Salvage photodynamic therapy after chemoradiotherapy for esophageal cancer Yano et al

TABLE 2. Clinical outcome after salvage PDT

Total Best Time to Treatment to Survival
light response confirm Recurrence persistent or Major Tumor from
Patient dose (J) for PDT CR (mo) after PDT (site) recurrent tumor complications Outcome status PDT (mo)
1 600 CR 1 No - — Alive Disease free 19
2 1000 CR 4 Yes (primary) PDT — Dead Wwith disease 14
3 840 Non-CR — — Palliation Fistula Dead With disease 3
4 750 CR 3 No — Stenosis Alive Disease free 15
5 750 Non-CR - — Palliation Mediastinitis Dead With disease 8
6 450 CR 3 No — Increase of PE Alive Disease free 15
7 900 CR 2 Yes (primary) PDT — Dead With disease 5
8 525 Non-CR — Yes (brain} PDT — Dead With disease 6
9 300 CR 2 No — — Alive Disease free 13
10 450 CR 2 No — — Alive Disease free 1
1 825 Non-CR — Yes (primary) PDT Stenosis Alive With disease 6
12 900 Non-CR — Yes (primary) PDT — Alive With disease 9
13 625 CR 3 No — Stenosis, Alive Disease free 8
phototoxicity

PDT, Photodynamic therapy; CR, complete response; NON-CR, non-complete response; PE, pericardial effusion.

Figure 1. Endoscopic pictures of the patient with esophageal cancer. Baseline clinical stage was assessed as cT2NOMO. A, Depressed tumor with
surrounding mound (arrows) is seen before definitive CRT. B, After completion of CRT, a submucosal tumor-like elevation (arrows) was persistent at
the primary site, and residual cancer was confirmed by biopsy specimen. C, EUS image showed a hypoechoic lesion both in the mucosal and
submucosal layer (@rrow); then, the depth of the residual tumor was assessed as uT1. D, At the primary site, tumor necrosis can be recognized by
ischemic changes in color (@rrows); ulcerative change also can be seen in the background mucosa at 3 days after salvage PDT. E, Primary site still shows
deep ulceration at 1 month after salvage PDT; however, no cancerous tissue was found by biopsy specimen. E, Primary site showed a scar of ulceration at
3 months after salvage PDT, no residual cancer could be found in the biopsy specimen.

comparable survival results to esophagectomy. However, showed that persistence of disease and locoregional failure
the long-term follow-up results of the prospective ran-  after definitive CRT were 25% and 13%, respectively.'® In
domized trial (Radiation Therapy Oncology Group 85-01) our previous report, local failure occurred in 34% (18/53)
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of the patients treated with definitive CRT.** Therefore,
improvement of local control is one of the major factors in
producing better survival for patients who are treated with
definitive CRT.

In our case series, 8 of 13 patients (62%) achieved CR
by salvage PDT. Furthermore, the overall survival rate after
salvage PDT at 1 year was 68.4%, whereas our previous
report showed that overall survival data for patients with
non-CR at 3 years was 6%.° While, all tumors were as-
sessed as having massive invasion to the submucosal layer
or invasion to the muscularis propria layer in this study,
salvage PDT showed a relatively high CR rate and excellent
short-term survival. These results indicate that carefully
selected patients might have a chance of cure by salvage
PDT even though they had persistent or recurrent tumor
after definitive CRT.

We also previously reported that the overall survival
rate of the patients treated by salvage EMR for locore-
gional failure after definitive CRT was 56% at 3 years.’
These results might suggest that local treatment by en-
doscopic modalities such as EMR and PDT could be a
treatment option for selected patients.

From a technical point of view, PDT seems to be
superior to EMR. If the persistent or the recurrent lesion
has an ulceration or severe fibrosis or stenosis, salvage
EMR is quite difficult or impossible to perform. If the depth
of the residual tumor is limited within the submucosal
layer, salvage EMR is relatively difficult and has a risk of
being incomplete. Even in such cases, salvage PDT could be
indicated in addition to the primary treatment.

Generally, most locoregional failures after definitive
CRT are detected at an advanced stage. Endoscopic
treatment may not be indicated in such cases because it
lacks curative potential. To date, surgical resection is
considered to be the only curative treatment in these
cases. However, Swisher et al® reported that the patients
treated by salvage esophagectomy had a significantly
higher incidence of anastomotic leaks (39% vs. 7%) and
a longer hospital stay (29 days vs. 18 days) than those
treated with planned esophagectomy. To treat malignant
neoplasms, early detection is very important to cure the
patient. Indeed, in our experience, all of the uT1 cases
achieved CR. To detect the locoregional failure at earlier
stage, the appropriate follow-up schedule after definitive
CRT needs to be clarified.

As for the complications of salvage PDT, most of them
were manageable with medical treatments. However, one
patient developed an esophagotracheal fistula. It is un-
known whether the fistula was PDT related or because of
the natural progression of disease. Because the tumor in
this case was non-CR, we could not deny the possibility of
the latter. An esophagotracheal fistula could develop by
PDT even for naive early esophageal cancer cases, and an
incidence of 6.5% has been previously reported.” Sanfi-
lippo et al*® reported two patients with esophageal cancer
who had developed a fistula after PDT. One received prior
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Figure 2. Overall survival of all patients from initiation of salvage PDT.

external beam irradiation, and the other had intraluminal
brachytherapy.'® Similarly, the reason for mediastinitis or
the increase in pericardial effusion occurring after salvage
PDT is unknown. One possibility is that radiation-induced
esophageal damage and heart disease,'®!” are potentiated
by PDT and that structural damage occurs by transmural
necrosis. Nevertheless, it is important to elucidate their
mechanism to prevent the potential complications of PDT.

We have shown the acceptable short-term safety and
worthwhile curative properties of salvage PDT when ap-
plied to the local failures after definitive CRT. Although
further long-term follow-up studies will be required,
salvage PDT represents a potentially new and promising
treatment option. Large studies will be necessary to define
the population of patients who are most likely to benefit
from this treatment. Furthermore, we should confirm the
efficacy of PDT as a salvage treatment for local failure after
definitive CRT.
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Phase [ Study of the Combination of Nedaplatin (NED), Adriamycin (ADM), and 5-Fluorouracil (5-FU) (NAF) for
Treatment of Unresectable Advanced Esophageal Cancer: Motohiro Hirao, Kazumasa Fujitani, Toshimasa Tsujinaka
(Dept. of Surgery, Osaka National Hospital)
Summary

Background: Esophageal cancer has a poor prognosis. Several strategies including chemotherapy (CDDP +5-
FU), either alone or with radiotherapy, have been used to improve the prognosis. However, since CDDP itself has
substantial toxicities, including renal and gastrointestinal toxicities, newer platinum analogues, such as nedaplatin
(NED) have been developed, and it is of interest to test this new platinum analogue in a combination chemother-
apy. Methods: We conducted a phase I -II study using a combination of NED (3 levels, 60-80 mg/m? on day 1),
ADM (30 mg/m? on day 1), and 5-FU (700 mg/m? on day 1-5) for treatment of previously untreated advanced
esophageal squamous cell carcinoma. Cycles were repeated every 28 days. The objectives were to determine
dose-limiting toxicity (DLT), maximum-tolerated dose (MTD), recommended dose (RD) for a phase 11 study,
and to determine antitumor effects. Results: Phase I :12 patients (pts) (male/female=11/1) were evaluable. The
median age was 65 (range 46-74), PS 0/1=7/5. At level 1, 1 pt developed DLT (grade 4, neutropenia). At level
2, 2 pts developed DLT (grade 4 neutropenia and grade 3 diarrhea). Level 2 (70 mg/m?) was determined as the
MTD, and a level 1 dose (60 mg/m?*) was recommended. Phase I1: 7 pts (male/female=4/3) are at RD of level
1 at the present time. Median age 62 (range 46-75). The median number of cycles on phase II study at RD was
2 (range 1-3). 4 PRs were obtained. The response rate was 57.1%. Median survival time (MST) was not reached
at the time. Conclusions: This combination therapy appears 1o be highly effective and generally well tolerated for
advanced esophageal cancer. Key words: Nedaplatin, Esophageal cancer, Phase [ -1 (Received May 1, 2004/
Accepted Jul. 7, 2004)
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Sex (M/F) 11/1
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Table 2 Hematologic and nonhematologic toxicities by dose level in the first cycle on phase |

t
o

. Th bocy- . ati evali
Dose No. of Neutropenia rom .ocy Anemia Naurst?a/ Diarrhea Elevat.m'n of Elc\amfn of
step patients topenia vomiting creatinine  transaminase
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
1 6 11 21 60 010 3210 2 000 0 0 0 0 0 0 0 0 00 00
2 6 21 11 00 090 4 1 0 0 3 000 1 01 0 1 0 0 0 O 0 00

Table 3. Phase II‘. study on going

Pt# Gender Age TNM Stage No. of Response Evaluable sites
courses

1 F 70 T4 IVa 2 PR Main tumor

2 M 54 H1 IVb 2 PR Liver

3 M 46 M1 (brain) IVb 3 NC Brain

4 M 74 T4 IVa 2 NC Main tumor

5 F 68 T4, M1 (lung) Vb 2 PR Main tumor, Lung
6 M 60 H1 Vb 2 NC Liver

7 F 61 T4 IVa 1 PR Main tumor
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ABSTRACT

Background/Aims: To evaluate the impact of
surgery on survival after chemoradiotherapy, we
analyzed the long-term outcome of patients with
advanced esophageal cancer.

Methodology: Data on 92 consecutive patients with
T3 or T4 esophageal cancer who were initially treat-
ed by chemoradiotherapy were reviewed retrospec-
tively. Of 82 patients who completed the planned
schedule, 35 patients underwent esophagectomy
(CRT+E Group) and 47 patients received definitive
chemoradiotherapy (CRT Group).

Results: A response to chemoradiotherapy was
obtained in 71% of all 92 patients. The 1- and 3-year
survival rates in the patients with T3MO0 were 87 and
44 percent respectively, while these in the patients

with T4 and/or M1(Lymph) disease were 47 and 20
percent. Although there was no difference in overall
survival between the CRT+E Group and the CRT
Group, the survival of responders in the CRT+E
Group was significantly higher than that of those in
the CRT Group (P=0.0448). The locoregional recur-
rence rate of responders in the CRT Group was high-
er than that in the CRT+E Group. Multivariate
analysis showed that the independent prognostic fac-
tors were response, M(Lymph), and esophagectomy.
Conclusions: Although this study was retrospective
and nonrandomized, esophagectomy after chemo-

radiotherapy might improve the survival of respon-

ders for locoregional control. |

INTRODUCTION

Combined modality therapy, including chemother-
apy. is necessary to treat advanced esophageal cancer,
which can be widely disseminated at the time of diag-
nosis (1). Recent surgical results for advanced
esophageal cancer have been improved by the use of
three-field lymphadenectomy and by better postopera-
tive management, but patients with residual tumor
(R1-2) still do not survive for over 3 years after
surgery (2). Combined modality therapy, consisting of
chemoradiotherapy and surgery, has been developed
for squamous cell carcinoma of the esophagus and has
improved the outcome (3,4). Potentially curative
resection is also possible after downstaging by
chemoradiotherapy in patients with advanced
esophageal cancer (5,6). However, several studies have
shown that the survival of patients who received
definitive chemoradiotherapy (bimodal therapy) was
not different from that of patients who received
chemoradiotherapy followed by surgery (trimodal
therapy) (7,8). In contrast, other studies have revealed
that patients with advanced esophageal cancer who
received chemoradiotherapy followed by surgery sur-
vive for longer than those without surgery (9,10).
Therefore, it is not clear whether esophagectomy can
improve survival after chemoradiotherapy, or what is

Hepato-Gastroenterology 2006: 53:705-709
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the appropriate timing of surgery.

In this study. we examined the results of all
patients with clinical T3 or T4 esophageal cancer who
were treated initially with chemoradiotherapy, includ-
ing those having surgery. Their results were compared
with published data on patients with and without
surgery. To assess the value of surgery after chemo-
radiotherapy, we compared the long-term outcome
between the patients with and without esophag-
ectomy.

METHODOLOGY
Patients

From 1992 to 2001, 103 consecutive patients with
newly diagnosed T3 or T4 esophageal cancer received
chemoradiotherapy as their primary treatment at the
Institute of Gastroenterology of Tokvo Women'’s Med-
ical University, Japan. Seven patients who had distant
organ metastases or esophageal fistula and four
patients aged over 80 vears were excluded. The
remaining 92 patients with histologically proven squa-
mous cell carcinoma on pretreatment endoscopic hiop-
sv were evaluated in this study. Seventy-eight patients
were men and 14 patients were women, and their ages
ranged from 43 to 79 vears (median age: 62 vears:.
The Eastern Cooperative Oncology Group (ECOG)
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Characteristics
Median age (range)

Men: Women

Performance Status 0/ 1/ 2

Tumor Location
Cervical

Upper third
Middle third
Lower third

T4 and/or M1(Lymj n = 74

e
FIGURE 1 Cumulative overall survival of all patients with advanced
esophageal cancer initially treated with chemoradiotherapy. The median
survival and 3-year survival rate was 27 months and 44% in the18
patients with T3NTMO (stage ) disease versus 11 months and 20% in
the 74 patients with T4 and/or M1(Lymph) (stage 1V) disease.

performance status was 0 in 34 patients, 1 in 55
patients, and 2 in 3 patients. The patients were staged
clinically based on barium swallow, endoscopy, CT,
and endoscopic ultrasonography findings according to
the TNM classification. Eighteen patients had
T3N1MO stage I1I) disease, while the others had stage
IV disease (14 were T3M1, 41 were T4AN1IMO, and 19
were T4M1). All patients provided written informed
consent before starting chemoradiotherapy.

Chemoradiotherapy Schedule

Thirty-one patients received sequential chemo-
therapy and radiation regimen consisted of cisplatin
(70mg/m?, days 1 and 36) and 5-FU (700mg/m%/day,
days 1-4 and 36-39) according to the schedule used in

UICC TNM clinical stage

T3N1MO

T3 N1IM1 (Lymph)

T4 NIMO

T4 N1IM1 (Lymph)

Response to the chemoradiotherapy

Complete response
Partial response

No change

Progressive disease

With Without
esophagectomy esophagectomy
N=35 N=47
62 (50-74) 63 (43-79)
28 :7 44: 3
15/ 19/1 19/27 /1
D (14%) 7135
4 (11%) 10 (214
18 (51%) 24 (515
8 (23% 6 (13%)
10 (29%) 8 (17%)
4 (11%) 8§ (174
14 140%) 22 ¢47%)
720%) 9 (199
9 (26%) 9 (19%)
18 (51%) 28 (605
720%) 9 (19%)
1(3%) 1¢2%)

a phase 1I study (11). A concurrent chemoradiothera-
py, using was the same chemotherapy and radiothera-
py doses as protocol A, was given to 20 patients. The
concurrent chemoradiotherapy regimen, consisting of
low-dose cisplatin (3-5mg/m?/day), 5-FU (200-
300mg/m?/day) and irradiation, was given to 18
patients. A different concurrent chemoradiotherapy
regimen (12), consisting of nedaplatin, an analog of
cisplatin, (20mg/m?/day) and 5-FU (700mg/m?/dayv) on
days 1-4, days 29-32, and irradiation, was given to 23
patients.

Radiotherapy (30-40Gy) was administrated using
anterior and posterior opposed equally weighted
beams from 10-MV linear accelerator in 30-40 frac-
tions of 2Gy, after which an additional 20-30Gv (a
total of 60-70Gy) was administered via two parallel
oblique fields or multiple fields to avoid damage to the
spinal cord. The primary tumors and metastatic
lymph nodes were included in the radiation fields.

Evaluation of Response and Toxicity

The clinical response of the tumor was determined
in accordance with the criteria for assessment of the
response to non-surgical treatment of the Japanese
Society for Esophageal Diseases (13). For the primarv
esophageal lesion, response was assessed from the
two-dimensional reduction rate on barium swallow,
endoscopy, and tissue biopsy findings. For metastatic
lesions, the response was assessed on neck, chest, and
abdominal CT scans. In the patients who underwent
esophagectomy after chemoradiotherapy, response
was evaluated on the basis of examination of the
esophagectomy specimens according to the histo-
pathologic criteria for assessing the effects of radiation
and/or chemotherapy (13). When no viable cancer cells
evident (Grade 3) were detected was classified as com-
plete response (CR). Viable cancer cells accounting for
less than 1/3 of the tumor (Grade 2) was classified as
partial response (PR). Viable cancer cells accounting
for 1/3 or more of the tumor tissue (Grade 1) and no
discernible therapeutic effect on the tumor (Grade O
were classified as no change (NC). If a new lesion
detected was detected. this was classified as disease
progression (PD). Toxicity was evaluated using the
criteria of the National Cancer Institute-Common
Toxicity Criteria-Notice of Modifications (NCI-CTC),
version 2 (14),

Esophagectomy

Thirty-five patients underwent esophagectomy
within three months after completion of their planned
chemoradiotherapy schedule (CRT+E group..
Esophagectomy was performed via right thoracotomy
in 25 patients, via left thoracotomy in 2 patients. and
via transhiatal approach in 4 patients. Three-field
lymph node dissection was done in 18 patients and
two-field dissection was done in 13 patients. Recon-
struction was performed using a gastric tube in 28
patients, and using the colon in 3 patients. Pharvngo-
larvngo-esophagectomy was performed in 4 patients
with cervical esophageal cancer.
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Data Analysis

Differences in percentage data were evaluated by
the two-sided chi-squared test or Fisher’s exact test.
Survival was calculated from the first day of the
chemoradiotherapy schedule. All survival data were
analyzed with JMP, version 4, software (SAS Insti-
tute, Cary, NC). Survival curves were constructed
according to the Kaplan-Meier method and were com-
pared using the log-rank test. The Cox proportional
hazards model was used to determine the treatment
features affecting survival.

RESULTS
Chemoradiotherapy

Of all 92 patients, 20% (18/92) had a CR, 51%
(47/92) had a PR, 26% (24/92) showed NC, and 3%
(3/92) had PD. The overall response rate was 71%
{95% confidence interval, 64-76%). Toxicity of Grade 3
or worse of leukopenia, anemia, and thrombocytope-
nia occurred in 35%, 12%, and 35% of the patients,
respectively. No differences were found in response
and toxicity among chemoradiotherapy regimens. Six
(6.5%) patients did not complete chemoradiotherapy
schedule and four (4.3%) patients developed treat-
ment related diseases after chemoradiotherapy.

With and Without Esophagectomy

Among a total of 82 patients who completed the
planned chemoradiotherapy schedule, 35 patients had
chemoradiotherapy followed by esophagectomy
(CRT+E group) and 47 patients had the definitive
chemoradiotherapy (CRT group). The clinical charac-
teristics of the both groups are shown in Table 1. No
significant differences were found between the two
groups with respect to age, sex, performance status,
tumor location, TNM stage, and response to chemo-
radiotherapy. The mean radiation dose was 45.3Gy in
the CRT+E group, smaller than the dose of 62.7Gy in
the CRT group (P<0.0001; Student’s ¢ test). Thirty-
five patients underwent esophagectomy between 19
days and 85 days (median: 30 days) after chemoradio-
therapy (CRT+E Group). Curative resection (R0) was
done in 25 patients (71%), R1 resection was done in 6
patients (17%), and R2 resection was done in 4
patients (12%). There was no 30-day mortality, but
one patient died of pneumonia at days 128 postopera-
tively.

Survival

For all 92 patients, the median follow-up period
was 36 months (range; 11 to 81 months) (Figure 1).
The median survival time of the 18 patients with
T3NOMO (stage III) disease was 27 months, while the
1-, 2-, and 3-year survival rates were 83%, 56%, and
44%, respectively. The median survival time of the 74
patients with T4 and/or M1 disease was 11 montbhs,
while 1-, 2-, and 3-year survival rates were 47%, 30%,
and 20%, respectively.

The survival of the 35 patients in the CRT+E
group was longer than that of the 47 patients in
the CRT group, without a significant difference

(P=0.0995) (Figure 2). Among the responders, the
survival of the CRT+E group was significantly better
than that of the CRT group patients (P=0.0448) (Fig-
ure 3A), but no difference was found between both
groups among the non-responders (Figure 3B). No
differences in survival between the CRT+E and CRT
groups were demonstrated among the patients with

CRT (n = 47)-———

T T T T 7 7

0 1 2 3 4 5 6 years

FIGURE 2 Cumulative overall survival of the 82 patients with advanced
esophageal cancer who completed planned chemoradiotherapy.

The probability of survival was not significantly different between the 35
patients who received chemoradiotherapy followed by esophagectomy
(CRT+E) (solid line) and the 47 patients who received definitive
chemoradiotherapy (CRT) (broken ling) (P=0.0995; log-rank test).

| CAT+E (n=28)
60 -
o
g !
8 40|
: 1 CRT (n = 36)
20 - L
I T v T v
0 [ 2 3 4 5 6 years
‘B (%)
100
80 -
CAT+E (N=T7)

Cumsaave Suvival

B

CRT(n=11)

i 2 years

FIGURE 3 Cumulative overall survival of the responders (A} and
non-responders (B) to chemoradiotherapy. {A) The probability of survival
in responders who received chemoradiotherapy followed by
esophagectomy (CRT+E) (solid line) was significantly higher than in
patients who received definitive chemoradiotherapy (CRT) (broken line)
(P=0.0448). (B) The probability of survival for non-responders did not
differ between the CRT+E group (solid line) and the CRT group {broken
fing)
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Univariate

Multivariate
Categories (Variables) P Relative Risk (CI) P
Performance Status (0 vs. 1-2) 0.0176  0.766 (0.567-1.020)  0.0687
T (T3 vs. T4) 04358  0.942(0.696-1.259)  0.690
M (Lymph) (MO »s. MD) 0.0152  0.749 (0.567-0.998)  0.0487
Response (CR/PR ¢s. NC/PD) <0.0001 2.379 (1.700-3.313) <0.0001
Esophagectomy (With vs. Without) 0.0985  1.382(1.049-1.838)  0.0212

With Without
esophagectomy esophagectomy
Recurrence N=14 N=30
Local-regional 214%) 13 (43%) P=0.0014
Lymph nodes 5(36%) 10 (33%) NS
Organ 2(14%) S(L7%) NS
Dead of other causes 5136%) 2(71%) NS

NS: not significant.

B T

T3NO disease or in the patients with T4 and/or M1 dis-
ease. In univariate analysis, the response to chemo-
radiotherapy, performance status, and M factor were
significant prognostic indicators, but the T factor and
esophagectomy were not (Table 2). However, Cox
proportional hazards analysis of the 82 patients
showed that response, M factor, and esophagectomy
were significant independent prognestic indicators,
while performance status was not. The rate of locore-
gional recurrence was significantly higher in the CRT
group than in the CRT+E group (P=0.0014) and the
rate of lymph node or organ metastasis was not differ-
ent (Table 3).

DISCUSSION

The treatment of patients with advanced esopha-
geal cancer remains a challenge for surgeons, medical
oncologists, and radiation oncologists. Cisplatin plus
5-FU in combination with radiation therapy has evi-
dently proven to be an effective treatment for squa-
mous cell carcinoma of the esophagus. Therefore,
chemoradiotherapy has become the standard primary
treatment for advanced esophageal cancer in Japan as
well as in the west. The median survival time of the
patients with stage 1II and IV diseases in this study
from surgical department was slightly better or simi-
lar when compared with the results of previous stud-
les (6-11.135).

Chemoradiotherapy is a powerful treatment,
which is able to independently cure patients with
advanced esophageal cancer. The studies have shown
that the survival of patients receiving surgery was sig-
nificantly better than that of those without surgery
when surgery was performed on almost all responders
(9.10). In contrast. no difference was reported in sev-
eral studies performed by medical and radiation oncol-
ogists (7,8). Although this study was retrospective and
non-randomized. esophagectomy alfter chemoradio-
therapv seemed to improve the survival of our

patients. A recent study (16) by radiation oncologists
showed similar results to this study. The five-year sur-
vival rate of patients who underwent surgery was
higher than that of those without surgery among
patients achieving a partial response. Therefore. a
randomized trial might answer this question defini-
tively, but it may be difficult to perform because
patients select their own treatment, especially
esophagectomy. .

Surgery may be unnecessary for patients who
show CR after chemoradiotherapy, but diagnosis of
CR by imaging is occasionally difficuit in patients with
advanced esophageal cancer and persistent stenosis.
Therefore, we did not separate the CR patients from
the patients in survival analysis between the CRT+E
and CRT groups in this study. Various clinical CR
rates have been reported based on various criteria in
the previous studies of chemoradiotherapy (or
esophageal cancer (7,8,15,16). Several studies have
showed a discrepancy in evaluation of the response to
chemoradiotherapy between clinical and pathological
assessment (12,17). Furthermore, clinical CR patients
frequently have locoregional recurrence, but this is
rare after pathological CR (18). Recently, positron
emission tomography (PET) using 2-[18F|-fluoro-2-
deoxy-D-glucose (FDG) has been developed to be a
promising tool for assessment of tumor response after
chemoradiotherapy (19). If reliable imaging diagnosis
of CR can be achieved, esophagectomy may be indicat-
ed only for PR patients.

Theoretically, the patients who had viable carcino-
ma cells in their esophagectomy specimens and sur-
vived a long time after esophagectomy should have
less locoregional recurrence. Indeed, the locoregionatl
recurrence rate of the CRT+E group was low, while
the patients of the CRT group suffered locoregional
recurrence for a long time (up to 4 years) after treat-
ment in this study. However, difference on survival
appeared to be limited between the CRT+E and CRT
groups bhecause a considerable number of patients
developed distant lymph node or organ metastasis in
the both groups. Therefore, the control of distant
metastasis might be more important than local contro!
for survival. Recently, regimens consisting of
chemotherapy before concurrent chemoradiotherapy
have been developed (20). Effective regimens for dis-
tant metastasis that include new drugs may be expect-
ed to improve survival.

Another reason why no significant difference was
found on survival between patients with and without
esophagectomy after chemoradiotherapy might be the
high mortality rates, which were previously reported
as 0-18% (5.6,10,17). Neoadjuvant chemoradiotherapy
may increase the postoperative risk. but a low mortal-
ity rate is necessary to improve survival by esophagec-
tomy. In this study, there were no early deaths mor-
tality and onlv one hospital death in the CRT+E
group. The risk of esophagectoiny for non-responders
with advanced cancer is higher than that of respon-
ders with downstaged cancer. The outcome after
chemoradiotherapy in non-responders with cancer
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infiltrating the respiratory tract is extremely poor
(21). In contrast, three responders who underwent
transhiatal esophagectomy for lower thoracic cancer
achieved long survival without recurrence in this
study. Therefore, esophagectomy after chemoradio-
therapy should only be offered to the responders.

In conclusion, the overall survival of the patients
with advanced esophageal cancer treated with
chemoradiotherapy in our series was comparable to
that in previous studies. Although this study was non-
randomized and retrospective, it suggested that
esophagectomy might improve the survival of respon-
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Factors Affecting the Prognosis of Patients With
Esophageal Cancer Undergoing Salvage Surgery After
Definitive Chemoradiotherapy
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Background and Objectives: Although salvage surgery after definitive chemo-
radiotherapy (CRT) is common, the safety and indication has not yet been established.
Methods: We retrospectively compared the mortality and morbidity of 24 patients

who underwent salvage surgery with those of historical controls treated with
neoadjuvant CRT followed by planned esophagectomy during the same period, and

analyzed the prognostic factor of salvage surgery.

Results: Preoperative serum albumin (3.7 vs. 4.1 g/dl, P=0.0157) and lymphocyle
count (763 vs. 964/mm>, P=0.0111) in the salvage group were significantly lower
than those in the neoadjuvanl group. A significant difference was also observed in
operation time (567 vs. 474 min, P =0.0381), C-reactive protein (CRP) on post-
operative day 1 (11.2 vs. 8.7 mg/dl, P =0.0021), and postoperative systemic inflam-
matory response syndrome (SIRS) duration (3.5 vs. 2.9 days, P = 0.0486). There were
three hospital deaths in the salvage group, whereas no patient died in the neoadjuvant
group. Multivariate analysis showed curability (RO vs. R1 + R2) to be the strongest
prognostic factor of salvage surgery (P =10.0064). R1 + R2 operation was more
frequently performed in the salvage group (33% vs. 13%), and the reason for all cases
was unresectable T4, which had been underestimated preoperatively.

Conclusions: Salvage surgery is a highly invasive and morbid operation, which is
performed on immunocompromized hosts. The indication must be carefully consi-
dered, with care taken to avoid non-curative surgery.

J. Surg. Oncol. 2006,93:422-428. © 2006 Wiley-Liss, Inc.

Kty Worps: esophageal cancer; salvage surgery; operative indication;
prognosis

INTRODUCTION

Esophagectomy with extended ]y}ilpllade|1eclomy has
been the standard treatment for esophageal cancer in
Japan. However, its operative mortality and morbidity
still remain high and the postoperative quality of life
(QOL) is very poor. Recently, definitive chemoradiother-
apy (CRT) without surgery has been proposed as an
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alternative treaument strategy lor locally advanced eso-
phageal cancer [l1-53]. This non-surgical treatment
modality is now being widely accepted because of its
low morbidity and high posttreatment QOL of paiients.
Definitive CRT has a relatively favorable prognosis of
26-46% survival at 5 years, and thus has recently been
selected more often as a first-line therapy for locally
advanced and resectable esophageal cancer [5,6].

However, not all tumors treated by definitive CRT give
a complete response (CR). In addition, even if CR has
been once attained, some tumors later recur [4,5). For
such patients, salvage esophagectomy is often necessary.
As the number of patients treated with definitive CRT
increases, the number of cases of salvage esophagectomy
can be expected to increase. Some recent papers have
associated salvage esophagectomy with high mortality
and morbidity as compared with the planned surgery
[7-9]. The safety of salvage surgery has not yet been
established.

In this study, we conducted a retrospective review of 24
patients who underwent salvage esophagectomy after
definitive CRT, and compared their mortality and morbi-
dity with those of historical controls who were treated
with planned CRT followed by esophagectomy during the
same period.

MATERIALS AND METHODS

Patients

Between August 1985 and August 2004, 762 patients
with esophageal cancer underwent esophageal resection
in the Department of Surgery, Osaka Medical Center for
Cancer and Cardiovascular Diseases. Among the 762
patients, 24 patients underwent salvage esophageal
resection after definitive CRT (salvage group).

For comparison, we reviewed 26 patients with advan-
ced esophageal cancer who received planned esophageal
resection 48 weeks after neoadjuvant CRT (neoadjuvant
group) during the same period. Three in the salvage group
and four in the neoadjuvant group had received CRT in
other hospitals.

In this study, salvage esophagectomy was defined as
follows: surgery performed for patients showing local
recurrence after a CR or for those showing residual tumor
(non-CR) after definitive CRT.

CRT

Patients in the neoadjuvant group were given a total of
40 Gy (2 Gy daily) of external-beam radiation followed
by surgery. On the other hand, patients in the salvage
group received a (otal of 60 Gy or more radiation. A daily
dose of 2 Gy external-beam radiation was delivered by a
10-MV linear accelerator with parallel opposing fields
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using anterior and posterior portal arrangements. which
was changed to an oblique portal arrangement after
40 Gy. Six patients in the salvage group had received
intraluminal brachytherapy ranging from 8 to 15 Gy.
Concurrent chemotherapy along with radiotherapy was
performed using various protocols including cisplatin
(CDDP), adriamycin (ADR), and 5-Auorouracil (5-FU).
Eight patients in the salvage group were treated with
radiotherapy alone.

Operations

In our hospital, esophagectomy through right thor-
acotomy with three-field lymph node dissection is the
standard procedure for thoracic esophageal cancer except
for lower thoracic esophageal cancer without recurrent
laryngeal nerve chain node metastasis. For such patients,
two-field lymph node dissection was performed. Eso-
phagogastric anastomosis in the neck by way of the
retrosternal or mediastinal route was performed for
the most of the patients. For patients at poor risk, the
subcutaneous route was selected for the reconstruction.
Basically, one-stage reconstruction was performed, but
for patients at poor risk, two-stage reconstruction was
selected. For several patients who had already undergone
gastrectomy, the colon or jejunum was used for the
reconstruction.

Clinical Data

The stage was assigned according to the criteria of the
American Joint Committee on Cancer [10]. Hospital
records were reviewed for gender, age, preoperative
laboratory data including albumin, total protein, white
blood cell (WBC), lymphocyte, hemoglobin, platelet,
arterial partial pressures of oxygen (PaO,) and carbon
dioxide (PaCO,), and pulmonary function test including
vital capacity (%VC) and forced expiratory volume in 1.0
second (FEV g). Details of the surgical procedures and
postoperative outcome including mortality and morbidity
were also collected from the records. According to the
systemic inflammatory response syndrome (SIRS) criteria.
the postoperative duration of SIRS was calculated [ 11].

Statistical Analysis

Data were expressed as mean * standard deviation.
The significance of differences among the groups was
assessed by the Chi-square, Fisher exact test, or the
Mann-Whitney U test. Survival rates were calculated
according to the Kaplan and Meier method and compared
using the log-rank test. The Cox proportional hazards
mode] was used for multivariate analysis. Statistical
analysis was perforined using Statview (Version 5.0, SAS
Institute. Inc.. Cary. NC). A P value of <0.05 was
considered statistically significant.
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TABLE 1. Comparison of Preoperative Clinical Features of Patients in the Salvage

and Neoadjuvant Groups

Salvage group

Neoadjuvant

(n=24) group (n=26) P-value
Gender
Male 22 22 0.6688
Female 2 4
Age (years) 63+ 6519 0.2142
Histological type (SCC/Ad) 24/0 26/0 >0.9999
Tumor location
Cervical 0 1
Upper thoracic 3 8 0.6189
Middle thoracic 13 L
Lower thoracic 6 6
Clinical stage
T (1/2/3/4) 5/0/8/11 1/3/8/14 0.1138
N (0/1) 14/10 4/22 0.0028
M (0/1a/1b) 22/2/0 20/6/0 0.2503
Stage (IIA/IIB/IIVIVA/TVB) 4/6/1/11/2/0 0/3/2/15/6/0 0.0960
Radiation dose (Gy) 626 40£0 <0.0001"
Treatment interval (months) 6.1+52 1.34+0.7 0.0006"
Clinical effect
Complete response 11 6
Partial response 9 17 0.1352
No response 4 3
Preoperative laboratory data
Albumin (g/dl) 37404 41404 0.0157"
Total protein (g/dl) 6.5+0.6 6.8£0.5 0.1084"
White blood cell (mm?) 4,640+ 1,168 4,800 + 1,781 0.7269°
Lymphocyte (mm?) 763 + 198 964 + 319 0.0111"
Hemoglobin (ng/ml) 122417 11.3+£1.8 0.1097"
Platelet (x 10%mm?) 24380 255+11.0 0.6794°
Pa0, (mm Hg) 90.7 £ 6.1 87.5+74 0.1247"
PaCO, (mm Hg) 380+34 39.6£2.7 0.4359°
BVC (%) 84.2+11.2 88.9+ 150 0.2591°
FEV, o (%) 79.7+11.0 76.3+13.5 0.3624

Data were expressed as mean = standard deviation.

“These results were expressed as the mean and compared by the Mann—Whitney U test. The others were

compared by the Chi-square or Fisher exact test.

SCC, squamous cell carcinoma; Ad, adenocarcinoma; PaO,, arterial partial pressure of oxygen; PaCO,,
arterial partial pressure of carbon dioxide; %VC, vital capacity; FEV, ,, forced expiratory volume in 1.0

second.

RESULTS

The clinical characteristics of patients in the salvage
group and the neoadjuvant group are summarized in
Table I. Gender, age, tumor location, and pretreatment
clinical stages did not differ between the two groups.
Histological type of all the patients was squamous cell
carcinoma, and adenocarcinoma was not seen in patients
in this study. The average dose of radiation delivered to
the patients was significantly higher in the salvage group
than that in the neoadjuvant group (62 £6 Gy vs. 40+
0 Gy, P < 0.0001). Eleven patients out of 24 in the salvage
group had been assessed to be complete responders after
CRT, but later showed relapse. The remaining 13 patients
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in the salvage group were non-CR patients, and they
underwent salvage surgery for the residual tumor. The
interval from the end of CRT to surgery was significantly
longer for the salvage group than the neoadjuvant group
[6.1 months (range 1.0-25.0) vs. 1.3 months (range 1.0-
4.0), P =0.0006]. Additionally, in the salvage group, the
interval was less than 3 months in 7 patients, and more
than 3 months in the remaining 17 patients. All the seven
patients with less than 3-month interval were non-CR
patients.

The preoperative laboratory data are also shown in
Table I. The serum albumin and lymphocyte count in the
salvage group were significantly lower than those in the
neoadjuvant group, but no significant differences were



TABLE ILI. Comparison of Surgical Procedures and Operative
Factors of Patients in the Salvage and Neoadjuvant Groups

Salvage  Neoadjuvant
2roup group
(n=24) (n=26) P-value

Surgical procedures

One-stage operation 2 24 >0.9999

Two-stage operation 2 2
Surgical curability

Curative (RO) 16 23 (L0631

Non-curative 8(3/5) 3(0/3)

[RI + R2(RI/R2)]

Lymph node dissection

Three-field 5 13

Two-field 12 0 0.0719

Others 7 3
Reconstruction route

Subcutaneous 6 3

Retrosternal N 8 0.1159

Mediastinal 7 15
Operation time (min) 567+136 474=x153  0.038]
Intraoperative blood loss (ml) 1,109+ 614 967L618  0.0801°
Blood transfusion (ml) 693+ 657 393+£429  0.0600

Data were expressed as mean £ standard deviation.

"These results were expressed as the mean and compared by the
Mann-Whitney U test. The others were compured by the Chi-square or
Fisher exact test.

noted between the two groups for other factors such as
total protein, WBC, hemoglobin, platelet, PaO,, PaCO,,
and respiratory function.

As shown in Table II, the operative procedures and
results were compared between the two groups. There
were no significant differences in surgical procedures

h
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such as reconstruction and the exient of lvmphadeneci-
omy. Non-curative surgery (R1 -4 R2) was more frequent-
ly performed in the salvage group (33.3% vs. 13.0%).
though the difference was not statistically significant. The
operation time of the salvage group was significantly
longer than that of the neocadjuvant group (567 £ 136 vs.
474 £ 153 min, P=0.0381). Intraoperative blood loss
and transtusion of the salvage group showed a tendency
to be larger than those of the neoadjuvant group.

Next, we compared short-term outcome and its related
parameters between the two groups (Table II1). There was
no significant difference in the durations of the mechan-
ical ventilator, intensive care unit stay, WBC, and the
ratio of the arterial partial pressure of oxygen to the
fraction of inspired oxygen (PaO,/FiO- ratio). C-reactive
protein (CRP) on postoperative day | in the salvage group
was significantly higher than that in the neoadjuvant
group (P =0.0021). The period of time during which the
patients in the salvage group fulfilled the SIRS criteria
was significantly longer than that for the neoadjuvani
group (P =0.0486). The morbidity rate did not differ
statistically. There were three hospital deaths including
one operative death in the salvage group. whereas no
patient died in the neoadjuvant group. One patient died of
hepatic failure after acute peritonitis on postoperative day
17, one died of massive hemoptysis due to brachioce-
phalic arterio-tracheal fistula on postoperative day 40.
and one died of hemoptysis of unknown origin on
postoperative day 56.

In order to examine which factors(s) determine pro-
gnosis after salvage surgery, univariate analysis was
performed for age (<60/60<), clinical T (T1-2/T3-4).

TABLE III. Comparison of Postoperative Factors of Patients in the Salvage and

Neoadjuvant Groups

Salvage group

Neoadjuvant

(n=24) group (n = 26) P-value
Mechanical ventilation (days) 1.0+£09 0.8+04 04115
Intensive care unit stay (days) 18+ 1.0 2.1%1.2 0.3807°
WBC on POD1 (mm?) 9.780 £ 3,450 11.130 £ 5,360 0.3229
CRP on PODI (mg/dl) 11.2+£24 87+24 0.0021
Pa0,/F10, ratio on POD1 (mmHg) 311464 336+73 0.2923%"
SIRS (days) 35+1.1 29409 0.0486
Morbidity
Anastomotic leakage 5 2 0.2387
Pneumonia 5 3 0.4561
Wound infection 2 | 0.5955
Mortality
Operation mortality (within 30 days) 1 0 >0.9999
Hospital mortality 0 0.1033

Data were expressed as mean = standard deviation.

These results were expressed as the mean and compared by the Mann—Whitney U test. The others were

compared by the Chi-square or Fisher exact test.

POD, postoperative day: WBC. whilte blood cell count: CRP. C-reactive protein: PaOy/FiOs ratio. a ratio of
the partial pressure of arterial oxygen to the fraction of inspired oxygen: SIRS. systemic inflammatory

response syndrome.

dournat of Surgical Oncology DO 10.1002/js0
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TABLE IV. Multivariable Analysis of Overall Survival After Salvage Esophagectonty

Factors OR 93¢ ClI P-vatlue
Clinical T (T1-2/T3-4) 0.131 0.017-1.368 0.0927
Clinical response (CR/non-CR) 0.564 0.111-2.857 04880
Curability [Curative (RO)/Non-curative (R1 -+ R2)] 0.0430 2.420-219.685 0.0062

OR, odds ratio: 95% CI. 95% confidence interval: CR. complete response.

reason for salvage surgery (recurrence after CR/non-CR).
curability (curative operation/non-curative operation),
preoperative serum albumin (<4.0 g/dl/4.0 g/dI<).
lymphocyte (<780/mm*/780/mm><). Among these fac-
tors, clinical T (T1-2 vs. T3-4, P=0.0106), reason for
surgery (CR vs. non-CR, P =0.0142), and curability
[curative operation (RO) vs. non-curative operation
(R1+R2), P<0.0001} were found to be significant
prognostic factors. Next, 1o identify independent prog-
nostic factors, the above three factors detected by
univariate analysis were subjected to multivariate
analysis. As shown in Table IV, curability [curative
operation (RO) vs. non-curative operation (Rl + R2)]
was found to be the only independent prognostic factor
with an odds ratio of 0.0430 and 95% confidence interval
of 2.420-219.685, whereas the other (wo factors were
not statistically significant.

We compared the survival of the patients in the salvage
group according to the curability. The overall survival of
the 8 patients who underwent non-curative operation was
significantly poorer than that of the remaining 16 patients
who underwent curative operation (P < 0.0001) (Fig. 1).
The reasons for the performance of non-curative surgery
on these eight patients are summarized in Table V. They
had been assessed by conventional examinations to have
resectable tumors before salvage surgery, but the tumors
could not be resected curatively because they had invaded

100 |4
: P <0.0001 by logrank test
go{
’5 o) Curative operation (n = 16)
g 607
S 40
T
3
£ 20 ﬂ : . .
: Non-curative operation (n = 8)
0 ' .
0 20 40 60 80 100 120 140 160
Time after surgery (months)
Fig. 1. Survival curves of patients who underwent salvage surgery

were compared based on surgical curability. The thick line indicates
curative operation and the dotied line non-curative operation.
Statistical analysis was done by log-rank test.
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mediastinal structures: the trachea i hve patients. bron-
chus in two, and both aorta and bronchus in one.
Bronchoscopy was not performed for all the preoperative
patients in a routine manner. Only patients. who were
suspected to have airway involvement by computed
tomography (CT) scan or magnetic resonance imaging
(MR1), were assessed by bronchoscopy. Among the eight
non-curative patients listed in Table V, six patients
(No. 2-7) were assessed by bronchoscopy and were
diagnosed to have no airway involvement before salvage
surgery.

This tumor invasion could not be diagnosed preopera-
tively. Number 7 patient in Table V, who was diagnosed
as T4 (aorta) preoperatively but was expected to undergo
curative resection by combined resection of the aorta.
resulted in non-curative resection because the tumor also
infiltrated to the left bronchus. Number 8 patient in
Table V, who was also diagnosed as T4 (aorta and left
lung) preoperatively, underwent two-stage operation. Al
the first operation, combined resection of the thoracic
esophagus, aorta, and left lung was performed. However.
at the second operation, the mediastinal trachea was
found to be involved by the cervical lymph node
melastasis. Of the eight patients, two died in our hospital
postoperatively.

'DISCUSSION

Recently, as the number of patients reated by
definitive CRT increases, the number of patients who
require salvage esophagectomy is also increasing [4,5].
What is of concern is whether or not salvage surgery is
associated with high operative mortality and morbidity.
because these patients have received a high dose of
radiation. To date, the details of the risk related to the
salvage surgery are not yet fully understood, and the

" indication for salvage surgery has not been established. In

order to clarify the above issues, we retrospectively
cxamined the outcome and prognostic factors of salvage
surgery after definitive CRT in comparison with those of
planned esophagectomy after neoadjuvant CRT.

The longer operation time and greater blood loss of
the salvage esophagectomy suggest that this 1s a more
difficult surgery than planned csophagectomy afier
ncoadjuvant CRT. In additon, a significantly higher
postoperative serum CRP level and longer SIRS duranon
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in the salvage group also suggest that salvage surgery
is more invasive and more morbid. There were three
hospital deaths including one operative death in the
salvage group, two of which may have been associated
with the high dose of radiation. On the other hand. no
patient died in the neoadjuvant group, although the
difference was not statistically significant. Accordingly.
salvage surgery should be viewed as high-risk surgery
with much surgical stress as has been reported by several
investigators [7-9].

In addition. since preoperative serum albumin and
lymphocyte in the salvage group was significantly lower
than those in the necoadjuvant group, patients in the
salvage group were speculated to be in a more malno-
urished and immunosuppressed condition than those in
the neoadjuvant group. It remains unknown whether or
not such a poor immuno-nutritional status is due to the
difference in the radiation dose. However, it is possible
that malnutrition and immunosuppression may lead to
postoperative complications and poor prognosis. Thus,
nutritional support, which alleviates such preoperative
malnutrition and immunosuppresion, should be taken
into consideration.

We concluded that salvage surgery is a highly invasive
and morbid operation, which is performed on immuno-
compromized hosts. Therefore, care is required when
deciding on the indication for salvage surgery. The
question then arises of what kind of patients can benefit
from such a risky operation. To answer, we tried to
identify prognostic factors which determine patient
survival. Multivariate analysis revealed that curability
(curative operation vs. non-curative operation) was the
most significant prognostic factor. The prognosis of
patients with non-curative operation was extremely poor.
No one survived for more than 10 months. Thus, non-
curative surgery should definitely be avoided.

Indeed, all patients in the salvage group had been
preoperatively estimated as being ‘“‘curatively resect-
able” by conventional examinations, but the surgery was
non-curative for eight patients, which is a substantially
high non-curative rate and corresponds to almost one-
third of the patients, when compared with planned
surgery. The reason for non-curative surgery was under-
estimation of the T4 factor by conventional examinations
using CT or MRI. Fibrosis is usually promoted in
radiation fields, and cancer cells are likely to be left
behind in the deep layer of the esophageal wall after
radiotherapy [12,13]. Therefore, it may be difficult to
accurately evaluate the T factor of irradiated patients by
diagnostic criteria, which were originally prepared for
preoperative estimation of non-irradiated patients.

Salvage esophagectomy is an operation with high
morbidity and mortality, even if it is performed for well-
selected patients as shown in this study. Therefore. it



