Tachimori and Kato

Annals of Surgery * Volume 239, Number 4, April 2004

TABLE 2. Postoperative Complications

Total n 2-field (n = 55) 3-field (n = 101) P value
Complication (%) n (%) n (%) OF test)
Anastomotic leakage 55(35 16 (29) 39 (39) 0234
Vocal éord palsy 19 (12) 10 (18) 9 (9) 0.091
Pneumonia 14 (9) 6 (1) 8(8) 0.104
Wound infection 12 (8) 4(7) 8(® 0.885
Empyema g8 (% 3(5) 5(5) 0.892
Renal insufficiency 43 2(4) 2(2) 0.532
Peritonitis 32) 1(2) 2(2) 0.944
Heus 3@ 1(2) 2(2) 0.944
Cylothorax 3@ 1(2) 2(2) 0.944
Cardiac insufficiency 1(1) 1(2) 0 (0 0.174
None 50 (32) 16 (29) 34 (34
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with squamous cell carcinomas of the
lower thoracic esophagus after 2-field
or 3-field lymph node dissection.

metastasis, is still alive 4 years after surgery without recur-
rence of disease.

Pathologic Characteristics

Pathologic characteristics according to lymph node
dissection are summarized in Table 4. Of 4 patients with
pathologic T4 tumors, 2 were diagnosed as clinical T3 -
mors. The primary tumor directly invaded into the aorta,
liver, and lung in 1 patient each in the 2-field dissection
group. Those with liver and lung involvement were resected
completely with co-rescction of the invaded organ. A patient
treated with 3-field dissection, in whom the primary tumor
had directly invaded into the lung, pericardium, and left main
bronchus simultancously, underwent co-resection of both
lung and pericardium. However, the tumor was left grossly in
the left main bronchus.
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Years after surgery

Of 3 patients with M1b disease in the 2-field group, 1
had left paratracheal lymph node metastasis that was diag-
nosed positive preoperatively and resected at the time of
anastomosis in the peck; the remaining 2 patients had
paraaortic nodal metastases in the abdomen. Of 15 with M1b
disease in the 3-field group, 14 had nodal metastases in the
neck and 1 of the paraaorta in the abdomen. Three with nodal
metastases of the parazorta died of recurrent disease at 8§, 21,
and 31 months after surgery.

Complete resection (R0 resection) of the original tumor
was accomplished in $5% of patients treated with both 2- or
3-field dissection. Of 2 with microscopically residual tumors
(R1 resection) after 2-field dissection, in 1 the vertical margin
of the primary tumor positive and in the other the distal
margin was positive because of intramural metastasis. Of 4
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with R1 resection in the 3-field group, 3 were positive of the
proximal surgical margin of the resected esophagus because
of multiple primary lesions and the remaining 1 was distal
surgical margin positive because of intramural metastasis.

Pathologic Characteristics and Survival Rates
According to Lymph Node Dissection

Pathologic characteristics and survival rates according
to lymph node dissection are shown in Table 4. There was a
statistically significant difference between patients with upper
and/or middle mediastinal lymph node metastases undergoing
2-field and 3-field dissection (P = 0.005) (Fig. 2). Thirteen
(27%) of 48 patients with upper and/or middle mediastinal
lymph node metastases treated with 3-field dissection had
simultaneous cervical lymph node metastases and their 5-year
survival rate was 23.1%.

The 5-year survival rates for patients with RO resection
after 2-field and 3-field dissection were 47.6% and 52.3%,
respectively. Two with microscopically residual tumors (R1
resection) after 2-field dissection died 11 and 38 months after
surgery, Of 4 with R1 resection after 3-field dissection, 2 died

TABLE 3, Status of Lymph Node Metastases and Survival
Rates of Patients With Squamous Cell Carcinoma of the
Lower Thoracic Esophagus Treated With Extensive Lymph
Node Dissection

S-year
Lymph Node Metastases n Survival (%)
Negative 49 74.5
Abdomen alone 34 55.7
Lower mediastinum + abdomen 6 83.3
Upper and/or middle mediastinum 66 233
Neck alone 1 e
Total 156 493
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upper and/or middle mediastinum
treated with 2-field and 3-field
lymph node dissection.

after 5 and 16 months, and remaining 2 were still alive at 8
and 12 years after surgery. Of 2 with macroscopically resid-
ual tumors (R2 resection), the 1 undergoing 2-field died after
8 months, and the other died 11 months after 3-field dissec-
tion.

The patients with stage 0O disease treated with 2-field
and 3-field dissection are still alive 10 and 11 years after
resection, respectively. The 5-year survival rates after 2-field
dissection were 70.7% for stage I, 56.3% for stage 11, 26.3%
for stage TII, and 14.3% for stage IV. Those after 3-field
dissection were 75.2% for stage I, 71.1% for stage II, 33.4%
for stage 111, and 27.8% for stage IV,

The distribution of subdivisions of stage IV differed
between the 2-field and 3-field groups. Cervical nodal in-
volvement was classified as M1b disease according to the
1997 UICC-TNM staging system. Of 7 patients treated with
2-field dissection, 4 were with stage IVA and 3 were stage
IVB (1 Mlb-neck and 2 Mlb-abdominal paraaorta). Of 21
with stage IV treated with 3-field dissection, 6 were stage
IVA and 15 were stage IVB (14 MIlb-neck and 1 MIlb-
abdominal paraaorta).

DISCUSSION

The present study of extensive lymph node dissection
for patients with squamous cell carcinoma of the lower
thoracic esophagus demonstrated a high frequency of Iymph
node metastases in the upper and/or middle mediastinum.
Furthermore, 3-field dissection provided better survival ben-
efit for patients with upper and/or middle mediastinal lymph
node metastases than 2-field dissection.

In Japan, the most common histologic type of carci-
noma of the thoracic esophagus is the squamous cell carci-
noma, accounting for over 90% of the total cases. The lower
thoracic esophagus was the site for 30% of all patients treated
with extensive lymph node dissection in the period of this
study, In the Western wortld, a drastic increase in adenocar-
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TABLE 4.  Pathological Characteristics According to Lymph

Node Dissection

Nao. of Patients

Variable 2-field 3-field P value*

T status 0.168

Tis 12) (1)
Tl 2036y 26 (26)
T2 4(7N 15 {15}
T3 27(49) 58(57)
T4 3(5) 1)

N status 0.642
NO 20036)  33(3%)

N1 35(64) 6B (8T

M stams 0210
Mo 43 (87)y  80(79)

Ml 7(13)  21(21)

M1 status 0172
Mla 4(N 6(8)

MIlb 3(5) 15(15)

MIb status 0.011
MIb-neck 1(2) 14 (14)
MIb-abdominal paraaorta 2(4 1(1)

Lymph node metastascs 0.534
Negative 19(35)  30(30)

Positive 36(65) T1(70)

Status of lymph node metastases 0.062
Abdomen alone or abdomen + 18(33) 22 (22)

lower mediastinum
Upper and/or middle mediastinum 18(33) 43(48)

Multiple primary lesions 0.783
Single 43(78) 77 (76)

Multiple 12(22)  24(24)

Lymphatic invasion 0.349
Negative 1324 31 (31)

Positive 42(76) T (70)

Vascular invasion 0953
Negative 34(62) 62 (61)

Positive 21 (38) 3939

Intramural metastasis 0.723
Absent 5051 90 (89
Present 5(9) 1an

Completeness of resection 0.904
Complete (RO} 52(93) 96 (93)

Incomplete (R1) 2(4 4(4)
Incomplete (R2) 1(2) ()

Stage 0439
0 1(2) 1(1)

1 12(22) 13(13)
n 16{29)  35(35)
m 1935y 313D
v 7(13) 2121
*)P test
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cinoma of the lower thoracic esophagus and esophagogastric
Junction has been reported during the last 2 decades. Orringer
and his associates reported that adenocarcinomas of the lower
thoracic esophagus or esophagogastric junction accounted for
73% and 69% of the total tumors seen from 1976 to 199812
Clearly, the tumor location and histologic type of carcinomas
of the thoracic esophagus differ between the Western world
and Japan.

The lymphatic drainage system of the esophagus,
which is well developed in the submucosal layer and forms an
intensive longitudinal extension, causes a unique pattern of
lymph node metastasis.'* Lymphoscintigrams of the esopha-
gus reveal uptake in the cervical, upper mediastinal, and
perigastric nodes.'* Akiyama reported that the most frequent
sites of lymph node metastases were the perigastric nodes in
patients with squamous cell carcinoma of the lower thoracic
esophagus, and the upper mediastinal nodes in patients with
squamous cell carcinoma of the upper thoracic esophagus.?
Metastases in both the upper mediastinal and perigastric
lymph nodes occurred similarly with high frequencies in
patients with squamous cell carcinoma of the middle thoracic
esophagus, spread thus being in both upward and downward
directions.

Differences in tumor location and sites of lymph node
metastases between the Western world and Japan have caused
different surgical approaches for tumors of the lower thoracic
esophagus. In Japan, transthoracic esophagectomy with ex-
tensive lymph node dissection has been carried out as a
standard surgical procedure with curative intent. In the West-
em world, with the recent increase of adenocarcinoma of the
lower thoracic esophagus and esophagogastric junction, the
surgical approach has changed. The majority of Western
surgeons have more favored a transhiatal approach without
thoracotomy rather than transthoracic esophagectomy, be-
cause it is ¢ontroversial whether transthoracic esophagectomy
with extensive lymph node dissection carries a survival ben-
efit.'>!® The lack of data on the benefit of extensive lymph
node dissection for adenocarcinoma of the lower thoracic
esophagus and esophagogastric junction discourages exten-
sion of lymph node dissection. In our series of squamous cell
carcinoma, lymph node metastases in the upper and/or middle
mediastinum from the lower thoracic esophageal lesions were
present in 42% of patients after extensive lymph node dis-
section, and a 23.3% S-year survival rate obtained. Less
extensive surgery without removal of these lymph nodes
might leave tumors. While the impact' of microscopically
residual tumor (R1 resection) on survival is controversial,
gross residual tumors in lymph nodes may mean a poor
prognosis. Despite the lack of prospective randomized con-
trolled trials comparing the different degrees of lymphade-
nectomy, the survival rates of our series are substantially
superior to those obtained with less extensive lymph node
removal 812
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Abstract

Background: Although local recurrence of advanced esophageal cancer is frequent after definitive chemoradiotherapy (CRT), the clinical
benefit of salvage esophazectomy has not been elucidated.

Methods: We reviewed 27 patients with squamous-cell cancer who underwent esophagectomy after definitive CRT (=50 Gy) (salvage
group) and 28 patients who underwent planned esophagectomy after necadjuvant CRT (30 to 45 Gy) (oeoadjuvant group).

Results: The preoperative albumin level and vital capacity were significantly lower in the salvage group than in the neoadjuvant group, Two
patients (7.4%) from the salvage group who underwent extended esophagectomy with three-field lymphadenectomy died.of postoperative
complications, but no deaths occurred after less-invasive surgery. There was no difference of overall postoperative survival between the
salvage and neoadjuvant groups.

Conclusions: The outcome of salvage esophagectomy after definitive CRT was similar to that of planned esophagectomy after neoadjuvant
CRT. Less-invasive procedures might be better for salvage esophagectomy becaunse of the high operative risk. © 2004 Excerpta Medica,

Inc. All rights reserved.

Keywords: Definitive chemoradiotherapy; Esophageal cancer; Neoadjuvant chemoradiotherapy; Salvage esophagectomy; Squamous-cell carcinoma

The recent surgical results for advanced esophageal cancer
have been improved by extended lymphadenectomy and
perioperative management , but patients with residual tu-
mors (R1,2) still do not survive long-term after surgery
{1,2]. Neoadjuvant or induction chemoradiotherapy (CRT),
consisting of cisplatin, 5-flucrouracit (5-FU), and radiation
followed by esophagectomy, became the established treat-
ment for locally advanced esophageal cancer [3-5). A con-
siderable number of th: patients who undergo potentially
curative surgery after downstaging by CRT achieve a fa-
vorable prognosis [6—8].

In Japan, medical znd radiation oncologists have re-
ported on the improved survival of patients with esophageal
cancer treated by definitive CRT without surgery [9,10], and
this has already been documenteliin Western countries
{11-13). However, locel failure, local recurrence, and re-

* Corresponding author. Tel.: +81-3-3353-8111; fax: +81-3-5269-
7507.
E-mail address; tsutormu @ ige.twmu.ac.jp

gional lymph-node metastasis are frequently detected after
definitive CRT [14,15]. Preoperative CRT (30 to 45 Gy)
may or may not increase operative mortality [16-18], but
our previous study showed that definitive CRT increased the
tisk [19]. The outcome of salvage esophagectomy was re-
cently reported [20], but the appropriate procedures for
salvage esophagectomy after definitive CRT for advanced
esophageal cancer are still not established.

In this study, we examined the outcome of patients who
underwent salvage esophagectomy (n = 27) after elinical
T3 or T4 esophageal squamous cancer had been treated by
definitive CRT. The results were compared with those in
patients who were treated with planned neoadjuvant CRT
followed by esophagectomy (n = 28).

Patients and Methods

We reviewed the records of 660 patients with thoracic
esophageal cancer who underwent esophagectomy between

0002-9610/04/5 - see front matter © 2004 Excerpta Medica, Inc. All rights reserved.

doi:10.1016/).amjsurg. 2004 0¢ 003



262 T. Nakamura et al. / The American Journal of Surgery 188 (2004) 261-266

1992 and 2002 at the Institute of Gastroenterology of Tokyo
Women's Medical University in Japan. All 27 patients with
a clinical diagnosis of advanced esophageal cancer (T3 or
T4) who received definitive CRT (=50 Gy) before esoph-
agectomy were enrolled in this study (salvage group). For
comparison, we reviewed all 28 patients with advanced
esophageal cancer who underwent planned esophagectomy
at 3 to 6 weeks after neoadjuvant CRT (<50 Gy) (neoad-
juvant group). In the salvage group, 6 patients received
treatment in other hospitals and then were referred to our
institution, and the remaining 21 patients received definitive
CRT at the Department of Radiology of Tokyo Women's
Medical University. Squamous-cell carcinoma was histo-
logically confirmed by pretreatment endoscopic biopsy in
all patients. Clinical staging was based on the results of
barium swallow, endoscopy, endoscopic ultrasound, and CT
scanning, which was performed according to TNM classi-
fication (International Union Against Cancer) {21). All pre-
treatment records, including these from outside hospitals,
were reviewed to confirm staging (stage III or IV).

The chemotherapy schedules, including those from other
hospitals, were collected and reviewed to determine treat-
ment details. Radiotherapy was delivered using equally
weighted anterior- and posterior-opposed beams from
10-MYV linear accelerator in 15 to 25 fractions of 1.8 to 2.0
Gy (total = 30 to 45 Gy), after which an additional 10 to 30
Gy (total = 50 to 75 Gy) was administered by way of two
parallel obtique fields or multiple fields to avoid damage to
the spinal cord. The interval between the last day of radio-
therapy and the time of esophagectomy was calculated. In
the salvage group, 13 patients underwent esophagectomy
within 3 months after definitive CRT based on the diagnosis
of residual tumor, and 14 patients underwent CRT at a later
date because of recurrence.

Data on the general conditions and clinical tumor stage
before esophagectomy were obtained from the records of
the Department of Surgery at the Institute of Gastroenter-
ology. Data such as total protein and albumin levels as well
as white blood cell, lymphocyte, and platelet counts were
collected from the hospital records. Results of lung function
tests were collected including vital capacity (%VC) and
forced expiratory volume in 1 second (FEV1%) as well as
arterial oxygen tension (Pao,) and carbon dioxide tension
levels. The primary tumor was re-evaluated by review of the
barfum swallow, endoscopy, and biopsy findings. The met-
astatic lesions were assessed from the CT scans of the neck,
chest, and abdomen as well as the results of endoscopic
ultrasound.

Details of the esophagectomy procedures—including op-
erating time, estimated blood loss, and blood transfusion—
were collected from the hospital records, Details of postop-
erative complications and the duration of postoperative
ventilation, treatment in the intensive care unit, and post-
operative hospital stay were also collected from the records.
When drainage of a pleural effusion was needed after 7
postoperative days, this was classified as a complication.

Table 1
Pretreatment characteristics and radiation dose
Characteristics Salvage group  Neoadjuvant group P value
(n=27) {(n =28
Male/female 216 2573 0.2158
Median age (range) 63 (36-79) 62 (50-74)
Tumor location
Upper 4 5
Middle 17 17 0.9549
Lower 6 6
Clinical stage
T3INIMO 8 7
T3NIMI1 4 2 0.5623
T4N1MO 11 11
T4NIM1 4 8
Radiation dose {Gy)
Mean (range) 60 (50-76) 39 (30-45) <0.0001
Treatment interval®
Median (range) 111 (39462) 28 (19-45) <0.0001

* Days from the final date of radiotherapy or chemotherapy to esopha-
gectomy.

The depth of tumor invasion was defined on the basis of the
deepest layer of viable cancer cells. Lymph-node metastasis
or distant metastasis was defined by the detection of viable
cancer cells in lymph nodes or organs. The response to
treatment was evaluated on the resected specimens accord-
ing to the histopathologic criteria for assessing the effects of
radiation and/or chemotherapy by the Japanese Society for
Esophageal Diseases [22]. When no viable cancer cells were
detected {grade 3), this was classified as pathologic com-
plete response. Viable cancer cells accounting for less than
one third of the tumor (grade 2) was classified as a partial
response. Viable cancer cells accounting for one third or
more of the tumor (grade 1} and no discernible therapeutic
effect on the tumor (grade 0) were classified as no response.
Differences of quantitative data were assessed by Stu-
dent t test. Differences of percentages were evaluated by
chi-square test or Fisher’s Exact test. Survival was calcu-
lated from the day of operation until the last known date of
follow-up. All survival data were analyzed with JMP soft-
ware (version 4; SAS, Cary, North Carolina). Survival
curves were constructed according to the Kaplan-Meier
method and were compared vsing the log-rank test.

Results

The tumor locations and pretreatment clinical staging did
not differ between the salvage and neoadjuvant groups (Ta-
ble 1). The average radiation dose administered in the sal-
vage group was significantly higher than that administered
in the neoadjuvant group (60 vs. 39 Gy, P = 0.0001).
Duration from the final day of chemoradictherapy to sur-
gery was 100 days (range 35 to 365) in the salvage group
and 28 days (21 to 40) in the neoadjuvant group. Although
the mean total protein level was not different in both groups,
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Table 2
Preoperative laboratory data
Data Salvage group Neoadjuvant group P value
(n=27) (n = 28)
Total protein (g/dL) 6.5 £ 047 6.6 = 0.58 03734
Albumin (g/dL) 352042 38041 0.0330
White cell count (mm?) 5853 = 2001 4864 * 1512 0.0430
Lymphocyte count (mm®) 781 = 309 851 = 366 0.4484
Hemoglobin (g/dL) 114+15 116x13 0.5535
Platelets (X 10%mm®) 273108 255+ 11.6 0.5546
Pao; (mm Hg)* 8812 94 * 12 0.0759
Paco, (mm Hg)} 3837 3842 0.9323
Vital capacity (%) 93 + 12 104 + 21 0.0190
Forced expiratory volume 1.0 (%) 76+1.7 78*15 0.4231

Values represent mean * standard deviation,

Pao, = arterial partial pressure of oxygen; Paco, = arterial partial pressure of carbon dioxide.

the mean albumin level in the salvage group was signifi-
cantly lower than that in the neoadjuvant group (P =
0.0234) (Table 2). The mean white blood cell count of the
neocadjuvant group was significantly lower than that of the
salvage group (P = 0.(234), but no differences were found
between the two groups regarding the lymphocyte count,
hemoglobin level, and platelet count. In lung-function tests,
%VC in the salvage group was lower than that in the
neocadjuvant group (P == 0.0190), but FEV1% did not differ
between the two groups. Pao, was lower in the salvage
group than in the neoadjuvant group, but not significantly so
(P = 0.0759).

Extended esophagectomy through right thoracotomy
with three-field lymph node dissection has been the standard
procedure for advanced esophageal cancer in our institution.
Because 2 of 14 (14%) patients of the salvage group who
underwent extended esophagectomy died of postoperative
complications before 1997, less-invasive procedures were
performed in 13 patients, excluding 2 with upper thoracic
esophageal cancer thereafter. Esophagectomy by way of left
thoracotomy and transhiatal esophagectomy was performed
in 7 (26%) and 4 (15%) patients from the salvage group,
respectively (Table 3). Esophagogastric tube anastomosis in
the neck by way of the mediastinal or retrosternal route was
the standard procedure for l-stage reconstruction after
esophagectomy. In the salvage group, the subcutaneous
route was selected in 17 patients, and 2-stage reconstruction
was performed in 4 patients. Reconstruction was performed
using a gastric tube ir. 24 patients from both groups and
using the colon or jejunum in the remaining 3 patients in the
salvage group and 4 patients in the neoadjuvant group who
had already undergone gastrectomy. Surgical time was
shorter in the salvage group than in the neoadjuvant group,
but the difference was without significance. The blood loss
and transfusion require:nents of the neoadjuvant group were
larger than those of the salvage group, but the difference
was not significant.

One patient (3.7%) died of adult respiratory distress
syndrome on postoperative day 22, and 1 patient (3.7%)

died of anastomotic leakage and pneumonia on postopera-
tive day 62 in the salvage group (Table 4). Both patients
underwent extended esophagectomy by way of right thora-
cotomy with 3-field lymphadectomy before 1997, but no
operative mortality or hospital deaths were recorded there-
after. There was no 30-day mortality, but 1 patient (3.6%) in
the neoadjuvant group died of pneumonia on postoperative
day 122. From 1992 to 2002, 11 (1.7%) of all 660 patients
who underwent esophagectomy for esophageal cancer died
of postoperative complications within 30 days, and 19 pa-
tients (2.9%), including these 11, died at our institution.
Anastomotic leakage occurred in 6 patients (22%) from the
salvage group compared with 3 patients (11%) from the
neoadjuvant group. Three patients had pleural effusion in
the salvage group versus only 1 patient after surgery. Only
3 patients (11%) from the salvage group and 7 patients

Table 3
Surgical procedures and operative factors

Operative factors Salvage group Neoadjuvant group P value

=27 (n = 28)
Approaches
Right thoracotomy 16 24
Left thoracotomy 7 2 0.0809
Transhiatal 4 2
Lymph node dissection
Three-field 9 16
Two-field 12 11 0.1397
Abdominal 6 2
Reconstruction route
Subcutancous 17 11
Retrosternal 2 8 00851
Mediastinal 8 9
Other operative
factors*
Operation time* 312106 356 = 118 0.1442
{min)
Blood loss* {mL) 679 * 414 975 * 861 0.1125
Blood transfusion* 571 % 499 614 * 915 0.8234

(mL)

* Values represent mean * standard deviation.
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Table 4
Short outcomes of esophagectony
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OCutcomes Salvage Neoadjuvant P value
group group
(n=27) (n = 28)
% Mortality (within 30 days) 1337
% Hospital mortality (> 30 days) 1(3.7) 1(3.6)
Mechanical ventilation (days) 31 x64 21+28 04348
Intensive care unit stay (days) 958 51*28 05066
Postoperative hospital stay (days) 39.9 £254 31.9*228 02221
Leakage (surgery) 6(3) 3(1)
Pneumonia 3 3
Wound infection 2
Pleural effusion 3 1}
Residual tumors (%)
Ro 18 (67} 17 (61)
R,» 9(33) 11(39)
Pathologic effect (%)
Complete response 3y 7(25)
Partial response 9(33) 725
No response 15 (56) 14 (50)

(25%) from the neoadjuvant group achieved pathologic
complete response. These 3 patients in the salvage group
complained of dysphasia caused by stricture of the esoph-
agus within 3 months after definitive CRT. No difference
was found between the 2 groups with respect to residual
tumor, depth of tumor invasion, lymph-node metastasis, and
distant metastasis.

There were no differences in overall postoperative sur-
vival between the salvage and neoadjuvant groups (Fig. 1).
In the salvage group, the survival of 13 patients with recur-
rence (>3 months after CRT) was similar to that of 14
patients with residual tumors (<3 months after CRT)
(Fig. 2). The survivat of 18 patients without residual tumors
(RO) was significantly better than that of 9 patients with
Rlor R2 tumors (P = 0.0022) (Fig. 3). The survival of 18
patients who underwent less-invasive esophagectomy was
similar to that of 9 patients who underwent 3-field lymph
node dissection (Fig. 4). With regard to postoperative re-

1.0 ~— Salvage Esophagectomy after
L, Definitive Chemoradiotherapy
8 - i - Planned Esophagectomy after

Neoadjuvant Chemoradiotherapy

Cumulative Survival
[s;]
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4 i .
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Fig. 1. No difference is shown in cumulative postoperative survival be-
tween the salvage and neoadjuvant groups.

10 —— within 3 months after CRT

3 months after CRT

Cumulative Survival
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Fig. 2. In the salvage group, no difference was observed in cumulative
postoperative survival between patients with recurrence (>3 months after
chemoradiotherapy [CRT]) and those with residual tumors (<3 months
after CRT).

currence, only 3 patients had distant-organ metastasis in the
salvage group versus 6 patients in the neoadjuvant group.
The incidence of local recurrence (n = 4), lymph-node
metastasis (n = 4), and pleural dissemination {n = 1) in the
salvage group was similar to the incidence of local recur-
rence {n = 3), lymph-node metastasis (n = 3}, and pleural
dissemination (n = 2) in the neoadjuvant group.

Comments

The treatment of patients with advanced esophageal can-
cer remains a challenge for surgeons, medical oncologists,
and radiation oncologists. Cisplatin plus 5-FU in combina-
tion with CRT has proven to be an effective treatment for
squamous-cell carcinoma of the esophagus. Although sev-
eral studies have compared planned neoadjuvant CRT (30 to
45 Gy) plus esophagectomy with definitive CRT (=50 Gy),
the optimum treatment remains unclear [12,13]. Salvage

P=0.0022

RO{(n=18)

oo™

Cumulative Survival
[+2]
i
J—

4 A
;“‘m,z (n=9) ]
2 1 U
.0 T T T T T T
0 1 2 3 4 5 6
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Fig. 3. The survival of patients without residual tumors (RC) was signifi-
cantly better than that of patients with Rlor R2 tumors in the salvage
group,
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Fig. 4. No difference was observed in cumnulative postoperative survival
between patients who underwent less-invasive esophagectomy and those
who underwent 3-field lymph node-dissection in the salvage group.

esophagectomy could be the best second-line treatment for
local and regional recurrence after definitive CRT, but this
has not yet been established. The present study showed that
the outcome of salvage esophagectomy after definitive CRT
was comparable with that of esophagectomy after necadju-
vant CRT.

Although extended esophagectomy with 3-field lymph-
node dissection is routirely performed for advanced esoph-
ageal cancer, the operative mortality decreased to only 1.7%
in this study, the same as that (1.7%) in another Japanese
study, because of improved surgical management [1]). How-
ever, the 30-day mortal'ty rate of extended esophagectomy
with 3-field lymph node dissection was 2.5% (5 of 203), and
that of the other less-ir.vasive procedures was 1.3% (6 of
457), during the same periods. Although there was no sta-
tistical difference, the mortality rate was twice as high with
3-field lymph node dissection as with the other type. Ex-
tended esophagectomy after definitive CRT led to the death
of 2 patients who died from postoperative complications
before 1997, and we were forced to change the operative
procedure to less-invasive methods of esophagectomy. Vo-
gel et al. [6] showed a low mortality rate (5%) and relatively
favorable outcome of esophagectomy using less-invasive
approaches after neoadjuvant CRT. Neoadjuvant CRT using
paclitaxel did not improve outcome of 5-FU-based treat-
ment for locoregionally advanced esophageal cancer [23]. A
recent phase IT study of definitive CRT showed that out-
come of the standard-dose group (50.4 Gy) was relatively
superior to that of the high-dose group (64.8 Gy) because of
toxicity [24]. These results might suggest that aggressive
treatment could guaraniee improvement of outcome in pa-
tients with advanced esophageal cancer.

Although a previous study of salvage esophagectomy
found that preoperative data were similar in both groups
[19], %VC and serum albumin level were significantly
lower in our salvage group than in our neoadjuvant group.
Pretreatment data could not be collected because several
patients received definitive CRT at other hospitals, but a
lower %VC without change in FEV1% may have been

caused by restrictive changes to the lungs as a result of
radiation damage [25). The lungs are usually not affected by
neoadjuvant CRT (=45 Gy) for esophageal cancer using
anterior- and posterior-opposed beams, and clinical data
have shown no difference in %VC after neoadjuvant CRT
[26]. However, more irradiation (>>45 Gy) was given ob-
liquely to avoid spinal cord damage, and this may have led
to damage to the lung. The low serum albumin level in the
salvage group of the present study was possibly related to
the long duration of disease. Both %VC and albumin level
are important preoperative risk factors for complications
after transthoracic esophagectomy [27,28]. Thus, the preop-
erative risk of salvage surgery could be higher than that of
esophagectomy after neoadjuvant CRT.

Anastomotic leakage was frequent (22%) in the salvage
group as well as in a previous study (38%) [19]. Irradiation
to the cervical esophagus and trachea can influence blood
supply, and 1 patient died of tracheal bleeding caused by
anastomotic leakage after reconstruction using the medias-
tinal route. The other 5 patients who had leakage after
recenstruction by way of the subcutaneous route did not die,
but they needed longer hospital stays. Although we rou-
tinely perform 1-stage esophagectomy and reconstruction, 4
patients in the salvage group underwent 2-stage reconstruc-
tion to prevent aspiration preumonia. From 1997 onward,
preoperative corticosteroid therapy was routinely given be-
fore surgery to prevent pulmonary failure [29]. Enteric nu-
trition by way of gastrostomy was also used routinely for
prolonged pleural effusion in the salvage group.

When compared with patients having residual tumors
(<3 months after CRT) or recurtent tumors (>3 months
after CRT), no differences were found in the surgical out-
come between these groups. Esophagectomy may be unnec-
essary after complete response, but its diagnosis by imaging
is difficult and possible only by esophageal resection [30].
Recently, positron-emission tomography using 2-[18F}-
fiuoro-2-deoxy-D-glucose has been developed as a tool to
assess tumor response to CRT, but it cannot distinguish a
complete response from small foci of residual tumors [31].
In this study, cancer cells were detected by endoscopic
biopsy specimens in the all patients with locoregional re-
currence >3 months afier CRT. No difference between the
2 groups was obtained partly because micrometastasis to
Iymph nodes may have been controlled by CRT, whereas
patients with obvious metastasis in distant lymph nodes
could not undergo salvage esophagectomy. In either case, to
improve the outcome of salvage esophagectomy, patients
with residual or recurrent tumors after definitive CRT
should be referred immediately to experienced surgical in-
stitutions by medical and radiation oncologists.

In conclusion, the outcome of salvage esophagectomy
after definitive chemotherapy and radiotherapy was compa-
rable with that of planned neoadjuvant CRT plus esopha-
gectomy. Preoperative risk factors were greater in the sal-
vage esophagectomy group than in the neoadjuvant CRT
plus esophagectomy group. Less-invasive surgery and me-
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ticulous postoperative care may improve the outcome of
patients undergoing salvage esophagectomy.
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Expression of p21"*%“® predicts response and survival of esophageal cancer
patients treated by chemoradiotherapy

T. Nakamura,! K. Hayashi,' M. Ota,' H. Ide,' K. Takasaki,! M. Mitsuhashi?

'Department of Surgery, Institute of Gastroenterology, and *Department of Radiology, Tokyo Women's Medical
University, Tokyo, Japan

SUMMARY. Chemoradiotherapy is a multimodal therapy routinely used as a primary treatment for advanced
esophageal cancer. However, it is beneficial only to patients who respond. To identify pretreatment markers
predicting response and survival, we examined the expression of cell cycle regulatory molecules, p53, p21%21/Cirl
cyclin D1, and CDC25B, in biopsy specimens from 76 patients with stage III and stage IV squamous cell
carcinoma. Overexpression of p53, p21, cyclin D1 and CDC25B was observed in 58%, 30%, 28%, and 32% of
patients, respectively. The expression of p21 correlated significantly with response to chemoradiotherapy
(P = 0.0001). Survival of patients with p21-expressing tumors was better than that of patients with p21-negative
tumors {P = 0.013). Expression of other genes was not significantly correlated with treatment response and
survival. In patients with p53-negative tumors, survival of those patients with p21-positive tumors was signific-
antly higher than that of those with p21-negative tumors (P = 0.0452), but no significant difference was found
in patients with p53-positive tumors. Multivariate analysis revealed that p21 expression was an independent
variable among pretreatment parameters in predicting survival. These results suggest that p21 expression is
potentially useful for predicting the response to chemoradiotherapy and survival of patients with advanced
esophageal squamous cell cancer.

KEY WORDS: CDC25B, chemoradiotherapy, cyclin D1, p21, p53, squamous cell carcinoma.

INTRODUCTION spared the toxicity and the postoperative risk
associated with the treatment.??
Combined modality therapy, including chemotherapy, Lack of response to CRT can be attributed to

is necessary to treat advanced esophagea! cancer, the resistance of the carcinoma cells. The presence
which can be widely disseminated at the time  of functional wild-type p53 is an important deter-
of diagnosis.! Chemoradiotherapy (CRT) is widely  minant of tumor response to chemotherapy and
used as an effective therapy for patients with  radiotherapy.” Although numerous studies have
esophageal squarrous cell cancer.’ Combined mod-  analyzed the association between p53 mutation or
ality therapy, consisting of CRT and surgery, has  expression and anticancer treatment, the results
been shown to improve the outcome for esophageal  were not consistent in a variety of cancers, includ-
cancer.’* In contrast, randomized comparative  ing esophageal cancer®'! Cyclin-dependent kinase
studies showed no difference in survival between  inhibitor p21™"“P which is transcriptionally acti-
operable patients who received neoadjuvant CRT  vated by p33, is necessary for p33-mediated Gl
and those treated with surgery alone.>® The toxicity  arrest following irradiation.” In rectal and pancre-
of CRT is considerable and the operative risk after  atic cancer,™" p21 expression in relation to p53 can
CRT is increased compared to that without any  predict the response to CRT or radiotherapy. The
therapy. If reliable ways to predict the response to  other cell cycle-related molecules associated with
CRT could be found, non-responders could be  the response of esophageal cancer to CRT or radio-
therapy are cyclin DI and CDC25B."*!¢ Although
these studies reported a correlation with treatment
Address correspondence to: Dr Tsutomu Nakamura, MD, response, the predictive value of these molecules in
Department of Surgery, Institute of Gastroenterclogy, Tokyo terms of the response to CRT and patient survival

Women’s Medical University, 8-1, Kawada-cho, Shinjuku-ku, ;
Tokyo, 162-8666, Japan. Email: tsutomu@ige. twmu.ac jp was unclear because of small sample sizes.
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In this study, we examined p53, p21, cyclin DI,
and CDC25B expression using immunochistochem-
istry in pretreatment endoscopic biopsy specimens
before CRT and compared these with the response
to CRT. To evaluate the prognostic value of expres-
sion of these genes among the pretreatment para-
meters, we used a Cox proportional hazards model in
76 patients with advanced esophageal cancer.

MATERIALS AND METHODS
Patients

Between 1993 and 2001, 108 consecutive patients
with advanced esophageal cancer received CRT as
their initial treatment. Of these, 11 patients who did
not complete the planned CRT and 21 patients
whose biopsy specimens could not be examined
were excluded from this study. The remaining 76
patients who completed the planned CRT were
included. Clinical pretreatment features of the
patients are shown in Tablel. The Eastern
Cooperative Oncology Group performance status
was O in 28 patients, and 1 in 48 patients. The
patients were staged clinically based on barium
swallow X-rays, endoscopy, CT and endoscopic
ultrasonography findings according to the TNM
classification (UICC)." Informed consent for
examination was obtained from all patients before
enrollment in this study.

Treatment schedule

Patients received CRT according to different
chemotherapy regimens; however, the external

Table I Patient and tumor characteristics

Characteristic n (total 76)
Male : femnale 65:11
Performance status

0 28

1 48
Location

Cervical 7

Upper thoracic 12

Middle thoracic 45

Lower thoracic 12
Depth of invasion

T3 bl

T4 49
Distant lymph node metastasis

MO 44

Mi 32
Differentiation

Well g

Moderate 535

Poor 13
Gross type

Localized type 19

Infiltrative type 57

The mean age of the patients was 63 years (range, 47-79)

beam irradiation was over 30 Gy in every case.
Standard CRT, conmsisting of cisplatim (70 mg/m?,
day 1) and 5-fluorouracil (FU) (700 mg/m?’/ day,
days [-4) and irradiation given as a continuous i.v.
infusion, was given to 38 patients. A low-dose CRT
regimen, consisting of cisplatin (3-5 mg/m®day),
5-FU (200-300 mg/m?* day) and irradiation, was
given to 14 patients. A different CRT regimen, con-
sisting of nedaplatin, an analog of cisplatin (20 mg/
m%day for 4 days)”® and 5-FU (700 mg/m®day for
4 days) and irradiation, was given to 24 patients.
Radiotherapy (40 Gy) was administered in 23 patients
using anterior and posterior opposed equally weighted
beams from a 10-MV linear accelerator in 20 fractions
of 2 Gy. In the other 53 patients, an additional course
of chemotherapy and irradiation of 20-30Gy (a
total of 60-70 Gy) were administered via two parallel
oblique fields (defimtive CRT).

Evaluation of response

The clinical response of the tumor was determined
in accordance with the criteria for assessment of
response to non-surgical treatment of the Japanese
Society for Esophageal Diseases.'” For the primary
esophageal lesion, the response was assessed on the
basis of the two-dimensional reduction rate and the
morphologic changes on barium swallow X-rays
and endoscopy. For metastatic lesions, the response
was assessed on neck, chest and abdominal CT scans.

Clinical evaluation was carried out by re-gvaluation
of the images at one month after the initial evalu-
ation of response. In the 32 patients who underwent
esophagectomy after CRT, response was evaluated
on the basis of histologic examination of the
resected specimens according to the histopathologic
criteria for assessing the effects of radiation and/or
chemotherapy.” When no viable cancer cells were
evident this was classified as a complete response (CR).
When viable cancer cells accounted for less than
one-third of the tumor, this was classified as a partial
response (PR). Viable cancer cells accounting for
one-third or more of the tumeor tissue with no dis-
cernible therapeutic effect on the tumor led to clas-
sification as stable disease (SD). If a new lesion was
detected, this was classified as progressive disease (PD).

Immunohistochemistry

Specimens of invasive squamous cell carcinoma
were obtained from all 74 patients by endoscopic
biopsy before starting CRT. Carcinomas present in
the resected specimens were also evaluated in 22
patients who underwent esophagectomy, excluding
10 patients who had a pathological CR.

Written informed consent to examination was
obtained from all patients before enrollment in this
study.
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Specimens were fixed in 10% buffered formalin
and embedded in paraffin. Serial sections (3 um
thick) were dewaxed in xylene and rehydrated with
graded ethanol solutions. After rinsing with 0.01 M
phosphate-buffered saline (PBS), the sections were
placed in a plastic container filled with 10 mmol/L
citrate buffer (pH 6.0), heated in a microwave oven
(500 W) for 15 min, and then left at room temperature
for 20 min. Endogenous peroxidase activity was
blocked by incubating the sections in 0.3% hydrogen
peroxide (H,0,) in absolute methanol for 15 min.
Immunostaining was performed using the labeled
streptavidin-biotin-peroxidase technique (DAKO-
LSAB2 system, DAKO, Carpenteria, CA). The prim-
ary antibodies wsre a monoclonal mouse antip53
protein antibody (DO7, DAKO), an anti-Wafl (p21)
protein antibody {Clone EA10, Oncogene Research
Products, Cambriclge, MA), an anticyclin DI/PRADI
antibody (5D4, Medical & Biological Laboratories,
Nagoya, Japan) and an anti-CDC25B antibody (sc-
326, Santa Cruz Biotechnology, Santa Cruz, CA).
Normal rabbit serum diluted to 1 : 400 was used in
place of the primary antibody as a negative control.

After washing with PBS, the sections were incu-
bated with a biotinylated antimouse IgG (DAKO),
followed by incubation with peroxidase-conjugated
streptavidin (DAKO). The peroxidase reaction was
visualized using 0.5 mg/mL diaminobenzidine tetra-
hydrochloride (DAKO) in 0.03% hydrogen peroxide.
The sections were counterstained with hematoxylin,
dehydrated and covered with a cover slip. Positive
reactivity for p53, p21, cyclin D1 and CDC25B was
defined by staining in more than 10% of the cancer cells.

Data analysis

Differences in percentage data were evaluated by
the two-sided %7 test or Fisher's exact test. Survival
was calculated from the first day of the CRT
schedule. Survival curves were constructed according
to the Kaplan-Meier method and were compared
using the log-rank test. Independent prognostic
factors for survival were determined by the Cox
proportional hazards model. All data were analyzed
using JMP version 4 software (SAS Institute, Cary,
NC). P-values of less than 0.05 were considered to
be statistically significant.

RESULTS
Gene expression in biopsy specimens

Expression of p53, p2l, cyclin D1 and CDC25B
was observed in 44 (58%), 23 (30%), 21 (28%), and
24 (32%) of the pretreatment biopsy specimens,
respectively (Fig. 1). No association was found
between patients with and without p33, cyclin DI
and CDC25B expression in any pretreatment
characteristics. Expression of p21 was inversely
correlated with distant metastasis (M0), but without
significance (P = 0.0792). Four of eight (50%) well-
differentiated carcinomas and seven of 19 (37%)
localized tumors expressed p2l. In the biopsy
specimens, p53 expression was inversely correlated
with response to CRT, but not to a significant
extent (P =0.082) and p2l expression was closely
correlated with response to CRT (P =0.0001)

Fig.1 Results of immnohistochemistry on pretreatment biopsy specimens: (a) p53; (b) p21™"%!; (¢} cyclin D1; and (d) CDC25B.

(Original magnification x100.)
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(Table 2). Cyclin D1 expression was not associated
with response to CRT. CDC25B expression tended
to be correlated with response, but without
reaching a significant level.

Gene expression in resected specimens

Tumor specimens were obtained at two time-points
during treatment: a biopsy was taken before starting
CRT, and tumor specimens were obtained during
esophagectomy after CRT in 22 patients (Table 3).
No change in p53 expression was shown between
the biopsy and resected specimens in 19 of 22 cases
(86%). Specimens from 17 of 22 patients (77%)
were shown to be p2l-negative, both before and
after CRT, because only ineffective residual tumors
survived and could be investigated in resected
specimens. Expression of p2l was found to be
induced in three resected tumors, which had been
negative at the pre-CRT biopsy. The coincidence
rate of cyclin D1 and CDC25B expression was not
high.

Survival

Response to CRT was closely correlated with patient
survival (P <0.0001). Patients with p53-positive
tumors tended to survive for shorter periods of
time than those with p53-negative tumors, but the
difference was not significant (P =0.2323) (Fig. 2a).
The survival of 23 patients with p2l-positive
tumors was significantly longer than that of 53
patients with p21-negative tumors (P =0.013)
(Fig. 2b). No significant difference in survival
was observed for cyclin D1 (Fig. 2¢) or CDC25B
(Fig. 2d) expression. Survival curves divided by the
combination of p353 and p21 expression are shown
in Fig.3. In patients with p53-negative tumors,
survival of those patients with p2l-positive tumors
was significantly higher than that of those with
p21-negative tumors (P = 0.0452), but no significant
difference was found in patients with p53-positive
tumors (P =0.1085). Pretreatment characteristics
were examined by univariate analysis for their value
as predictors of survival. M factor and performance

Table 2 Expressions in pretreatment biopsy specimens and response to chemoradiotherapy

n P53 pa Waniel cyclin D1 CDC25B
Positive cases 76 44 (58%) 23 (30%) 21 (28%) 24 (32%)
Complete response 16 6 (38%) 12 (75%) 4 (25%) 7 (44%)
Partial response 39 24 (62%) 9 (23%) 10 {26%) 12 (31%)
Stable disease 18 13 (72%) 2 (11%) 7 (39%) 4 (22%)
Progressive disease 3 1(33%) 0 0 1 (33%)

Tumor response to chemoradiotherapy was significantly correlated with p21*"?! expression (P < 0.0001), but not associated with

p33, cyclin D1 or CDC25B expression.
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Fig. 2 The probability of survival for the patients was not different by {a) p53; (c) cyclin D1; or (d) CDC25B expression. (b) The
probability of survival for patients with p21¥sVCRlnositive tumors was significantly higher than patients with p21-negative tumors

(P =0013).



