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Grade
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o0 1 2 3 4
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Neutropenia 2 0 1 2 5
Anemia 10 0 0 0 O
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Stomatitis 9 1 0 0 O
Rash 9 1 0 0 0
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Correlation Between Histological Effects on the Main
Tumors and Nodal Status After Chemoradiotherapy for
Squamous Cell Carcinoma of the Esophagus

MASAHIKO YANO, mp,* TAKUSHI YASUDA, mp, HIROSHI MIYATA, mo, YOSHIYUKI FUJIWARA, mp,
SHUJi TAKIGUCH]I, mp, ano MORITO MONDEN, mp )
Department of Surgery and Clinical Oncology, Graduate School of Medicine, Osaka University,

Suita, Osaka, Japan

Background and Objectives: Although the histological effectiveness of preoperative
chemoradiotherapy against the main tumor is reported to be the strongest prognostic
factor for patients with esophageal cancer, it remains’ unknown whether such chemo-
radiotherapy is equally effective against metastatic lymph nodes.

Methods: We studied 103 consecutive patients with esophageal cancer, who were
given preoperative chemoradiotherapy followed by surgery. The histological effec-
tiveness against the main tumor of the chemoradiotherapy was correlated with lymph
mode metastasis and other clinico-pathological factors.

Results: The histological effectiveness against the main tumor was grade 3 in
26 patients, grade 2 in 49 and grade 1 in 28. The number of pathological node-negative
patients was 21 (80.8%), 19 (38.8%), and 7 (25.0%) in those having grade 3, 2, and 1
responses of their main tumors, respectively. The average number of pathological
metastatic lymph nodes was 0.19, 1.4, and 4.4 in patients with grade 3, 2, and 1
responses, respectively. Endoscopic biopsy after the chemoradiotherapy could not
accurately diagnose the pathological complete response (CR) of the main tumors, with
a high false negative rate (60.9%).

Conclusions: The effects of chemoradiotherapy against main tumors significantly
correlated with nodal status. Most patients with main tumors of pathological CR are
node-negative. Patients with a grade 2 response have at most a few positive nodes.
Surgery would be most beneficial for such patients.

J. Surg. Oncol. 2005,;89:244-250. © 2005 Wiley-Liss, Inc.

Key Worbps: esophageal neoplasms; concurrent chemotherapy and radiation
therapy; histological effect; lymphatic metastasis

INTRODUCTION

The prognosis of patients with esophageal cancer is
poor. Because the tumor easily metastasizes to lymph
nodes and infiltrates the neighboring organs such as the
trachea and aorta, treatment by surgery alone has limited
ability to completely cure the disease [1-3]. Even after
curative resection by esophagectomy with extended
three-field lymph node dissection, about 50% of these
patients show recurrence [4-6]. Therefore, multimod-
ality therapy is necessary to improve the prognosis. At
present, the most promising strategy is preoperative
chemoradiotherapy followed by surgery [7]. Recently,

© 2005 Wiley-Liss, Inc.

many studies have shown that preoperative chemoradio-
therapy leads to downstaging of the disease and increases
the curative resection rate [§-11]. Although randomized
controlled trials comparing surgery alone with preopera-
tive chemoradiotherapy followed by surgery have not yet
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yielded definitive conclusions on the usefulness of chemo-
radiotherapy [12—16], many investigators have reported
that responders to chemoradiotherapy show better prog-
nosis than non-responders. In particular, the prognosis
of patients having tumors with pathological complete
response (CR) is much better than that of other patients
[9.17]. According to Mandard et al. [18] multivariate
analysis revealed that pathological effectiveness against
the tumors of chemoradiotherapy is the strongest prog-
nostic factor for patients who underwent preoperative
chemoradiotherapy followed by surgery. Theoretically, if
the metastatic lymph nodes are as sensitive as the main
tumors to chemoradiotherapy, patients having main
tumors with pathological CR should not need to undergo
esophagectomy with lymphadenectomy. This hypothesis
is indirectly supported by recent studies showing the
results of definitive chemoradiotherapy without surgery.
The 2 or 3 years survival rates of patients treated with
definitive chemoradiotherapy is 29%-36% [19-21],
which is comparable to what has been reported for the
pathological CR rate in patients treated with preoperative
chemoradiotherapy followed by surgery. Many phase II
and phase III studies on preoperative chemoradiotherapy
followed by surgery showed that the pathological CR rate
ranges from 20% to 40% [8-11,14-16].

Thus far, there have been many reports regarding
chemoradiotherapy for esophageal cancers. However,
few studies have examined the correlation between the
histological effects on the main tumors and those on the
metastatic lymph nodes, and the histological effects
according to tumor location, tumor depth and other
clinico-pathological factors.

This retrospective study evaluated the correlation
between pathological CR and preoperative clinico-
pathological factors by analyzing the data for 103
esophageal cancer patients who underwent preoperative
chemoradiotherapy followed by surgery.

MATERIALS AND METHODS
Patient Eligibility

Between August 1989 and December 2002, a total of
103 patients with esophageal cancer, who underwent
preoperative chemoradiotherapy followed by surgery at
our hospital, were enrolled in this study. The patients
were newly diagnosed and had no-prior treatment. The
eligibility for this study was as follows: the patients were
80 years old or younger and showed performance
status (Eastern Cooperative Oncology Group [ECOG])
of 3 or less. Patients with any T (T1-T4) and nodal
involvement including regional lymph nodes (N1) and
distant lymph nodes (M1LYM) within the radiation field
were enrolled in this study, but not those with distant
organ metastasis or distant lymph nodes outside the
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radiation field. The stage was assigned according to the
criteria of the American Joint Committee on Cancer
[22]. The T and N statuses of the disease were routinely
diagnosed by computed tomography (CT), esophagogra-
phy and/or bronchoscopy. MRI was employed in some
cases to improve the accuracy of the T4 diagnosis.
Bronchoscopy was carried out when tracheal invasion
was suspected by the CT scan. For enrollment, all
patients had to have adequate bone marrow function
(white blood cell count of >3,500 cells/pl, platelet count
of >100,000 cells/pl), normal renal function (serum
creatinine level of <1.2 mg/dl or creatinine clearance of
>50 ml/dl), and normal liver function (serum transami-
nases <2 times the upper limit of normal level). Written
informed consent was obtained from all patients.

Treatment Regimen

The treatment regimen consisted of radiation and
concurrent administration of cisplatin and 5-fluorouracil.
Of the 103 patients, the 20 enrolled from August 1989 to
March 1994 were treated with Protocol A, in which 5-FU
was administered intravenously at 750 mg/m?/day on
days 1-5 and 22-26 and cisplatin was administered on
days 1 and 22 at a dose of 70 mg/m?/day by drip infusion
for 2 hr with sufficient pre- and post-hydration to prevent
renal toxicity. The remaining 83 patients, enrolled from
April 1994 to December 2002, were treated with Protocol
B, in which the administration schedules of 5-FU and
cisplatin were completely synchronized with that of the
irradiation. 5-FU at a dose of 400 mg/m?/day and cispla-
tin at 10 mg/m*day were administered by continuous
intravenous infusion for 5 days per week for 4 weeks. In
the case of thoracic esophageal cancer, the width of the
radiation field for the mediastinum was 7-8 cm. The
lower margin of the radiation field was at least 5 cm from
the anal edge of the tumor. Bilateral supraclavicular
nodes and the upper mediastinum were also included in
the T-shaped field. In the case of cervical esophageal
cancer, the bilateral supraclavicular nodes, and the upper
mediastinum were covered by the radiation field. The
radiation technique consisted of parallel-opposed fields
using an anterior and posterior portal arrangement. In
both protocols, radiation was delivered via a 10 mV
X-ray linear accelerator daily for 5 days per week for
4 weeks at a rate of 2 Gy/day for a total dose of 40 Gy.

Two weeks after completing the chemoradiotherapy,
the patients were re-evaluated for therapeutic responses
of the main tumor and metastatic lymph nodes by barium
study, tissue biopsy obtained by endoscopy, and chest and
abdominal CT scans. The treatment response was cate-
gorized using general criteria [23]). A CR was defined
as 100% regression of the disease. A partial response
(PR) was defined as regression of more than 50% in
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the tumor and metastatic lymph nodes, as confirmed by
esophagography and CT scans. Progressive disease (PD)
was defined as an increase in the tumor mass and/or
metastatic nodes or the appearance of new lesion(s).
The patients were scheduled for surgery approximately
4 weeks after the last day of the chemoradiotherapy.
Histological effectiveness was defined as follows: grade
3, complete disappearance of cancer cells; grade 2,
more than 2/3 disappearance; grade 1, less than 2/3
disappearance.

Statistical Methods

For ordered categorical data of histological effective-
ness in the main tumors, the Kruskal-Wallis test was
used for comparisons among subgroups of patients with
each clinico-pathological factor. For comparison of the
number of metastatic nodes, one-factor factorial ANOVA
was used. The survival time was calculated by the
Kaplan—Meier method and statistically compared among
patient subgroups by the log-rank test. A two-sided
P < 0.05 was considered significant.

RESULTS
Patient and Tumor Characteristics

The clinico-pathological characteristics of the 103
patients are summarized in Table I. Tumor location was
cervical in 25, upper thoracic in 18, middle thoracic in 46,
and lower thoracic in 14. The disease stages were Stage
IIA in 16, Stage 1IB in 6, Stage IIl in 55, Stage IVA in 10,
and Stage IVB in 16.

TABLE 1. Clinico-Pathological Characteristics of the 103 Patients

Number of patients 103
Male/female 92/11
Age 59.94+7.9 (38-80)
Location of turnor
Cervical 25
Upper thoracic 18
Middle thoracic 46
Lower thoracic 14
Histology
Well differentiated SCC 12
Moderately differentiated SCC . 35
Poorly differentiated SCC 27
SCC 4
Unknown 25
Disease stage
Stage I[IA 16
Stage IIB 6
Stage III 55
Stage IVA 10
Stage IVB 16

Clinical and Histological Responses
to Chemoradiotherapy

All the 103 patients in this study underwent surgery
after chemoradiotherapy. The total planned chemothera-
peutic dosage and radiation was administered to 99/103
(96.1%). The radiation dosage given was 40 Gy for 79
patients, 4159 Gy for 5, and 60 Gy for 15. Four patients
were given radiation of less than 40 Gy depending on the
cytotoxicity level. Table II shows the summary of the
clinical and histological effects of the chemoradiother-
apy. More than 80% of the patients (6 CR + 80 PR)
showed a major clinical response. The histological effects
were also fairly good, with 26 (25.2%) grade 3 responses
for the main tumors. Compared with the clinical stages
before the chemoradiotherapy, the histological disease
stages were down-staged.

Next, to examine whether the histological effect is
affected by the pretreatment clinico-pathological factors,
its correlation with tumor location, depth of tumor in-
filtration, and clinical N status was examined (Table III).
With regard to tumor location, we found that tumors at
the lower thoracic esophagus were significantly more
resistant than those at other sites. The histological effects
were not significantly associated with tumor depth or
clinical N status.

We tried to compare the histological effects on the
main tumors with those on the metastatic lymph nodes.
Because accurate diagnosis of lymph node metastasis
before chemoradiotherapy was not possible, assessment
of the histological effects on the individual metastatic
lymph nodes is difficult. We therefore counted the num-
ber of histological metastatic nodes in the resected

TABLE II. Clinical and Histological Effects of

Chemoradiotherapy
Clinical response
CR 6 (5.8%)
PR 80 (77.7%)
NC 16 (15.5%)
PD 1(1.0%)
Histological effects in the main tumor
Grade 3 26 (25.2%)
Grade 2 49 (47.6%)
Grade 1 28 (27.2%)
Histological lymph node metastasis
pNO 47 (45.6%)
pN1 37 (35.9%)
pMllym 19 (18.4%)
Histological disease stage
pathological CR 21 (20.4%)
pStage I 6 (5.8%)
pStage IIA 14 (13.6%)
pStage 1IB 16 (15.5%)
pStage IIT 27 (26.2%)
pStage IVA 4 (3.9%)
pStage IVB 15 (14.6%)
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TABLE IIl. Histological Effects of the Main Tumors According to Clinico-Pathological Factors

Clinico-pathological factor Grade 3 Grade 2 Grade 1 Total
Tumor location P=0.77
Cervical (n=25) 8 (32.0%) 11 (44.0%) 6 (24.0%)
Upper thoracic (n=18) 6 (33.3%) 7 (38.9%) 5 (27.8%)
Middle thoracic (n = 46) 11 (23.9%) 20 (43.5%) 15 (32.6%)
Lower thoracic (n = 14) 1(7.1%) 11 (78.6%) 2 (14.3%)
Depth of tumor infiltration P=0.42
Tib (n=3) 2 (66.7%) 0 (0%) 1 (33.3%)
T2 (n=12) 4 (33.3%) 7 (58.3%) 1(8.3%)
T3 (n=32) 8 (25.0%) 13 (40.6%) 11 (34.4%)
T4 (n=56) 12 (21.4%) 29 (51.8%) 15 (26.8%)
Clinical N status P=0.46
NO (n=29) 7 (24.1%) 14 (48.3%) 8 (27.6%)
N1 (n=48) 13 (27.1%) 25 (52.1%) 10 (20.8%)
Mllym (n =26) 6 (23.1%) 10 (38.5%) 10 (38.5%)

specimens and checked their correlation with the histo-
logical effects in the main tumors. The average number of
metastatic lymph nodes was 0.2, 1.4, and 4.4 in patients
with grade 3, 2, and 1 histological effects on their main
tumors, respectively. Patients having main tumors with
higher histological responses are likely to have fewer
histologically metastatic lymph nodes. This tendency was
the same irrespective of the pretreatment clinical N status
(Table IV). Of the 26 patients having grade 3 responses
in their main tumors, 21 (80.8%) were histologically
node-negative. The remaining five patients had only one
positive node per patient. In contrast, the number of
node-negative patients with grade 2 and 1 tumors was 19
(38.8%) and 7 (25.0%), respectively (data not shown).

Comparison of Patient Prognosis
by Pretreatment Clinical N Status

Figure 1 shows the prognosis of patients with grade 3
response of the main tumors depending on the clinical N
status. The survival curves of N positive- and N negative-
patients with a grade 3 response did not significantly
differ. On the other hand, in patients with grade 1 and 2
responses, the survival curve was significantly better for
N negative-patients than for N-positive patients (Fig. 2).

Assessment of Pathological CR in the
Main Tumors by Endoscopic Biopsy

In 79 of 103 patients, endoscopic biopsy of the main
tumor was performed before surgery. The results of

TABLE IV. Number of Metastatic Lymph Nodes Per Patient

Histological effects in the primary tumors  P-value by
Clinical N one-factor
status Grade 3 Grade 2 Grade 1 ANOVA
NO 03+05 0.7+0.7 1.6+1.7 0.05
N(+) 02104 1.7+£2.1 55481 0.0008
Overall 02+04 14+1.38 444171 0.0003

Table V show that 46 patients were biopsy-negative,
while 33 were positive. Among the biopsy-negative
patients, only 18 (39.1%) were found to display patho-
logical CR in the surgically resected specimens, and 28
patients (60.9%) had residual cancer cells in the main
tumors. Analysis of the histological effects by the pre-
operative tumor depth revealed that the deeper the tumor
was, the lower was the incidence of pathological CR. For
tumors with a depth of T2 or more, accurate diagnosis
of pathological CR was difficult by endoscopic biopsy
alone.

DISCUSSION

This retrospective analysis of 103 patients who under-
went preoperative chemoradiotherapy followed by sur-
gery revealed that the pathological CR rate in the main
tumors was 26/103 (25.2%), which is comparable with
the results published by other investigators [8-11,14—
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Fig. 1. Survival curves of patients with grade 3 response in their main

turmnors were compared by pretreatment clinical N status. The thick line
indicates pretreatment clinical N(+) patients and the dotted line N(—)
patients. Statistical analysis was done by log-rank test.



248 Yano et al.
11 P =0.0007
i\cl.s - sessserarnasas
3 ---------------
£ -6 1 Clinical N(-) n = 22
g
i~ 4 7
St
=
w2 2 A
Clinical N(+) n=55
0 -

-

0 1 2 3 4 5 6
Time after surgery (year)

I v T

Fig. 2. Survival curves of patients with grade 1 or 2 response in their
main tumors were compared by pretreatment clinical N status. The
thick line indicates pretreatment clinical N(+) patients and the dotted
line N(—) patients. Statistical analysis was done by log-rank test.

16]. Although there have been many studies reporting
the pathological CR rate for the main tumors, few have
reported the pathological effects on metastatic lymph
nodes. The reason for this lies in the fact that the sensi-
tivity for preoperative diagnosis of lymph node metas-
tasis is very low by conventional imaging such as CT,
endoscopic ultrasonography, or positron emission tomo-
graphy [24,25]. Therefore, assessment of the pathological
effects on individual metastatic nodes is difficult. To
overcome this issue, we counted the number of metastatic
nodes by pathological examination and correlated them
with the histological effects on the main tumors. A highly
significant correlation was found between the effects on
the main tumors and the number of metastatic nodes. The
average number of metastatic nodes in patients with a

TABLE V. Relationship Between the Results of Preoperative
Endoscopic Biopsy and the Histological Effects on the Main
Tumors of Surgical Specimens

Preoperative Histological effects in the surgical specimen
endoscopic
biopsy Grade 3 Grade 2 Grade 1 Total
Negative
Total 18 (39.1%) 15(32.6%) 13(28.3%) 46 (100%)
T 2 (100%) 0 (0%) 0 (0%) 2 (100%)
T2 3(60.0%) 2(40.0%) O (0%) 5 (100%)
T3 541.7%)  5(41.7%)  2(16.7%) 12 (100%)
T4 8(29.6%) 8(29.6%) 11(40.7%) 27 (100%)
Positive
Total 3(9.1%) 21 (63.6%) 9(27.3%) 33 (100%)
Ti 0 (0%) 0 (0%) 1 (100%) 1 (100%)
T2 0 (0%) 4 (80.0%) 1(20.0%)  5(100%)
T3 3(214%) 6(429%) S5(35.7%) 14 (100%)
T4 0 (0%) 11 (84.6%)  2(15.4%) 13 (100%)

grade 3 response in their main tumors was only 0.2, and
more than 80% of those were node-negative. In contrast,
patients having main tumors with a grade 1 or 2 response
had a substantial number of node metastases. These re-
sults suggest that the sensitivity to chemoradiotherapy
does not differ between the main tumors and metastatic
nodes. If the main tumors are sensitive, then the meta-
static nodes should also be sensitive.

The possibility of patients with a grade 3 response of
the main tumors being node-negative from the beginning
is doubtful. Therefore, highly sensitive tumors can be
considered to be unlikely to metastasize to lymph nodes.
If this is the case, clinical N negative patients should have
had a higher pathological CR rate for the main tumors
than clinical N positive patients. However, in this study,
the pathological CR rate for the main tumors was not
affected by the pretreatment N status. In addition, the
histological node-negative rate in patients showing a
grade 3 response for their main tumors did not differ with
the clinical N status (84.2% and 71.4% for clinical N(+)
and clinical N(—) patients, respectively). Furthermore,
survival curves for patients with a grade 3 response in the
main tumors were also unaffected by the preoperative N
status. These results exclude the possibility of patients
with a grade 3 response at the primary site as being node-
negative from the beginning. Instead, the results strongly
suggest that the indication for surgery after chemora-
diotherapy can be determined according to the histolo-
gical effects in the primary tumors. Because patients with
a grade 2 or higher response at the primary site have at
most a few positive nodes, surgery can be expected to
eradicate the metastatic nodes and lead to a good pro-
gnosis. On the other hand, for patients with a grade 1
response, surgery may not be able to control the disease,
because many metastatic nodes may exist. If the histo-
logical effect in the main tumor can be preoperative-
ly assessed with accuracy, patients may be efficiently
directed towards either surgery or treatment by other
modalities.

Endoscopic biopsy does not seem to be reliable for
accurate assessment of histological effects. In this study,
only 39.1% of the biopsy negative patients were found to
show a grade 3 response. This discrepancy between the
negative biopsy and a grade 3 response in the resected
esophagus increased as the tumor depth increased. As we
previously reported, after chemoradiotherapy, residual
cancer cells are more often seen in the muscular or deeper
layers than the epithelial layer, which may cause mis-
diagnosis of a grade 3 response by endoscopic biopsy
[26].

Positron emission tomography (PET) scan is non-
invasive and has a higher accuracy for diagnosis of histo-
logical effects. In the future, PET may play an important
role in the decision-making for muitimodal treatment of



esophageal cancer. At present, there are no diagnostic
tools for knowing whether tumors have reached patho-
logical CR or not before surgery. When advances in
molecular biology and diagnostic devices have made
possible prediction or accurate diagnosis for truly patho-
logical CR, such patients can be followed up without
surgery.

Surgery and chemoradiotherapy are both local treat-
ment modalities, which aim to completely eradicate

cancer cells within a field of surgical resection or a-

radiation field, respectively. However, the characteristics
of these two modalities seem to be different. With regard
to the effect on the main tumors, chemoradiotherapy has

a local pathological CR rate of 66.7% in T1, 33.3% in T2,

25.0% in T3, and 21.4% in T4. On the other hand, the
effects of surgery on the main tumors depends on tumor
depth, that is, surgery is considered to have a 100% local
control rate for T1 to T2 tumors, but 0% for unresectable
T4 tumors. With regard to lymph node metastasis,
because chemoradiotherapy is considered to have com-
parable histological effects on the main tumors and
metastatic nodes, complete eradication of metastatic
nodes can be expected in 20%-30% of node-positive
patients. On the other hand, for patients who have under-
gone surgery, as the number of metastatic lymph nodes
increases, the prognosis worsens. As the number of posi-
tive nodes increases, the chance increases of cancer cells
existing in the lymphatic vessels and extranodular re-
gions. Therefore, complete eradication of cancer cells
might be difficult in patients having many metastatic
nodes.

CONCLUSIONS

The nodal status after preoperative chemoradiotherapy
significantly correlates with the histological effects on the
main tumors. Most patients with main tumors of patho-
logical CR are node-negative. Patients with a grade 2
response have at most a few positive nodes. Surgery
would be most beneficial for such patients. Theoretically,
pathological CR patients do not require surgery. How-
ever, at present, surgery is necessary because the patho-
logical CR cannot be accurately diagnosed prior .to
surgery.
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COMMENTARY

In the accompanying article by members of the sur-
gical and oncology departments at Osaka University,
103 consecutive patients with esophageal cancer were
given neoadjuvant chemotherapy and radiation therapy
followed by surgical excision. Most of these patients had
squamous cell carcinoma, although 25 patients (or 24%)
had undefined histology. Two separate neoadjuvant
protocols were used, but the difference was in timing
rather than in quantity or quality of chemotherapeutic
agents or radiation. The effectiveness of the preoperative
therapy was correlated with the presence of nodal meta-
stases in the resection specimen, histological grade, and
preoperative post-therapy endoscopic evaluation. All
patients were able to undergo surgical resection.

The findings can be summarized as such: (1) most
(>80%) of patients showed a major clinical response to
neoadjuvant therapy and histological disease stages were
correspondingly downstaged, (2) distal thoracic lesions
were refractory to the protocol, (3) patients with better
histological responses had fewer metastatic lymph nodes
at time of resection, and (4) higher stage tumors
preoperatively are less amenable to accurate post therapy
pre-surgical re-staging. As with most good prospective
clinical trails, this article asks as many questions as it
answers. The authors did not address the morbidity of
their neoadjuvant protocols, whereas many trials have
shown significant morbidity and mortality from aggres-
sive protocols as utilized in this study.

The prevailing clinical question in any neoadjuvant
therapy trial has been if it really improves survival, both
qualitatively and quantitatively. Some groups, including
ours, have shown that survival is only improved in patho-

logically complete responders. The benefits of neoadju-
vant therapy also include the achievability of surgical
resection or the allowance of smaller resections in certain
organs (e.g., breast). Smaller and safer esophageal pro-
cedures aré not standards of care at present. Neoadjuvant
therapy may be of benefit, albeit negatively, by allowing
patients with more aggressive or refractory disease to
progress whilst on therapy, essentially obviating the need
for future surgery.

Yano et al. have shown that the subset of patients with
fewer positive lymph nodes and grade 1 and 2 (but not 3)
histologic responses has improved overall survival. The
adjuvant data presented here, the real crux of any neo-
adjuvant study, is severely limited by the inability to
quantify accurately and preoperatively the presence of
lymph node metastases. Therefore, how can we select out
these patients before treatment and avoid potentially
unnecessary, expensive, and toxic therapies in patients
who statistically do not need them? That is the rub, and
only improved preoperative imaging, whether by PET or
combination PET/MR imaging, endoscopic ultrasound
guided fine needle aspirations, or subtle tumor markers as
yet undiscovered will allow us this crucial differentiating
ability. Until then, we only have the scientific curiosity
and efforts of investigators like Yano et al. to guide us.
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Background: With the development of chemoradiotherapy for esophageal cancer, the complete
response {(CR) rate would become an important surrogate end-point. However, the Response
Evaluation Criteria in Solid Tumors (RECIST) do not provide criteria for a response at the primary
site of esophageal cancer. The objective of this study was to assess the validity of the endoscopic
CR criteria for the primary site of esophageal cancer treated with chemoradiotherapy.
Methods: We reviewed 139 patients with T1-T4, NO—1, MO—1a esophageal cancer treated with
definitive chemoradiotherapy from August 1992 to April 1999. CR was tentatively defined upon
endoscopic observation of the entire esophagus as: (i) disappearance of the tumor lesion;
(i) disappearance of ulceration (slough); and (iii) absence of cancer cells in biopsy specimens.
Results: CR at the primary site (primary-CR) was achieved in 80 patients (58%). Of these,
71 (89%) were evaluated as having primary-CR within 6 months from the start of therapy.
With a median follow-up of 53 months, a remarkable difference in the 5-year survival rate was
observed between patients evaluated as having primary-CR and having non-CR (46 and 6%,
P < 0.0001). Local failure was observed in 15 patients and the local control rate in patients with
primary-CR was 78% at 5 years.

Conclusions: These criteria appear to represent an appropriate surrogate end-point because
they are convenient to apply, require only a short time before a primary-CR can be declared and
their fulfilment can predict long-term survival. It is recommended that RECIST include precise
endoscopic findings for primary lesions in esophageal cancer in the CR criteria.

Key words: Response Evaluation Criteria in Solid Tumors (RECIST) — esophageal cancer —
chemoradiotherapy — complete response (CR) — endoscopy

INTRODUCTION

Definitive chemoradiotherapy for patients with locally
advanced esophageal cancer has resulted in high complete
response (CR) rates and has greatly impacted on survival
(1-4). Recent results obtained with chemoradiotherapy in
clinical trials have supported a new standard of care in
non-surgical treatment of potentially curable esophageal
cancer. With the development of chemoradiotherapy, the
CR rate would become an important surrogate end-point in
the treatment of esophageal cancer. However, we are not aware
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of any published clinical studies on chemoradiotherapy for
locally advanced esophageal cancer that have precisely out-
lined CR criteria for the primary site. Slabber et al. (5) used
standard Eastern Cooperative Oncology Group (ECOG)
response criteria, which considered gastrointestinal malignan-
cies as ‘non-measurable, non-evaluable’ lesions and defined
CR as: (i) complete disappearance of all clinically detectable
malignant disease for at least 4 weeks; and (ii) pathological
proof of a clinically CR after rebiopsying areas of known
malignant disease. The Radiation Therapy Oncology Group
(RTOG) phase III intergroup trial (RTOG 85-01) described
evaluation after treatment as including esophagoscopy and
barium esophagography, with biopsy if the patient was symp-
tomatic (2). However, these methods of evaluation have not
been fully validated.

New guidelines, ‘Response Evaluation Criteria in Solid
Tumors (RECIST)’, were published in 1999 (6) and have
become the most commonly used criteria worldwide. RECIST

© 2005 Foundation for Promotion of Cancer Research



gives specific size requirements for measurable lesions at base-
line to distinguish target from non-target lesions. It is difficult
to measure accurately the primary site of esophageal cancer as
distinct from the normal esophageal wall in one dimension,
because a computed tomography (CT) scan detects a primary
lesion of esophageal cancer according to wall thickness of the
esophagus. Therefore, the primary site of esophageal cancer is
often identified as a ‘non-target lesion’.

Although non-target lesions are taken into account in the
evaluation of the best overall response, CR for non-target
lesions is defined as the disappearance of all non-target lesions
and normalization of tumor marker levels. However, it is
impossible to confirm the disappearance of primary site lesions
in esophageal cancer by CT scan. Furthermore, development of
cicatrical stenosis of the esophagus after chemoradiotherapy
often prevents accurate evaluation of tumor response by eso-
phagography, which is usually performed to provide useful
information on the degree of luminal narrowing and the loca-
tion and length of the lesion in the diagnosis of esophageal
cancer.

RECIST does not refer to CR criteria for primary lesions by
endoscopy in detail, and endoscopic methods of evaluation
have not yet been fully validated. Additionally, RECIST
has recommended that utilization of endoscopy for an object-
ive tumor response should be restricted to purposes related to
validation in specialized centers.

In the treatment of esophageal cancer, we have utilized
endoscopy to evaluate tumor response accurately, and propose
new endoscopic CR criteria for the primary site of esophageal
cancer. Therefore, the objective of this study is to assess the
validity of endoscopic criteria for CR of the primary site of
esophageal cancer treated with chemoradiotherapy.

PATIENTS AND METHODS
PATIENTS

A total of 217 esophageal cancer patients were treated with
definitive chemoradiotherapy between April 1992 and April
1999 at the National Cancer Center Hospital East (NCCHE).
For this study, we selected 139 patients from the database who
fulfilled the following criteria: (i) esophageal cancer patients
treated with definitive chemoradiotherapy at the NCCHE
between April 1992 and April 1999; (ii) histologically proven
squamous cell carcinoma; (iii) clinical stage T1-T4, NO/1,
MO/M1a by the International Union Against Cancer tumor
node metastasis (TNM) classification; (iv) age =75 years
with an ECOG performance status of <2; (v) adequate bone
marrow, renal and hepatic function; (vi) no prior chemo-
therapy; (vii) no severe medical complications; and (viii) no
other active malignancies (except early cancer). Patients with
non-cervical primary tumors with positive supraclavicular
lymph nodes were defined as M1la.

Details of the treatment including the schedule and radiation
field were described previously (4,7). Briefly, chemoradio-
therapy consisted of two cycles of protracted infusion of
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5-fluorouracil (5-FU) 400 mg/m*day on days 1-5 and 8-12,
and cisplatin (CDDP) 40 mg/m? on days 1 and 8, every 5 weeks
with concurrent radiotherapy consisting of 60 Gy in 30
fractions over 8 weeks. For patients who showed an object-
ive response to treatment, additional chemotherapy was
administered and consisted of protracted infusion of
5-FU 800 mg/m®day on days 1-5 combined with CDDP
80 mg/m” on day 1.

PROPOSED ENDOSCOPIC CR CRITERIA

Response at the primary site was evaluated as CR (primary-
CR) by endoscopic examination when all of the following
criteria were satisfied under observation of the entire esopha-
gus: (i) disappearance of the tumor lesion; (ii) disappearance of
ulceration (slough); and (iii) absence of cancer cells in biopsy
specimens. When these criteria were not satisfied, a non-CR
was designated. Existence of an erosion, a granular protruded
lesion, ulcer scar and lugol voiding lesion did not prevent a CR
evaluation. The first evaluation was performed ~1 month after
the completion of chemoradiotherapy to determine whether
or not disease progression was observed. Although repeat
assessments were not essential to confirm primary-CR after
the criteria for response were first met, endoscopic examina-
tions were performed every 2 or 3 months. All 139 patients
were reviewed according to the above criteria. Responses of
metastatic lymph nodes were assessed according to the World
Health Organization (WHO) criteria for measurable disease.

STATISTICAL ANALYSIS

Overall survival time was determined from the date of the first
administration of chemoradiotherapy to the date of death or the
last confirmation of survival. Time to locoregional failure was
calculated from the date of the first administration of chemo-
radiotherapy to the date of documented locoregional disease,
which was designated as the first failure. Time to determina-
tion of a primary-CR was considered to be the period between
the date of the first administration of chemoradiotherapy and
the date of the first confirmation of primary-CR. Survival
analysis was performed using the Kaplan—-Meier method (8).

RESULTS
PATIENT CHARACTERISTICS

Out of 217 patients who received definitive or palliative
chemoradiotherapy during the period studied, 78 patients were
excluded from analysis. The reasons for exclusion have been
described in a previous report of this study population (7). For
the present study, 139 patients were selected as subjects.
Patient characteristics are shown in Table 1. The median age
was 62 years (range 38-75). Most of the patients had good
performance status. All had histologically proven squamous
cell carcinoma. Fifteen patients had T1, 11 had T2, 60 had T3,
53 had T4 and 38 had M1a disease. Clinically involved sites in
the 53 cases of T4 disease were as follows: tracheobronchial
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Table 1. Patient characteristics

Characteristic

No. of patients (n = 139)

Age, years
Median
Range
Sex
Male
Female
Performance status
0
1
2
Histology
Squamous W/D
Squamous M/D
Squamous P/D
Adenosquamous
Tumor length, cm
Median
Range
Site
Ut
Mt
Lt
T stage
T1
T2
T3
T4
N stage
NO
N1
M stage
MO
Mila
Stage
I
A
1B
it
IVA

Involved sites of T4

Bronchial tree only

Aorta only

Bronchial tree and aorta

Other

62
38-75

121
18

96
42

88
45

1-20

23
81
35

15
11
60
53

55
84

101
38

13
22

58
38

21
22

W/D, well differentiated; M/D, moderately differentiated;
P/D, poorly differentiated; Ut, upper thoracic portion;
Mt, mid-thoracic portion; Lt, lower thoracic portion.

tree (n = 21), thoracic aorta (n = 22), both sites (n = 8) and other
(n=2). One hundred and thirty-three patients (96%) completed
at least the chemoradiotherapy segment that included a total
radiation dose of 60 Gy. Sixty-six patients (47%) received two
or more additional cycles of chemotherapy.

RESPONSE AND SURVIVAL

Primary-CR was achieved in 80 of the 139 patients [58%; 95%
confidence interval (CI), 45-70]. Primary-CR rates in patients
with T1, T2, T3 and T4 were 93% (14 out of 15), 82% (nine out
of 11), 62% (38 out of 61) and 37% (19 out of 52), respectively.
Persistence of local disease was observed in 59 patients (42%;
95% CI 31-53). Among- the 87 patients with T1-T3, persist-
ence of local disease was observed in 24 patients (28%; 95% CI
16-39). Among the 80 patients with primary-CR, persistence
of regional lymph nodes was observed in seven (5%) patients.
With a median follow-up of 53 months, the overall survival
rate at 3 and 5 years among all patients was 37% (95% CI
31-43) and 29% (95% CI 24--34), respectively. The overall
survival at 3 and 5 years was 55% (95% CI 43-67) and 46%
(95% CI 36-56), respectively, among the primary-CR group,
while overall survival was 11% (95% CI 8-13) and 6% (95% CI
4-8), respectively, among the primary-non-CR group
(P < 0.0001, Fig. 1).

TIME TO DETERMINATION OF A PRIMARY-CR

Time until determination of a primary-CR is provided in
Table 2. Of the 80 patients, 71 (89%) were evaluated as having
a primary-CR within 6 months from the start of therapy.
However, in nine patients (11%), primary-CR was only
determined after 6 months from the start of therapy because
before that time biopsy specimens from the primary site were
not obtained in two patients, disappearance of ulceration
(slough) was not observed in three patients due to radiation
esophagitis, and cicatrical stenosis of the esophagus was
observed in four patients.

1 -
.8 1
o Primary CR
T 6
®
>
z
a 4 4
2 Primary non-CR
0 T T L] ¥ L} T
0 1 2 3 4 5 6

Years of follow-up

Figure 1. Overall survival in patients according to proposed endoscopic CR
criteria.



Table 2. Time from the initial date of treatment to determine a
CR at the primary site

No. of patients (n = 80) %
<3 months 25 31
3-6 months 46 58
>6 months 9 11

Table 3. First relapse site in patients with primary-CR

No. of patients (n = 80) %

Local failure 13 16
Regional failure 1 1
Local and distant failure 2 3
Distant failure 13 16
Treatment failure 29 36

FIRST RELAPSE SITE

The first relapse sites in patients with primary-CR are shown in
Table 3. Among the 80 patients with primary-CR, local failure
occurred in 15 (19%) patients, including two with both local
and distant failure. Local failure was detected within 1 year
from the start of therapy in 10 of these 15 patients (67%).
Regional failure alone was observed in one patient (1%).
Distant failure alone as the first failure occurred in 13
(16%) patients. Twenty-nine patients (36%) experienced treat-
ment failure. Local control in patients with primary-CR is
shown in Fig. 2. The local control rate among patients with
primary-CR was 78% at 5 years; this curve appeared to plateau
after 2.2 years.

DEATH FROM CAUSES OTHER THAN TREATMENT FAILURE

Acute and late toxicity from this treatment regimen have been
described previously (7). Briefly, there were three treatment-
related deaths (2%), one each due to renal failure, septic shock
or pneumonia. Seven patients (5%) without cancer recurrence
died due to late cardiopulmonary toxicity, which was mani-
fested as acute myocardial infarction, radiation pneumonitis
or chronic heart failure. Sudden death of unknown origin
occurred in three patients without disease failure. Another
eight patients died of intercurrent disease. In summary, 19
patients (14%) died from causes other than treatment failure.

DISCUSSION

We have proposed new endoscopic CR criteria for the primary
site in the treatment of esophageal cancer. The development of
cicatrical stenosis of the esophagus with this treatment often
prevents observation of the entire esophagus. Therefore,
‘observation of the entire esophagus’ is considered to be
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Figure 2. Local control in patients with primary CR. The local control rate is
74% at 3 years, and the curve seems to plateau after 2.2 years.

necessary for endoscopic evaluation of the response to treat-
ment. In common with the RECIST criteria, ‘disappearance of
tumor lesion’ and ‘absence of cancer cells in biopsy speci-
mens’ are indispensable to confirm CR after chemoradiother-
apy. When we first began to evaluate CR by endoscopy, it was
problematic how to deal with granular protruded lesions, ero-
sions, ulceration and lugol voiding lesions. Granular protruded
lesions were often observed with this treatment (Fig. 3). In the
course of careful observation and obtaining repeat biopsy spe-
cimens from these lesions, local relapse was not observed.
Therefore, this granular protruded lesion was considered as
a hypertrophic cicatrix and would not prevent determination
of a CR. After chemoradiotherapy, local relapses were often
detected by endoscopy as ulceration (slough) of the esophagus.
Therefore, ‘disappearance of ulceration (slough)’ is indispens-
able to confirm not only CR but also no recurrence. Chromo-
endoscopy using iodine solution is the most effective method
of detecting squamous cell mucosal cancer (T1a) in the eso-
phagus, which is an appropriate candidate for endoscopic
mucosal resection (9,10). Iodine staining is based on a chem-
ical reaction between iodine and glycogen. Glycogen-rich
granules are mainly included in the prickle-cell layer of the
normal stratified squamous epithelium. Therefore, esophagitis,
cicatrix due to an ulcer scar and cancerous lesions that are
immature and lose glycogen-rich granules at the prickle-cell
layer can be recognized as an uncolored layer which is said to
be a ‘lugol voiding lesion’ (Fig. 4). Because biopsy of the lugol
voiding lesion makes it possible to distinguish between cancer,
erosion due to esophagitis and cicatrix due to ulcer scar,
the existence of a ‘lugol voiding lesion’ would not prevent
application of the primary-CR criteria.

The main goal of objective confirmation of the response in
clinical trials is to avoid overestimating the observed response
rate. However, RECIST described that repeat studies to con-
firm changes in tumor size may not always be feasible or may
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Figure 3. Granular protruded lesion.

Figure 4. Lugol voiding lesion.

not be part of standard practice in protocols where progression-
free survival and overall survival are the key end-points (6).
In chemoradiotherapy for locally advanced esophageal cancer,
a key end-point is survival. Therefore, repeat assessments were
not essential in applying this criterion to confirm primary-CR
after the criteria for response are first met.

For a surrogate end-point to be an effective substitute for
the clinical end-point, the effects of the intervention on the
surrogate must reliably predict clinical benefit or harm based
on epidemiological, therapeutic, pathophysiological or other
scientific evidence (11,12). Furthermore, these surrogate end-
points have been used to reduce the cost and duration of clin-
ical trials. Surrogate end-points are rarely, if ever, adequate

substitutes for definitive clinical outcomes in phase Il trials.
Among several explanations for this failure is the possibi-
lity that the disease process could affect the clinical outcome
through several causal pathways that are not mediated
through the surrogate, with the intervention’s effect on these
pathways differing from its effect on the surrogate. Even
more likely, the intervention might also affect clinical
outcome by unintended, unanticipated and unrecognized
mechanisms of action that operate independently of the disease
process (11).

Tumor response frequently has been used as a surrogate end-
point in therapeutic trials of advanced cancer. Unfortunately,
tumor response is not a reliable replacement outcome for sur-
vival (13). Many of the trials that have established treatment
effects on this surrogate end-point have not shown any change
in mortality rates. Some of the factors contributing to the
failure of a surrogate end-point are a low proportion of CRs
rather than just partial responses, a low proportion of responses
that are truly durable long-term effects and a high likelihood
that unintended mechanisms of action from these aggressive
and toxic cancer therapies adversely affect survival. When
administering chemoradiotherapy for locally advanced eso-
phageal cancer, any cause of death other than from treatment
failure was recognized as an unintended mechanism of action
that adversely affects survival (11). Therefore, it is reasonable
to propose that an adequate surrogate end-point for CR criteria
in esophageal tumors should include the following: (i) simple
procedure; (ii) short duration to determine a CR; (iii) possib-
ility to predict long-term survival; (iv) low incidence of disease
failure; and (v) acceptable incidence of death from causes other
than treatment failure.

RECIST has recommended that utilization of endoscopy for
objective determination of tumor response should be restricted
to purposes of validation in specialized centers (6). No special
endoscopic technique is required for meeting the following
criteria by endoscopic examination of the entire esophagus:
(i) disappearance of the tumor lesion; (ii) disappearance of
ulceration (slough); and (iii) absence of cancer cells in biopsy
specimens. Therefore, these criteria should be recognized as
involving only a simple procedure and should gain wide
acceptance.

With this chemoradiotherapy as scheduled, 4 months are
needed for completion, and the first evaluation of the primary
site for complete response is performed approximately
5 months from the start of therapy. In this study, most of the
patients (89%) were evaluated as having primary-CR within
6 months from the start of therapy. This finding suggests that
these criteria can be met in a short period of time not only from
the start of therapy (mostly within 2 months) but also after
completion of therapy (mostly within 2 months) to declare
primary-CR.

A remarkable difference in the 5-year survival rate between
patients evaluated as having primary-CR and non-CR was
observed in this study. Furthermore, persistence of disease
was the greatest cause of treatment failure. Therefore, we
could predict long-term survival for patients with locally



advanced esophageal cancer treated with definitive chemora-
diotherapy according to these criteria.

In trials of cisplatin-based concurrent chemoradiotherapy for
esophageal cancer, data on clinical outcomes for comparison
with the present study were available from only two trials,
which were the RTOG 85-01 and INT 0123 trials. The incid-
ence of locoregional failure, distant failure and death from
causes other than treatment failure in this study were similar
to those in the above trials (3,14), suggesting that the clinical
outcomes in this study were acceptable.

The accuracy of endoscopic ultrasound (EUS) for initial
staging of esophageal cancer is widely accepted. After chemo-
radiotherapy, however, EUS examination is not helpful in
patient management because it cannot accurately identify
patients with pathological CR (15-17). This is largely because
EUS cannot distinguish between residual tumor and the post-
inflammatory changes that characterize effective chemoradio-
therapy. EUS is of limited utility in guiding clinical decision
making after chemoradiotherapy.

Recently, a retrospective study showed that EUS and EUS-
guided fine needle aspiration biopsy (FNA) have the potential
of identifying residual lymphadenopathy after pre-operative
chemoradiotherapy (18). However, this result was very con-
troversial because EUS-guided FNA was performed in only
eight patients.

[lSF]Fluorodeoxyglucose ([ISF]FDG) positron emission
tomography (PET), an emerging imaging technology based
on differences in glucose uptake between neoplastic and sur-
rounding normal tissue, has improved the accuracy of clinical
staging of untreated esophageal cancer by detecting otherwise
occult metastases (19-23). Many studies have reported that
['8F]FDG PET is a valuable tool for non-invasive assessment
of histopathological tumor response after the completion of
neoadjuvant therapy for locally advanced esophageal cancer
(24-26). Furthermore, some studies indicated that changes in
['®F]FDG uptake or changes in standard uptake value (SUV)
were predictive of disease-free survival and overall survival
(25-27).

Furthermore, PET/CT is a new imaging modality that
provides simultaneous functional and anatomic information.
PET/CT has been reported to increase diagnostic confidence
compared with either PET or CT imaging alone (28-30).
PET/CT also helps in target volume delineation during plan-
ning for radiotherapy treatment of esophageal cancer (31,32).
Better characterization of the target may improve local control
as well as spare normal tissues from radiotherapy sequelae.
After therapy, subtle metabolic findings on ["*FIFDG PET
may result in detection of residual disease after correlation
with simultaneously acquired morphologic data. Alternatively,
equivocal CT findings, which could represent either recurrent
tumor or post-therapy fibrosclerosis, now can be distinguished
with the additional information provided by [‘*FIFDG PET
data. In the post-therapy setting, PET/CT might improve the
accuracy of PET imaging in distinguishing recurrent disease
from benign post-therapy changes. Radiation-induced eso-
phagitis, however, results in false-positive [18F]FDG uptake.
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Furthermore, because of the limited spatial resolution of PET,
lesions <0.5 cm may be undetectable. For these reasons,
('8FIFDG PET cannot differentiate partial response from com-
plete response and is of limited utility in guiding clinical
decision making after chemoradiotherapy. As PET/CT systems
are not yet in widespread use, further studies including
comparison with the proposed endoscopic CR criteria or dif-
ferential evaluation are necessary to establish its role in the
evaluation of the response to therapy.

In order to improve local control, many attempts including
intensification of radiation dose and accelerated or hyper-
fractionation radiation methods were made, but all of these
methods failed to improve local control or survival (14,33-35).
The addition of new agents, other than 5-FU plus cisplatin,
may be promising. The addition of paclitaxel to the standard
chemoradiotherapy regimen increased the response rate of
locally advanced esophageal cancer, with a pathological com-
plete response rate of 38% and an actuarial 3-year survival of
41%, which warrant further investigation (36). The addition of
cetuximab, a monoclonal antibody to epidermal growth factor
receptor, to high-dose radiation in locoregionally advanced
squamous cell head and neck carcinoma resulted in a statist-
ically significant and clinically meaningful improvement
in locoregional control and overall survival (37). The use of
molecular targeting agents in combination with chemoradio-
therapy will be a major focus in future studies, because their
toxicity profiles are clearly different from those of cytotoxic
agents.

The survival of patients who have residual or recurrent tumor
after chemoradiotherapy is dismal, and salvage treatment for
such patients is indicated to improve the overall survival.
Although some small studies have shown the feasibility and
efficacy of salvage surgery, the high mortality associated with
salvage surgery after chemoradiotherapy is another important
issue. Although the optimal timing and modes of salvage treat-
ment should be investigated in the future, early detection
of residual or recurrent tumor that was limited to within the
submucosal layer enabled endoscopic mucosal resection
(EMR) as a substitute for salvage surgery (38). Photodynamic
therapy (PDT) is an experimental cancer treatment modal-
ity that selectively destroys cancer cells by the interaction
between absorbed light and a retained photosensitizing
agent (39). In our experience, PDT was a safe and
effective salvage treatment with a CR rate of 62% (40). A
phase II trial of PDT for residual or recurrent esophageal
cancer after definitive chemoradiotherapy is ongoing at our
hospital.

In conclusion, the proposed endoscopic CR criteria appear
to represent an appropriate surrogate end-point because they
are convenient, require a short period of time (mostly within
6 months) to declare primary-CR, predict favorable survival
and are associated with an acceptable frequency of disease
failure and death from causes other than treatment failure.
The proposed criteria would be of major importance in the
process of evaluation of new treatment strategies. Since per-
sistence of disease was the greatest cause of treatment failure



322

Criteria for CR of esophageal cancer

for locally advanced esophageal cancer after chemoradiother-
apy, it is important to evaluate accurately the tumor response.
In the treatment of locally advanced esophageal cancer, more-
over, the fact that RECIST does not refer to CR criteria for
primary lesions in detail prevents not only appropriate clinical
evaluation of response but also the fulfillment of requirements
of a clinical trial. We feel that the RECIST criteria do not
provide information to evaluate the primary sites of esophageal
cancer. It is recommended that the precise endoscopic findings
of primary lesions in esophageal cancer be added to the CR
criteria in RECIST.
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ORIGINAL ARTICLE

Photodynamic therapy as salvage treatment for local failures

after definitive chemoradiotherapy for esophageal cancer
Tomonori Yano, MD, Manabu Muto, MD, Keiko Minashi, MD, Atsushi Ohtsu, MD, Shigeaki Yoshida, MD
Kashiwa, Japan

Background: Although definitive chemoradiotherapy for esophageal cancer shows a high response rate,
persistent or recurrent locoregional disease remains a major problem. Salvage esophagectomy is the only
curative intent treatment option; however, it carries higher morbidity and mortality rates than primary
esophagectomy. Response to second-line chemotherapy is quite dismal.

Methods: From December 2002 to November 2003, we applied salvage photodynamic therapy to 13 patients
with local failures after completion of chemoradiotherapy, 4 patients had local recurrence after achieving
a complete response, and 9 had a persistent tumor after chemoradiotherapy. The decision to treat was based
on patients’ refusal of salvage surgery or chemotherapy. After the intravenous administration of 2 mg/kg of
Photofrin, photoradiation treatment with an excimer dye laser was performed for 48 hours and 72 hours after
the injection. Written informed consent was obtained from all patients.

Results: Eight patients (62%) achieved a complete response. After a median follow-up period of 12 months after
photodynamic therapy, 6 patients were still free of disease, and the overall survival rate at 1 year was 68.4%.
There were no treatment-related deaths.

Conclusions: Our results show that salvage photodynamic therapy could be a promising curative intent

treatment option with low morbidity and mortality rates. (Gastrointest Endosc 2005;62:31-6.)

Although definitive chemoradiotherapy (CRT) is now
commonly used for the treatment of esophageal cancer,
persistent or recurrent locoregional disease occurs in
more than 40% of patients and remains one of the major
unsolved problems.! The survival of the patients who did
not achieve complete response (CR) is dismal. Most of
them (over 80%) would die within 1 year.* Esophagec-
tomy as a salvage treatment has a curative potential;
however, it is a more difficult and risky procedure than
primary esophagectomy.3 Postoperative mortality rates
within 30 days of surgery also are higher.>* Moreover,
there are no curative chemotherapy protocols currently
available for treatment of residual tumor.

Some patients with persistent or recurrent locoregional
disease have truly local failures without distant metastasis.
In such patients, local treatment seems to be sufficient. We
have previously reported that EMR could be a salvage
option.” In that paper, the 3-year survival rate from the
initial EMR for all 16 patients was 56%, and there were no

Copyright © 2005 by the American Society for Gastrointestinal Endoscopy
0016-5107/%$30.00
Pll: S0016-5107(05)00545-6

serious complications.> However, the application of

salvage EMR is limited by its requirement for tumor
recurrence that is focal in nature, and a high skill level is
required for this procedure.

Photodynamic therapy (PDT) is a potential alternative,
nonsurgical treatment that eliminates superficial esopha-
geal cancer.®” This method uses a photosensitizing chem-
ical agent that is activated by light to selectively destroy
the neoplastic cells. &0 Theoretically, PDT may cure T1 and
possibly T2 tumors, as classified by the TNM classification, !
and this procedure is relatively simple to perform. There-
fore, we postulated that PDT could be a more effective
salvage option than EMR. However, there have been no
reports published to date that use this method to treat local
failures after definitive CRT. Herein, we report our expe-
rience of esophageal cancer patients treated with salvage
PDT for local failure after completion of definitive CRT.

PATIENTS AND METHODS

Between December 2002 and November 2003, 13
patients underwent salvage PDT at the National Cancer
Center Hospital East, Kashiwa, Japan. All patients initially
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were treated with definitive CRT at our hospital. The CRT
consisted of 60 Gy irradiation, along with two cycles of
continuous infusion with 5-fluorouracil (5FU) and cis-
platin (CDDP) or nedaplatin (NED). The SFU (400 mg/mz,
24-hour intravenous infusion) was administered on days
1to 5 and 8 to 12. CDDP (40 mg/m?, 2-hour intravenous
infusion) was administered with hydration on day 1 and
day 8. This schedule was repeated twice, every 5 weeks.
Radiotherapy was initiated concurrently on the first day
of the first and second course of chemotherapy and was
delivered in 30 fractions of 2 Gy for a total of 60 Gy.
In addition, two courses of chemotherapy were added
for the patients who showed good initial response to
treatment. In the cases with renal insufficiency or cardio-
vascular disease, we used NED instead of CDDP, because
NED did not require hydration and showed a low risk of
renal toxicity."?

Baseline staging of esophageal cancer was determined
by the TNM classification of the International Union
Against Cancer.’ Clinical T stage was evaluated by
endoscopy and EUS, and clinical N and M stage were
evaluated mainly by CT of the neck, the chest, and the
abdomen. The definition of complete response after CRT
was determined as follows: (1) disappearance of tumor
lesion or ulcer of primary site with confirmed cancer
negative histology, and (2) disappearance of measurable
or assessable metastatic lesion confirmed by CT.

Although all . persistent or recurrent tumors were
surgically resectable, the decision to undergo nonsurgical
treatment was based on the patients’ refusal of surgery. All
patients gave written informed consent. The criteria for
salvage PDT were specific and included the following: (1)
no lymph node or distant metastases was detected; (2)
tumor staging by a 20-MHz US probe (UM-3R; Olympus
Opitical Co, Ltd, Tokyo, Japan) was limited to the following
categories of uT1 or uT2, uT1 when the tumor invasion
was within mucosal and/or submucosal layer, or uT2 when
the tumor invaded into the muscularis propria layer; (3)
other nonsurgical treatments, e.g.,, EMR, were not in-
dicated for reasons of difficulty or noncurability; and (4)
written informed consent was obtained from the patient.

The PDT procedure commenced with intravenous
administration of 2 mg/kg of Photofrin (Wyeth K. K,
Tokyo, Japan) followed by dye laser irradiation. The 630-
nm-wavelength laser beam was emitted by an excimer dye
laser (EDL-1; Hamamatsu Photonics, Hamamatsu, Japan).
The laser treatment was performed 48 and 72 hours after
injection of the drug. The excimer dye laser was delivered
via a microlens fiber introduced into the operative channel
of the fiberscope (GIF-Q20; Olympus) and was positioned
in the esophagus. The distal tip of the fiber was maintained
to keep the distance about 1 cm from the surface of the
lesion. The total light density was 75 J/cm?, with 4 m]/pulse
maximum pulse energy and 40 Hz pulse frequency.

All patients were instructed to avoid direct exposure to
sunlight for 1 month after the injection of Photofrin for

Capsule Summary
What is already known on this topic

* Persistent or recurrent loco-regional disease occurs
in more than 40% of esophageal cancers after
chemoradiotherapy.

* Photodynamic therapy (PDT) may cure T1 or T2
esophageal tumors and may be a salvage option.

What this study adds to our knowledge

¢ In an uncontrolled case series from Japan, salvage PDT
with curative intent was used in 13 patients, achieving
62% complete response and a 68% 1-year survival.

the purpose of protection from skin photosensitization.
Patients were examined endoscopically 7 to 8 days after
treatment to confirm the development of tissue necrosis.
To evaluate the response and the luminal toxicity of PDT,
endoscopic examination with biopsy was repeated at least
every month until confirmation of the response. The
response to PDT was classified as a CR if there was no
macroscopic or microscopic evidence of cancer, or non-
CR if a tumor was seen at endoscopy and was confirmed
histologically. Recurrence was defined as a relapse after
achieving CR. CTwas used to evaluate the distant organ or
lymph-node metastasis at 3, 6, and 12 months after PDT.

The progression-free survival was measured from the
date of PDT to the date of confirmation of the recurrence
or the progression of the disease. Overall survival was
measured from the date of PDT to death or at last follow-
up visit. Survival time was calculated by the Kaplan-Meier
method. In addition, we assessed the period of hospital
stay, antibiotics usage, and fasting after salvage PDT. If the
toxicity occurred within 7 days after PDT, we defined it as
acute toxicity. In contrast, if it occurred 8 days after PDT, it
was defined as a late toxicity. All information was collected
from medical records and was provided by the patient’s
physicians.

RESULTS

Baseline patient and lesion characteristics before CRT
and those before PDT are summarized in Table 1. Median
age was 67 years (range 51-75 years). There were 12 men
and one woman. The baseline clinical stage before CRT
was as follows: T1, T2, T3, and T4 in 0, 4, 9, and O patients,
respectively; NO and N1 in 5 and 8 patients, respectively;
and stage 1, stage I1A, stage IIB, stage III, and stage IVin 0, 5,
1, 6, and 1 patients, respectively. Nine patients were treated
with SFU, CDDP and radiation; and 4 patients were treated
with 5FU, NED, and radiation. Four patients suffered local
recurrence after achieving CR, and the remaining 9 patients
had persistent tumor after completion of CRT. Six patients
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TABLE 1. Patient and lesion characteristics

Baseline Tumor status

TNM stage Histologic confirmation Tumor length

Patient Age (y) Gender  TNM stage*} after CRT before PDT§ of residual cancer before PDT (cm)
1 64 Male T2NOMO Recurrent TINOMO Positive 1
2 59 Male T3N1MO Persistent TINOMO Positive 2
3 74 Male T3NOMO Persistent T2NOMO Positive 4
4 51 Male T2NOMO Recurrent TINOMO Positive 2
5 . 58 Male T3NIMO Persistent T2NOMO Positive 25
6 74 Male T2N1M1a Persistent TINOMO Positive 4
7 68 Male T3N1IMO Persistent T2NOMO Negative 7
8 75 Male T3NTMO Recurrent T2NOMO Positive 3
9 61 Female T3NOMO Persistent TINOMO Negative 2
10 71 Male T2N1MO Recurrent TINOMO Positive 2
1 64 Male T3NOMO Persistent T2NOMO Positive 5
12 67 Male T3NTMO Persistent T2NOMO Positive 6
13 69 Male T3NTMO Persistent T2NOMO Negative 5

CRT, Chemoradiotherapy; PDT, photodynamic therapy.

*Based on the criteria of the TNM classification of malignant tumors by the International Union Against Cancer.

tThe tumor stage was evaluated by EUS.

had uTl wmors (all of them were assessed as having
massive submucosal invasion), and 7 patients had uT2 tu-
mors. Three patients were judged to have persistent tumor
without histologic confirmation of carcinoma according to
the endoscopic and EUS findings of submucosal tumor-like
lesions. The median length of tumor before salvage PDT
was 3 cm (range 1-7 cm). Seven patients had ulceration on
the lesions before PDT.

Clinical outcomes after salvage PDT are summarized in
Table 2. The median total delivered light dose was 750 ]
(range 300-1000 J). A response of the tumors to salvage
PDT was seen in all patients. CR was attained in 8 (62%)
of the 13 patients. Among the cases with histologically
confirmed residual cancer, the CR rate was 60% (6/10). We
show the representative case of a patient who achieved CR
after salvage PDT in Figure 1. All patients with uT1 tumors
achieved CR, whereas two of 7 patients with uT2 also
achieved CR. The median time to confirm CR was 3 months
(range 1-4 months). Two patients experienced local
recurrence after salvage PDT and were re-treated with
PDT; however, their recurrent lesions did not disappear.
They died of esophageal cancer progression. Of the 5
patients who did not achieve CR, 3 patients were re-treated
with PDT, and the remaining two were followed with
appropriate best-supportive care. At a median follow-up
period of 12 months (range 6-19 months) after application
of salvage PDT, 9 patients were still alive and 6 of them
were free of disease. The overall survival rate after salvage
PDT after 1 year was 68.4% (Fig. 2).

In all cases, intravenous injection of the Photofrin was
well tolerated. There were no allergic reactions or in-
jection site irritation. For all 13 patients, the median
hospital stay was 13 days (range 6-20 days), the fasting
period was 1 day (range 0-6 days), and the antibiotics-
required period was 4 days (range 0-10 days). As for acute
complication within the 7 days after salvage PDT, high
fever (>38.5°C), and chest pain that needed pain killers
was observed in 4 and 7 patients, respectively. White blood
count (WBC) and C-reactive protein (CRP) were elevated
after initial salvage PDT. Median WBC and CRP at 2 days
after salvage PDTwere 9400/mm? (range 5300-15900/mm?)
(normal 4500-8500/mm®) and 11.2 mg/dL (range 2.3-18.8
mg/dL); (<0.5 mg/dL), respectively. Six patients experi-
enced significant complications: one mediastinitis, one
esophagotracheal fistula, 3 stenosis that required repeated
balloon dilation, one cutaneous phototoxicity, and one
increase of radiation-induced pericardial effusion that
required drainage. The patient who developed mediasti-
nitis was cured by intravenous administration of anti-
biotics and fasting for 1 week. The patient who developed
a fistula died of the progression of esophageal cancer.
There were no occurrences of treatment-related death.

DISCUSSION

Definitive CRT is considered the standard non-
surgical treatment for esophageal cancer, because it shows
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