SCC. Improvement
in post-chemoradiotherapy restaging would help
predict which patients are most likely to benefit from
surgical intervention of esophagectomy with 3FL
following neoadjuvant CRT.

In conclusion, with the limitations of this retro-
spective, non-randomized study, esophagectomy with
3FL can be performed without mortality, even if
neoadjuvant CRT is administered, but the current
data arc insufficient to reveal a significant survival
benefit of neoadjuvant CRT for initially resectable
esophageal SCC patients with clinical muitiple lymph
node metastasis. At present, the benefit of neoadju-
vant CRT can indeed be achieved in a selected
group of patients, who have responded well to the
CRT, and neoadjuvant CRT may be a treatment of
choice for clinically resectable esophageal SCC with
multiple lymph node metastasis. For the future, the
staging of patients needs to be improved, and some
predictive markers for response to CRT needs to be
explored to select the patients for whom CRT before
surgery would be indicated as beneficial from a view
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of oncological benefit, as well as surgical risk. In
addition, another alternative treatment modality for
frematogenous recurrence has yet to be developed

to

achieve a further survival advantage ot this tri-

modality treatment.
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Abstract

Background. Irinotecan, when combined with cisplatin, is
an effective treatment for advanced non-small cell lung can-
cer (NSCLC). This constitutes a rationale for conducting a
phase I study of chemoradiotherapy including this combina-
tion for locally advanced NSCLC.

Patients and methods. Patients with locally advanced
NSCLC and a performance status of 0 or 1 were eligible.
The protocol consisted of escalating doses of irinotecan on
days 1 and 15, and daily low-dose cisplatin (6mg/m® daily
for a total dose of 120mg/m®) combined with concurrent
hyperfractionated accelerated thoracic irradiation (1.5Gy
twice daily for a total dose of 60Gy).

Results. The maximum tolerable dose was 50mg/m’ of
irinotecan, and the dose-limiting toxicity was esophagitis.
Tumor response was observed in 50% of cases, and the
median survival time of the 12 patients enrolled was 10.1
months, including two patients with S-year disease-free sur-
vival. A pharmacokinetics study demonstrated an accumu-
lation of total platinum, but not of free platinum, during the
26-day treatment period.

Conclusion. The recommended dose for phase II studies
was determined.

Key words Locally advanced non-small cell lung cancer -
Cisplatin - Irinotecan - Radiotherapy - Phase I study

Introduction

The current standard treatment for locally advanced
non-small cell lung carcinoma (LA-NSCLC) consists of
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platinum-based chemotherapy combined with thoracic
radiotherapy.’ Several randomized controlled trials have
shown superiority of the combined modality over radio-
therapy alone”” Some of these studies™® eventually
reported the clinical relevance of concurrent chemo-
radiotherapy, and a recent randomized controlled study
demonstrated the advantage of concurrent over sequential
chemoradiotherapy.® A standard protocol defining the most
suitable chemotherapeutic agents and radiotherapy sched-
ule, however, has not been established. To improve the
efficacy of the combined modality, some researchers have
investigated the relevance of multidrug chemotherapy with
new agents’ or hyperfractionated accelerated radiotherapy
(HART).%"

HART, in theory, might result in more efficient killing of
cancer cells and less damage to normal cells by taking ad-
vantage of the differences in repair capacity between
them." The advantage of HART over conventional tho-
racic irradiation has been demonstrated in treating patients
with limited-disease small cell lung cancer.” Although a
recently published study demonstrated a positive statistical
trend suggesting a survival advantage with the HART regi-
men over standard thoracic irradiation, when delivered
after two cycles of induction chemotherapy,” a clear advan-
tage has never been established in the treatment of patients
with LA-NSCLC.

On the other hand, irinotecan (CPT-11) is one of the
promising cytotoxic agents for advanced NSCL.C. The agent
is most active when it is metabolized and converted to the
potent topoisomerase I poison SN-38. Its clinical relevance
for advanced NSCLC has been suggested by phase 1I stud-
ies."” A recent phase III study comparing combinations of
CPT-11 plus cisplatin and vindesin plus cisplatin, the latter
a standard chemotherapy for advanced NSCLC in Japan,
has established the clinical relevance of CPT-11.”" In addi-
tion, preclinical studies have demonstrated the synergistic
effects of either CPT-11"7 or cisplatin®™" on irradiation in
NSCLC. Interestingly, these synergisms do not necessarily
depend on the drug sensitivity of the cancer cells.”* Fur-
thermore, CPT-11 and cisplatin have also been shown to be
synergistic.””



Therefore, a combination protocol consisting of
cisplatin, CPT-11, and concurrent thoracic irradiation could
in theory, be expected to be an efficient treatment for
LA-NSCLC. Among the combination protocols for LA-
NSCLC, Schaake-Koning et al.” employed a unique thera-
peutic regimen consisting of daily cisplatin combined with
daily conventional thoracic irradiation that might maximize
the potential radiosensitizing effect of cisplatin. They dem-
onstrated a survival advantage in patients treated by low-
dose daily cisplatin (6mg/m’ per day) over patients treated
by weekly cisplatin (30mg/m’ per week) when combined
with standard thoracic irradiation. The pharmacokinetics of
this chronic administration of cisplatin, however, have not
been fully investigated. Therefore, we conducted a phase 1
study based on this protocol, along with a pharmacokinetics
analysis, to elucidate the feasibility of a new regimen con-
sisting of daily cisplatin and biweekly CPT-11 combined
with HART for patients with LA-NSCLC. As to the dose
for HART, Choi et al."' determined a maximum tolerated
dose (MTD) of 45Gy in 30 fractions for small cell lung
cancer, when combined with the standard dose of chemo-
therapy consisting of one cycle of cisplatin (33 mg/m?, days
1-3), cyclophosphamide (500mg/m’, day 1), and etoposide
(80mg/m’, days 1-3), followed by two cycles of cisplatin and
etoposide. They also noted, however, that the total dose
seemed as important as the dose-intensity in radiotherapy,
and that a total dose of 60 to 66 Gy would be needed for a
high probability of local tumor control. In fact, HART with
a higher dose, 67.6 Gy in 52 fractions in combination with
low-dose daily chemotherapy consisting of carboplatin and
paclitaxel, is reportedly safe and effective for LA-NSCLC.”
Therefore, the present study employed a fixed dose (60 Gy,
twice daily, in 40 fractions) for HART and a fixed dose of
cisplatin (6mg/m’, daily), based on the Schaake-Koning’s
protocol, with an escalating dose of irinotecan.

Patients and methods
Patient eligibility

Patients meeting the following inclusion criteria were en-
rolled in the study: (1) histologically or cytologically proven
NSCLGC; (2) unresectable stage III disease; (3) age 15 to 75
years; (4) Eastern Cooperative Oncology Group (ECOG)
performance status 0 or 1; (5) no prior chemotherapy or
thoracic radiotherapy; (6) measurable lesions; (7) adequate
bone marrow function (leukocyte count <12,000/ul and
24000/pl; hemoglobin 210.0 g/dl, platelet count 2100,000/ul),
renal function (creatinine <1.5mg/dl; creatinine clearance
>50ml/min), hepatic function (bilirubin <1.5mg/dl, aspar-
tate aminotransferase (AST) and alanine aminotransferase
(ALT) < twice the upper limit of normal), and pulmonary
function (PaO, 270 torr; no interstitial pneumonia de-
monstrated on chest roentgenogram); and (8) written in-
formed consent. Exclusion criteria were patients with (1)
extended lesions not containable in an irradiation field as
determined below; (2) malignant pleuritis, pericarditis,
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or ascites; (3) previous or concomitant malignancy; (4)
any serious complication (such as infectious disease,
pseudomembranous colitis, diarrhea, ileus, uncontrolled
angina pectoris, acute myocardial infarction less than 3
months previously, cardiac insufficiency, or uncontrolled
diabetes mellitus); (5) past history of severe allergic reac-
tion to any medication; (7) pregnancy or breast feeding; or
(8) any other disqualifying conditions. The study fully com-
plied with local regulations.

Chemotherapy and evaluation of toxicity and
tumor response

Chemotherapy consisted of cisplatin (fixed dose of 6mg/m®
per day) x (5 days/week) x 4 weeks to reach 120mg/m’ in
total, and CPT-11 (escalating dose) on days 1 and 15. CPT-
11 was dissolved in 500m! of saline and delivered intrave-
nously in 90min. Cisplatin was diluted in 100ml of saline
and delivered intravenously in 30 min. Cisplatin administra-
tion was started 60min after the start of irinotecan adminis-
tration to complete both agents simultaneously on days 1
and 15. Oral ondansetron at 4 mg or granisetron at 2mg was
given as prophylaxis for nausea/vomiting with every
cisplatin administration. Daily chemotherapy was com-
pleted approximately 30min before thoracic irradiation.
The first three patients were entered into the first level,
from which CPT-11 administration was excluded. In the
second level, the CPT-11 dose was set at 40mg/m2, with
escalations set at increments of 10mg/m”. Dosage was esca-
lated in successive cohorts of three new patients as long as
the dose-limiting toxicity (DLT) was not encountered in the
three patients enrolled in the same level. If DLT was ob-
served in two or more patients in the cohort, this dose level
was defined as the MTD. If DLT was found in one patient
out of the three, three additional new patients would be
treated at the same dose level, and the dose level would be
escalated to the next level if none of these three patients
experienced DLT; otherwise the dose level would be
defined as MTD. DLT was defined as grade 3 or 4
nonhematological toxicity excluding nausea/vomiting and
alopecia, or grade 4 hematological toxicity according to the
National Cancer Institute Common Toxicity Criteria ver-
sion 2.0. Tumor response was evaluated according to the
Response Evaluation Criteria in Solid Tumors of the
National Cancer Institute.

Radiotherapy

For all patients, radiotherapy was delivered using a linear
accelerator with a 10-MV photon beam. For the first two
patients, an X-ray simulator was used for the treatment
planning. For the rest of the patients, after the introduction
of the computed tomography (CT)-simulation system, CT-
based three-dimensional treatment planning was per-
formed. No tissue heterogeneity correction, however, was
used to calculate a prescribed dose, uniformly throughout
the study. Radiotherapy consisted of twice daily thoracic
irradiation (1.5 Gy at the midplane, two times/day) x (5 days/
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week) x 4 weeks to reach 60Gy in total). Although the
original protocol required a minimum interfraction interval
of 4h each day, an interval of at least 6h was obtained for all,
eventually, because of our institutional standard operating
procedures for radiotherapy. The original irradiation vol-
ume included all of the involved lesions, the ipsilateral hilum,
the superior mediastinum, and the subcarinal region, with a
margin of 2cm in a single field. If supraclavicular lymph
nodes were involved, only the involved side was included.
The irradiation field was reduced to spare the spinal cord
when the accumulated radiation dose reached 39 Gy.

Pharmacokinetics study of CPT-11 and cisplatin

In patients who gave additional informed consent for the
pharmacokinetics studies of cisplatin and CPT-11, venous
blood samples were collected in heparinized tubes at the
following time points of days 1 and 15: before the start of
administration of the drugs and at 0.5, 1.5, 2.0, 2.5, 3.5, 5.5,
9.5, 13.5, and 24 h after the completion of their administra-
tion. For cisplatin, additional sets of plasma samplings, be-
fore and 30min after the start of cisplatin administration,
twice a week, were performed. All samples were immedi-
ately centrifuged at 3000rpm for 20min to isolate the
plasma. For cisplatin, a 2-ml portion of each plasma gradi-
ent was then placed on a Centrifree MPS-3 conical filter
(Amicon, Lexington, MA, USA) and centrifuged again at
3000rpm for 20min to eliminate existing protein and
protein-bound platinum. Filtered and unfiltered samples
were stored at —70°C until measurement. These samples
were measured for platinum concentrations by flameless
atomic absorption spectroscopy using the same instrumen-
tation and method as reported earlier.” By this analysis, the
lowest detectable total and free platinum concentration was
50 and 25ng/ml, respectively. For CPT-11 and its deriva-
tives, the plasma samples were measured for CPT-11, SN-
38, and SN-38-glucuronide (SN-38G) by means of
high-performance liquid chromatography, and the lowest
detection limits were 54, 2 and 2ng/ml, respectively. The
measured concentrations of the derivatives were fitted to a
noncompartmental model. All pharmacokinetics param-
eters calculated on days 1 and 15 were compared by
Student’s paired ¢ test, and the differences were judged as
statistically significant when the P value was 0.05 or less.

Results
Patients enrolled and determination of MTD

Initially, a total of 12 patients were enrolled in this study
between April 1995 and July 1999. Among the 12, one
patient, of level 2, with the primary tumor adjacent to tho-
racic vertebrae was judged, in the course of the treatment,
to be ineligible because the irradiation field could not be set
80 as to spare the spinal cord upon reaching a total dose of
39Gy. Another patient, of level 3, at day 18, refused to
continue the study because of grade 2 esophagitis. There-

fore, only the remaining ten patients were analyzed for dose
escalation, whereas all 12 patients were analyzed for toxic-
ity, tumor response, and intent-to-treat survival. Level 1
was accomplished without DLT by three patients, and level
2 was completed without DLT by four patients, including
the one ineligible patient. As the second patient in level 3,
however, presented grade 3 esophagitis, one additional pa-
tient was treated at this dose level. However, because this
fourth patient refused to continue the treatment, as men-
tioned above, one additional patient was treated at this dose
level. As a consequence, two out of the four patients who
completed level 3 experienced grade 3 esophagitis, that is,
DLT. Therefore this dose level was defined as MTD, and
the preceding level (40mg/m® CPT-11 on days 1 and 15,
combined with daily cisplatin and twice daily radiotherapy)
was accepted as the recommended dose level. The charac-
teristics of the 12 patients according to dose level are sum-
marized in Table 1.

Dose intensity

Among the ten patients analyzed for dose escalation, all
patients of levels 1 and 2 were completely treated without
any delay. The second patient of level 3, however, discon-
tinued the treatment on day 23 (100% CPT-11, 80%
cisplatin, and 80% radiotherapy of the scheduled doses)
because of grade 3 esophagitis (DLT). The third patient of
level 3 had a 14-day treatment delay because of grade 2
thrombocytopenia, but then completed the entire protocol.
The fifth patient of level 3 experienced grade 3 esophagitis,
that is, DLT, just at the end of the full-dose protocol.

Pharmacokinetics study of CPT-11 and cisplatin

Six patients, one in level 2 and five in level 3, gave additional
informed consent for their entry into the pharmacokinetics
study for cisplatin and CPT-11. One other patient in level 2
also consented, but only for CPT-11. The pharmacokinetics
parameters of CPT-11 and its derivatives at days 1 and 15
are summarized in Table 2. There was no statistically
significant difference between the parameters on days 1 and
15. As to cisplatin, some important pharmacokinetics pa-
rameters, including the area under the curve, were not cal-
culated because it was repeatedly administered with the
previous trough value still significantly high. Therefore,
time—concentration curves of total and free platinum were
drawn (Fig. 1). Total platinum concentration significantly
increased, finally reaching a maximum concentration of
more than 1pg/ml. In contrast, free platinum decreased in
concentration to less than the minimum detection level
(25ng/ml) at 24h after every repeated administration, and
no concentration-related accumulation trend was found

(Fig. 1).
Tumor response and survival

A tumor response was observed in five of the ten patients
analyzed for dose escalation, and in six out of the total of 12



Table 1. Patient characteristics and summary of treatment results
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Caseno. Dose Sex Age PS Histology Clinical stage Response Toxicities” First site

level of relapse
Neut Hb Pt Eso Diarr N/V

1 1 M 63 1 Ad 111B SD 1 1 0 1 0 1 Bone

2 1 M 70 0 Ad A PR 3 1 1 1 0 0 Primary

3 1 M 61 1 Ad 1B PR 2 2 1 1 0 0 Primary

4 2 M 60 0 Ad HIB PD 2 1 2 1 0 0 Lung

5 2 M 72 0 Sq ITTA SD 2 2 1 1 0 2 No relapse

6" 2 M 63 1 Sq HIB SD 1 1 0 0 0 i Bone

7 2 M 47 1 Ad A PR 0 1 0 1 1 3 Salivary gland

8 3 M 66 1 Sq ITB PR 2 2 1 2 0 0 Primary

9 3 F 59 0 Ad I11B PR 2 2 0 3 0 1 Brain

10 3 F 63 0 Ad I1IB SD 2 2 3 2 0 0 No relapse

e 3 M 63 0 Ad B PR 1 1 0 2 0 1 Lung and brain

12 3 M 66 0 Ad I11B SD 2 1 0 3¢ 0 0 Primary

Neut, neutropenia; Hb, hypohemoglobinemia; Plt, thrombocytopenia; Eso, esophagitis; Diarr, diarrhea; N/V, nausea/vomiting; PS, performance
status; SD, stable disease; PR, partial response; PD, progressive disease; Ad, adenocarcinoma; Sq, squamous cell carcinoma
*Ineligible because of unfit irradiation field (case 6) or patient’s refusal to continue the protocol (case 11)

®Graded by NCI-CTC, version 2.0
‘Dose-limiting toxicity

Table 2. Comparison of pharmacokinetics parameters of irinotecan derivatives between days 1 and 15

T12 (h) Cmax (ng/ml) AUC (ngh/m}) CL (I/h per meter?) Vdss (I/m?)
Level 2 (n=2)
CPT-11 Day 1 80+£43 3240424 1221.3 £180.3 189+ 10.2 184.3+12.2
Day 15 48103 694.0 £377.6 1892.5 £ 18.7 172 +0.1 101.4£27.9
SN-38 Day 1 132 +0.7 101 £2.9 99.7 £33.3 NA NA
Day 15 52.6 £ 60.1 11.1£35 85.5+23.1 NA NA
SN-38G Day 1 129+42 37.1+73 374.6 £ 190.6 NA NA
Day 15 16.8+99 424 +13.1 367.0 £ 146.6 NA NA
Level 3 (n=35)
CPT-11 Day 1 55+08 383.2£41.0 1736.7 £368.1 229+43 145.8+ 154
Day 15 57+£28 4272 £ 694 2067.0 £803.5 21.5+69 143.6 £204
SN-38 Day 1 14236 16.9£5.7 125.8 £28.9 NA NA
Day 15 9.0+49 16.1 +3.4 1479 +28.8 NA NA
SN-38G Day 1 160 +11.5 27.1+89 2223 +59.8 NA NA
Day 15 101+£73 26.0£4.0 2574 £ 62.0 NA NA

Mean and standard deviation of the pharmacokinetics parameters are presented in each column. There is no statistically significant difference
between days 1 and 15 in any of the parameters (Student’s paired ¢ test)
T1/2, half-time; Cmax, maximum concentration; AUC, area under the curve from 0 to 25.5h of administration; CL, total clearance; Vdss, volume

of distribution

patients (Table 1). The first site of relapse in the 12 patients
was the primary site in four patients and distant site in six
patients. In the other two patients, no relapse occurred
(Table 1). As to intent-to-treat survival, median survival
time (MST) was 10.1 months, with 1-year and 2-year sur-
vival rates of 50% and 25%, respectively. Two patients,
cases 5 and 10, survived for more than 5 years without any
evident disease progression (Fig. 2).

Late toxicity

Nine patients encountered late toxicities. Briefly,
evident pulmonary fibrosis accompanied by partial atelecta-
sis was observed in 8 out of 11 and in 3 out of 4 still living
patients at 6 and 12 months from the start of treatment,
respectively. Benign pleural effusion was observed in 3 out
of 11 and in 1 out of 4 patients at 6 and 12 months from the

start of treatment, respectively. No symptomatic esoph-
ageal stenosis, benign pericarditis, or cardiac failure was
observed.

Discussion

The MTD of CPT-11 administered on days 1 and 15, in
combination with daily cisplatin of 6mg/m’ for 4 weeks (5
days/week, 20 administrations resulting in 120mg/m’ in
total) and HART of 60Gy (in 40 fractions, twice/day) dur-
ing the same period as cisplatin, was determined in this
study. Schaake-Koning et al.” reported that daily cisplatin
with concurrent conventional thoracic radiotherapy for pa-
tients with LA-NSCLC gave a survival advantage over tho-
racic radiotherapy alone. The present protocol was based
on theirs, with the addition of CPT-11. However, in contrast
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Fig. 1. Mean concentrations of free and total platinum with daily (5
days a week) administration of 6mg/m’ of cisplatin for 4 weeks (n = 6).
The dotted vertical lines beyond the means represent standard devia-
tions. Free platinum (circles) reached its maximum concentration with
every administration and then dropped to a level under the minimum
detection limit each time. In contrast, the concentration of total plati-
num (squares) accumulated with repeated administrations, resulting in
as much as 1020 + 109ng/ml at day 26 and an unusually high rate of
protein-bound platinum
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Fig. 2. The intent-to-treat survival curve (Kaplan-Meier's method) re-
vealed 10.1 months of median survival time (MST) with two patients
being 5-year progression-free survivors out of the 12 patients enrolled

to their protocol, which included a 3-week-interval, the
present one did not contain a split radiotherapy schedule
during the treatment period. Thus, we conducted a dose
escalation test of the protocol, initially by omitting CPT-11
administration (level 1). As this level proved to be feasible,
40mg/m’ of CPT-11 was administered on days 1 and 15
(level 2). This dosage was a reduction of the conventional
dose,"'"* 60mg/m’ on days 1, 8, and 15, when combined with
full-dose cisplatin on day 1 without concurrent thoracic

radiotherapy. Thereafter, the CPT-11 dose was planned to
be elevated at 10mg/m” increments. As a consequence, level
3 was defined as MTD, because DLT was observed in two of
the four eligible patients. The DLT consisted of grade 3
esophagitis in both of these patients. Bone marrow suppres-
sion and other toxicities, however, were not severe in any of
the patients.

The recommended dose level, level 2, consisted of 40mg/
m’ of CPT-11 on days 1 and 15, daily 6mg/m’ of cisplatin for
20 administrations, and 60Gy of HART during a 4-week
treatment period. This ensured a much higher dose inten-
sity than the protocol by Schaake-Koning et al.,” as theirs
did not contain CPT-11 and incorporated a 3-week radio-
therapy split during the treatment course.

The response rate was 50% (six patients with a partial
response among 12 total patients); survival was moderate
with a MST of 10.1 months, a 1-year survival rate of 50%,
and a 5-year progression-free survival rate of 17% (2 of 12).
Although the response rate seemed disappointing, eva-
luation of the tumor response after radiotherapy or
chemoradiotherapy is sometimes difficult because of fi-
brotic pulmonary lesions caused by irradiation. In fact, two
patients, cases 5 and 10, for example, enjoyed 5-year pro-
gression-free survival, in spite of their tumor response of
stable disease (SD), suggesting that their lesions after
therapy might not have contained viable cells although the
tumor size was unaltered. The present protocol, as well as
that of Schaake-Koning et al,” is characterized by the daily
administration of low-dose cisplatin with concurrent radio-
therapy. The radiosensitizing activity of cisplatin might
have played some role in this result. That is, when Schaake-
Koning et al.” demonstrated the superiority of the concur-
rent multimodality consisting of cisplatin and radiotherapy,
the daily administration of cisplatin was more advantageous
than its weekly administration although the total dose was
the same. These findings seem to suggest a supra-additive
effect of cisplatin when combined with radiotherapy. In
fact, similar protocols utilizing daily low-dose cisplatin
(ranging from 5 to 10mg/m®) combined with radiotherapy
have been reported to be effective in NSCLC*™" and other
types of cancer.™*

Although the supra-additive effect of cisplatin com-
bined with irradiation has been shown In many in vitro
studies,”’ the cisplatin doses in those studies were usually
high. Therefore, interpretations of such preclinical studies
may not be relevant to specific situations in which daily low-
dose regimens of cisplatin are used. From the pharmacoki-
netics analysis of cisplatin and CPT-11 included in the
present study, the pharmacokinetics of CPT-11 did not
seem to have significantly interfered with cisplatin, as the
values obtained on days 1 and 15 were comparable. As for
the cisplatin pharmacokinetics, free platinum had a similar
maximum concentration {Cmax) and dropped below the
lowest detection level by 24h after every administration. A
cumulative effect was not observed with free platinum. In
contrast, Cmax of total platinum accumulated from 266 +
135ng/ml at day 1 to 1020 + 109ng/ml at day 26 (Fig. 1).
Other pharmacokinetics studies of daily low-dose or con-
tinuously infused cisplatin also revealed an accumulation of



total platinum but not of free platinum.** In addition, the

final concentration of free platinum amounted to approxi-
mately 25% of all platinum compounds, by the daily low-
dose administration in this protocol, in contrast to
conventional single-dose cisplatin administration, which
usually yields approximately 50% free platinum in plasma,
at a level near Cmax. Most of the discussion on the pharma-
cokinetics and -dynamics of this agent, however, have fo-
cused on this conventional method. These ostensibly
different regimens may lead to different consequences in
terms of activity of the agent. The way in which these fac-
tors, that is, the significantly higher ratio of the protein-
bound platinum and the significantly long-lasting
cumulative total platinum, might influence the antitumor
activity, radiosensitizing ability, and toxicity of the agent
needs to be further investigated in preclinical studies.

In conclusion, the recommended dose of CPT-11 on days
1 and 15 was defined as 40mg/m’ when combined with daily
6mg/m’ of cisplatin administered 5 days a week for 4 weeks
and HART of 60Gy in 40 fractions (twice daily) over the
same period. This therapeutic regimen resulted in a 50%
response rate and a MST of 10.1 months, with two patients
being 5-year progression-free survivors, out of the 12 pa-
tients enrolled. Phase II studies might be warranted to
clarify the activity of this regimen. In addition, further
preclinical investigations will be required to clearly demon-
strate the antitumor activity, including the radiosensitizing
ability and toxicity of repeated administrations, of low-dose
cisplatin. The present pharmacokinetics data should pro-
vide useful information for such studies.
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