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Multivariate Analysis of Treatment Outcome in
Patients With Esophageal Carcinoma Treated With

Definitive Radiotherapy
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To evaluate patient characteristics and treatment factors influ-
encing outcome of patients treated with definitive radiotherapy,
we performed retrospective analysis. From 1983 to 2000, 154
patients who were dingnosed as esophageal carcinoma without
distant metastasis received definitive radiotherapy with (N =
90) or without (N = 34} systemic chemotherapy. One hundred
forty-two males and 12 females were entered in the analysis.
Thirty-four patients received an additional boost of intracavi-
tary brachytherapy (ICBT). The median patient age was 68
years (range: 46—86). Disease stage was distributed as stage [,
IL III, and IV for 33, 42, 33, and 45 patients, respectively,
External beam radiotherapy was prescribed with a median 63
Gy (range: 38-77.8 Gy). The 2- and 5-year overall survival
(OAS) and local control (LC) rates were 40.8/18.4% and
48.6/28.9%, respectively. In uni-/multivariate analyses, signif-
icant prognostic factors of QOAS proved to be advanced T stage,
absence of ICBT, and age less than 65 years, As for LC,
adverse prognostic factors of uni/multivariate analysis were
advanced T stage and poor performance status. The pretreat-
ment T stage showed the most powerful influence on both
survival and LC. Combination use of ICBT is proven to refine
treatment outcome, although cligible criteria should be decided
by a prospective study. '

Key Words: Esophazeal cancer—Radiotherapy—Chemother-
apy—Intracavitary brachytherapy.

Efforts to improve treatment outcome of esophageal
cancer have been made, but an encouraging outcome has
not been achieved, Cooper et al.! demonstrated the su-
periority of chemoradiotherapy compared to radiother-
apy alone. Therefore, the combined modality is now
widely accepted as the standard strategy for advanced
esophageal carcinoma. However, focal failure still re-
mains the chief cause of recurrence.

Intracavitary brachytherapy (ICBT) is expected to im-
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prove local tumor control. Hopeful outcomes were cited
in several reports,®~? although severe morbidity is ex-
pected to increase.’. The apparent survival benefit with
ICBT was not observed in a phase III study from the
Japanese Society of Therapeutic Radiology and Oncol-
ogy study group.® Thus, physicians have not yet acquired
definite guidelines for ICBT.

In our institute, the treatment strategy toward esoph-
ageal cancer changed over the last 2 decades. Develop-
ment of a staging procedure, including computed tomog-
raphy (CT) scans and endoscopes, enable us to make an
accurate diagnosis in a nonsurgical manner. In addition,
efforts to refine chemotherapy have been tried recently.
We believe there are various models of radiotherapy for
esophageal carcinoma, and thus the optimal treatment
should be decided according to patient characteristics
and disease severity. In this article, we tried to evaluate
the efficacy of a modality within retrospective analysis
using multivariate analysis.

MATERIALS AND METHODS

Patient Characteristics

From 1983 to 2000, 154 patients with esophageal cancer who
were treated with definitive radiotherapy were entered in the
analysis. Patients with distant metastasis were excluded from
this analysis. Patients who received radiotherapy chiefly con-
sisted of those who were considered inoperable because of
advanced disease or medical complications. In addition, 43
patients had a history of other malignancies. All patients
received barium esophogram, esophagoscopy, and cervical,
chest, and abdominal CT.

Patient characteristics are summarized in Table 1. One hun-
dred forty-two men and 12 women were entered in the analysis,
All but one patient with histology of adenosquamous cell
carcinoma had histology of squamous cell carcinoma. The 1997
TNM staging system was used. In this_cohort, all M1 disease
was limited to disease with nonregional lymph node metastasis.

Radiotherapy :
Details of radiotherapy are shown in Table 2. The majority of
this cohort received involved field radiation therapy. A radia-
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TABLE 1. Patient characteristics

TABLE 2. Treatment modality and content

n (Percentage)}

n (Percentage)

Patient characteristics Median (range) Treatment modality Median {range)
Age (y) 686 (46-86) Radiotherapy
Sex External beam radiotherapy
Male 12(7.8) Dose (Gy) 63 (38-77.8)
Female 142 (92.2) OTT (days) 49 (14-107)
Performance status =50 days 66 {42.9)
-1 133 (86.4) >50 days 88 (57.1)
2-3 21(13.6) Intracavitary brachytherapy
Histological grade Yes 34 (22.1)
Well 22 {14.3} No 127 (77.9)
Moderately 68 {(44.2) Dose (Gy) 10 (4-20)
Poorly or small 9(5.8) Total dose (Gy) 66 (40-96)
Undifferantiated or small cell 3(1.9) =66 93 {60.4)
NA 52 (33.8) >66 61 (39.6)
Stage Chemotherapy
| 3321.4) Yes 90 (58.4)
It 42 (27.3) No 64 {41.8)
Iy 33 {21.4) Type of chemotherapy
v ) 45 (29.2) Concurrent 69 (76.7)
NA 1(0.7) High-dose 43(47.8)
T status Low-dose 26 (28.9)
T 40 (26.0) Others 21{23.3)
T2 13 (8.4)
I3 77 (50) OTT, overall treatment time.
T4 24 (15.6)
Location
Upper thoracic 18 (11.9)
LM(;\dvdelftg];::‘i’::c 1;:22 gig type applicator system® was used among other patients treated
NA 201 .3;) with ICBT. The median dose of ICBT was 10 Gy, ranging from
Tumor tength (em) 6.5 (1-16) 4 10 20 Gy. The estimated dose was calculated 5 mm beyond
>5 89 (57.8) the surface of the balloon applicator.
=5 60 (39.0)
NA 5(3.2) Chemotherapy
N status Ninety patients received systemic chemotherapy. Sixty-nine
:‘;Ieg.a.twe 81(52.6) patients were prescribed systemic chemotherapy concurrently.
e 6 Egséa) In 43 patients, 700 mg/m? of 5-fluorouracil (5-FU) (D1-4) and
M status® 6) 70 mg/m? of cisplatin (D1) were administered intravencusty
Negative 109 (70.8) every 28 days. Usually, two cycles were given during the initial
Positive 45 (39.2) treatment course. Elderly or medically complicated patients

NA, not assessed.
* Only nonregionat lymph node metastasis.

tion field was used 1o cover the primary lesion with a 3-cm
margin longitudinally. In cases with positive lymph node swell-
ing, the radiation field used to cover it was 2 cm with free
margins. Eighteen patients received extended field radiation in
which cervical, mediastinal, and abdominal regional nodes
were included. A daily 1.8 to 2 Gy of external beam radiother-
apy (EBRT) was prescribed five times per week with antero-
posterior opposing portals. After 36 to 40 Gy, the radiation

ficld was shrunk to the gross tumor with oblique opposing -

portals. If fietd length did not exceed 10 cm, a cone-down field
was prescribed with conformal dynamic-rotation therapy. The
median dose of EBRT was 63 Gy, ranging from 38 to 77.8 Gy.

If excellent local response was achieved after EBRT, another
boost via ICBT was considered. In ICBT cases, the dose of
EBRT was limited to 50 to 60 Gy. The ICBT session was
usually 1 to 2 weeks after the completion of EBRT. Thirty-four
patients received ICBT using a radium (n = 12) or iridium
source (n = 22). Thirteen patients were treated with ICBT
accompanied by intracavitary hyperthermia.” A double balloon

(N = 26) received protracted low-dose 5-FU (200 mg/m>/24 h)
andfor cisplatin (3-6 mg/m*/24 h) during EBRT. For 21 pa-
tients, chemotherapy was prescribed in a necadjuvant or alter-
native setting. Nine of 21 patients received intravenous 5 days’
infusion of 5-FU (D1-5; 3.5 g/m2/ 120 h} and nedaplatin (D6;
120-140 mg/m?), altemnatively followed by EBRT. In this
series, usually two or three courses of chemotherapy were
given,

Follow-up

Patients were followed at 1- to 2-month intervals for the first
2 years, and at 3- to 4-month intervals thereafter. Follow-up
examinations included physical examinations, blood counts,
and chemistry profiles including tumor markers, barium ¢so-
phogram, esophagoscopy, and cervical, chest, and abdominal

Treatment response was evaluated in 141 patients. Usually,
patients received barium esophogram, esophagoscopy, and cer-
vical, chest, and abdominal CT 0 to 1 month after compietion
of the treatment session. We used the World Health Organiza-
tion response criteria for measurable diseases. Briefly, a CR
was defined as the complete disappearance of all measurable
and assessable disease for a minimum of 4 weeks. A partial
response (PR} was defined as a greater than or equal to 50%
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reduction in the sum of the products of the longest diameter of
measurable disease for a minimum of 4 weeks. Stable disease
(SD} was defined as the failure to observe a PR, CR, or
progressive disease for at least 4 weeks. Progressive disease
(PD) was defined as a greater than or equal 1o 25% increase in
the sum of the products of the longest diameter of measurable
disease or the appearance of new lesions.

The last follow-up was performed on August 2001. At that
time, 22 patients were alive without disease and 26 patients
were alive with diseasz. Eighty-three patients died from disease
1.7 to 85.8 months after the initial treatment (median: 9.8
months). Twenty-three patients died of intercwrrent disease
without any evidence of recurrent disease 3.6 to 96.2 months
after the initial treatment (median: 19.3 months). The follow-up
period for the 48 survivors ranged from 6.8 to 239.2 months
(median: 18.6 months). For all §54 patients, it ranged from 1.7
to 155.1 months (median: 13.3 months).

Late toxicity derived from treatment sessions was described
by the Radiation Therapy Oncology Group (RTOG)/European
Organization for Reszarch and Treatment of Cancer toxicity
criteria.®

Statistical Analysis

Overall survival ({)AS) and local control rate (LC) were
calculated from the beginning of radiotherapy according to the
Kaplan-Meier methoc.® LC was defined with local recurrence
or initial response of NC or PD as the event. The log-rank test
was used to compare survival curves.'® The Cox proportional-
hazards model was used to estinate the relative risk after
adjusting for prognos:ic factots.'! The final model considered
only those variables that were statistically significant at the
10% level in stepwise regression.

For uni- and multivarate analysis, patient age and radiation
dose were divided in two groups at several points. In analysis
of performance status (PS), the group was separated in two
groups of either score 0to t or 2 to 3. Tumor markers were not
analyzed because record omission was observed in almost half
of the entire group.

Proportions and means were compared by the chi—square test
and the Student ¢ test, respectively.

RESULTS

Results for the Entire Group and Failure Patterns

For all 154 patients, the 2- and 5-year OAS and LC
rates were 40.8/13.4% (95% CI 32.4-49.2%/104-
26.4%) and 48.6/28.9% (95% CI 38.8-58.4%/13.0-
44.8%), respectively, Median duration of OAS and LC
was 17.0 months (5% CI 11.5-22.5 months) and 22.2
months (95% CI 0.2-44.2 months).

Radiologic CR wsas acquired in 68 patients (44.2%).
For the other 73 patients who could be evaluated after
completion of radiotherapy, treatment esponse was
judged as PR, SD, and PD for 58, 13, and 2 patients,
respectively. Therefore, the response rate was estimated
as 81.8% (126/154).

One hundred nirc patients developed treatment fail-
ures in this series. Seventy-nine patients had faitures at
local sites, 21 at lymph nodes, and 15 at distant recur-
rence sites. All patients who recurred did not receive all
imaging examinaticns, and so lymph node and/or distant
failure may have been underestimated in this series.
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FIG. 1. Overall survival curves defined as T stage.

Forty-nine patients received radiotherapy with (N = 11)
or without (N = 38) chemotherapy for salvage. Five
patients received ICBT as salvage for superficial type
local recurrence. Six patients who developed only local
site recurrence received salvage operations and lived a
median 17.5 months {range: 5.6-50.5 months) after their
interventions.

Overall Survival

Patient age less than or equal to 65 years (p = 0.0013),
advanced T status (Fig. 1; p < 0.0001) and disease stage
(p < 0.0001), tumor size greater than 5 cm (p = 0.0012),
positive regional (N1; p = 0.0302) and nonregional (M1;
p = 0.0008) lymph node, overall treatment time (OTT)
more than 50 days (p = 0.0324), and absence of ICBT
{p < 0.0001) showed significant adverse effects on OAS
by univariate analysis. The results are shown in Table 3.
Worse PS showed a tendency for an unfavorable OAS
factor, although it did not reach a significant level (p =
0.086). Radiation dose and presence or absence of che-
motherapy showed no apparent relationship with OAS in
this analysis.

After multivariate analysis using Cox’s stepwise-re-
gression model, statistically significant factors influenc-
ing OAS proved to be patient age (p = 0:0339, relative
risk [RR] = 1.595), T staws (p = 0.0026, RR = 2.024),
and use of ICBT (p = 0.0058, RR = 2.161).

Local Control

As for LC, seven prognostic: factors showed a signif-
icant influence on LC by univariate analysis (Table 4).
These were worse PS (p = 0.0258), advanced T status
(p < 0.0001), and disease stage (p = 0.0001), tumor size
greater than 5 cm {p < 0.0001), positive regional lymph
node (p = 0.0083), OTT greater than 50 days (p =
0.0294), and absence of ICBT (Fig. 2; p = 0.0028).
Female patients (p = 0.0519) and positive nonregional
lymph nodes (p = 0.0517) showed a tendency for ad-
verse factors of LC, but it did not reach a significance
level.
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TABLE 3. Uni- and multivariate analysis according to
risk factors influencing overall survival rate

TABLE 4. Uni- and multivariate analysis according to
risk factors influencing local controf rate

Multivariate (final Multivariate
model) (Final model)
Univariate —_—
Univariate Relative Contro! rate Relative p
Factors survival rate 2y}  p value risk  pvalue Factors 2y pvalue Risk  value
Age 0.0013 Periormance status 0.0258
=65 240 1595  0.0339 -1 51.8
>65 51.0 ' 1-2 30.3 2,387 0.0082
Stage <0.0001 Stage 0.0001
1 738 1 83.6
] 47.9 H 45.5
]| 29.7 i 279
v 257 [\ : 22.3
T <0001 2024 0.0026 T <0.0001 2.667* 0.0013
1 66.9 1 829
2 38.1 2 389
3 36.8 3 36.6
4 56 4 19.3 (17M)
Size {cm} . 0.0012 Size <0.0001
>5 30.4 T.=>5cm 36.6
=5 53.2 =5cm 67.9
N 0.0302 N 0.0083
1] 45.1 0 58.6
1 38.7 1 3389
M 0.0008 oTT 0.0294
0 47.0 =50 days 60.6
1 25.7 >50 days 29.4
OTT (days) 0.0324 ICBT 0.0028
=50 47.4 Present 7.7
>80 ay Absent 40.5
ICBT <0.0001
Present 68.6 OTT = overall treatment time, ICBT = intracavitary brachy-
Absent 319 2.181 0.0058

ICBT, intracavitary brachytherapy; OTT, overall treatment
time. )

* Relative risk of group with T3-4 lesion compared to that of
T1-2 is shown.

In the multivariate analysis, worse performance status
(p = 0.0082, RR = 2.387) and advanced T status proved
to be significantly unfavorable factors of LC.

Intracavitary Brachytherapy

The mean age was greater in the group treated with
ICBT compared to the group without ICBT (p =
0.0099). Tumor lengths of the group receiving ICBT
were significantly shorter than those without ICBT (p =
0.0148). Patients receiving ICBT were prescribed signif-
icantly higher doses of EBRT (p << 0.0001) with smaller
OTT (p = 0.0019). Distribution was significantly differ-
ent in terms of disease stage (p = 0.0001), T stage (p =
0.0007), presence or absence of regional lymph nodes (p
= 0.0064), and chemotherapy use (p = 0.0207). T status
of patients treated with ICBT was distributed as 17, 2,
and 15 for T1, T2, and T3 disease. Groups treated
without ICBT had more advanced disease from the
viewpoint of prognostic factors.

Application of ICBT showed a strong favorable effect
on OAS, when data were stratified by patient age (p =
0.0002), T status (T1-2 vs. T3-4; p = 0.0006), N status

therapy.
* Relative risk of group with T3-4 lesion compared to that of
T1-2 is shown.

(p = 0.001), M status (p < 0.0001), disease stage (p =
0.005), and OTT (p = 0.0001). The same result was also
observed in the case of LC, when data were stratified by
several prognostic factors defined by univariate analysis.

Chemotherapy

OAS and LC rates between the group with or without
chemotherapy were not significantly different. The 2-
and S-year OAS rates of groups treated with and without
chemotherapy were 40.3/17.1% (95% CI 25.1-51.5%/
6.5-27.7%) and 41.8/20.7 (95% CI 28.7-54.9%/7.6—
33.8%), respectively. As for LC, the 2- and 4-year
control rates of groups with and without chemotherapy
were 52.7/19.2 (95% CI 38.8-66.6%/—2.2-40.6%) and
42.6/39.6 (95% CI 28.3-56.9/25.1-54.1%), respectively.

By type of chemotherapy, no apparent difference in
outcomes existed in this analysis.

The ratio of advanced disease stage (p < 0.0001), N1
(p < 0.0001), and M1 (p < 0.0001) disease was signif-
icantly greater in groups with chemotherapy compared to
those without chemotherapy. Patients age (p < 0.0001)
and total radiation dose {p = 0.0321) were significantly
higher in groups without chemotherapy than those with
chemotherapy. On the other hand, tumor length was
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FIG. 2. Local control curves of group with or without
intracavitary brachytherapy.

significantly longe: among patients treated with chemo-
therapy than in patients treated with radiation alone (p =
0.032). Regarding sex, PS, T status, and OTT, we could
not observe any significant differences between the two
groups.

Toxicity

Acute toxicity with grade Il or higher was noted in 15
leukocyte, 6 hemo;lobin, and 3 platelets patients. Mild
elevation of liver function was noted in four patients, but
no medical treatment was needed.

Grade III or higher late toxicity was observed in 7
pulmonary, 17 esophagus, and 1 heart patients. One
patient died of acute respiratory distress syndrome im-
mediately after chemoradiotherapy. Eight patients devel-
oped esophageal fistula during the follow-up period.
They were diagnosed as T1, T3, and T4 lesion for 1, 5,
and 2 cases, respectively. One patient with a T1 lesion
developed perforation after ICBT, consequently leading
1o fatal mediastinitis. For another 7 patients, fistula was
accompanied with tumor residue and/or local recurrence.
Seven of 34 patients (20.6%) treated with ICBT devel-
oped grade III or higher toxicity of the esophagus. The
esophageal toxicity ratio in groups with ICBT was sig-
nificantly greater than that of groups with EBRT alone
{p = 0.044). On the other hand, the incidence of esoph-
ageal morbidity was not significantly different between
the groups with or without chemotherapy (p > 0.05).

DISCUSSION

Esophageal carcioma is thought to be one of the most
difficult neoplasms by many physicians. Surgery has
played an important role for the majority of patients with
esophageal carcinoma. In Western counties, the 5-year
survival rates were reported as 6% to 24%,'? whereas in
Japan some institutes reported around 40%.'*'> In Ja-
pan, treatment results were somewhat better than that in
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other countries; however, skilled experts in selected
institutes can achieve much better outcomes. One expla-
nation i$ that superficial esophageal cancer is more often
diagnosed in Japan, although due to the complicated
technique and disappointing outcomes, radiation therapy
still remains an essential modality for advanced esopha-
geal cancer.

After results from a phase I1I study in RTOG 85-01,'¢
chemoradiotherapy is generally accepted as the standard
treatment for inoperable patients with esophageal cancer.
In this trial, four courses of combined fluorouracil and
cisplatin plus 50 Gy of radiation therapy was compared
to radiation therapy alone with 64 Gy. The .median
survival was 8.9 and 12.5 months in the radiation alone
and combined modality groups, respectively. The trial
was stopped because of a significant survival benefit at
intermediary analysis. From the results in the Eastern
Cooperative Oncology Group phase III trial (EST-1282)
with concurrent chemoradlolherapy accompanied by
5-FU and mitomycin C,'7 patients treated with chemo-
radiation had’a longer median survival (14.8 mol/l},
compared to patients receiving radiation therapy alone
(9.2 molA). In the Patterns of Care study,'® chemoradio-
therapy was most commonty used (62.5%) for advanced
esophageal cancer.

In this analysis, use of chemotherapy did not show an
appareat benefit for either survival or local control. This
is chiefly because groups treated with chemoradiother-
apy mainly consisted of patients with more advanced
stages and bulky disease. In addition, patients treated
with radiation alone had somewhat better outcome com-
pared to reported analyses." In this retrospective analysis,
the type of chemotherapy varied considerably according
to disease severity and patient medical conditions. For
eligible patients, we usually prescnbed two cycles of
concurrent chemotherapy with 70 mg/m? of cisplatin and
28 glm of 5-FU. An additional boost of chemotherapy
was given to only selected patients, mainly nonre-
sponders. Both the amount and length of chemotherapy
were relatively smaller than reported data; thus, we
suspected that the effect of chemotherapy was insuffi-
cient within our cohort. Recently, we have started more
intensive systemic chemotherapy using nedaplatin and
5-FU to improve local and/or distant disease control.

Although a definite advantage of chemoradiotherapy
was determined by the phase III study, local failure was
considered the major reason for unfavorable outcome. In
Japan, ICBT is expected to improve local control of
esophagea[ carcinoma.>® Excellent local control was
teported in clinical practice, especially for superficial
esophageal carcinoma (SEC).'?2° On the contrary, [CBT
was lhought to be an efficacious, but hazardous, tech-
nique m Western countries, especially for chemoradio-
therapy.? RTOG 92-07° examined the feasibility of con-
current chemoradiotherapy of 50 Gy of EBRT with 4
courses of cisplatin and 5-FU followed by 10-Gy boost
via ICBT. In this report, severe morbidity or mortality
was reported in 13 and 4 of 50 eligible patients, respec-
tively. Therefore, they concluded that extreme caution
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should be taken when employing ICBT to standard
chemoradiotherapy. Indeed, increasing the risk of esoph-
ageal ulcer and/or perforation was also reported.® We
suspected the difference was caused by the type of
applicator used” and the prescribed fraction size and total
dose of ICBT.! The double balloon applicator system
introduced by Dokiya® is widely used in Japan. By using
this -apparatus, the radiation source can be located in the
center of the lumen and the estimated dose can evenly
describe the surface of the mucosa. Theoretically, it is
safe and a more beneficial method compared to that
introduced by RTOG 92-07. Furthermore, Akagi et al.!?
showed that a small fraction size of ICBT could reduce
late complications among patients, with SEC.

In our analysis, use of ICBT was a significantly
favorable factor of OAS in uni-/multivariate analysis.
Although eligible patients for ICBT mainly consisted of
groups with low risk factors, this result ¢emphasized the
efficacy of ICBT. In this limited outcome, we could not
clarify the optimal technique and criteria for ICBT, but
we believe it was a useful modality to improve local
control of esophageal carcinoma. In the future, a feasible
model combined with chemoradiotherapy 'and ICBT
should be determined with a prospective study,

As for other clinical parameters, T stage was revealed
to be the most powerful prognostic factor for both GAS
and LC. Patients with advanced T-stage disease still had
a discouraging prognosis, so more effective chemother-
apy is required to improve treatment outcome,
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Cell-Cycle Regulators and the Ki-67 Labeling Index Can Predict
the Response to Chemoradiotherapy and the Survival of Patients
With Locally Advanced Squamous Cell Carcinoma of
the Esophagus

Hiroya Takeuchi, MD, Soji Ozawa, MD, Nobutoshi Ando, MD, Yuko Kitagawa, MD,
Masakazu Ueda, MD, and Masaki Kitajima, MD

Fackground: We investigated whether aberrant p53 and p186 expression, the Ki-67 labeling index
(LI, and inr-2/cyelin DI gene amplification predict the response to chemoradiotherapy (CRT) in
patients with locally advanced esopbageal squamous cell carcinoma (ESCC).

Methods: p53 and p16 expression status, the Ki-67 LI, and int-2/cyclin D1 amplification were

assessed by immunohistochemical staining and slot blot analysis in pretreatment endoscopic biopsy
specimens of 41 patients with T4 or M| Lym (distant lymph node metastasis) ESCC. All patients
received a course of chemuotherapy (5-fluarouraci! and cisplatin) with radiotherapy.

Results: The CRT therapeutic response rate was 71%, and resection after CRT was suceessful in
" 15 of the cases in which the CRT effect was significant. The cumulative survival rate after CRT in
the p53-negative patients was significantly higher than in the p53-positive patients (P = .037). The
mean Ki-67 LT in the CRT response cases was significantly higher than in the CRT no-response
cases (P = .023). Mullivariate regression analysis revealed high Ki-67 LI to be an independent
variable linked to a pathologic complete response to CRT (P = .033). The cumulative survival rate
alier CRT in the group that was p53-negative and int-2/cyclin DI amplification-positive was

significantly higher than in the other groups (P = .008).
Conclusions: Evaluating predictive factors in pretreatment endoscopic biopsy specimens may

allow selection of more suitable multimodal treatment for ESCC

of life. :

patients and improve their quality

Key Words: Chemoradiotherapy—Esophageal cancer—p53—p16—Ki-67—int-2/Cyelin DI

amp ification.

Esophageal squamous cell carcinoma (ESCC) has one
of the highest malignant potentials of any tumor. The
5-year survival rate of ESCC patients after surgery is low
and ranges from 24% to 45%.!-4 The recent progress in
long-term survival can be atiributed to technical im-
provemenis in the diagnosis of T1 ESCC. extended
lymph node dissection, and advances in perioperative
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management.* Because curative resection is impossible,
however, the prognosis of T4 (direct invasion to adjacent
organs) and M1 Lym (distant lymph node metastasis)
ESCC is still unfavorable, and multimedal treatment is
required.? We have been performing neoadjuvant che-
moradiotherapy (CRT) for patients with T4 or M1 Lym
ESCC since 1992,

Recent studies have demonstrated that gene abnormal-
tties of cell-cycle regulators that function in the transition
from the G, to S phase are associated with clinicopath-
ologic features of ESCC. Amplification of cyclin DI/
PRAD-1 and cyclin D1 overexpression have been re-
ported as prognostic markers associated with lymph node
metastasis and distant organ metastasis of ESCC.56 The
cyelin DI/PRAD-1 gene, which maps to the 11ql3 chro-
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mosomal region and encodes the cyclin D1 protein,
accelerates S phase eatry from the G phase by complex-
ing with cyclin-dependent kinase-4 (CDK4) and activat-
ing CDK4-mediated phosphorylation of the retinoblas-
" toma (RB) protein.”3 The int-2 gene, which belongs to
the fibroblast growth factor family, also maps to ilql3,
approximately 130 kilobases distant from the eyclin D1/
PRAD-] gene. We have reported amplification of the
int-2 gene as another prognostic marker associated with
distant organ metastasis in ESCC? The pl6/CDENZ
gene, 4 tAMor-suppressor gene, controls 8§ phase entry by
inhibiting CDK4-mediated phosphorylation of the RB
protein, and we previously reported that loss of plé6
expression is associated with the progrosis of ESCC.#

Abnormalitics of the p33 gene are associated with
oncogenesis and tumor progression in ESCC'o11; how-
ever, the association between p53 mutation (aberrant p53
expression) and survival remains unclear and is still
being assessed.'2'* DNA-damaging therapy, such as ir-
radiation or chemotherapy, induces wild-type p53 pro-
tein, which regulates the cell cycle via p21 expression;
this arrests ihe cell cycie at the G, phase. Furthermore,
because wild-type p33 protein induces apoptosis in cells
with gene abnormalities, some investigations have sug-
pested that p33 gene status is a wscful indicator for
predicting the radiosensitivity or chemosensitivity of
various tumors,!319

The Ki-67 labeling index (LI) has been identified as a
parameter of tumor proliferation. ESCC patients with a
high Ki-67 LI have lower postoperative survival rates;
thus, a high Ki-67 L1 is one of the prognostic factors of
ESCC.!7J8 Ki-67 is a proliferation-associated nuclear
antigen expressed in all cycling cells except resting cells
in the G, phase, and it reflects cells in the S/G,+M
phase, in particular. The association between Ki-67 LI
and response to CRT for ESCC, however, is stifl unclear.

A response to CRT (cisplatin, 5-fluorouracil, and ra-
diotherapy) cannot be expected with certainty in all pa-
tients with T4 or M1 Lym ESCC; thus, CRT is frequently
ineffective, valuable time is wasted, and patients expe-
rience severe toxicity as a result of CRT.2 Although no
biological factors that predict a response to CRT in
patients with focally advanced ESCC have ever been
identified, recent investigations of the effects of cyto-
toxic agents and irradiation on the cell eycle suggest that
the response of patients with advanced ESCC to CRT
may be associated with dysfunction of cell-cycle regula-
tors and Ki-67 L1." We hypothesized that alterations in
genes encoding cell-cycle regulators or the Ki-67 LT in
endoscopic biopsy specimens of primary tumors in un-
treated patients with advanced-stage ESCC predict sen-
sitivity to neoadjuvant CRT and patient survival.

To test this hypothesis, in this study we investigated
the status of p33 and plé expression, inf-2/cyelin DI
amplification, and the Ki-67 LI in endoscopic biopsy
specimens of untreated ESCC and investigated whether
these gene allerations and Ki-67 LT predicted the re-
sponse to CRT and survival.

MATERIALS AND METHODS

Patients

The subjects of this study were 41 patients (mean age,
61years) with clinically diagnosed T4 and’or M1a (Lym)
thoracic ESCC without distant organ metastasis. The
patients were evaluated by esophagography, esophagos-
copy, bronchoscopy, computed tomography (CT), and
endoscopic ultrasonograply, and staging was performed
according to the tumor-node-metastasis classification
proposed by the International Union Against Cancer.
Patients with an esophagobronchial fistula were ex-
cluded from the study. The eligibility requirements were
that the subjects be < 80 years old, have an Eastern
Cooperative Oncology Group performance status of 0 to
2, and have a life expectanocy of at least 8 weeks. Patients
with serious complications or active carcinoma at an-
other site were also excluded. After signing an informed
human subject institutional review board consent form,
all patients underwent CRT at Keio University Hospital
(Tokyo, Japan) between 1993 and 1997. The clinicopath-
ologic background factors and clinical stage estimates
are listed in Table 1. Endoscopic biopsy specimens were
obtdined from all patients before the start of CRT and
were used to detect aberrant p53 and pl6 expression, to
determine the Ki-67 LI, and to investigate int-2/cyclin
DI gene amplification. Surgical resection (transthoracie
esophagectomy) was performed in the patients whose
lesions became resectable as a result of a significant
effect of CRT.

Chemoradiotherapy

All patients received CRT consisting of continuous
5-fluorouracil administration at a dose of 800 mg/m?/day
days | to 4 and 29 to 32, combined with (1) cisplatin
administration at a dose of 70 mg/m?*/day day 1 and 29 or
20 mg/m*/day days 1 to 4 and days 29 to 32 and (2)
concomitant radiotherapy (daily dose of 2.0 Gy to a tota]
dose of 50 Gy over 5 weeks).

The responses to CRT were evalvated by three clini-
cians on the basis of the results of esophagography,
esophagoscopy, bronchoscopy, CT, and endoscopic ul-
trasonography. Effectiveness was classified into four cat-
egories according to the Guidelines for the Clinical and
Pathologic Studies on Carcinoma of the Esophagus of
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TABLE 1. Patients and clinicopathologic hackground
Sactors before chemoradiotherapy entry

Factors No. Cases (%)
Age (y)
=49 4(10)
50-59 1439
60-69 16 (39}
=70 TN
Sex
Male 39 (95)
Female - 2(3)
Location*
Ut 12(29)
Mt 24 (59)
Lt (1)
Clinical slage estimation (T4 or M| Lym")
T4NO 4(10)
T4N! 26 (63)
T2ZNIMI Lym 2(5)
TINIM1 Lym 5(12)
TANIM] Lym 4{10)
T4 organ
Left bronchus . 15 (44)
Trachea 6(1H
Aorta 3(1%)
Pericardium 2(8)
Left bronchus + trachea 3
Left bronchus + aorta 39
Site of M1 Lym
Cervical 8(73)
Abdominal 2(18)
Cervical + abduminal (9}

* According to the Guideliney for the Clinical and Pathologic Stud-
ics on Curcinomu of the Eraphugus of the Jupunese Society for Esuph-
egeal Diseases.®™ Ut, upper thoracic esophagus: Mt, middle thoracic
esophagus; Lt, lower thoracic esophagus,

# T4, tumar invades adjacent organs; ML Lym, distant lymph node
metastasis.

the Japanese Society for Esophageal Diseases?: com-
plete response (CR), partial response (PR), no change
(NC), and progression of discase (PD). CR was defined
as 100% regressicn of all tumors, PR as a =50% reduc-
tion in the sum of the products of the langest diameter of
measurable disease for 4 weeks, NC as <50% reduction
of the tumor, and PD as a =25% enlargement of the
tumeor or the appearance of a new fumor, The indications
for surgical resection after CRT were judged by the three
clinicians, and the only objective was potentially curative
resection. If it was concluded that the stage might remain-
T4 or M1 Lym after CRT, surgery was considered not o
be indicated, even if a PR had been achieved. Surgery
was performed asproximately 4 weeks after the final
dose of radiotherapy, and on the basis of the pathologic
findings, the resected specimens were classified into
three categories by two pathologists according to the
following guidetines?0: grade 3. no viable cancer cells in
the resected specimens; grade 2, viable cancer cells ac-
count for fess thar. one third of the tumor tissue; grace L,

Aune Surg Orenl, Yol ) No. 7 20030

viable cancer cells account for more than one third of the
tainor tissue; grade 0, no effect of CRT on the cancer
celis and tissues. The patients were followed up in out-
patient clinics, where diagnostic examinations consisting
of chest x-ray, esophagography, endoscopy, CT, and
ultrasonography were performed every 3 months to de-
tect recunrence. The longest follow-up period was 57
months, and the median observation period was 28
months,

Immunohistochemistry

Expression of p33, pl6, and Ki-67 was assessed by
immunohistochemistry. Untreated endoscopic tumor bi-
opsy specitmens were fixed in 10% formalin and embedded
in paraffin by conventional techniques. Freshly cut 4-um
sections were deparaffinized in xylene, and the stides were
subjected to an antigen-retrieval step in Target Unmasking
Fluid purchased from PharMingen (San Diego, CA) at
90°C for 10 minutes.2! The sections were reacted with the
monoclonal mouse antihurnan p53 antibody DO-7 (DAKOQ,
Glostrup, Denmark) 5 ug/mL at 4°C avemnight for p53
staining, with the monoclonal mouse antihuman plé anti-
body PMG175-405 (PharMingen) 5 pg/mL at room tem-
perature for | hour, and with monoclonal mouse antihuman
MIB-{ (Immunotech, Marseille, France) .5 pg/mL at 4°C
overnight for Ki-67 staining. Negative control slides were
treated with nonspecific mouse immunoglobulin G1 under
equivalent conditions. Secondary reagents were included jo
the DAKO labeled streptavidin-biotin kit, Slides were de-
veloped with diaminobenzaminidine and counterstained
with hematoxylin,

We used the critetia for assessing the immunohistochem-
ical results as previously described.s-22-24 p33 staining was
considered positive if >10% of the tumor cells showed
nuclear staining and negative if <10% of the tumor cells
showed nuclear staining. pl6 staining was considered pos-
itive if >80% of the tumeor cells showed nuclear staining.6

* The reliability of the anti-p16 antibody PMG175-405 was

contirmed by Western blot analysis in studies on ESCC cell
lines.¢ Parabasal cells of the normal esophageal epithelium,
inflammatory cells, and the ESCC cell line TEI were used
as a positive control for p16 staining. The Ki-67 LI was
caleutated as the percentage of Ki-67-positive cancer cells
that showed nuclear staining among 1000 cancer cells
counted in >3 fields of a specimen. The nuclei of the
parabasal cells in normal epithelium were used as positive
controls for Ki-67 staining.

Slot Blot Analysis

int-2/Cyelin DI amplification was assessed by slot
blot analysis as previously described.59.25 Untreated en-
doscopic biopsy specimens of the tumors and adjacent
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normal nucosa were frozen at —80°C, and the DNA was
extracted by conventional techniques.>#25 DNA concen-
trations were estimated spectrophotometrically, and
DNA (10 ug) was dissolved in .4 N NaOH. The samples
“were applied to a nylon membrane (Hybond-N; Amer-
sham Life Science, Buckinghamshire, UK) and incu-
bated for 30 minutes at room temperature, The filters
were then rinsed in 5% sodium chlotide-sodium phos-
phate-ethylene diamine tetraacetic acid (SSPE) and dried
at room temperature. Probes were prepared by nulti-
prime radidactive labeling with [**P]deoxycytidine
triphosphate and an oligolabeling kit (Pharmacia, Upp-
sala, Sweden). Filters were prehybridized in 5X Den-
hardt’s solution, 50% formamide, 5X SSPE, .5% sodinm
dodecyl sulfate (SDS), and 100 ug of denatured salmon
sperm DNA at 42°C for 2 hours and hybridized to the
labeled probe at 42°C for 12 hours in the same solution.
The probes used were S36, a .9—kilobase pair Sacl/Sacl
fragment of the fnf-2 gene provided by the fapanese
Cancer Research Bank, and DRD2, a 1.6-kilobase pair
BamH] fragment of the dopamine receptor D2 gene
obtained from the American Type Culture Collection.
The cyclin DI probe was the 888 —base pair polymerase
chain reaction product containing the entire open reading
frame region. The pritmers used for polymerase chain
reaction were as follows: upper primer, 5-ATG GAA
CAC CAG CTC CTG TG-3";.and lower primer, 5'-TCA
GAT GTC CAC GTC CCG CA-3'3 The filters were
washed twice at 65°C for 10 minutes in 2X SSPE and
5% SDS, once for 15 minutes in 1X SSPE and .5%
SDS, and once for 10 minutes in .1X SSPE and .5%
SDS. Autoradiograms were evaluated quantitatively with
a bioimage analyzer (BAS 2000; Fujix, Tokyo, Japan).
The number of gene copies was calculated as follows®:

(turmor:normal tissue ratio of the intensity of the
bands hyi:n'idizc-d with the inz-2 or cpelin DI probés)/
(tumor:normal tissue ratio of the intensity of
the bands hybridized with the intern:vn]

control DRDZ probes).

Specimens in which more than 2.5-fold the gene copy
number of inf-2 or eyclin D1 was detected were judged to
have undergone gene amplification 5925

Statistical Analysis

Patient groups were compared by using the x” test, the
Fisher exact probability test, and the Mann-Whitney
U-test. The cumulative survival rates for patient groups

were calculated by the Kaplan-Meier method and com-
pared by using the Mantel-Cox test. A multiple regres-
sion mode! was used for muliivariate analysis of vari-
ables predicting the CRT response. P values of <.05
were considered statistically significant.

RESULTS

CRT Response Rate

Of the 41 cases that received CRT, 28 were CR or PR,
and the therapeutic response rate (CR + PR) was 71%
(CR, 0 cases; PR, 29 cases; NC, 8 cases; PD, 4 cases).
Among the 29 cases in which the CRT effect was sig-
nificant, complete surgical resection after CRT wwas suc-
cessful in 15 cases (resectability rate, 37%). A pathologic
CR (grade 3) both in the primary Jesion and lymph nodes
in the resected specimens was achieved in 4 cases. Three
cases were grade 2, and eight cases were grade 1. In 6 of
the 15 resected cascs, including the 3 grade 3 cases, the
patienis were alive without recurrence of ESCC, with the
longest survival being 57 months. One patient among the
four with grade 3 resected specimens died of postoper-
ative pyothorax, Postoperative respiratory complications
occurred in 4 patients (27%), and the operative mortality
rate was 7% {1 in 15). The patients with a CRT response
(PR) had a significantly longer survival than the CRT
no-response (NC + PD} patients (Fig. 1A). Moreover,
the cumulative survival rate among the CRT response
patients in whom surgery was subsequently performed
was significantly higher than among the CRT response
patients who did not undergo resection (Fig. 1A). The
cuinulative survival rate in the 7 patients with grade 3 or
grade 2 resected specimens was significantly higher than
that of the other 34 patients (P = .005; Fig. 1B).

P53 and p16 Expression .

There were no significant differences in the clinico-
pathologic background factors between the pS3-positive
and p53-negative (nornal expression) groups according
to the x? test (Table 1). There were S (33%) p53-positive
(aberrant expression) cases among the 15 CRT response
(PR) cases in which surgery was successfully performed,
10 patients (71%) among the 4 CRT response cases
without resection, and 8 (67%) among the 12 CRT no-
response cases (NC + PD; P = .081; Table 2). Being
p53-positive tended to be associated wilh poorer CRT
response, but the association did not reach statistical
significance. The cumulative survival rate after CRT in
the p53-nepative cases was significantly higher than
among the pS53-positive cases (P = .037; Fig, 2A). plé
expression was not correlated with any of the clinico-
pathologic background factors, the CRT response, or

A Swp Oneol, ¥l 10, No. 7, 2003
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FIG. 1. Cumulative survival curves after chemaradietherapy (CRT).

(A1 CRT response {parial response; PR) cases with or without surgical
resection and no response (no change [NC] + progressive disease
[PD]). PR wiih resection versus PR without resection, P = .001; PR
witliout resection versus NC + PD, P = 008; PR with rescction versus
NC + PD, P < 001, {B) Grade 3 or grade 2 cases versus other cases.

survival (Table 2). However, 8 (67%) of 12 no-response
cases were p33 pesitive and plé negative (loss of pl6
expression), as opposed to only 9 (31%4) of the 29 CRT
response cases (P = .096; Table 2).

Ki-67 LI

The Ki-67 Lis of the 41 patients ranged from 2% to
65% (mean, 29%), and they were not correlated with any
of the clinicopathologic background factors assessed.
The mean Ki-67 LI in the seven cases in which grade 3
or grade 2 was achieved in the resected specimens was
significantly higher than in the CRT no-response (NC +
FD) cases (P = .023; Table 3). The Ki-67 LI in the grade
3 cases was particularly high (mean, 46.5% + 10.2%).
The 3-year survival rate after CRT of the 5 patients with
a Ki-67 LI >50% was significantly higher than among
the 15 patients with a Ki-67 LI <<20% (3-year survival,
60% vs. 7%; P = .032).

Multivariate regression analysis revealed high Ki-67
LI to be an independent variable linked to a pathologic
CR (grade 3) to CRT (P = .033; Table 4).

int-2/Cyclin DI Amplification

int-2/Cyclin DI amplification was assessed by slot
blot analysis in 32 of the 41 cases, after 9 cases were
excluded becaunse the amount of DNA in the endo-
scopic biopsy specimens was insufficient. Amplifica-
tion of the inz-2/cyclin DI gene was detected in 5
(21%) of the 24 CRT response (PR) cases and in 3
(38%) of the 8 CRT no-response (NC + PD) cases.
There were no significant differences in clinicopatho-
logic background factors or CRT response between the
group with inf-2/cvelin DI geve amplification and the
group without int-2/cyelin Di gene amplification. The
cutnulative survival rate after CRT in the patients with
int-2/cyclin D1 amplification tended to be higher than
in the patients without inr-2/cyclin DI amplification
(P = .082; Fig. 2B).

Eleven (34%) of the 32 cases were p53-negative and
int-2/cyclin D] amplification-negative, 5 (16%) were
p53-negative and int-2/cyclin DI amplification-positive,
13 (41%) were p533-positive and int-2/cvelin DI ampli-

TABLE 2. Association between cell-cyele regulators and CRT response

Variable PRiresection (+) (%) PR/resection (=) (%) NC* PD (%) P value
p33 (+) 5(33) 10 (71) 8(67) 081
ps3 (—)* 10 (67) 4 (29) 4(33)
pl6 (+) 5(33) 4 (25} 1{8) 29
pl6 (=) 10 (67) 16(71) 11{92)

P33 (+)pl6(—) 427 5(36) 3467y 096
Others 173 9 (64) 4(39)

CRT, chemeradiotherapy; PR, partial response; NC, no change.
2 Immunchistechemically positive,
* fmmunchistochemically negative,

Aun Surg Orcol, Vol 1), No. 7, X102
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fication-negative, and 3 (9%) were p33-positive and int-

2feyclin DI amplification-positive. The cumulative sur-

vival rate after CRT in the group that was p53-negative

and inf-2/cyelin DI amplification-positive was signifi-

" cantly higher than in the other groups (P = .008; Fig.
20). -
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FIG. 2. Cumulative survival curves afier chemoradiotherapy (CRT).
{A) Cases with and without p33 expression. (B) Cases with and witheut
int-2/eyelin DY ampliBcation, (C) Cases with p53(—} and fer-2/cvelin
D1 amplification (¥ versus cases in the other groups.

TABLL 3. Ki-67 labeling index and CRT response

Ki-67 labeling index,

CRT response % (mean = 8D}

NC + PD {n = 12} 2456 £ 149
PR (n = 29) 7T =178
Grade 3/grade 2 cases (0 = 7) 9,1 >+ 118

CRT, chemoradiotherapy; NC. no change; P, pragressive disease;
PR, partial response.

DISCUSSION

In this study, we investigated aberrant p53 and plé
expression, the Ki-67 LI, and inr-2/cyelin D1 amplifica-
tion by immunokhistochemistry and slot blot analysis in
endoscopic biopsy specimens of the 41 patients with
untreated T4 and M} Lym ESCC. The cunwulative sur-
vival rate after CRT in the p53-negative patients was
significantly higher than in the p53-positive patients. The
mean Ki-67 L1 in the CRT response cascs (grade 2 and
grade 3) was significantly higher than in the CRT no-
response cases, and the cumulative survival rate after
CRT in the p53-negative and inr-2/cyclin DI amplifica-
tion—positive group was significantly higher than in the
other groups.

In a preliminary study, we optimized the immunohis-
tochemistry and slot blot assays to detect each molecular
marker accurately in the pretreatment endoscopic biopsy
specimens, because we needed to determine whether the
results for these molecular markers in small biopsy spec-
imens reflected the characterstics of the whole tumor.
Because intratumor heterogeneity and technical issues
regarding the assays may prevent the results in the bi-
opsy specimens from reflecting those of the whole tu-
mors, we obtained at least five biopsy specimens for
imumunchistochemistry and another two biopsy speci-
mens for slot blot analysis with a targe forceps to obtain
an adequate sample of endoscopic biopsy specimens
from various sites of the tumor. For the slot blot assay,
we verified the absence of necrotic tissues and normal
epithelium in the specimens on the basis of endoscopists’
observations and hematoxylin and cosin staining. We
also compared the molecular markers in endoscopic bi-

TABLE 4. Regression coefficients of variables associated
with pathologic complete response (grade 3) on multivariate
regression unalvsis

Variablze CoefTicient SE P value
Aye (yr) .004 005 448
Tumoi length (cm) 096 ME3 467
p33 —.051 096 597
plé - 042 110 07
Ki-67 lubeling index (%) 007 .003 .033

ser Sy Oveadd, Fulo 10, No. 7, 2003
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opsy specimens with those in primary ESCC tumeors
resected  without neoadjuvant CRT in a preliminary
study. The results of p53 staining of the in-biopsy spec-
imens coincided with the results of staining in the re-
sected tumors 10 11 (9290) of the 12 cases, and the results
of pl6 staining of the biopsy specimens coincided with
those in the resected tumors in 9 {(75%) of the 12 cases.
The Ki-67 Lis in the biopsy specimens showed a trend
similar to that in the resected tumors (Spearman corre-
lation coefficient, .705; P = 02; data not shown). The
int-2/cyelin DI amplification in the biopsy specimens
coincided with that in the tumor resected without CRT in
42 (88%) of 48 cases. We still need to bear in mind the
presence of intratumor heterogeneity; however, these
preliminary investigations verificd the efficacy of the
assays and usefuln:ss of pretreatment endoscopic biopsy
specimens as a reflection of the tumor as a whole when
used in the study.

p53-posttive staining tended to correlate with a poorer
response to CRT, and the cumulative survival rate after
CRT in the p53-negative patients was significantly
higher than in the p33-positive patients. Wild-type p33
protein is rapidly degraded and not detected by immu-
nohistochemical staining; however, mutation of the p33
gene results in accumulation of aberrant p53 proteins in

-ESCC that is iden:ified immunohistochemically as p53-
positive staining.? -28 Sarbia et al.!? found no correlation
between p33 status and survival among patients with
surgically treated T1 to T3 ESCC,!'4 and our findings
suggest that the wild p53 gene (p53-negative expression)
may induce cell-cycle arrest and apoptosis in response to
CRT in ESCC. CRT in patients with the wild p33 gene
allows tumor dowastaging and curative resection, which
significantly improves survival, In particular, demonstra-
tion of a correlation between the p33 status and progno-
sis after CRT in this study suggests that the wild p33
gene may enhance sensitivity to chemotherapy, which
suppresses micrometastasis to distant organs, in addition
to enhancing radiosensitivity, which is associated with
greater probability of local control. Other investigations
have reported tha: p33 gene insertion enhances chemo-
sensitivity or radiosensitivity in various cell liges, and
the wild p53 gene has been found to be associated with
a favorable response to CRT in breast cancer,!.1629-31
Our results are ccnsistent with these reports.

We immunohistochemically evaluated the other cell-
cycle regulator that has been studied as one of the prag-
nostic fuctors of ESCC: pl16.%1432 Loss of pl6 expres-
sion is unlikely to serve as a clinically useful predictor of
CRT response and survival, but the combination of p53
and pl16 expression was related to the CRT response.
These results sugzest that the combination of these two

Ann Surg Onend, Vol 10, Na. 2, 2003

cell-cycle regulators may enable prediction of the re-
sponse to CRT.

The Ki-67 LI was significantly correlated with the
local response to CRT and the survival of patients with
T4/MI Lym ESCC in this study. The CRT response
cases had a high Ki-67 LI, which means a higher popu-
lation of cycling cells than cases with a low Ki-67 LI
Several studies have demonstrated that cyeling cells are
more radiosensitive than quiescent cells.33-3% Qkuno et
4l.%¢ have reported results showing a correlation between
high Ki-67 L1 aud radiosensitivity to ESCC similar to
our own, Our results indicated that CRT can increase the
probability of local control and result in longer survival
of patients with a high Ki-67 LI in pretreatment biopsy
specimens,

We previously reported that the cumulative survival
rate of T1 to T3 ESCC patients with int-2/cvelin D1
amplification was significantly lower than that of pa-
tients without ine-2/cyelin DI amplification. 9 In this
study, however, after CRT, the survival of the T4/M1
Ly patients with ine-2/cyclin DI amplification was
better than that of the patients without int-2/cyclin DI
amplification. and the p53-negative and int-2/cyclin D/
amplification—positive group, in particular, had a signif-
icantly longer survival. These results may indicate that
the survival of the T4/MI Lym patients with int-2/cyclin
D1 amplification was improved by the CRYT. The mech-
anism linking the int-2/cyelin DI gene abnormality and
chemo- or radiosensitivity has not yet been defined.
Some investigations have shown that cyclin DI overex-
pression is related to resistance to cisplatin or methotrex-
ate in vitro.373% Martin et al.3* however, found that
cyclin D1 overexpression enhanced radiation-induced
apoptosis and radiosensitivity in a breast cancer cell line.
In their study and others, radiation treatment resulted in
a rapid increase in p33 and p21 and induced apoptosis in
the cyclin Di-overexpression cells 324! and those find-
ings are consistent with our results showing better sur-
vival in the p53-negative (wild-type p53} and int-2/cvelin
D1 amplification-positive group. Cyclin D! gene ampli-
fication and overexpression is thought to accelerate the
cell cycle, and this is corrclated with an increased cell
proliferative index in ESCC.4243 Chemotherapy and ra-
diotherapy are generally effective against tumor cells
that have a high proliferative index (including Ki-67
L1).33-36.39.4% Recent reports have demonstrated a corre-
lation between cyclin D1 overexpression and both in- .
creased tumor chemo-/radiosensitivity and better sur-
vival in patients with squamous cell carcinema of the
head and neck, similar to our own results.45-18

To verify our results, we should observe changes in
response to CRT by the insertion of missing molecular
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markers or the antisense oligonucleotide into ESCC in
vivo, and a randomized study based on information about
molecular markers is needed to verify the clinical signif-
icance of molecular markers obiained from pretreatment
‘biopsy specimens in ESCC patients treated with neoad-
juvant CRT. Although no randomized studies have con-
firmed the clinical benefits of neoadjuvant CRT for pa-
tients with ESCC##-5! the subjects of our neoadjuvant
CRT were limited to T4 and’or M1 Lym ESCC patients,
and its purpose was downstaging and improving the
resectability ‘of the whole tumor. The patients in this
study whose tumors became surgically resectable after
CRT had a significantly better survival than the patients
with inoperable (unresectable) tumors after CRT. Long-
term survival was achieved after surgery, particularly in
the pathologic CR (grade 3) cases.®'-5% The pathologic
response to CRT has been determined only on the basis
of the microscopic findings in the resecled specimens.
However, grade 3 patients may not require surgery, be-
cause esophagectomy after CRT often results in failure,
along with various postoperative complications and mor-
tality 515657 However, the patients in whom CRT was
ineffective also experienced severe toxicity because of
the CRT, such as nausea, esophagitis, and leukopenia,®’
and these issues make it very important to be able to
predict the response of ESCC patients to CRT.

This study showed a significant correlation between
high Ki-67 LT and local response to CRT, and wild p53
(p53-negative) expression predicted a good prognosis in
patients treated with CRT. CRT may be uscful for ESCC
with int-2/cyclin DI amplification, and the p33-negative
and inf-2/cyelin DI amplification—positive group, in par-
ticular, showed a significantly longer survival. Larger
iwalticentric randomized studies are needed to confirm
the predictive values of these factors; however, evaluat-
ing these predictive factors in endoscopic biopsy speci-
nens may allow the selection of more suitable multimo-
dal therapy for ESCC patients and improve their quality
of life.
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dl 4, 5

8 12 15 19

CDDP (70 mg/m?) [ |
5 FU (700 mg/m?/d) |
Radiation (2 Gy/d)

Every 4 weeks X2 courses, total radiation dose : 60 Gy
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