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Table 1 Baseline characteristics

Characteristic No. of patients %
N=153
Male 46 86.8
Female 7 : 132
Median age (range), years 65.0 (47-76)
<65 years _ 24 45.3
>65 years 29 54.7
Performance status
0 28 52.8
1 25 472
Smoking history
Smokers 5 9.4
Non-smokers 2 3.8
Previous smokers 46 86.8
Advanced/recurrent disease
Recurrent 41 774
Advanced 12 22.6
Stage IVa 1 19
Stage IVb 10 18.9
Stage ITa* 1 1.9
Adenocarcinoma 1 1.9
Squamous cell carcinoma . 52 98.1
Primary lesion location
Cervical plus upper thoracic esophagus 3 5.7
Upper thoracic esophagus 8 15.1
Upper plus middle thoracic esophagus 2 38
Middle thoracic esophagus 29 54.7
Lower thoracic esophagus 8 151
Abdominal esophagus 3 5.7
Prior treatment**
Neoadjuvant chemotherapy 7 13.5
Post-operative adjuvant chemotherapy 14 26.9
Chemoradiation therapy 30 57.7
Chemotherapy for residual or recurrent lesion 12 23.1
Surgery 24 46.2
Radiotherapy 34 65.4
Other therapy 3 5.8
Reasons for prior chemotherapy failure**
Disease progression 25 48.1
Recurrence 5 9.6
Adverse events 1 1.9
Other*** 26 50.0
Treatment-free interval**: ****
<6 months 39 75.0
>6 months 13 25.0

* Patient excluded from the efficacy analyses, because it was found
that the target lesion was not a metastatic esophageal tumor

** Stage Ila patient (*) was excluded from the count
***% Completed planned course of therapy
*#*%* Duration from last day of prior treatment therapy
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neoadjuvant chemotherapy, and 14 (26.4%) had received
adjuvant chemotherapy. Most of the prior chemotherapy
regimens were a combination of a platinum agent and a
fluoropyrimidine. The number of patients who failed prior
therapy due to disease progression was 25/52 (48%), while
1/52 (1.9%) failed due to toxicity (Table 1).

The median number of cycles delivered was 2 (range
1-8), and the median number of administrations was 10
(range 1-42). In this study, all patients received paclitaxel at
an initial dose of 100 mg/m*—if a patient experienced a
severe adverse event, dosage was reduced to 80 mg/m” and
then to 60 mg/m”. The median time to the first dose
reduction was 84 days and the median dose intensity was
78.5 mg/m*/week (range: 39.8-100 mg/m*/week), which
was >90% of expected dosing. The median total duration of
treatment was 3 months (range: 0.2-14.0). After the initial
dose of 100 mg/m?, the dose was reduced to 80 mg/m? in
23 patients (43.4%) and reduced further to 60 mg/m2 in 7
patients (13.2%).

Table 2 Response to therapy (RECIST criteria)

Response Response  95% CI
rate (%)

CR PR SD PD NE Total

4 19 14 8 7 52 44.2 (30.5, 58.7)

Characteristic Response Total Response
rate (%)
CR PR SD PD NE

PS

0 2 13 71 4 27 55.6

1 2 6 7 7 3 25 320
Histology

Adeno 0 1 00 O 1 100.0
SCC 4 18 14 8 7 51 43.1
Advanced/recurrent

Recurrent 4 16 10 6 5 31 48.8
Stage IV 0 3 42 2 11 - 2713
Prior treatment
Chemoradiation

- 1 8 6 5 2 22 409
+ 3 11 8 3 5 30 46.7
Chemotherapy

CDDP+ 5-FU (+ADM) 3 17 14 7 6 47 42.6
TFI

<6 months 2 13

>6 months 2 6

10 8 6 39 38.5
4 0 1 13 61.5

PS performance status (ECOG), Adeno adenocarcinoma, SCC squa-
mous cell carcinoma, CDDP cisplatin, 5-FU fluorouracil, ADM
adriamycin, CR complete response, PR partial response, SD stable
disease, PD progressive disease, NE not evaluable, TFI Treatment-
free interval
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Fig. 1 Time to progression curve for patients with esophageal cancer
treated with weekly paclitaxel and who had received prior platinum
therapy. The median follow-up time of patients was 3.9 months, with a
median time to progression of 3.9 months (95% CI: 2.8, 4.6 months)

Response and survival

Response to therapy is shown in Table 2. Response rate is
typically used as a primary endpoint in the phase II study of
single agents in advanced esophageal cancer [21]; in this
study, the overall response rate was 44.2% (23/52; 95% CI:
30.5, 58.7%) among patients evaluable for response.
Among all treated patients, the response rate was 43.4%
(23/53; 95% CI: 29.8, 57.7%), corroborating the result in
the 52 response-evaluable patients. CR occurred in 4
patients and PR in 19. Responses were seen in 20 of 41
patients (48.8%) with recurrent disease and in 3 of 11
patients (27.3%) with advanced disease. Among the 29
patients without response, 14 showed stable disease (SD) on
therapy, including 4 patients with advanced disease.
Twenty-two of 51 (43.1%) patients with squamous cell
carcinoma had responses. Median duration of overall
response was 4.8 months (95% CI; 3.2, 7.1) for the 23
patients with CR or PR (95% CI: 3.2, 7.1 months). One
patient had disease progression after 5.5 months in CR.
Three patients were censored without disease progression,
in which CR duration was >6.9 months. The median fol-
low-up time for overall survival and time to progression was
9.1 months and 3.9 months, respectively. The median time
to progression was 3.9 months (95% CI: 2.8, 4.6 months)
(Fig. 1). Median overall survival was 10.4 months (95% CI:
7.8, 14.2 months) (Fig. 2).

Toxicity

Toxicity in the 53 assessable patients is shown in Table 3.
Grade 3 or 4 non-hematologic toxicity was infrequent.
The most common Grade 3 or 4 non-hematologic toxicities
were anorexia (9.4%), fatigue (9.4%), constipation (7.5%),
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Fig. 2 Overall survival curve for patients with esophageal cancer
treated with weekly paclitaxel and who had received prior platinum
therapy. The median follow-up time of patients for overall survival
was 9.1 months, with a median overall survival of 10.4 months (95%
CI: 7.8, 14.2 months)

Table 3 Toxicity, n = 53

n (%)
All grades >Grade 3
Hematologic adverse events
Leukopenia 43 (81.1) 24 (45.3)
Neutropenia 42 (79.2) 28 (52.8)
Anemia 4(7.5) 2 (3.8)
Thrombocytopenia 6 (11.3) 1(1.9)
Non-hematologic adverse events

Nausea 23 (43.4) 1(1.9)
Constipation 15 (28.3) 4(75)
Diarrhea 15 (28.3) 1(1.9)
Stomatitis 13 (24.5) 0 (0)
Vomiting 13 (24.5) 0 (0)
Anorexia 26 (49.1) 509.4)
Fatigue 38 (71.7) 504
Pyrexia 18 (34) 0(0)
Edema 9 (17.0) 1(1.9)
Hypersensitivity 2(3.8) 1 (1.9)
Myalgia 16 (30.2) 0 (0)
Arthralgia 15 (28.3) 0 (0)
Neuropathy: sensory 43 (81.1) 3(5.7)
Neuropathy: motor 8 (15.1) 0 (0)
Pneumonia 6 (11.3) 4 (7.5)
Febrile neutropenia 2 (3.8) 2 (3.8)
Infection 2 (3.8 1(1.9)
Interstitial lung disease 367 2 (3.8)
Alopecia 44 (83.0) 0(0)
Rash 15 (28.3) 1(1.9
Nail disorder 509.4) 0 (0)
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pneumonia (7.5%), and sensory neuropathy (5.7%). Sensory
neuropathy of any grade was observed in 81.1% of patients.
Other common non-hematologic toxicities of any grade
were alopecia (83.0%), fatigue (71.7%), anorexia (49.1%),
nausea (43.4%), pyrexia (34.0%), myalgia (30.2%), consti-
pation (28.3%), diarrhea (28.3%), arthralgia (28.3%), rash
(28.3%), stomatitis (24.5%), and vomiting (24.5%). One
patient experienced a Grade 4 hypersensitivity reaction
(anaphylactic shock) and recovered with appropriate mea-
sures and treatment discontinuation.

The most common forms of Grade 3 or 4 hematologic
toxicities were neutropenia (52.8%) and leukopenia
(45.3%). Grade 3 or 4 thrombocytopenia was rare, occur-
ring in only 1 patient (1.9%). Neutropenia and leukopenia
of any grade occurred in 81.1% and 79.2% of patients,
respectively. Out of a total of 146 cycles delivered,
leukopenia of any grade occurred in 81.5% (119) of cycles
and neutropenia occurred in 80.8% (118) of cycles. Median
nadirs of leukocyte count and neutrophil count were
2,000/uL (range: 800-2,980/pL) and 957/uL (range:
101-1,463/pL), respectively. In most cases, leukocyte and
neutrophil counts returned to normal (decreases of Grade 1
or lower) and median time to recovery was 14 days for
leukocytes and 8.5 days for neutrophils.

There were a total of 15 serious adverse events related to
paclitaxel in 12 patients: pneumonia (4), interstitial lung
disease (3), febrile neutropenia (2), ileus (1), hypersensi-
tivity (1), herpes zoster (1), tuberculosis (1), anorexia (1),
and respiratory failure (1). One patient had 4 serious
laboratory adverse events related to paclitaxel: anemia,
neutropenia, leukopenia, and thrombocytopenia. There
were no treatment-related deaths.

Adverse events resulted in discontinuation of therapy in
18 (34.0%) patients, the most common events being
myelosuppression (n = 3) and sensory neuropathy (n = 3).
Dose reductions for toxicity occurred in 23 patients
(43.4%). The most common reason for a dose reduction for
toxicity was sensory neuropathy (10 [18.9%]). Adverse
events leading to skipped or delayed dosing occurred in 126
courses (19.6%) and 21 courses (22.6%), respectively. The
most common reason for skipped or delayed doses was
neutropenia (28 [52.8%]).

Discussion

Results of this study demonstrate that weekly paclitaxel
100 mg/m® administered by 1-h infusion (median dose
intensity 78.5 mg/m?/week) shows substantial anti-tumor
activity in patients with advanced or recurrent esophageal
cancer. In this study, the overall response rate was 44.2%
and included four complete responders. The median dura-
tion of response was 4.8 months (95% CI: 3.2, 7.1 months)
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in 23 responding patients, and their median treatment time
of 5.9 months was therefore long.

Patients had either progressed on platinum-based ther-
apy or they had discontinued treatment for reasons of
toxicity. The rate of response observed in the current trial is
considerably higher than the 13% response rate observed
by Ilson et al. [21] in a previous study of weekly paclitaxel
for a similar patient population (advanced or recurrent
esophageal cancer). Moreover, the latter study enrolled
patients with or without prior chemotherapy, and only 1
partial response (1/21, 5%) was observed among patients
previously treated. The higher response rate observed in
our study and the activity against esophageal cancer
refractory to prior chemotherapy may be due to the higher
dose of paclitaxel administered (100 mg/m?*/week versus
80 mg/m*/week) in the current study. Most patients in the
current study had squamous cell carcinoma, whereas two-
third of the patients in Ilson study had adenocarcinoma.

There is currently no standard systemic therapy for
advanced or recurrent esophageal cancer, and therefore
response rates are of interest in a palliative setting. As
expected, the response rate in the current study was higher
among patients with recurrent (48.8%) than among those
with advanced disease (27.3%). Although a small number
of patients with metastatic disease were included in this
study, the rate of response compares favorably to.rates
achieved with other single agents used in populations with
advanced esophageal carcinoma, e.g., docetaxel and vino-
relbine [25, 26].

In the current trial, partial response or stable disease was
seen in 7/11 patients with metastatic disease. Among all
patients who did not respond, 48.3% (14/29) showed sta-
bilization of disease on therapy. Median overall survival for
all patients was 10.4 months. Other studies have reported
median survival times of between 7 and 13 months for
patients with recurrent or advanced esophageal carcinoma
treated with paclitaxel alone or in combination with che-
motherapy [13, 15, 21, 27]. In this study, the response rates
for recurrent/advanced patients with a TFI >6 months and
with a TFI <6 months were 61.5% (8/13) and 38.5%
(15/39), respectively. However, there was no significant
relationship between TFI and response rate as has been seen
in other studies [28].

Paclitaxel was fairly well tolerated in this study. The
most common types of Grade 3-4 hematologic toxicity
were neutropenia and leukopenia, which were relatively
common. However, only 2 patients (3.8%) developed
febrile neutropenia. While the majority of patients (81.1%)
experienced sensory neuropathy of Grade 1 or higher, only
5.7% of patients experienced Grade 3—4 sensory neuropa-
thy. Dose reductions for toxicity were required for 23
(43.4%) patients, most commonly for sensory neuropathy,
leukopenia, and neutropenia. The median time from nadir
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to recovery was 14 days for leukopenia and 8.5 days for
neutropenia. There were no treatment-related deaths. All
treatment-related serious adverse events were previously
known adverse effects of paclitaxel.

In summary, our results show that paclitaxel adminis-
tered weekly at a dose of 100 mg/m? has high activity and
manageable toxicity in patients with advanced or recurrent
esophageal cancer. While esophageal cancer is relatively
sensitive to chemotherapy, relapse is common and
responses are typically short-lived, underscoring the need
for second-line chemotherapy. Our study suggests that
paclitaxel at the dose administered is a promising option
for patients who have been previously treated with plati-
num-based chemotherapy and warrants further investiga-
tion in a phase III study.
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Objective: After complete resection of carcinomas of the head and neck, including carcinoma
of the cervical esophagus, the pattern of first failure is more often locoregional than distant
metastasis. We retrospectively evaluated the safety and efficacy of the combination of post-
operative radiation and concurrent chemotherapy with low-dose cisplatin for high-risk squa-
mous cell carcinoma of the cervical esophagus.

Methods: From 2005 through 2008, 34 patients with previously untreated squamous cell car-
cinoma of the cervical esophagus underwent cervical esophagectomy with or without laryn-
gectomy. Of these 34 patients, 11 with disease-positive lymph nodes in the upper
mediastinum (M1 lymph/Stage V) confirmed by pathologic examination were enrolled.
Patients received radiotherapy (66 Gy in 33 fractions) and concurrent low-dose cisplatin.
Results: Nine patients completed the planned radiotherapy and two or more courses of che-
motherapy. Grade 3 toxicities during chemoradiotherapy were leukopenia (36% of patients),
neutropenia (18%) and mucositis (9%). At a median follow-up time of 39.5 months, the
overall 1- and 3-year survival rates were 91 and 71%, respectively.

Conclusions: The combination of post-operative radiation and concurrent chemotherapy with
~ low-dose cisplatin is well tolerated and has the potential to improve the rates of locoregional
control and overall survival in patients with high-risk advanced squamous cell carcinoma of

the esophagus.

Key words: cervical esophageal squamous cell carcinoma — post-operative radiotherapy with
concurrent chemotherapy — nodal M1 disease

INTRODUCTION

Locally advanced head and neck cancer is optimally treated
with multimodal approach, involving resection followed by
radiotherapy and concurrent chemotherapy (1). Carcinoma of
the cervical esophagus has a poor prognosis, with reported
3- and 5-year survival rates ranging from 18 to 35.4% and
from 12 to 33%, respectively (2). We have previously
reported on the prognosis, patterns of first failure and signifi-
cant clinicopathologic factors affecting survival in cases of

squamous cell carcinoma of the cervical esophagus (2). In
particular, the 3-year survival rate was 0% in patients with
metastasis to mediastinal lymph nodes (M1 lymph/Stage
1V). We have maintained that multimodal treatment, such as
post-operative radiotherapy with concurrent chemotherapy, is
essential for the treatment of cervical esophageal carcinoma
(2). On the basis of the results of our previous study, we per-
formed a pilot study and retrospectively assessed the toxic

© The Author (2011). Published by Oxford University Press. All rights reserved.



effects and efficacy of the combination of post-operative
radiotherapy and concurrent chemotherapy with low-dose
cisplatin in selected patients who had squamous cell carci-
noma of the cervical esophagus with metastasis to the upper
mediastinal lymph nodes (M1 lymph/Stage IV), a factor
indicating an extremely poor prognosis.

PATIENTS AND METHODS
PATIENTS POPULATION AND ELIGIBILITY

From January 2005 through December 2008, 34 patients
with previously untreated carcinoma of the cervical esopha-
gus underwent surgical resection at the National Cancer
Center Hospital East. The clinical and pathologic character-
istics of the 34 patients are shown in Table 1. Pre-operative
and post-operative staging was based on the 1997
International Union Against Cancer TNM classification.
Cases with metastasis to the mediastinal lymph nodes were
classified as M1-lymph disease.

All patients with metastasis to the upper mediastinal
lymph nodes (M1 lymph/Stage IV) defined as complete
removal of all macroscopic tumor masses were eligible for
the study if they met all of the following criteria: histologi-
cally confirmed diagnosis of squamous cell carcinoma; age
of 18 years or older and 75 years or younger; performance
status of 0 or 1 according to the Eastern Cooperative
Oncology Group scale; adequate bone marrow, hepatic and
renal function; no previous chemotherapy or radiotherapy;
and written informed consent provided before recruitment.

PRE-TREATMENT EVALUATION

Pre-treatment evaluations in all patients included physical
examination, barium-swallow examination, endoscopy with
biopsy, ultrasonography of the neck and computed tomogra-
phy of the neck and chest.

STUDY TREATMENT

The protocol required that radiotherapy be performed as
soon as satisfactory healing had occurred after surgery. The
protocol also called for radiotherapy to start within 8 weeks
after surgery.

The treatment consisted of two or three cycles of cisplatin
at a dose of 20 mg/m? of body surface area on days 1—4, 22—
25 and 43—46, repeated every 3 weeks, with concurrent radio-
therapy to a total dose of 66 Gy in 33 fractions over 6 weeks.

Because gross tumors were already resected, gross tumor
volume was not defined in the case of adjuvant radiotherapy.
Clinical target volume (CTV) was defined as the total
volume of the surgical bed of the primary tumor plus
volumes and metastatic lymph nodes considered at risk of
containing microscopic disease. The CTV was further cate-
gorized into two volumes: the CTV boost (CTVb), which
included the surgical bed of the primary tumor and
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Table 1. Clinical and pathologic characteristics of 34 patients undergoing
surgery for squamous cell carcinoma of the cervical esophagus

Variable No. of patients
Sex

Female/male 8/26
Tumor location

Ce/-Ph/-Ut 18/5/10

Ce-Ph-Ut 1
Clinical T status

T1/2 512

T3/4 15/12
Clinical N status

NO/1 16/18
Clinical M stage .

MO 25

M1 lymph 9
Clinical stage

mmyiv 4/8/12/10
Larynx

Preserved 10

Laryngectomy 24
Pathologic T status

T1/2 6/2

T3/4 17/9
Pathologic N status

NO 13

N1 21
Pathologic M status

MO 20

MIlymph/1 organ 13/1
Pathologic stage

AV 2/10/8/14
Completeness of resection

RO/1 30/3

R2 . 1

Ce, cervical esophagus; Ph, hypopharynx; Ut, upper third of thoracic
esophagus.

metastatic lymph nodes, and the CTV subclinical (CTVs),
which included the CTVDb plus regional lymph nodes (cervi-
cal, supraclavicular and superior mediastinum lymph node
areas) (Fig. 1). The upper cervical lymph node area (level II)
was excluded from the irradiation field if no lymph node
metastasis was found in this area. From four to eight beams
were applied from various angles to the CTVs to a total dose
of up to 46 Gy. A booster dose of 20 Gy was given to the
CTVb using multiple fields to shield the spinal cord for a
total dose of 66 Gy. :
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Figure 1. Planning film demonstrating a representative treatment field for
post-operative radiation in a patient with metastases to the upper mediastinal
lymph nodes.

ToxiciTy ASSESSMENT AND DOSE MODIFICATION

Toxicity assessments, including complete blood cell counts
and serum chemistry profiles, were performed weekly during
chemoradiotherapy and every 3 weeks during the protocol
study. Toxicity assessments for all patients were performed
with the National Cancer Institute Common Toxicity Criteria
(version 3.0). The dose was reduced by 20% if any toxicity
reached Grade 3.

FoLLow-up

All patients were regularly followed up with routine physical
and laboratory examinations at our hospital. Computed tom-
ography of the neck and chest was performed annually to
detect possible recurrent disease. The median follow-up period
for all patients was 39.5 months (range, 12—64 months).

STATISTICAL ANALYSIS

Survival time was measured from the date of surgery until
death or the most recent follow-up examination. Length of
survival was determined with the Kaplan—Meier method,
and the log-rank test was used for comparisons. All analyses
were performed with the SPSS statistical software package
(version 17.0.2; SPSS, Inc., Chicago, IL, USA).

RESULTS
PATIENT CHARACTERISTICS

Pathologic examination showed lymph node involvement in
the upper mediastinum in 13 patients (Table 1). Eleven of 13
patients were enrolled to receive post-operative radiotherapy
with concurrent chemotherapy, but 2 of the 13 patients
refused post-operative adjuvant treatment. The baseline

characteristics of patients enrolled in this protocol are shown
in Table 2. The median age was 58 years (age range, 40—70
years), and eight patients were men and three were women.
More than 70% of tumors were clinically T3 or T4.
Seventy-three percent of tumors had metastasized to lymph
nodes before operation. Pathologic characteristics of selected
patients with metastases to the upper mediastinal lymph node
are listed in Table 3. Seventy-two percent of tumors were T3
or T4, and all patients had regional lymph node involvement.
Complete resection (R0) was achieved in 82% of the patients.

COMPLIANCE WITH TREATMENT

Nine patients (82%) completed post-operative radiotherapy
with two or more of concurrent chemotherapy with cisplatin.
One patient who had received 66 Gy of radiotherapy stopped
chemotherapy after receiving one cycle. Another patient
stopped radiotherapy after receiving a radiation dose of
54 Gy. Toxicity was assessed in all 11 patients.

Table 2. Clinical characteristics of selected patients with metastasis to the
upper mediastinal lymph nodes

Characteristic No. of patients (%)
Sex

Female 327

Male 8 (73)
Age in years

Median (range) 58 (40-70)
Tumor location

Ce 7 (64)

Ce-Ut 327

Ce-Ph-Ut 19
Tumor status

T1 19

T2 2(18)

T3 2(18)

T4 6 (55)
Node status

NO . 3(27)

N1 8 (73)
Metastatic status

MO 5 (45)

M1 lymph 6 (55)
Stage

I 109

I 0

I 4 (36)

v 6 (55)




Table 3. Pathologic characteristics and overall survival of selected patients
with metastasis to the upper mediastinal lymph nodes

Characteristic No. of 1-year 3-year P value
patients (%)  survival (%)  survival (%)

Tumor status
T1/2 327 100 100 0.517
T3 4 (36) 75 75
T4 4 (36) 75 50

Node status
NO 0
N1 11 (100) 91 71

Metastatic status
MO 0
M1 lymph 11 (100) 91 71

Differentiation
Well 5 (45) 80 60 0.486
Moderate 6 (55) 80 80

Lymphatic invasion
Negative 7 (64) 86 69 0.828
Positive 4 (36) 18 75

Vascular invasion
Negative 1(9) 100 100 0.544
Positive 10 91) 90 68

Larynx
Preserved 4 (36) 100 100 0.196
Laryngectomy 7 (64) 86 57

Residual tumor
RO 9 (82) 89 64 0.359
Rl 2 (18) 100 100

SURVIVAL AND PATTERN OF FIRST FAILURE

With a median follow-up period of 39.5 months (range,
16—64 months), the median survival time was 33 months.
The 1- and 3-year overall survival rates were 90 and 67%,
respectively (Fig. 2). Tumors recurred in four patients
(36%). The pattern of recurrence was more often distant
metastasis (75%) than locoregional spread (0%).

Toxicity

All toxicities are listed in Table 4. The majority of
treatment-related toxicities included myelosuppression.
Leukopenia, neutropenia and mucositis of Grade 3 or greater
occurred in 36, 18 and 9% of the patients, respectively. No
patients died during treatment. During and after treatment,
no ischemic change or necrosis due to the effects of radi-

ation and concurrent chemotherapy was found in the recon- -

structed organs. ‘
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Figure 2. Overall survival curve.

Table 4. Hematologic and non-hematologic adverse events during
post-operative radiation and concurrent chemotherapy

Events G1, no. (%) G2, no. (%) G3, no. (%) G4, no. (%)

Hematologic
Leukopenia 0 6 (55) 4 (36) 0
Neutropenia 0 5 (45) 2 (18) 0
Anemia 0 2(18) 0 0

Non-hematologic
Nausea 7 (64) 0 0 0
Anorexia 7 (64) 19) 0 0
Fatigue 6 (55) 0 0 0
Diarrhea 0 19 0 0
Esophagitis 1(9) 0 0 0
Mucositis 2 (18) 0 1(9) 0
Dysphagia 4 (36) 1(9) 0 0
Radiation dermatitis 2 (18) 3(27) 0 0
Renal (creatinine) 3 (27) 7 (64) 0 0

DISCUSSION

Carcinoma of the cervical esophagus extends easily and fre-
quently upward to the hypopharynx or downward to the thor-
acic esophagus, and most tumors are located at the border of
the hypopharynx or the thoracic esophagus. However, carci-
noma of the cervical esophagus is a disease distinct from
carcinoma of the hypopharynx or thoracic esophagus.
Larynx-preserving esophagectomy for carcinoma of the cer-
vical esophagus can be performed safely and can lead to the
long-term survival of selected patients (2,3). In the present
study, even if patients had metastasis to the upper mediast-
inal lymph nodes, larynx-preserving cervical esophagectomy
could be performed (Table 3). The selection of reconstruc-
tive procedure depends on the resected length of the esopha-
gus necessary to ensure adequate distal esophageal margins,
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whether gastric pull-up adapts to total esophagectomy and
whether free jejunal transfer accommodates the cervical eso-
phagectomy with or without pharyngolaryngectomy.

Kakegawa et al. (4) have reported that the incidence of
metastasis to the upper mediastinal lymph nodes (11.4%) is
similar to that to the cervical paratracheal lymph nodes
(14.3%) and deep cervical lymph nodes (14.3%). In the
present study, the incidence of metastasis to the upper med-
iastinal lymph nodes was 38% (Table 1). The lymphatic
drainage of the cervical esophagus is primarily to the para-
tracheal lymph nodes; therefore, carcinoma of the cervical
esophagus spreads easily and frequently upward to the cervi-
cal lymph nodes or downward to the upper mediastinal
lymph nodes or both. For this reason, we routinely perform
dissection of the upper mediastinal lymph nodes as well as
that of the bilateral cervical paratracheal and the deep cervi-
cal lymph nodes.

The reported 3- and 5-year survival rates for cervical eso-
phageal carcinoma treated with surgical resection range from
18 to 35.4% and from 12 to 42%, respectively (2,5—8). The
prognosis of patients with cervical esophageal cancer is
worse than that of patients with hypopharyngeal cancer
(7,8). Factors previously reported to influence the long-term
survival of patients include both carcinoma of the cervical
esophagus and carcinoma of the hypopharynx. Therefore, we
reported prognostic factors affecting survival in our previous
study, including carcinoma of the cervical esophagus
(excluding hypopharyngeal cancer). In our previous study,
prognostic factors affecting survival after surgical resection
were sex, high T factor, lymph node involvement, palpable
cervical lymph nodes, vocal cord paralysis, lymphatic inva-
sion and extracapsular invasion (2). In particular, the 3-year
survival rate in patients with metastasis to mediastinal lymph
nodes (M1 lymph/Stage IV) was 0% (2). Therefore, we
believe that carcinoma of the cervical esophagus requires
multimodal treatment, such as post-operative radiotherapy
with concurrent chemotherapy.

Cooper et al. (9) (Radiation Therapy Oncology Group
9501) and Bernier et al. (1) (European Organization for
Research and Treatment of Cancer Trial 22931) have both
reported that concurrent post-operative radiotherapy and che-
motherapy with cisplatin for locally advanced cancers of the
head and neck significantly improves the rates of local and
regional control and of disease-free survival compared with
post-operative radiotherapy alone. Bernier et al. have also
demonstrated an improvement in the overall survival rate.
Single-modality treatment after surgical resection cannot
guarantee long-term survival; therefore, multimodal therapy,
such as post-operative chemotherapy and radiotherapy, is
essential for the treatment of cervical esophageal carcinoma.
However, we are concerned about the adverse effects of
post-operative chemoradiotherapy upon the reconstructed
organs, especially free jejunal grafts, and the patient’s
general condition after the operation. Single- and multi-
institutional randomized studies and retrospective studies
have shown that the concurrent chemotherapy regimen

modified by reducing the platinum dose, increasing its fre-
quency and adding a complementary chemotherapeutic agent
remains well tolerated and is more effective than radiother-
apy alone (10—12).

On the basis of the results of our previous study and these
studies of post-operative adjuvant or definitive radiotherapy
with concurrent chemotherapy for locally advanced carci-
noma of the head and neck, we performed a pilot study and
retrospectively assessed the toxic effects and efficacy of
post-operative radiotherapy with concurrent low-dose cispla-
tin chemotherapy in selected patients with metastasis to the
upper mediastinal lymph nodes (M1 lymph/Stage IV), a
factor indicating an extremely poor prognosis. Nine patients
(82%) completed post-operative radiotherapy and two or
more cycles of concurrent chemotherapy with cisplatin. The
majority of treatment toxicities included myelosuppression.
Leukopenia, neutropenia and mucositis of Grade 3 or greater
occurred in 36, 18 and 9% of the patients, respectively.
However, during the protocol treatment, no Grade 4
treatment-related toxicity occurred and no patients died. A
low dose of cisplatin decreases the likelihood of adverse
effects and death related to post-operative treatment with the
combination of radiotherapy and concurrent chemotherapy
with cisplatin (1). During and after treatment, no recon-
structed organs underwent ischemic change or necrosis due
to the effects of radiation and concurrent chemotherapy. The
combination of post-operative radiation and concurrent che-
motherapy with low-dose cisplatin is a well-tolerated treat-
ment with mild-to-moderate adverse effects which causes no
damage to reconstructed organs.

With a median follow-up period of 39.5 months (range,
16—64 months), the median survival time was 33 months.
The 1- and 3-year overall survival rates were 90 and 67%,
respectively (Fig. 2). Tumors recurred in four patients (36%).
The pattern of recurrence was more often distant metastasis
(75%) than locoregional spread (0%). In our previous study,
the 3-year survival rate was 0% in patients with metastasis to
mediastinal lymph nodes (M1 lymph/Stage IV), and the
pattern of recurrence after operation was more often locore-
gional spread (82%) than distant metastasis. Triboulet et al.
(7) have reported that post-operative radiotherapy for carci-
noma of the hypopharynx and cervical esophagus improves
survival and achieves a 3-year survival rate of 35%.
However, large randomized, controlled studies have demon-
strated that the combination of post-operative radiotherapy
with concurrent chemotherapy is superior to post-operative
radiation alone (1). The combination of post-operative radi-
ation and concurrent chemotherapy with low-dose cisplatin
improves the rates of locoregional control and overall survival
in patients with locally advanced squamous cell carcinoma of
the cervical esophagus. We advocate that the indications for
the combination of post-operative radiation with concurrent
chemotherapy be expanded to include patients with a high T
factor and lymphatic invasion, as this treatment is well toler-
ated, is associated with mild-to-moderate adverse effects and
improves survival rates.



CONCLUSION

The combination of post-operative radiation and concurrent
chemotherapy with low-dose cisplatin is well tolerated, is
associated with mild-to-moderate adverse effects and has the
potential to improve the rates of locoregional control and
overall survival in patients with locally advanced squamous
cell carcinoma of the esophagus. Therefore, we advocate that
the indications for this treatment be expanded to include
patients with a high T factor and lymphatic invasion.
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Purpose: To evaluate dose-volume histogram (DVH) parameters as predictors of radiation pneumonitis
(RP) in esophageal cancer patients treated with definitive concurrent chemoradiotherapy.

Patients and methods: Thirty-seven esophageal cancer patients treated with radiotherapy with concom-
itant chemotherapy consisting of 5-fluorouracil and cisplatin were reviewed. Radiotherapy was delivered
at 2 Gy per fraction to a total of 60 Gy. For most of the patients, two weeks of interruption was scheduled
after 30 Gy. The percentage of lung volume receiving more than 5-50 Gy in increments of 5 Gy (V5-V50,
respectively), and the mean lung dose (MLD) were analyzed.

Results: Ten (27%) patients developed RP of grade 2; 2 (5%), grade 3; 0 (0%), grade 4; and 1 (3%), grade 5.
By univariate analysis, all DVH parameters (i.e., V5-V50 and MLD) were significantly associated with
grade >2 RP (p < 0.01). The incidences of grade >2 RP were 13%, 33%, and 78% in patients with V20s
of <24%, 25-36%, and >37%, respectively. The optimal V20 threshold to predict symptomatic RP was
30.5% according to the receiver operating characteristics curve analysis.

Conclusion: DVH parameters were predictors of symptomatic RP and should be considered in the evalu-
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ation of treatment planning for esophageal cancer.
© 2010 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 95 (2010) 240-244

Radiation pneumonitis (RP) is one of the most dose-limiting
toxicities for patients receiving thoracic radiotherapy for lung can-
cer. There have been many reports discussing the relationship be-
tween the incidence of pneumonitis and dose-volume histogram
(DVH) parameters of the lung such as the percentage of irradiated
volume exceeding 20 Gy (V20) of the lung in lung cancer patients
[1-15].

On the one hand, concurrent chemoradiotherapy has become a
standard treatment in the nonsurgical management of esophageal
cancer [16,17], and RP is one of the major concerns in esophageal
cancer patients treated with definitive chemoradiotherapy [18].
Although DVH parameters of the lung are expected to be predictors
of RP in esophageal cancer patients treated with concurrent che-
moradiotherapy, many different factors, such as the location of
the disease, the type of chemotherapeutic agents used and the pre-
treatment condition of the lung, should be considered when utiliz-
ing the data obtained from studies with lung cancer patients for
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the treatment of esophageal cancer. A retrospective analysis [19]
demonstrated that the DVH parameters of the lung were associ-
ated with postoperative pulmonary complications among esopha-
geal cancer patients treated with concurrent chemoradiotherapy
followed by surgery, but there are few reports on the relationship
between DVH parameters and RP in patients of esophageal cancer
treated with definitive concurrent chemoradiotherapy.

The purpose of this study is to evaluate DVH parameters as pre-
dictors of RP in esophageal cancer patients treated with definitive
concurrent chemoradiotherapy.

Patients and methods

The medical and radiation records of all esophageal cancer pa-
tients treated with concurrent chemoradiotherapy at Shizuoka
Cancer Center Hospital between September 2002 and December
2004 were retrospectively reviewed. Of 129 patients with squa-
mous cell carcinoma, we identified a total of 37 patients who
met the following inclusion criteria: (1) carcinoma of thoracic
esophagus; (2) concomitant chemotherapy consisting of 5-fluoro-
uracil and cisplatin; (3) follow-up time >1 year from start of radio-
therapy; (4) 75years of age or younger; (5) no previous
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chemotherapy or radiotherapy; and (6) no previous thoracic
surgery.

Thirty patients with shorter than 1 year follow-up were ex-
cluded from the analysis. Among these patients, 20 died of esoph-
ageal cancer, 2 died of intercurrent disease, 1 died of treatment-
related complication (grade 5 RP), and 7 were lost to follow-up.

Radiotherapy was planned to be delivered at 2 Gy per fraction
to a total of 60 Gy with a conventional beam arrangement, that
is, anteroposterior (AP): posterior-anterior (PA) fields up to
40 Gy followed by off-cord oblique fields. The prescription dose
was specified at the International Commission on Radiation Units
and Measurements (ICRU) 50 reference point. Treatment was
delivered using a linear accelerator with a megavoltage photon
beam. Typically, concurrent chemoradiotherapy was performed
as follows. The initial AP: PA fields included the primary tumor,
the metastatic lymph nodes, and the elective nodal regions. Two
weeks of interruption after a total dose of 30 Gy was scheduled,
and elective nodal regions were treated to a dose of 40 Gy. The
treatment planning was based on CT scans obtained during quiet
respiration in the treatment position. Three-dimensional dose cal-
culations were performed using Pinnacle® version7.6c (ADAC, Milpi-
tas, CA) with tissue density inhomogeneity correction. The
planning grid was 4 mm in each dimension. The gross tumor vol-
ume was defined as the primary tumor and the metastatic lymph
nodes. The clinical target volume for the primary tumor was de-
fined as the gross tumor volume plus about 3 cm craniocaudally.
The planning target volumes for the primary tumor and metastatic
lymph nodes were determined with 1-2 cm margins. Concurrent
chemotherapy consisted of two cycles of cisplatin 40 mg/m? on
days 1 and 8 and continuous infusion of 5-fluorouracil 400 mg/
m?/day on days 1 to 5 and 8 to 12, repeated every 5 weeks. For
most stage [ patients, elective nodal irradiation was not performed,
no interruption of radiotherapy was scheduled, and concurrent
chemotherapy consisted of cisplatin 70 mg/m? on day 1 and con-
tinuous infusion of 5-fluorouracil 700 mg/m?/day on days 1 to 4,
repeated every 4 weeks. Majority of stage I[IA-IVB patients received
consolidation chemotherapy consisted of 5-fluorouracil and cis-
platin after concurrent chemoradiotherapy.

The lungs were contoured as a single organ. The percentage of
lung volume that received more than 5 Gy, 10 Gy, 15 Gy, 20 Gy,
25 Gy, 30 Gy, 35Gy, 40Gy, 45 Gy, and 50 Gy (V5-V50, respec-
tively) and the mean lung dose (MLD) were analyzed.

RP was graded based on symptoms described in the medical re-
cords and changes in CT images by a consensus of two radiation
oncologists according to the Common Terminology Criteria for Ad-
verse Events version 3.0 (CTCAEv3.0). Patients were categorized
into a no-RP group (RP of grade 0-1) or an RP group (RP of grade
2-5).

We evaluated the association between some selected DVH
parameters (i.e., V10, V20, and V30) and an incident of grade 2 or
higher RP.

The relationships between clinical and DVH parameters and the
incidence of RP were analyzed using Mann-Whitney’s U test for
quantitative variables and Fisher’s exact test for categorical vari-
ables. The actuarial incidence of RP was calculated using the Kap-
lan-Meier method, and the differences between groups were
compared using the log-rank test. Patients without grade 2 or high-
er RP were censored at the time of death or last follow-up. Spear-
man'’s rank correlation analysis was used to determine correlations
between DVH parameters. Analysis for each DVH parameter using
the receiver operating characteristics (ROC) curve was also done to
select the most relevant threshold to predict symptomatic RP.
Optimal threshold for each DVH parameter was defined as the
point yielding the minimal value for (1 — senitivity)? + (1 — speci-
ficity)?, which was the point on the ROC curve closest to the upper

left-hand corner (0, 1) [20]. Data were considered statistically sig-
nificant at values of p < 0.05.

Results

The patients’ characteristics are shown in Table 1. There were
36 men and 1 woman with a median age of 64 years (range, 47-
75 years). The median follow-up period from the start of radiother-
apy was 32.2 months (range, 12.6-47.5 months). The median fol-
low-up for the 24 surviving patients was 33.7 months (range,
19.8-47.5 months). All stage IVB patients in this study were cate-
gorized as stage IVB due to the existence of non-regional lymph
node metastasis such as supraclavicular lymph node. No patient
had visceral metastasis.

The regional lymph nodes were electively irradiated in 30 pa-
tients. Thirty-five patients completed the irradiation. Two patients
broke irradiation at a total dose of 54 Gy and 56 Gy, due to fever
and myelosuppression, respectively.

CT scanning after radiotherapy was performed according to the
physician’s preference. In most of the cases (35/37), CT scanning
was performed within 1 month after the completion of radiother-
apy, and was performed variably according to symptoms or the
determination of remission status thereafter. The number of times
that CT scanning was performed within 6 months after the comple-
tion of radiotherapy was 3.9+1.1 (mean+SD). RP grading is
shown in Table 2. Twenty-four patients had grade 0-1 RP (no-RP
group), and grade 2 or higher RP were observed in 13 patients
(RP group). The median time to develop RP was 4.2 months (range,
3.0-8.3 months).

Table 1
Patient characteristics (n = 37).
No. (%)
Age (year)
Range 47-75
Median 64
Sex
Male 36 (97)
Female 1(3)
Performance status (ECOG)
0-1 34 (92)
2 3(8)
3 0(0)
Stage
I 6(16)
1A 4(11)
1B 3(8)
1 12 (32)
IVA 2(5)
IVB 10 (27)
Location of primary tumor
Upper 3(8)
Middle 25 (68)
Lower 9(24)
Abbreviation: ECOG, Eastern Cooperative Oncology Group.
Table 2
Incidence of RP.
Grade (CTCAEv3.0) No. (%)
0-1 24 (65)
2 10 (27)
3 2(5)
4 0(0)
5 1(3)

Abbreviations: RP, radiation pneumonitis; CTCAEv3.0, Common Terminology Crite-
ria for Adverse Events version 3.0.
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Table 3
Univariate analysis of clinical factors related to grade 2 or higher RP.
RP no-RP p value

Age (year)
<64 7 11 0.737
64< 6 13
Stage
1 4 9 0.912
I 5 7
v 4 8
Location of primary tumor
Upper/middle 10 18 1.000
Lower 3 6

Abbreviation: RP, radiation pneumonitis.

Table 4

Univariate analysis of DVH parameters related to grade 2 or higher RP.

RP (Mean # SD) no-RP p value

MLD (cGy) 1659 +389 1074 + 442 <0.001
V5 (%) 58.2+99 402 £15.5 <0.001
V10 454 +96 306+12.4 0.001
V15 39.4+£97 26.1+£11.1 0.002
V20 348190 21.6+10.1 <0.001
V25 275483 160+8.2 <0.001
V30 242+74 135+£71 <0.001
V35 21.2+68 116+6.3 <0.001
V40 16.216.3 86+5.0 <0.001
V45 9.0+44 52+3.0 0.008
V50 70+38 38+23 0.009

Abbreviations: DVH, dose-volume histogram; RP, radiation pneumonitis; SD, stan-
dard deviation; ‘MLD, mean lung dose; V5-V50, percentage of lung volume
receiving more than 5-50 Gy.

The incidence of RP was investigated as a function of some clin-
ical factors, including age, clinical stage, and location of primary tu-
mors. The results of the univariate analyses are shown in Table 3.
None of the clinical factors was significantly associated with RP.

The median MLD of all 37 patients was 1395 cGy (range, 198-
2262 cGy). The median V5, V10, V15, V20, V25, V30, V35, V40,
V45, and V50 values of all 37 patients were 50% (range, 6-74%),
37% (range, 4-60%), 32% (range, 3-54%), 28% (range, 3-48%), 21%
(range, 2-37%), 18% (range, 2-32%), 16% (range, 2-29%), 10%
(range, 1-26%), 6% (range, 1-17%), and 4% (range, 1-14%),
respectively.

In univariate analysis, all DVH parameters (i.e., V5-V50 and
MLD) were found to be significantly associated with grade 2 or
higher RP (Table 4).

Spearman'’s rank correlation coefficients between DVH parame-
ters are shown in Table 5. Close correlations among all DVH param-

Table 5
Spearman’s rank correlation coefficients between DVH parameters.
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Fig. 1. DVH curves of all 37 patients. Grade 2 or higher RP occurred in 13%, 33%, and
78% of patients with V10 of 35% or less, 36-46%, and 47% or more, respectively.
Grade 2 or higher RP occurred in 13%, 33%, and 78% of patients with V20 of 24% or
less, 25-36%, and 37% or more, respectively. Grade 2 or higher RP occurred in 13%,
31%, and 88% of patients with V30 of 15% or less, 16-25%, and 26% or more,
respectively.

eters were found (range of Spearman r;, 0.866-0.996; p < 0.001),
and therefore we did not perform multivariate analysis.

DVH curves of all 37 patients, made by plotting for doses from 5
to 50 Gy in increments of 5 Gy, are shown in Fig.1.
" Asignificant association between selected DVH parameters (i.e.,
V10, V20 and V30) and the incidence of grade 2 or higher RP was
found after data were stratified according to patient subgroups
(Table 6). The cumulative incidence curves for RP at grade 2 or
higher stratified by V20 are shown in Fig. 2. The 1-year cumulative

Table 6
Observed rates of radiation pneumonitis as a function of DVH parameters.
Parameters (%) RP no-RP RP Rate (%) p value
V10 <35 2 14 13 0.006
36-46 4 8 33
47< 7 2 78
V20 <24 2 14 13 0.006
25-36 4 8 33
37< 7 2 78
V30 <15 2 14 13 0.001
16-25 4 9 31
26 7 1 88

Abbreviations: DVH, dose-volume histogram; RP, radiation pneumonitis; V10-V30,
percentage of lung volume receiving more than 10-30 Gy.

p<0.001 in each case

MLD V5 V10 V15 V20 V25 V30 V35 V40 V45 V50
MLD -
V5 0.983 -
V10 0.988 0.991 -
V15 0.980 0.983 0.994 -
V20 0.994 0.984 0.993 0.989 -
V25 0.971 0935 0.947 0.934 0.963 -
V30 0.967 0934 0.946 0.931 0.960 0.996 -
V35 0.969 0.940 . 0948 0.935 0.962 0.994 0.995 -
V40 0.966 0.928 0.939 0.928 0.956 0.985 0.982 0.984 -
V45 0931 0910 0.909 0.909 0916 0913 0.909 0914 0.939 -
V50 0.898 0.877 0.872 0.866 0.873 0.883 0.879 0.889 0.915 0.983 -

Abbreviations: DVH, dose-volume histogram; MLD, mean lung dose; V5-V50, percentage of lung volume receiving more than 5-50 Gy.
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Fig. 2. Actuarial curve of grade 2 or higher RP stratified by V20. The actuarial
incidences of RP at 1 year are 12.5%, 33.3%, and 77.8% in patients with V20 of 24% or
less, 25-36%, and 37% or more, respectively (p = 0.003).

incidences of grade 2 or higher RP were 12.5%, 33.3%, and 77.8% in
patients with V20 values of 24% or less, 25-36%, and 37% or more,
respectively (p = 0.003).

Results of the ROC curve analysis are shown in Table 7. Area un-
der the ROC curve (AUC) for V10, V20, and V30 were 0.829, 0.840,
and 0.854, respectively. Optimal threshold for V10, V20, and V30
were 38.5%, 30.5%, and 21.5%, respectively. The ROC curve and
optimal threshold for V20 are shown in Fig. 3. The incidence of
grade 2 or higher RP was 64.3% in patients with V20 values higher
than determined threshold (30.5%) whereas it was 17.4% in pa-
tients with V20 values lower than the determined threshold.

Stage I patients treated on a modified chemoradiation schedule
are included in this study. Therefore, we have confirmed the anal-
ysis of the residual caseload (stage IIA-IVB), which also resulted in
the same findings. Focusing on the results for V20 corresponding to
those in Table 4, we would draw the same conclusion that this DVH
parameter was a significant predictor of grade 2 or higher RP
(p =0.007). Also, we could say the same thing regarding the results
of the comparison of the cumulative incidence curves for RP at
grade 2 or higher stratified by V20 (p = 0.025).

Table 7
ROC curve analysis for DVH parameters related to grade 2 or higher RP.

AUC 95% Confidence Optimal threshold
interval for AUC Value Sensitivity/
specificity (%)
MLD 0.837 0.706-0.967 1431 cGy 76.9/70.8
V5 0.838 0.708-0.968 54.0% 69.2/79.2
Vio 0.829 0.696-0.961 38.5% 76.9/70.8
V15 0.809 0.669-0.950 36.0% 61.5/79.2
V20 0.840 0.711-0.969 30.5% 69.2/79.2
V25 0.845 0.711-0.978 25.5% 69.2/91.7
V3o 0.854 0.726-0.983 21.5% 69.2/87.5
V35 0.862 0.737-0.988 19.5% 69.2/91.7
V40 0.833 0.692-0.975 14.5% 69.2/83.3
V45 0.766 0.599-0.933 5.5% 76.9/62.5
V50 0.761 0.591-0.932 3.5% 84.6/58.3

Abbreviations: ROC, receiver operating characteristics; AUC, area under the ROC
curve; MLD, mean lung dose; V5-V50, percentage of lung volume receiving more
than 5-50 Gy.
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Fig. 3. ROC curve and the associated area for V20 as a predictor for grade 2 or
higher RP. Optimal threshold value is 30.5% (plotted using black circle) and
corresponds to sensitivity of 0.692 and specificity of 0.792.

Discussion

The present study showed the relationship between DVH
parameters and the occurrence of symptomatic RP in esophageal
cancer patients treated with definitive chemoradiotherapy. The
incidence of grade 2 or higher RP in patients with a V20 of >37%
was high (78%) in the present study. In studies investigating the
relationship between the incidence of RP and DVH parameters in
lung cancer patients, many authors [2,4,9,12,13] have graded RP
according to the National Cancer Institute-Common Toxicity Crite-
ria version 2.0 (NCI-CTCv2.0), which defines grade 2 toxicity as
showing radiographic changes and requiring steroids, and grade
3 toxicity as showing radiographic changes and requiring oxygen.
In the present study, RP was graded according to CTCAEv3.0, in
which grade 2 toxicity is defined as symptomatic, not interfering
with ADL, and grade 3 as symptomatic, interfering with ADL or
oxygen indicated. Some patients defined as grade 2 RP in
CTCAEv3.0 might be defined as grade 1 RP in NCI-CTCv2.0, and
some patients defined as grade 3 in CTCAEv3.0 might be defined
as grade 2 in NCI-CTCv2.0. These differences should be considered
when comparing the incidence and severity of RP between the
present study and other publications.

In addition, from the standpoint of the evaluation of radiation-
induced lung toxicity, it is sometimes difficult to distinguish
clearly between pneumonitis and subsequent pulmonary fibrosis.
Because it is possible that patients with symptoms of radiation pul-
monary fibrosis may be included in the RP group, the term “radia-
tion pneumopathy”, which encompass radiation pneumonitis and
pulmonary fibrosis, might be suitable for the subjects of this study.

The optimal V20 threshold to predict symptomatic RP was
30.5% according to the ROC curve analysis; however, grade 5 RP oc-
curred in one patient with a V20 of 25%. This patient showed inter-
stitial pneumonia on CT imaging prior to chemoradiotherapy. The
comorbidity of the patient might influence the occurrence of se-
vere lung toxicity regardless of the comparatively low V20.

Several DVH parameters such as V5, V10, V15, V20, V30, and
MLD have been reported as predictors of the incidence of RP in
lung cancer patients. However, if DVH parameters have correla-
tions with each other, it would be difficult to select the most valu-
able parameter for predicting the incidence of RP. In the current
study, all DVH parameters (i.e., V5-V50 and MLD) were found to
be significantly associated with grade 2 or higher RP (Table 4).
Thus, we can use not only V20 but also other DVH parameters such
as V10 and V30 to predict the incidence of RP when we perform
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radiotherapy treatment planning with conventional beam arrange-
ments for esophageal cancer (Table 6). Because of the close corre-
lations among all DVH parameters (Table 5), the single DVH
parameter that is most important in predicting the occurrence of
RP could not be determined.

Recently, Wang et al. [21] reported that the radiation dosimetric
factors were not associated with the time to occurrence of grade
>2 RP in esophageal cancer patients treated with definitive che-
moradiotherapy. Although the median V5 and V10 in their study
(=59% and 43%, respectively) were higher than those of the current
study, the median V20 in their study (=23%) was lower than that of
the current study. The prescribed doses delivered to 95% of the
planning target volume ranged from 45.0 to 50.4 Gy in their study.
As the authors mentioned in their report, the radiation dose used in
their study was relatively low, which might have influenced the
difference in the results between their study and the current study.

The characteristics of patients analyzed in the current study dif-
fer from the characteristics of patients with esophageal malignan-
cies in Western countries, and this difference should be taken into
account to evaluate the results of this study. In Japan, more than
90% of primary esophageal malignancies are SCC, and esophageal
adenocarcinoma is a rare disease [22]. Therefore we focused on
SCC in the present study. In fact, only two patients were excluded
from the analysis due to adenocarcinoma. This may explain the
finding that 68% of the tumors in the present study were tumors
of the mid-esophagus. The number of female esophageal cancer
patients is also small in Japan, and only one patient analyzed in this
study was female.

Due to the strict inclusion criteria of this study, the number of
patients recruited in the present study was not very large. The
study is unique, however, in that the patient characteristics are
homogeneous (i.e., no patient received induction chemotherapy,
all patients received concurrent chemotherapy consisting of 5-flu-
orouracil and cisplatin, and all patients received radiotherapy with
conventional beam arrangements) compared with many of the
studies involving lung cancer patients. On the other hand, the re-
sults of the current study may be applicable only for the limited
number of patients who satisfy the inclusion criteria of this study.
Because the shape of the DVH curves and the radiation dose re-
ceived by the lung in each treatment fraction may differ between
radiotherapy techniques using conventional beam arrangements
(i.e., AP:PA fields followed by off-cord oblique fields) and three-
dimensional conformal radiotherapy using multiple fields applied
simultaneously during each treatment fraction, the implications
of each DVH parameter may differ from one another, and the
threshold value of the DVH parameters needed to predict symp-
tomatic RP may vary in each radiotherapy technique, and thus fur-
ther studies addressing this issue are needed.

Conclusion

Our findings suggest that DVH parameters are predictors of
symptomatic RP after definitive concurrent chemoradiotherapy
for esophageal cancer and should be considered in the evaluation
of treatment planning.
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Abstract: Background. Comorbidity has an impact on sur-
vival in laryngeal cancer in several reports. However, the im-
portance of comorbidity in hypopharyngeal cancer (HPC) has
not been reported.

Methods. A retrospective medical record review of 156
patients with HPC treated between 1995 and 2005 was per-
formed. Comorbid illness was measured by the Adult Comor-
bidity Evaluation-27. A Cox proportional hazards model was
used to determine the factors related to overall survival.

Results. Comorbidity was absent in 55 (35.2%) of the
patients, mild in 39 (25%), moderate in 28 (17.9%), and severe
in 34 (21.8%). There were statistically significant differences
between the survival rates in accord with age, stage, subsite,
and comorbidity (45.1% for none or mild vs 27.7% for moder-
ate or severe; p = .0073). Age, stage, and comorbidity were
identified as independent prognostic factors in the multivariate
analysis.

Conclusion. Comorbidity, along with the clinical stage,
should be considered in treatment planning for patients with
HPC. © 2009 Wiley Periodicals, Inc. Head Neck 32: 148-153,
2010
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The overall prognosis of patients with cancer of
the hypopharynx remains poor. Hypopharyngeal
cancers (HPCs) are usually of advanced primary
stage with a high tendency for submucosal
spread and enlarged ipsilateral or bilateral re-
gional lymph node deposits. These features com-
bine to make locoregional control of such
cancers difficult. Although the ability to achieve
locoregional control and/or preservation of organ
function by surgery or radiotherapy with chemo-
therapy has improved, the survival rates remain
essentially unchanged. This is attributed to the
rising incidence of distant metastases and inter-
current diseases, as well as second primary
malignancies.’ In addition, many patients with
HPC have comorbidities and/or impaired nutri-
tional status. These factors should be taken into
account, along with tumor-node-metastasis
(TNM) clinical stage, when deciding on the opti-
mal therapy.

Comorbidity has been shown to play a major
role in the treatment, outcome, and prognosis of
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a variety of malignancies.>* The Adult Comor-
bidity Evaluation-27 index (ACE-27) is a vali-
dated instrument that has been widely used to
assess head and neck cancer.® The ACE-27 is a
modified version of the original Kaplan-Fein-
stein index,® which was developed initially for
adult-onset diabetes mellitus, and includes
items pertinent to cancer. The ACE-27 score has
been shown to have an impact on survival in
laryngeal cancer in several reports.” However,
the importance of comorbidity in HPC has not
yet been reported. The aims of this study were
to identify, quantify, and analyze the impact of
comorbidity burden, as assessed by the ACE-27,
on patients with HPC at our institution.

MATERIALS AND METHODS

A retrospective medical record review of 156
patients with previously untreated squamous
carcinomas of the hypopharynx who were
treated at Hokkaido University Hospital, Japan,
between 1995 and 2005 was performed. The age
at diagnosis, sex, and performance status meas-
ured using The Eastern Cooperative Oncology
Group performance status score before treat-
ment'® were included in this analysis.

Comorbidity factors were classified using the
ACE-27, which includes 27 different cogent
comorbid ailments.’ In this system, comorbidity
is classified into 3 categories in accord with se-
verity: severe, moderate, and mild. An overall
comorbidity score is determined in accord with
the highest single scoring ailment, except when
2 or more moderate ailments are present; in
this situation, the overall comorbidity score is
designated severe.

At the time of initial diagnosis, the TNM
staging in accord with the 2002 American Joint
Committee on Cancer criteria was recorded and
used in our analyses. The first course of therapy
was recorded, as well as any therapeutic compli-
cations and recurrence.

Statistical Analysis. All patients were closely
observed during the follow-up period, which
ranged in length from 17 to 164 months (me-
dian, 79 months; mean, 87 months). Data were
entered into the Statview software package
database (Version 4.5; Abacus Concepts, Berke-
ley, CA). The follow-up period was defined as
the time from the first antineoplastic therapy
for HPC at the first visit to Hokkaido University

Comorbidity in Hypopharyngeal Cancer

Hospital until the date of last contact or death.
The overall survival (OS) probability was calcu-
lated using the Kaplan-Meier method and was
compared using the log-rank test. The level of
statistical significance was p < .05. For the
determination of factors related to OS, the Cox
proportional hazards model was used. Contin-
gency table analyses based on chi-square statis-
tics were used to determine the statistical
significance of associations between categorical
variables. Statistical significance was defined as
a 2-tailed p < .05. Statistical calculations were
also performed using the Statview software
package.

RESULTS

Table 1 shows the demographic, clinical, and
treatment data for the study population. The
group comprised 150 men (96.2%) and 6 women
(3.8%), with a median age at diagnosis of 62
years (range, 43-86 years). The clinical stage
was I in 6.4% of the patients (n = 10), II in

Table 1. Patients' demographic, clinical, and treatment details.

Variables N %
Age (range, 43-86; median, 62)
<75y 142 91.0
>75y 14 9.0
Sex
Male 150 96.2
Female 6 3.8
Stage
| 10 6.4
I 17 10.9
I 28 17.9
v 101 64.7
Subsite
Pyriform sinus 122 78.2
Posterior wall 20 12.8
Postcricoid 14 9.0
Comorbidity
None 55 35.3
Mild 39 25.0
Moderate 28 17.9
Severe 34 218
Performance status
0 52 33.3
1 59 37.8
2 39 25.0
3 6 3.8
4 0 0.0
Primary treatment
Radiation 102 65.4
Surgery 52 33.3
Chemotherapy 1 0.6
Best supportive care 1 0.6
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Table 2. TNM stage.

TN 0 1 2a 2b 2 3 Total (%)
1 10 5 2 2 0 1 20 (12.8%)
2 17 12 3 18 (1)* 7 1 58 (37.2%)
3 8 4 3 (1) 23 (3)* 11 2 51 (32.7%)
4 4 4 0 10 5 4(1) 27 (17.3%)
Total (%) 39 (25.0%) 25 (16.0%) 8 (5.1%) 53 (34.0%) 23 (14.7%) 8 (5.1%) 156

*Value in parentheses reflects no. of patients by M1.

10.9% (n = 17), IIl in 17.9% (n = 28), and IV in
64.7% (n = 101). The primary subsite was pyri-
form sinus in 122 (78.2%) of the patients, poste-
rior wall in 20 (12.8%), and postericoid in 14
(9%). The performance status was 0 in 33.3% of
the patients (n = 52), 1 in 37.8% (n = 59), 2 in
25% (n = 39), and 3 in 3.8% (n = 6). As a pri-
mary treatment, radiation therapy with/without
chemotherapy was performed in 102 (65.4%) of
the patients, surgical resection was performed
in 52 (33.3%), chemotherapy alone was per-
formed in 1 (0.6%), and best supportive care
was administered to 1 (0.6%).

Table 2 summarizes the TNM staging of the
study population. In total, 6 patients had dis-
tant metastasis at the initial diagnosis.

Among the study group, 55 (35.3%) of the
patients had no comorbidity, 39 (25%) had mild

comorbidity, 28 (17.9%) had moderate comor-
bidity, and 34 (21.8%) had severe comorbidity
(Table 1). No statistically significant association
was found between comorbidity and age, sex,
clinical stage, subsite, performance status, or
primary treatment (Table 3).

Table 4 shows the distribution of the comor-
bidities by type and severity. Table 5 shows the
distribution of the comorbidities among the vari-
ous tumor stages. There were no associations
between any diseases and particular TNM
stages. The survival of this body cohort, based
on the ailments exhibiting comorbidity, was ana-
lyzed. A significant difference in the survival
rates was found among patients with stomach/
intestine ailments in accord with severity
(39.1% for none or mild severity, n = 150, vs
16.7% for moderate or severe severity, n = 6;

Table 3. Distribution of comorbidity in the cohort.

No. of patients by severity

Variable N No. of patients (%) Mild Moderate Severe p value
Age
<75y 142 92 (64.8) 37 25 30 .7686
>75y 14 9 (64.3) 2 3 4
Sex
Male 150 99 (66.0) 38 28 33 3743
Female 6 2(33.3) 1 0 1
Stage
| 10 7 (70.0) 2 0 5 4179
Il 17 12 (70.6) 5 2 5
1l 28 16 (57.1) 7 6 3
v 101 66 (65.3) 25 20 21
Subsite
Pyriform sinus 122 80 (65.6) 32 20 28 .4906
Posterior wall 20 14 (70.0) 3 6 5
~ Postericoid 14 7 (50.0) 4 2 1
Performance status
0 52 25 (48.1) 13 5 7 .087
1 59 41 (69.5) 18 8 15
2 39 30 (76.9) 8 13 9
3 6 5(83.3) 0 2 3
Primary treatment
Radiation 102 70 (68.6) 25 20 25 .3692
Surgery 52 29 (55.8) 13 7 9
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Table 4. Distribution of comorbidities by type and severity.

No. of patients by severity

No. of
System Ailment patients (%) Mild Moderate Severe
Cardiovascular Myocardial infarction 3(1.9) 2 1 0
Angina/coronary artery disease 6 (3.8) 5 1 0
Congestive heart failure 0 (0) 0 0 0
Arrhythmias 4 (2.6) 0 4 0
Hypertension 35 (22.4) 34 1 0
Venous disease 0 (0) 0 0 0
Peripheral arterial disease 1(0.6) 1 0 0
Respiratory 3(1.9) 2 1 0
Gastrointestinal Hepatic 9 (5.8) 6 3 0
Stomach/intestine 8 (5.1) 2 6 0
Pancreas 4(2.6) 4 0 0
Renal End-stage renal disease 0(0) 0 0 0
Endocrine Diabetes mellitus 13 (8.3) 8 3 2
Neurological Stroke 6 (3.8) 3 3 0
Dementia 0 (0) 0 0 0
Paralysis 2(1.3) 2 0 0
Neuromuscular 1(0.6) 1 0 0
Psychiatric 1(0.6) 0 1 0
Rheumatologic 0(0) 0 0 0
Immunological AIDS 0 (0) 0 0 0
Malignancy Solid tumor including melanoma 51 (32.7) 9 17 25
Leukemia and myeloma 0 (0) 0 0 0
Lymphoma 0 (0) 0 0 0
Substance abuse Alcohol 9(5.8) 1 8 0
lllicit drugs 0(0) 0 0 0
Body weight Obesity 0(0) 0 0 0

p = .0045). There were no significant differences
in the survival rates in accord with the severity
among patients with other ailments, although
those with solid tumors showed a slight differ-
ence (p = .0596). The 5-year OS of all the
patients was 38.2% (Table 6). There were statis-
tically significant differences between the sur-
vival rates in accord with the age (40.7% for

Table 5. Comorbidity distribution among various tumor stages.

No. of patients by

No. of stages
System patients (%) | Il 11 v
All 156 10 17 28 101
Cardiovascular 40 (25.6) 2 3 3 32
Respiratory 3(1.9) 1 0 0 2
Gastrointestinal 21 (13.5) 3 1 4 13
Renal 0(0) 0 0 0 .0
Endocrine 13 (8.3) 1 0 3 9
Neurological 8 (5.1) 1 0 2 5
Psychiatric 1(0.6) 0 0 0 1
Rheumatologic 0(0) 0 0 0 0
Immunological 0(0) 0 0 0 0
Malignancy 51 (32.7) 4 11 8 28
Substance abuse 9(5.8) 0 1 2 6
Body weight 0 (0) 0 0 0 0

patients aged <75 years vs 14.3% for patients
aged >75 years; p = .0001), stage (57.3% for
stages [-III vs 27.7% for stage IV; p < .0001),

Table 6. Overall survival rates according to demographic,
clinical, and treatment variables.

5-yr
survival,
Variable N % p value
All 156 38.2
Age
<75y 142 40.7 .0001
>75y 14 14.3
Stage
1111 55 57.3 <.0001
\% 101 27.7
Subsite
Pyriform sinus 122 41.5 0144
Postcricoid or posterior wall 34 26.5
Comorbidity
None-mild 94 45.1 0073
Moderate-severe 62 27.7
Performance status
0-2 150 38.5 4991
3 6 33.3
Primary treatment )
Radiation 102 37.3 .2918
Surgery 52 413
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