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Photodynamic therapy as salvage treatment for local failure
after chemoradiotherapy in patients with esophageal
squamous cell carcinoma: A phase II study
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Local failure at the primary site is a major problem after chemoradiatherapy (CRT) in patients with esophageal squamous cell
carcinoma (ESCC). Salvage surgery is the only treatment option with curative intent, but it is associated with high morbidity
and mortality, The aim of this study was to evaluate the efficacy and safety of salvage photodynamic therapy (PDT) after CRT.
Patients with histologically proven local failure limited to the submucosal layer, and without any metastasis after definitive
CRT (>50 Gy) for ESCC were enrolled in the study. PDT began with intravenous administration of 2 mg/kg of porfimer sodium
followed 48-72 hr later by excimer dye laser irradiation with a fluence of 75 |/cm?. The primary endpoint was a complete
response (CR) to treatment with PDT, and the secondary endpoints were toxicity related to PDT, progression-free sutvival (PFS)
and overall survival (0S). Twenty-five patients were enrolled in the study. A CR was attained in 19 of 25 patients treated with
PDT (CR rate, 76%; 95% Cl, 55-91%). One treatment-related death (4%) caused by gastrointestinal hemorrhage at the
irradiated site occurred 33 days after PDT. No adverse events greater than grade 3 were related to PDT in the other patients.
After a median follow-up of 48 months after PDT, the PFS and OS at 3 years were 40% (95% Cl, 21-59%) and 38% (95% Cl,
17-60%), respectively. PDT is a potentially curative and tolerable salvage treatment after CRT for carefully selected patients

with local failure without any metastasis.

Chemoradiotherapy (CRT) is a curative treatment option for
esophageal squamous cell carcinoma (ESCC). However, local
failure without distant metastasis after completion of CRT
remains a major problem that must be overcome to achieve a
cure. Although salvage esophagectomy is now indicated for
such patients, it has a higher morbidity and mortality com-
pared with primary or planned esophagectomy.’™ The devel-
opment of curative and safe salvage treatment options for
local failure is needed to improve the survival of patients
treated with CRT.

Key words: esophageal squamous cell carcinoma, chemoradiotherapy,
photodynamic therapy, salvage treatment

Abbreviations: CR: complete response; CRT: chemoradiotherapy;
EMR: endoscopic mucosal resection; ESCC: esophageal squamous
cell carcinoma; NCI-CTCAE: National Cancer Institute Common
Terminology Criteria for Adverse Events; NSAIDs: non-steroidal
anti-inflammatory drugs; OS: overall survival; PDT: photodynamic
therapy; PES: progression-free survival; UMIN: University hospital
Medical Information Network

DOI: 10.1002/ijc.27320

History: Received 29 Jul 2011; Accepted 13 Oct 2011; Online 25 Oct
2011

Correspondence to: Tomonori Yano, Department of Gastroenterology
and Gastrointestinal Oncology, National Cancer Center Hospital East
6-5-1, Kashiwanoha, Kashiwa 277-8577 Japan, Tel.: +-81-4-7133-1111,
Fax: --81-4-7131-4724, E-mail: toyano@east.ncc.go.jp

Int. J. Cancer: 000, 000-000 (2012) © 2011 UICC

After completion of CRT, a subset of ESCC patients
develops local failure at the primary site without distant
metastasis. In such patients, salvage surgery could be a
curative treatment option, especially for those with T2 or
earlier T-stage tumors or for those without lymph node
metastasis.”? Onozawa et al. reported that regional nodal
failure within the field of elective lymph node irradiation
is rare in patients achieving a complete response (CR)
after CRT (1%; 95% CI, 0.0-5.3%).° These data have
encouraged the use of local salvage treatment at only the
primary site as a minimally invasive treatment in carefully
selected patients.

We reported previously on the potentially acceptable
results of endoscopic mucosal resection (EMR) or photody-
namic therapy (PDT) as a salvage treatment for local failure
after CRT.® PDT is a more deeply penetrating method than
EMR for esophageal cancer even in the salvage setting,
because, in our experience, PDT can cure patients with deep
invasion of the submucosal layer or T2 local failure. In addi-
tion, PDT can be indicated both as a curative treatment for
superficial esophageal cancer™'® and as a palliative treatment
to relieve dysphagia caused by stenosis in more advanced
esophageal cancer.”’ We believe that PDT might be a curative
and effective treatment option for patients with local faiture
at the primary site after definitive CRT. We conducted a pro-
spective study to evaluate the efficacy and safety of salvage
PDT after CRT.




Material and Methods

This was a single-arm, open-label, single-center phase II
study. The primary endpoint of this study was the CR rate at
the primary site after PDT. The secondary endpoints were
toxicity related to salvage PDT, progression-free survival
(PFS) and overall survival (OS). All adverse events were eval-
uated according to the National Cancer Institute Common
Terminology Criteria for Adverse- Events (NCI-CTCAE)
version 3.0."* The study protocol was approved by the insti-
tutional review board of the Japanese National Cancer Center
in January 2005. The study was carried out according to the
-ethical principles of the Declaration of Helsinki. Before
enrollment, all patients provided written informed consent.
This study was registered with the University hospital Medi-
cal Information Network (UMIN) Clinical Trials Registry,
and the identification number is C000000244.

Eligibility and exclusion criteria

The eligibility criteria of this study were as follows: (i) local
failure after definitive CRT (=50 Gy) for ESCC; (i) the
patient’s refusal to undergo salvage surgery; (iif) histologically
proven squamous cell carcinoma by biopsy specimen of the
local failed lesions; (iv) local failed lesions limited to the sub-
mucosal layer; (v) EMR not indicated for reasons of concom-
itant deep ulceration, severe fibrosis caused by radiation or a
lesion invading to the deep submucosal layer; (vi) Eastern
Cooperative Oncology Group performance status <2; (vii)
adequate bone marrow function (white blood cell count
>2,000/mm,? platelet count >75,000/mm?), renal function
(serum creatinine level <2.0 mg/dL} and liver function
(serum bilirubin level <2.0 mg/dL, both alanine aminotrans-
ferase and aspartate aminotransferase <100 IU/L) and (viii)
provision of written informed consent. The exclusion criteria
were as follows: (i) active malignancy other than early gastro-
intestinal cancer that was curable with endoscopic treatment
within 1 year; (i) systemic infection requiring antibiotics;
(#if) significant cardiovascular disease (uncontrolled hyperten-
sion, myocardial infarction, unstable angina, congestive heart
faijlure), uncontrolled diabetes mellitus, or liver cirrhosis; (vi)
baseline stage T4 before CRT; (v) presence of lymph node or
distant metastasis confirmed by computed tomography (CT)
after CRT and (vi) known porphyria.

Evaluation of baseline clinical stage and the effect of CRT
Baseline clinical stage was determined using the TNM classi-
fication of the International Union Against Cancer.'® Clinical
‘T stage was evaluated by endoscopy, endoscopic ultrasound
(EUS) and CT of the chest. Clinical N and M stages were
evaluated by EUS and CT of the neck, chest and abdomen.
In this study, lymph node metastasis was diagnosed clinically
if the lymph node was >10 mm in diameter on CT. After
completion of CRT, all patients were followed-up with both
endoscopy and CT at 1, 3, 6, 9 and 12 months, and then
every 4 months after completing CRT.

Salvage PDT for local failure after CRT for ESCC

Evaluation of the local failure at the primary site after CRT
Before PDT, the depth of all failure lesions was evaluated
using EUS (EU-M2000, Olympus Co. Ltd., Tokyo, Japan).
We carefully observed the lesions with a high-frequency
(20 MHz) miniature probe. When we detected a hetero-echoic
solid component in the submucosal layer, we diagnosed it as a
local failure lesion.

PDT treatment and surveillance
All PDTs were performed as inpatient procedures. PDT
began with intravenous administration of 2 mg/kg of por-
fimer sodium (Photofrin, Pfizer Japan Inc.) followed by exci-
mer dye laser irradiation. Porfimer sodium was reconstituted
as a 2.5 mg/mL solution in 5% glucose. It was injected within
5 min, and the injection rate was less than 12 mL/min. A
630 nm wavelength laser beam was emitted by an excimer
dye laser (EDL-1, Hamamatsu Photonics, Hamamatsu,
Japan), and the laser light was delivered via a microlens- tip
fiber, without any balloon or light diffuser, through the oper-
ative channel of the scope. An attachment was fitted to the
tip of the scope to keep it facing the lesion and to maintain
the distance between the tip of microlens fiber and the sur-
face of the lesion during the procedure. The laser treatment
was performed 48 hr after the injection of porfimer sodium.
The fluence was 75 J/cm?, with a fluence rate of 160 mW/cm?
(4 mJ/pulse, 40 Hz pulse frequency). If the lesions were larger
than 1 cm? multiple treatment fields were overlapped to cover
the entire lesion. If the effect (e.g., ischemic change of mucosa)
after the laser treatment change, as evaluated by endoscopic
observation was insufficient, additional laser irradiation was
performed at a second session, 72 hr after the injection '+
All patients were instructed to avoid direct exposure to
sunlight for 1 month after the injection of porfimer sodium
to protect them from the adverse effects of skin photosensiti-
zation. Patients were discharged 2 weeks after laser irradia-
tion, if there were no complications related to PDT. Adverse
events were identified through a physical examination and
endoscopic evaluation performed every 2 weeks until 2
months after PDT. One month after PDT, patients were
assessed through a physical examination, measurement of
haematological and biochemical variables in blood and endo-
scopic examination. The endoscopic examination with biopsy
was repeated at least every month thereafter to evaluate the
response and [uminal toxicity of PDT until the response was
confirmed. CT was used to evaluate distant organ or lymph
node metastasis every 3 months for the first 2 years and
every 6 months thereafter.

Statistical analysis

The primary endpoint of this study was the CR rate with sal-
vage PDT. The sample size was determined assuming a bino-
mial distribution. A threshold CR rate was considered to be
30%, and a CR rate of 60% was considered to be of potential
interest. The planned accrual was calculated as 25 patients
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Table 1. Baseline patients’ characteristics before CRT (n = 25)

Characteristics Number of patients

Table 2. Patients’ characteristics before PDT (n = 25)

Characteristics Number of patients

Sex

Male 23
Female 2
Median age 67 years
(range) 55-82
Location

Upper 4
Middle 19
Lower 2
Histology

W/D,SCC

M/D,SCC

P/D,SCC

Scc 15
Baseline TNM stage

Stage | 5
Stage Il 11
Stage Il 7
Stage IVA 2
T stage

T1

T2

T3 12
N stage

NO 16
N1 9

Abbreviations: W/D, well differentiated; SCC, squamous cell carcinoma;
M/D, moderate differentiated; P/D, poorly differentiated.

(allowing for 10% ineligibility) with o = 0.1 and B = 0.1. If
the calculated one-sided lower 95% confidence limit of the
CR rate was > 30%, the primary endpoint was considered to
have been met. The PFS was measured from the date of
-enrollment to the first date of recurrence, disease progression
at any site, or death. The OS was measured from the date of
enrollment to the date of death for any reason or to the last
follow-up visit. Survival time was calculated by the Kaplan-
Meier method. Survival time was compared between variables
by using the log-rank test. An alpha value of < 0.05 was con-
sidered significant. All statistical analyses were performed
using Predictive Analysis Software Statistics 18 (SPSS Japan
Inc., Tokyo, Japan).

Results

Between April 2005 and January 2009, a total of 34 patients
were recruited for this study. Nine of these patients were
deemed ineligible (one with an active other malignancy

Int. J. Cancer: 000, 000-000 (2012) © 2011 UICC

Regimen of chemotherapy

Cisplatin + 5FU 23
Others 2
Radiation dose (Gy)

50.4 15
>60 10
Local failure pattern after CRT

Recurrent 14
Residual 11
Lesion circumference of the lumen

<1/4 10
1/4-1/2 15
Concomitant ulceration on the lesion

Present 6
Absent 19

Abbreviation: 5FU, 5-fluorouracil.

within 1 year, seven with baseline stage T4 before CRT and
one with a distant metastasis); thus, 25 patients were enrolled
in this study. All 25 patients were treated with salvage PDT.
The patients’ baseline characteristics before CRT are sum-
marized in Table 1. The patients included 23 men and two
women, and the median age was 67 years (range, 55-82
years). The tumor location was the upper esophagus in four
patients, middle esophagus in 19 patients and lower esopha-
gus in two patients. The baseline clinical stages before CRT
were: stage I in five, stage II in 11, stage III in seven and
stage IVA in two patients, and no patient had distant organ
metastasis before CRT. The patients’ characteristics before
PDT are summarized in Table 2. Most of the chemothera-
peutic regimens of CRT comprised cisplatin and 5-fluoroura-
cil with >50 Gy concomitant radiotherapy. Their failure
patterns were recurrence after achieving a CR with CRT in
14 patients and residual lesions after CRT in 11 patients. All
local failure lesions in this study were histologically proven
T1b lesions within the radiation field. The median duration
between the last day of radiation and the initiation of PDT
was 192 days (range, 21-1,234 days).

Efficacy

In this study, the range of esophageal surface areas that were
treated was 3-9 cm®CR was attained in 19 of 25 patients
with PDT, resulting in a CR rate of 76% (95% CI, 55-91%).
A representative case of a patient who achieved CR is shown
in Figure 1. There was no dose-response relationship in this
study. The median esophageal surface area was 6 cm” in 19
patients who achieved CR and in six patients who did not
achieve CR with PDT. The relationship between the degree
of baseline lymph node metastasis and CR rate was as
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Figure 1. A patient who achieved a complete response (CR) with salvage photodynamic therapy (PDT) is presented. (a) Before
chemoradiotherapy (CRT), the baseline stage was T2NOMO. (b) A local residual lesion was detected at the primary site after CRT. (c) The
residual lesion was limited to the submucosal layer. (d) Two days after PDT, an ischemic change was observed at the laser-irradiated site.
(e) One month after PDT, deep ulceration was observed at the laser-irradiated site. (f) A CR was achieved, and there was no recurrence at

the primary site 3 years after PDT.

Table 3. Adverse events after PDT (0 = 25)
Grade (no. of patients)

Adverse events 1 2 3 4 5 % (any)
Pain-Pharynx 3 1 0 0 0 17
Pain-Chest 11 3 0 0 0 61
Anorexia 1 0 0 0 0 4
Dysphagia 7 2 0 0 0 39
Nausea 1 0 0 0 0

Vomiting 1 0 0 0 0

Fever 11 0 0 0 0 48
Photosensitivity 7 1 0 0 0 32
Hemorrhage-Gl 0 0 0 0 1 4

Abbreviation: Gl, gastrointestinal.

follows: the CR rate of 16 NO patients was 75% (12/16),
whereas the CR rate of 9 N1 patients was 78% (7/9). The
relationship between the baseline T stage before CRT and CR
rate was as follows: the CR rate with baseline T1 or T2 was
85% (11/13, 95% CI, 55-98%), whereas that with baseline T3
before CRT was 67% (8/12, [95% CI, 35-90%]). Furthermore,
the 1-year local control rate of patients with baseline T1 or

T2 was significantly higher compared with that of patients
with baseline T3 (T1 or 2 vs. T3 = 77% [95% Cl, 54-100%]
vs. 42% [95% CI, 14-70%], p = 0.04).

Safety

The safety of PDT in all 25 patients is shown in Table 3.
Common adverse events after PDT were chest pain (61%),
pharyngeal pain (17%), dysphagia (39%) and fever (48%).
Photosensitivity was observed in eight (32%) patients. All
patients’ fevers were grade 1 with NCI-CTCAE, and most
patients recovered within a day. Predose nonsteroidal anti-
inflammatory drugs (NSAIDs) might not have been necessary
based on the results of this study, because patients’ fevers
were not severe nor prolonged. Severe complications (>grade
3) related to PDT limited to one patient death due to gastro-
intestinal hemorrhage 33 days after PDT. His baseline stage
before CRT was T3NOMO, and a histologically confirmed
local residual lesion was detected after CRT. After enrollment
in this study, he was treated with a fluence of 75 J/em? and a
fluence rate of 160 mW/cm? for the treatment area of 9 cm?
He received the maximum treatment field with the largest
light dose in this study. He complained of continuous chest
pain (grade 2) after PDT, but his pain was controlled with
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oral administration of a NSAID. Although we could not con-
firm the origin of the hemorrhage with endoscopic observa-
tion or autopsy, deep ulceration was observed endoscopically
at the PDT-irradiated site 1 week before his death. We
thought that the hemorrhage was caused by an aortic-esopha-

years

Figure 2. Progression-free survival (red dotted line) and overall
survival (blue line) of 25 patients after the initiation of salvage
photodynamic therapy (PDT).
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n o 1y-0S (%) 3y-0S (%)
T1/2 13 923 61.5
T3 e 12 667 0
4 P=0.01
8
6
4
2
oL, . - . . -
o 1 2 3 4 s
years
N stage before CRT
1y-05 (%) 3y-OS (%)
NO — 16 875 409
N1 —— 9 667 —_
P=0.61
8
6
4
2
0

years

geal fistula at the laser-irradiated site. The death of this
patient gave a 4% (1/25) rate of treatment-related death. No
other patient developed an esophageal fistula. Six patients:
(24%) developed esophageal stenosis requiring balloon
dilatation.

Survival

The median follow-up was 48 months (range, 17-64
months). The clinical courses of the 19 patients who had
achieved a CR with PDT were as follows. Of the 11 patients
who did not develop recurrence, ten are still alive and one
died of multiple liver metastases from a prior gastric adeno-
carcinoma without any esophageal cancer recurrence. Among
the remaining eight patients, three developed local recur-
rence, and all three were treated with salvage esophagectomy,
but none survived. Local recurrence was detected within a
year (range, 5-10 months) after achieving CR in all three
patients, and therefore, the local control rate at 1 year was
64% (16/25, [95% CI, 43-82%]). Lymph node metastasis
without local recurrence was detected in three patients; one
underwent surgery and the other two were treated with sys-
temic chemotherapy, but all died of cancer progression. Two
patients developed liver metastasis and were treated with sys-
temic chemotherapy; one died because of disease progression,

Tumor status after CRT

N 1y-05 (%) 3y-0S (%)
residue e 11 81.8 34.1
recurrence 14 786 43.5
Y P=0.54

¢ 1 2 3 4 s
. . years
Lesion circumference before PDT
n 1y-05 (%) 3y-0S (%)

<1/4 e 10 80 54.9
1/4-1/2 e 15 80 29.2
1 P=0.35

o N b o

years

Figure 3. Comparisons of overall survival according to various clinical variables before chemoradiotherapy and before photodynamic

therapy.

Int. J. Cancer: 000, 000-000 (2012) © 2011 UICC




and the other is still alive about 2 years after detection of
liver metastasis. Six patients could not achieve a CR with
PDT. Two were treated with systemic chemotherapy, two
received salvage surgery and one was treated with a second
PDT; all died because of disease progression. The remaining
patient’s death was classified as a treatment-related death, as
described eatlier. The PFS rates of all 25 patients at 1 and 3
years were 48% (95% Cl, 28-68%) and 40% (95% CI, 21-59%),
respectively, and the OS rates at 1 and 3 years were 80% (95%
CI, 64-96%) and 384% (95% CI, 17-60%), respectively
(Fig. 2). Comparisons of OS according to various clinical varia-
bles before CRT and before PDT are presented in Figure 3.
Patients with clinical T1 or T2 before CRT had significantly
higher OS than those with clinical T3 before CRT (T1 or T2 vs.
T3: 1-year OS = 92.3% [95% ClI, 77.8-106.8%] vs. 66.7% [95%
Cl, 40-93.3%], 3-year OS = 61.5% [35.1-88%] vs. 0%, p =
0.01), whereas there was no significant difference between
patients with clinical NO and N1 before CRT (NO vs. NI:
1-year OS = 87.5% [95% CI, 71.3-103.7%] vs. 66.7% [95% CI,
35.9-97.5%], 3-year OS = 40.9% [95%CI, 16-65.8%] vs. not
reached, p = 0.61). There was no difference in OS between
patients with a residual lesion after CRT and a recurrent lesion
after achieving CR (residual vs. recurrent: I-year OS = 81.8%
[95% CIL, 59.0-104.6%] vs. 78.6% [95% CI, 57.1-100%], 3-year
A0S = 34.1% [95% CI, 4.8-63.4%] vs. 43.5% [95% CI, 14.4-
72.6%], p = 0.54). Patients with a local failure lesion less than
1/4 the circumference of the lumen had a better OS than those
with 1/4 to 1/2 circumference lesions; however, the difference
was not statistically significant (<1/4 vs. 1/4-1/2: 1-year
0S = 80% [95% CI, 55.2-104.8%] vs. 80% [95% CI, 59.8-
100%], 3-year OS = 54.9% [95% CI, 21.1-88.7%] vs. 29.2 [95%
CI, 4.1-54.3%], p = 0.35).

Discussion

To our knowledge, this is the first prospective study of sal-
vage treatment for local failure after definitive CRT in
patients with ESCC. In this study, the primary endpoint (CR
rate) was met, and the results exceeded our expectations. The
CR rate at the primary site was 76% (95% CI, 54.9-90.6%),
suggesting that salvage PDT could be a curative treatment
option for carefully selected patients with local failure at only
a primary site after CRT. The 3-year survival rate of salvage
PDT was 38.4%. This result indicates that salvage PDT can
cure a subset of patients with local failure after CRT.

If the failure lesions are tiny and superficial, EMR could
be a salvage treatment option for local failure after CRT. We
have reported the long-term results for salvage EMR, and the
5-year survival rate was 49.1%.” In our report, more than
half of the patients had baseline clinical T1 lesions before
CRT, and all their local failure lesions were within the sub-
mucosal layer before EMR.” By contrast, in this study about
half of the patients (12/25) had baseline clinical T3 lesions
before CRT. Salvage EMR is technically difficult if the failure
lesion is severely fibrotic after CRT or there is deep invasion
of the submucosal layer. PDT could be a treatment option if

Salvage PDT for local failure after CRT for ESCC

local failure after CRT is limited to the submucosal layer
without lymph node metastasis and in patients for whom
surgery would be intolerable because of physical limitations.
Therefore, PDT has a niche role between EMR and surgery
in the salvage setting after CRT.

In general, salvage surgery is indicated for patients with
local failure after CRT. However, the most serious problems
with salvage surgery are the high rates of complications and
treatment-refated mortality. Compared with esophagectomy
without CRT or esophagectomy after planned neoadjuvant
CRT, salvage surgery is associated with several complications,
such as a longer hospital stay and higher anastomotic leak
rate. The treatment-related mortality rate ranges from 8 to
229%."%16 Therefore, the indications for salvage surgery
should be carefully considered. Although treatment-related
death occurred in one patient in this study, the incidence
rate (4%) was lower than that for salvage surgery. This sug-
gests that salvage PDT is a less morbid treatment option
than salvage surgery for carefully selected patients with local
failure at the primary site after CRT.

In this study, five patients received salvage surgery for
local failure after PDT. Although their physical condition was
evaluated as tolerable for salvage surgery, they refused sur-
gery before enrollment in this study. When the failure after
PDT was detected, we informed them that their failure
lesions were unlikely to be cured with reapplication of PDT
because their lesions were suspected to be progressive refrac-
tory tumors; they then accepted salvage surgery. None of
these patients achieved cure with salvage esophagectomy after
PDT, and their median survival time after esophagectomy
was 13 months (range: 4-18 months).

At present, nine patients remain alive without disease and
one patient is alive with liver metastasis and is being treated
with systemic chemotherapy. All of these patients survived
with esophagus preservation. Second-line chemotherapy is
one treatment option for patients with residual ESCC after
CRT, although it is not curative and has a limited effect; that
is, the overall response rate of second-line chemotherapy is
low (0-16%), and a CR is difficult to achieve (0-6%).7-2°
This suggests that second-line systemic chemotherapy is a
palliative treatment.

From the results of a comparison of OS according to vari-
ous clinical variables, patients with T1 or T2 stage before
CRT had a significantly higher survival rate than those with
T3 lesions before CRT. All failure lesions in this study were
determined before PDT to be within the submucosal layer;
however, more advanced failure lesions might be included in
the T3 group because of the difficulty of EUS evaluation after
CRT, especially in advanced cases. However, N stage before
CRT did not affect the survival after PDT. Patients with
earlier T stage before CRT tend to be cured with salvage
PDT, and these data demonstrate the reproducibility of our
retrospective analysis.'*

Before this phase II study, we did not perform the laser
dose escalation study for local failure after CRT for
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esophageal cancer. The fluence of 75 Jlem® with a fluence

rate of 160 mW/cm” in this phase II study was determined
from the results of our preliminary experience®'* The vari-
able of total fluence depends on the lesion size. In this study,
the range of esophageal surface areas that were treated was
3-9 cm?, and multiple treatment fields were overlapped to
cover large lesions. From the results of this study, the fluence
of 75]/cm?® is effective with tolerable toxicity for local failure
after CRT. However, because of the risk of esophageal perfo-
ration, we should treat carefully if the lesion requires a large
treatment field.

Salvage PDT provided an effective treatment for local fail-
ure at the primary site. To achieve CR by salvage PDT, early

detection of local failure is critical. We reported previously that
a submucosal tumor-like appearance is closely associated with
local failure at the primary site.?' Our previous report led us to
believe that careful and close surveillance by endoscopy
is needed to provide early detection of residual tumor at
the primary site after completion of CRT. Although repeated
endoscopic surveillance can be complicated, these efforts allow
for early detection and provide a minimally invasive curative
treatment with organ preservation.

In conclusion, salvage PDT is an effective and tolerable
salvage treatment option for local failure after CRT for ESCC
in patients whose failure lesion is limited to the submucosal
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Impact of Neoadjuvant Chemotherapy on Physical Fitness,
Physical Activity, and Health-related Quality of Life of
Patients With Resectable Esophageal Cancer

Noriatsu Tatematsy, RPT* Yasumasa Ezoe MD,T Eiji Tanaka MD,] Manabu Muto, MD,§
Yoshiharu Sakai, MD, | and Tadao Tsuboyama, MD*

Objective: Neoadjuvant chemotherapy (NAC) followed by radical
surgery is the standard treatment for patients with resectable
esophageal squamous cell carcinoma (ESCC) in Japan. However,
some adverse events associated with NAC may result in a decrease in
physical fitness that may influence the patient’s ability to tolerate
surgery. The purpose of this study was to evaluate the impact of NAC
on physical fitness, physical activity, and health-related quality of life
(HRQOL) of patients with ESCC.

Methods: In this prospective study, we investigated 27 consecutive
patients with newly diagnosed resectable ESCC who were scheduled to
receive NAC followed by surgery between January 2009 and
November 2010. Primary endpoints were change from baseline in
physical fitness (knee extensor muscle strength and 6-min walking
distance) and physical activity after NAC. A secondary endpoint was
change from baseline in HRQOL.

Results: Physical fitness and physical activity level after NAC did not
differ significantly from those before NAC. With regard to HRQOL,
only social functioning was significantly different (P=0.04). The
change in physical activity demonstrated a significant correlation with
the change in 6-minute walking distance (r=0.45, P=0.02).

Conclusions: NAC had no impact on physical fitness and physical
activity in patients with ESCC. This result indicated that there was no
need for a physiotherapy intervention during NAC to prevent a decline
in these parameters.

Key Words: esophageal cancer, HRQOL, neoadjuvant chemotherapy,
physical activity, physical fitness

(dm J Clin Oncol 2011;00:000-000)

sophageal cancer was the eighth most common malighancy

(482,000 cases, 3.8% of all cancers) and the sixth leading
cause of cancer death (406,000 deaths, 5.4% of all cancers)
worldwide in 2008.' Despite optimal treatment, median
survival for advanced disease remains <1 year. Even in
patients with resectable disease, the prognosis is relatively
poor after surgery alone.>™ This fact has prompted many
investigators to explore perioperative systemic treatment, such
as chemotherapy or chemoradiotherapy, to improve survival.
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In Japan, on the basis of the results of several studices, such as
Japan Clinical Oncology Group 9204 and Japan Clinical
Oncology Group 9907, neoadjuvant chemotherapy (NAC) with
cisplatin combined with S5-fluorouracil followed by radical
surgery has become the standard treatment strategy for
resectable esophageal squamous cell carcinoma (ESCC).>

Although NAC is a well-established treatment for
improving the outcomes of surgery, several side effects may
result in the deterioration of physical fitness, physical activity,
and health-related quality of life (HRQOL). Recently, several
studies reported the impact of neoadjuvant treatment (che-
motherapy or chemoradiotherapy) on HRQOL.™ However,
there are no reports on the impact of NAC on physical fitness
or physical activity. It is important to clarify whether these
parameters will be decreased by NAC, because the compro-
mise of physical fitness by NAC may negatively influence the
tolerability and outcome of surgery. In addition, the results of
this study will be useful to determine whether a physiotherapy
intervention is necessary during the neoadjuvant treatment
period to improve these parameters.

The objectives of this study were to evaluate the impact
of NAC on physical fitness, physical activity, and HRQOL in
patients with ESCC and to determine whether physiotherapy is
needed during the NAC period.

MATERIALS AND METHODS

Study Design and Subjects

This was a single-center, prospective study conducted to
evaluate the impact of NAC on the physical fitness, physical
activity, and HRQOL of patients with resectable ESCC. The
Institutional Review Board of Kyoto University Graduate
School of Medicine approved the protocol and consent form
for this study, and written informed consent was obtained from
all patients. Between January 2009 and November 2010,
patients with newly diagnosed ESCC who were scheduled to
receive NAC followed by surgery were asked to participate in
this study. All the patients who were scheduled to receive NAC
followed by surgery were eligible. Patients with gait
disturbances or cognitive impairment were excluded. Pre-
operative chemotherapy consisted of 2 cycles of cisplatin
(80mg/m?, intravenously) on day 1 and 5-fluorouracil
(800mg/m?/d in a continuous infusion) on days 1 through 5
at 3-week intervals. Primary outcomes were physical fitness
(knee extensor muscle strength and 3-min walking distance)
and physical activity. The secondary outcome was HRQOL.
We assessed these outcomes before the initiation of NAC (pre-
NAC) and after the completion of NAC (post-NAC).
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Demographic and Treatment information

Information regarding age, sex, weight, clinical stage,
histologic tumor type, and side effects was obtained from
electronic medical records. Side effects were assessed with the
National Cancer Institute Common Terminology Criteria for
Adverse Events v3.0. The National Cancer Institute Common
Terminology Criteria for Adverse Events measure toxicities as
grades 1 through 5 (1 is mild, 2 is moderate, 3 is severe, 4 is
life threatening or disabling, and 5 is death associated with the
adverse event).

Physical Fitness

To assess physical fitness, we tested the knee extensor
muscle strength and 6-minute walking distance. Knee extensor
muscle strength was assessed with an isometric knee extensor
muscle strength machine (IsoForce GT-330, OG GIKEN,
Japan). The subject was in the sitting position, and the hip and
knee were kept at 90-degree angle. The maximal isometric
strength was measured after adequate premeasurement trials.
The 6-minute walking distance was measured with the
6-minute walk test, as described by the American Thoracic
Society.? Subjects walked as far and as fast as they could for
6 minutes. (Subjects were allowed to rest if and as necessary
during the 6-min period.) These tests were conducted by
physiotherapists who had been trained in the proper techniques
for conducting them.

Physical Activity

Physical activity status was assessed using the last 7-day
short version of the International Physical Activity Ques-
tionnaire (IPAQ) Japanese version.''? This measure assessed
total vigorous intensity physical activity, total moderate
intensity physical activity, total time walking, and time spent
sitting during the last 7 days. Each activity type and intensity
score is provided a metabolic equivalent (MET) value
according to the published protocol (eg, MET for walking=
3.3, cycling=6.0, moderate intensity =4.0, vigorous intensity
leisure=8.0) (Craig, IPAQ. At a glance: IPAQ scoring pro-
tocol, http://www.ipaq.ki.se/scoring.htm, accessed March 20,
2006). According to the published IPAQ scoring protocol, we
calculated the average daily physical activity (METs min/d).

Health-related Quality of Life

HRQOL was measured with the European Organization
for the Research and Treatment of Cancer Quality of Life
(QOL) Core Questionnaire with 30 items.'> This QOL scale
includes a global health status/QOL scale, 5 functional scales
(physical, role, emotional, cognitive, and social functioning),
and symptom scales (fatigue, nausea, vomiting, pain, dyspnea,
insomnia, appetite loss, constipation, diarrhea, and financial
problems). Calculation of scores was carried out according to
the European Organization for the Research and Treatment of
Cancer QOL Core Questionnaire with 30 items manual. A
difference of > 10 points in each scale indicates a clinically
important change.™*

Sample Size Calculation and Statistical Analysis
Sample size calculation was based on the difference in the
6-minute walk test; primary outcome in this study. As the
walking distance of 54 m (SD = 93) was thought to be clinically
an important difference,’>'® the estimated sample sizes
required to achieve a power of the test of 80% and a 2-sided
level of significance of 5% were calculated as 27 patients.
Demographic and treatment variables were described using
means and SD, medians and ranges, and percentages, where
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appropriate. All variables were tested for distribution normality
using ‘the Shapiro-Wilks normality test. Differences over the
course of NAC (pretreatment to posttreatment) were analyzed
using paired-sample f-test for continuous variables with normal
distribution (weight, knee extensor muscle strength, and 6-min
walking distance) and the Wilcoxon signed-rank test for non-
normally distributed variables (IPAQ score and HRQOL scores).
Spearman rank correlation coefficient was used to evaluate the
relationship between changes in physical activity and changes in
physical fitness. All statistical analyses were performed with the
R statistical package (www.r-project.org). All hypothesis testing
was 2-tailed, and P values <0.05 were considered to indicate
statistical significance.

RESULTS

During the study period, 33 patients with ESCC under-
went NAC before surgery. Among them, 6 were excluded
because of gait disturbances (n=2), cognitive impairment
(n=1), and declined participation (n=3), so the remaining 27
patients were properly registered and underwent NAC. Patient
demographic and treatment data are presented in Table 1. The
mean age was 63 years, and 81% were men. The baseline
clinical stage (UICC-TNM stage 6th edition) at enrollment was
IIA in 11 (41%) patients, IIB in 10 (37%) patients, III in 5
(18%) patients, and IVA in 1 (4%) patient. The histologic type
was squamous cell carcinoma in all patients. The occurrence of
side effects was as follows: grade 1 in 23 (85%) patients, grade
2 in 16 (59%) patients, grade 3 in 3 (11%) patients, and grade 4
in 1 (4%) patient. The grade 3 chemotherapy-related toxicities
were mucositis, abdominal pain, and thrombocytopenia. The
grade 4 chemotherapy-related toxicity was hyponatremia. Most
patients underwent 2 cycles of preoperative chemotherapy,
although 5 (19%) patients underwent only 1 cycle because of
severe adverse events (n=2) and progression of disease (n=3).

Table 2 shows changes in weight, physical fitness data, and
physical activity over the course of NAC. Post-NAC variables
did not differ significantly from pre-NAC variables. With regard
to. the global health status/QOL scale, functional scales, and
symptom scales, there was a statistically significant difference
only in terms of social functioning (P=0.04; Table 3).

Results of the correlational analysis are presented
in Figures 1A, B. The change in physical activity demonstrated
a significant correlation with the change in 6-minute walking
distance (r=0.45, P=0.02), but not with the change in knee
extensor muscle strength (r= —0.01, P=0.95).

®

DISCUSSION

This is the first report regarding the impact of NAC on
physical fitness and physical activity. Results of this
prospective study suggested that NAC had no impact on
physical fitness, physical activity, and HRQOL in patients with
ESCC. We hypothesized that physical activity would decrease
because of adverse events, leading to a deterioration in
physical fitness. Several studies have reported that treatment
(surgery and/or chemotherapy and/or radiation) had a sig-
nificant negative effect on physical activity.'*® In our study,
however, physical fitness and physical activity levels did not
decrease over the course of NAC. In addition, the change in
physical activity demonstrated a significant positive correlation
with the change in 6-minute walking distance. These results
indicated that patients who maintained their pretreatment
physical activity levels could maintain physical fitness,
especially the 6-minute walking distance. Although most
patients in this study experienced some kind of adverse event,
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American Journal of Clinical Oncology ¢ Volume 00, Number 00, B & 2011

Impact of Neoadjuvant Chemotherapy

TABLE 1. Characteristics of Subjects
N=27 (%)

Age (mean=+SD) 63.4+6.8
Sex

Male 22 (81%)

Female 5 (19%)
Clinical stage

A 11 (48%)

1B 10 (37%)

11 5 (18%)

VA 1 (4%)
Histologic tumor type

Adenocarcinoma 0 (0%)

Squamous cell carcinoma
Side effects

27 (100%)

Grade 1 23 (85%)
Grade 2 16 (59%)
Grade 3 3 (11%)
Grade 4 1 (4%)
Grade 5 0 (0%)

the severity of these adverse events was relatively mild. This
seemed to be one of the reasons that most patients could
maintain their physical activity levels. Similarly, HRQOL
scores did not deteriorate significantly over the course of NAC,
except for social functioning. Our findings are similar to
previous work by Safieddine et al, who reported that the impact
of NAC on HRQOL in patients with operable esophageal
cancer was transient because HRQOL scores returned to
baseline levels before surgical intervention.”

It was’ important to understand the impact of NAC on
physical fitness, physical activity, and HRQOL in patients with
ESCC to determine the need for a physiotherapy intervention
to improve these parameters during NAC. The results of the
present study indicated that there was no need for a
physiotherapy intervention during NAC. However, Nagamatsu
et al reported that esophagectomy can be safely performed in
patients with a Vo? max /m? of at least 800 mL/m?.*' Thus,
physiotherapy may be important before surgery to reduce the
risk of postoperative cardiopulmonary complications. Further
studies are needed to-examine the role of physiotherapy in the
treatment of ESCC comprehensively.

This study has some limitations. First, our study was
conducted with small sample size, which might not have had
enough power to detect significant differences in outcomes. It
was possible that each outcome might reach statistical
significance with more patients. However, even so, they might
not be clinically significant; such as 1kg weight loss, minimal
difference in knee strength, or 2% difference in walk distance.
Although only the 17% difference in IPAQ might be a
clinically significant difference with more patients, the

TABLE 3. Changes in EORTC QLQ-C30 Over the Course of NAC
Treatment

Pre-NAC Post-NAC P
Global health status (QOL  66.7 (16.7-100) 66.7 (16.7-91.7) NS
score)
Functional scales
Physical 93.3 (66.7-100) 93.3 (60-100) NS

Role 100 (33.3-100) 100 (33.3-100) NS

Emotional 75 (41.7-100) 83.3 (50-100) NS
Cognitive 83.3 (50-100)  83.3 (33.3-100) NS
Social 100 (33.3-100) 83.3 (0-100) 0.04
Symptom scales
Fatigue 22.2 (0-55.6) 222 (0-66.7) NS
Nausea and vomiting 0 (0-33.3) 0 (0-66.7) NS
Pain 0 (0-50) 0(0-33.3) NS
Dyspnea 0(0-66.7) 0(0-33.3) NS
Insomnia 0 (0-66.7) 0 (0-66.7) NS
Appetite loss 0 (0-66.7) 0 (0-100) NS
Constipation 0 (0-100) 0 (0-100) NS
Diarrhea 0 (0-33.3) 0(0-33.3) NS
Financial difficulties 0 (0-100) 0 (0-100) NS

Values expressed as median (range).

EORTC QLQ-C30 indicates European Organization for the Research and
Treatment of Cancer Quality of Life Core Questionnaire with 30 items, NAC,
neoadjuvant chemotherapy; NS, not significant; QOL, quality of life.

conclusion of this study might-not be changed, because IPAQ
was the secondary outcome. In addition, the small sample size
precluded subgroup analyses stratified by the demographic and
treatment characteristics of the patients. Second, we evaluated
the impact of chemotherapy alone as a neoadjuvant treatment,
because NAC followed by surgery is the standard treatment for
the patients with resectable disease in Japan. However, the
standard neoadjuvant treatment for the esophageal cancer in
Western countries, such as in United States or in Europe, is
chemotherapy with more strong combination regimen or
chemoradiotherapy. Although it might be possible that
inclusion of patients who received neoadjuvant chemora-
diotherapy or different regimen of NAC might have changed
the results of this study, we could not discuss about it from the
results of this study. Third, the frequency of the excluded
patients [6 patients (18.2%)] was relatively high in this study
with the small sample size. Moreover, among them, 2 patients
were excluded because of gait disturbances. This might
introduce a potential of selection bias, because the finally
analyzed patients were limited to the patients with relatively
better condition. The fourth limitation was the assessment of
physical activity. The Japanese short version of IPAQ is
validated and reliable. However, it is not a direct assessment
tool of real physical activity, such as daily walking steps.?>?}
Thus, it should be noted that the IPAQ data alone were

TABLE 2. Changes in Weight, Physical Fitness Data, and Physical Activity Over the Course of NAC Treatment ‘

Pre-NAC Post-NAC P
Weight (kg) 57.5+11.8 56.5+£11.6 NS
Physical fitness
Knee extensor muscles strength (N mv/kg) 2.5+0.6 24+0.5 NS
6-min walk distance (m) 574.9+77.8 565.1+£753 NS
Physical activity
IPAQ (METs min/d) 119.1 (0-605.6). 99 (0-819) NS

Weight and physical fitness values expressed as mean+SD. IPAQ values expressed as median (range).
IPAQ, indicates International Physical Activity Questionnaire; MET, metabolic equivalent; NAC, neoadjuvant chemotherapy; NS, not significant.
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FIGURE 1. Relationship between changes in physical activity and
changes in physical fitness. The change in 6-minute walking distance
was correlated positively with the change in International Physical
Activity Questionnaire (IPAQ) (r=0.45, P=0.02) (A), whereas the
change in knee extensor muscle strength had no correlation
(r=-0.01, P=0.95) (B). METs indicate metabolic equivalent.

probably insufficient to draw definitive conclusions that
patients maintained their physical activity levels during NAC.

In conclusion, NAC had no impact on physical fitness,
physical activity, and HRQOL in patients with ESCC. The
results of this study indicated that there was no need to
implement a physiotherapy intervention during NAC to prevent
a decline in these parameters. As the number of patients was
rather small, and the assessment tool used was insufficient,
further study of a larger number of cases with more quantitative
assessment tools is required to confirm the impact of NAC on
physical fitness, physical activity, and HRQOL.
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Abstract

Purpose To establish an appropriate administration
schedule for oxaliplatin in- FOLFOX plus bevacizumab
therapy for a hemodialytic patient.

Methods A 50-year-old man on chronic hemodialysis was
treated for colon cancer and synchronous hepatic metas-
tasis with modified FOLFOX-6 plus bevacizumab therapy
every 3 weeks. The plasma concentration of free platinum
was measured at eight points, before and within the first
50 h after oxaliplatin administration. A dose escalation
study of oxaliplatin was performed at doses of 60, 70, and
85 mg/m”. A 4-h dialysis session was begun at the end of
the oxaliplatin treatment.

Results The pharmacokinetics of free platinum showed a
bimodal pattern at each dose: The serum concentration
decreased rapidly soon after dialysis, then increased, and
remained at a high level for 24 h. The areas under the
curves (AUC) for free platinum were 17.6, 23.6, and
32.6 pg h/mL after doses of 60, 70, and 85 mg/m? oxa-
liplatin, respectively. These exceeded the AUC when
90 mg/m* was given to a patient with normal renal
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function (7.9 pg h/mL). Treatment was safely continued
for 6 months without severe toxicity.

Conclusion FOLFOX plus bevacizumab therapy can be
given safely to hemodialytic patients with no reduction in
the dose of oxaliplatin if hemodialysis is performed soon
after the administration of oxaliplatin and the dosing
interval is extended to 3 weeks.

Keywords Colorectal cancer - Renal failure -
Hemodialysis - FOLFOX plus bevacizumab - Oxaliplatin

Introduction

The number of long-lived hemodialytic patients has been
increasing with improvements in dialysis treatments.
However, hemodialytic patients are potentially at increased
risk of cancer for several reasons, including the presence of
chronic infection, a weakened immune system, nutritional
deficiencies, and altered DNA repair [1].

Colorectal cancer is the third leading cause of cancer
deaths, and its incidence is’ also increasing yearly in Japan
[2]. FOLFOX plus bevacizumab is a chemotherapeutic
regimen consisting of oxaliplatin and infusional 5-Fluoro-
uracil (5-FU)/levofolinate plus bevacizumab and is accep-
ted widely as an initial treatment for unresectable
colorectal cancer, with an objective response in up to 50%
of patients treated [3]. However, there have been few
reports of the use of oxaliplatin in hemodialytic patients
[4-6], and little is known about the safety/efficacy of
FOLFOX plus bevacizumab therapy or its optimum dosage
in this patient population. Here, we report the case of a
hemodialytic patient with metastatic colon cancer, suc-
cessfully treated with modified FOLFOX-6 plus bev-
acizumab therapy.
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Materials and methods

A 50-year-old Japanese man with gouty nephropathy had
been maintained on hemodialysis since 2006. A computed
tomography (CT) scan showed more than 20 metastases (up
to 3 cm in diameter) scattered throughout both lobes of his
liver. A colonoscopy showed a protuberarit type of tumor
located on the sigmoid colon. After the surgical resection
of the primary tumor to prevent intestinal obstruction and
bleeding, the patient received systemic chemotherapy.
Chemotherapy was initiated with the modified FOLFOX-6
(mFOLFOX-6) regimen plus bevacizumab, given every
3 weeks. After bevacizumab was administered by infusion
over 90 min, oxaliplatin and levofolinate were administered
simultaneously for 2 h. 5-FU was then administered as a
bolus injection, followed by its continuous infusion for 46 h
with a pump after a 4-h dialysis session (Fig. 1). The
starting dose of oxaliplatin was 60 mg/m* (70% of the
standard dose of 85 mg/m?) because oxaliplatin is known to
be primarily excreted in the urine and was expected to be
eliminated by hemodialysis alone in this patient [7]. The
dose of oxaliplatin was increased to 70 and 85 mg/m?
while possible adverse events were monitored. The starting
dose of 5-FU was set at the standard dose, because 5-FU is
largely (80%) eliminated by the hepatic metabolism and
secreted into the bile [8]. Many previous reports have
shown that there is no need to adjust its dose in dialysis
patients [9]. During each course of mFOLFOX-6 plus
bevacizumab therapy, a 4-h dialysis session was begun

dialysis), 2.25, 2.5, 3, 6, 26, and 50 h after oxaliplatin
administration (the last collection was just before the sec-
ond dialysis session). The blood samples were immediately
centrifuged at 1,700xg for 10 min, and the serum thus
obtained was further centrifuged at 1,700x g for 20 min in
an ultrafiltration tube. The ultrafiltrate sample was then
stored in a freezer until the platinum concentration was
assayed by flameless atomic absorption spectrometry (NAC
Co., Ltd, Tokyo, Japan). The area under the curve (AUC)
for platinum in the ultrafiltrate was calculated from time O
to 50 h after the start of oxaliplatin administration, using the
trapezoidal method.

Results

Table 1 shows the Cp. and AUC data for free platinum in
the serum of a hemodialytic patient receiving mFOLFOX-6
plus bevacizumab therapy. Figure 2 shows the time course
of the free platinum concentration. The level of free plati-
num, which is related to the antitumor activity and toxicity
of oxaliplatin, decreased soon after dialysis. It subsequently
increased for 26 h after the administration of oxaliplatin and
thereafter remained at the same level for 24 h. These find-
ings differ considerably from those previously reported for
patients with normal renal function who received 90 mg/m*

Table 1 Pharmacokinetic parameters of platinum in plasma

ultrafiltrate

immediately after the admin%stration of oxaliplatin, using‘a 60 mg/m® 70 mg/m® 85 mg/m® 90 mg/m?
polysulfonate hollow-fiber dialyzer (APS-21SA) and acetic n=1 n=1 n=73 (n=3%
acid-free dialysate (Carbostar P). The blood flow rate was -
set at 250 mL/min and the dialysate flow rate at 600 mL/ ~ Cmox (n€/mb) 500 620 863 9633
min. The patient’s free platinum levels were measured. ~ 2UCo-so (hg h/mb)  17.6 2.6 326 79
Blood samples were collected at the following eight points: ~ AUC area under the plasma concentration-time curve
before the start of oxaliplatin administration, 2 (just before ~ * Shirao et al. [10]
Fig. 1 Treatment schedule Treatment schedule
1 5-FU bolus 400mg/m?
Bevacizumab Smg/kg 90min Every 3 week
LV 200mg/m? 2hr >.>
HD #: ahr 5. FU ;’; # 2400n1g/m2 Adhr >> HD #: ahr
L-OHP 60-575-385me/m? 2hr =S B
J I
[measurement points of free platinum (hours afier the oxaliplatin administration)]
0] @ 6 o 0 ® @ ®
0 225 25 3 6 26 Sothr)
el continuous infusion
#HD: homodyalysis
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Fig. 2 Concentration of platinum in plasma ultrafiltrate

oxaliplatin (free platinum Cp,,, was 963.3 ng/mL and AUC
was 7.9 pg h/mL) [10]. The tolerability data and pharma-
cokinetic profiles obtained during each cycle were used to
optimize the dose of each drug and the dosing intervals for
the subsequent cycles. The free platinum AUCs were 17.6,
23.6, and 32.6 pg h/mL at doses of 60, 70, and 85 mg/mz,
respectively, which are about 2—4 times greater than that
obtained with 90 mg/m? oxaliplatin in patients with normal
renal function [11]. Therefore, a longer dose interval of
3 weeks was set for the subsequent cycles, instead of the
standard interval of 2 weeks for mFOLFOX-6 plus bev-
acizumab therapy. The free platinum C,, values measured
in this patient were 500, 600, and 863 ng/mL at oxaliplatin
doses of 60, 70, and 85 mg/mz, respectively, which are
about 50-90% of that obtained with a dose of 90 mg/m?*
oxaliplatin in patients with normal renal function [10].
Therefore, a standard dose of 85 mg/m? was given during
the subsequent five cycles. In all, eight courses of mFOL-
FOX-6 plus bevacizumab therapy (a total of 815 mg/m>
oxaliplatin) were completed, although grade 1 peripheral
neuropathy by National Cancer Institute Common Termi-
nology Criteria for Adverse Events (NC1 CTCAE; version
3) criteria was observed. A CT scan showed no changes in
the number or sizes of the metastatic liver tumors.

Discussion

To the best of our knowledge, this is the first report of a
hemodialytic patient with metastatic colon cancer suc-
cessfully treated with mFOLFOX-6 plus bevacizumab
therapy. In the patient reported here, the free platinum level
showed a bimodal pattern, with peaks appearing at 2 and
26 h after the start of oxaliplatin administration. The sec-
ond peak was as high as the first peak. In patients treated
with oxaliplatin, the serum-free platinum concentration
reflects the biological activity of the drug, i.e., it deter-
mines both its antitumor activity and its toxicity [11, 12].

Previous studies have shown that most circulating platinum
molecules derived from oxaliplatin are immediately bound
to plasma proteins (primarily albumin) and irreversibly
inactivated [13, 14]. The free platinum in the blood is
serially excreted by the kidneys, and its excretion is
delayed in patients with impaired renal function [15]. A
second peak in the free platinum concentration between
hemodialyses has also been observed ,in hemodialytic
patients treated with cisplatin [16]. This might be caused
by the dissociation of the platinum bound to plasma pro-
teins and blood cells or by platinum in the tissues returning
to the blood [17]. In patients with normal renal function, it
is likely that free platinum is rapidly eliminated by renal
excretion, so no second peak is observed [10].

In our patient, who was given 60 mg/m? oxaliplatin, the
AUC of free platinum was about twofold greater than that
observed after an oxaliplatin dose of 90 mg/m? in patients
with normal renal function. Although the relationship
between the AUC of free platinum and the antitumor
activity of oxaliplatin is poorly understood, it has been
reported that the antitumor activities of cisplatin and car-
boplatin correlate with the AUC of free platinum [12].
Takimoto et al. [9] reported that reductions in the dose of
single-agent oxaliplatin are unnecessary, even in patients
with impaired renal function, suggesting that the AUC of
free platinum does not correlate with the toxicity of oxa-
liplatin, regardless of the patient’s renal function. They
proposed the hypothesis that after the administration of
oxaliplatin, the majority of free platinum is in the inactive
form in low molecular weight conjugates, which are
cleared by glomerular filtration. Therefore, the increase in
systemic platinum exposure associated with renal impair-
ment does not increase the drug-related toxicity [18].

Giacchetti et al. [19] compared the antitumor activity
and hematological toxicity of oxaliplatin in two regimens:
four daily doses versus continuous infusion for 48 h. They
reported that hematological toxicity was three times more
frequent with the former regimen than with the latter reg-
imen, whereas a similar tumor response was achieved with
both regimens. These findings suggest that the antitumor
activity of oxaliplatin does not correlate with the AUC of
free platinum, whereas its hematological toxicity correlates
with its Cppax.

In our patient, treatment with the standard dose of ox-
aliplatin in the mFOLFOX-6 plus bevacizumab regimen
resulted in a larger AUC with a lower Cyay for free
platinum than those observed with the standard dose of
oxaliplatin in patients with normal renal function. This
pharmacokinetic profile might explain the significant tumor
response achieved with relatively mild toxicity.

Recently, Kawazoe et al. reported that long-term FOL-
FOX-6 therapy given every 2 weeks with the standard dose
of oxaliplatin in patients with mild renal dysfunction led to
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accumulated renal toxicity, and the patients were forced to
undergo dialysis [20]. However, in the patient reported
here, the concentration of free platinum before the
administration of oxaliplatin increased gradually (<30, 40,
50, and 80 ng/mL in the second, third, fifth, and seventh
courses, respectively). The 3-week dosing interval set for
this patient may have been optimal, but it is essential to
monitor the serum coricentration of free platinum before
the administration of oxaliplatin in each course.

In contrast, it has been reported that the clearance rate
of bevacizumab by hemodialysis was 0 mL/min and that
the pharmacokinetic parameters in hemodialytic patients
were similar to those in patients with normal renal
function [21].

In conclusion, mFOLFOX6 plus bevacizumab therapy
can be used safely for hemodialytic patients, with no dose
reduction in oxaliplatin, if hemodialysis is performed soon
after the administration of oxaliplatin and the dosing
interval is extended to 3 weeks. The cumulative toxicities
and long-term outcomes remain to be established. Larger
studies of hemodialytic patients with longer follow-up
periods are required.
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SUMMARY

Superficial carcinomas over submucosal tumors
of the esophagus have seldom been detected.
Esophageal lipomas are very rare and only
a few cases have been reported. We describe
the case of a 73-year-old man with superficial
squamous cell carcinoma overlying a lipoma.

We successfully performed en bloc resection by
endoscopic submucosal dissection (ESD) using
the IT-knife. Histological examination showed
curative resections. In such cases, ESD may
be a promising tool to perform less invasive
freatment.

INTRODUCTION

A superficial squamous cell carcinoma coexisting
with a lipoma is quite rave in the esophagus (1-3).
Such tumors show an elevated form and this makes
it difficult to diagnose the depth of invasion. Among
the several procedures for endoscopic resection,
endoscopic submucosal dissection (ESD) method
is now considered to be useful in achieving en bloc
resection (4-6). Here we reported a case of superfi-
cial squamous cell carcinoma located just over an
esophageal lipoma that was successfully resected
together with the lipoma by the ESD method.

FIGURE 1 (A) White light endoscopy, revealing a whitish coated mucosa with erosion and uneven surface. This lesion is slightly raised by a yellowish com—

CASE REPORT

A 73-year-old man with a tumor in the middle
thoracic esophagus was referred to our hospital.
He had smoked one pack of cigarettes a day for 20
vears and drank a glass of alcohol per day for more
than 50 years. He had no significant medical his-
tory and no symptoms. The results of the peripheral
blood and blood chemistry examinations were with-
in normal limits. Esophagoscopy revealed a whitish
lesion in the middle thoracic esophagus. This lesion
showed a yellowish color underneath and the top of
the lesion showed uneven surface and was partially
coated in white (Figure 1A). Lugol chromoendosco-

5 s

ponent underneath. (B) Lugol chromoendoscopy, revealing a non-staining pattern coinciding with depressed area.
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FIGURE 2 (A) Circumferential incision during ESD. (B) During submucosal dissection, a lipomatous component was clearly revealed.

iy

FIGURE 3 Histopathology from the ESD of the

target lesion, revealing a squamou

P P % & SRh-e,

s cell carcinoma in the mucosal layer and a lipoma in the submucosal layer

just beneath the cancerous lesion. (A) Low power view. (B) Squamous cell carcinoma in situ. (C) The Invasive area.

py disclosed a non-staining pattern coinciding with
the depressed area (Figure 1B). Biopsy specimens
taken from the lesion revealed squamous cell carei-
noma. Endoscopic ultrasonography demonstrated a
hyperechoic mass localized within the submucosal
layer, which had a homogenous inner echoic pattern
with a well demarcated smooth outline and a clear
margin. The lesion of superficial carcinoma could
not be detected by endoscopic ultrasonography. The
CT examination of the chest and ahdomen showed
no evidence of metastasis.

From these findings, we made a diagnosis of su-
perficial squamous cell carcinoma overlying a lipo-
ma, and endoscopic treatment was scheduled. ESD
was performed using the IT-knife. After marginal
cutting with the IT knife, the lipoma was clearly
bared and the submucosal layer was dissected (Fig-
ure 2A and B). The lipoma and squamous cell car-
cinoma were successfully resected together without
complications.

The resected specimen was 30X20mm in size
and histological examination showed squamous
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cell carcinoma overlying a submucosal tumor (Fig-
ure 3A and B). The submucosal tumor consisted
of mature adipocytes, was well-defined and encap-
sulated with a fibrovascular septa. The invasion
depth of the squamous cell carcinoma was limited
to within the mucosal layer (Figure 3C). There was
no lymphovascular invasion of carcinoma cell. The
patient’s postoperative course was uneventful. At
endoscopy one month later there was no evidence
of recurrence.

DISCUSSION

In the alimentary tract, lipomas are relatively un-
common (7-8) and account for 4% of benign neoplasms
(9). Among them, esophageal lipomas are very rare
and their incidence is only 0.4% of all lipomas in the
gastrointestinal tract (7). Therefore the coexistence
of superficial squamous cell carcinoma with lipoma
has only been reported in 3 cases previously.

Wehrmann et al. reported that endoscopic re-

REFERENCES

1. Marcial-Rojas RA: Epidermoid carcinoma in mucosa
overlying a pedunculated lipoma of the esophagus. J Tho-
rac Surg 1959; 37:427-34.

2. Kuwano H, Sadanaga N, Watanabe M, et al.: Es-
ophageal squamous cell carcinoma occurring in the sur-
face epithelium over a benign tumor. J Surg Qneol 1995;
59:268-72.

8. Usui 8, Inoue H, Yoshida T, et al.: Endoscopically man-
aged superficial carcinoma overlying esophageal lipoma.
Digestive Endoscopy 2004; 16:50- 53.

4. Ohkuwa M, Hosokawa K, Boku N, et al.: New en-
doscopic treatment for intramucosal gastric tumors us-
ing an insulated-tip diathermic knife. Endoscopy 2001;
33:271-275.

5. Miyamoto S, Muto M, Hamamoto Y, et al.: A new tech-
nique for endoscopic mucosal resection with an insulated-
tip electrosurgical knife improves the completeness of

section of esophageal submucosal tumors (SMTs) is
safe and effective, if the tumors are small in size
(<4em) (10). Endoscopic removal using snare elec-
trocautery is favored for smaller, pedunculated
lesions, while large submucosal tumors cannot be
extracted by the polypectomy method. Recently,
the ESD method has been developed for en bloc
resection of gastric neoplasm, which has resulted
in high complete resection rates and contributed
to correct histological diagnosis (11). Therefore, we
introduced ESD for our case and successfully per-
formed en bloc resection together with superficial
squamous cell carcinoma and lipoma.

In conclusion, we have described a rare case of
esophageal lipoma concomitant with an early es-
ophageal carcinoma. An increased detection of su-
perficial squamous cell carcinoma can lead to a bet-
ter chance of finding out if the lesion coexists with
SMT. In such cases, the ESD method should be con-
sidered as a minimally invasive treatment.

resection of intramucosal gastric neoplasms. Gastrointest
Endosc 2002; 55:576-581.

6. Muto M, Miyamoto S, Hosckawa A, et al.: Endoscopic
mucosal resection in the stomach using the insulated-tip
needle-knife. Endoscopy 2005; 37:178-182.

7. Mayo CW, Pagtalunan RJ, Brown DdJ: Lipoma of the
alimentary tract. Surgery 1963 ; 53:598-603.

8. Sossai P, De Bernardin M, Bissoli E, et al.: Lipomas
of the esophagus: a new case. Digestion 1996; 57:210-2.

9. Ackerman NB, Chughtai SQ: Symptomatic lipomas of the
gastrointestinal tract. Surg Gynecol Obstet 1975; 141:565-8.

10. Wehrmann T, Martchenko K, Nakamura M, et al.:
Endoscopic resection of submucosal esophageal tumors: a
prospective case series. Endoscopy 2004; 36:802-7. )

11. Ono H, Kondo H, Gotoda T, et al.: Endoscopic mucosal
resection for treatment of early gastric cancer. Gut 2001,
48:151-2.



ORIGINAL ARTICLE: Clinical Endoscopy

Long-term outcome of transoral organ-preserving pharyngeal
endoscopic resection for superficial pharyngeal cancer
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Background: Early detection of pharyngeal cancer has been difficult. We reported that narrow-band imaging
(NBD) endoscopy can detect superficial pharyngeal cancer, and these lesions can be treated endoscopically.

Objective: To assess the safety and.long-term efficacy of transoral organ-preserving pharyngeal endoscopic

resection (TOPER) for superficial pharyngeal cancer.

Design and Setting: Retrospective 2-center cohort study.

Patients: The study included 104 consecutive patients with superficial pharyngeal cancer.

Intervention: TOPER with the patients under general anesthesia.

Main Outcome Measurements: Safety of the procedure, long-term survival, clinical outcome.

Results: A total of 148 consecutive lesions were resected in 104 patients. There was no severe adverse event.
Temporary tracheostomy was required in 17 patients (16%) to prevent airway obstruction. The median fasting
period and hospital stay after TOPER were 2 days (range 1-20 days) and 8 days (range 3-58 days), respectively.
Ninety-six patients (92%) had no local recurrence or distant metastases. Local recurrence at the primary site
developed in 6 patients, but all were resolved by repeat TOPER. With a median follow-up period of 43 months
(range 3-96 months), the overall survival rate at 5 years was 71% (95% CI, 59-82). Cause-specific survival rate at
5 years was 97% (95% CI, 93-100). The cumulative development rate of multiple cancers in pharyngeal mucosal

sites at 5 years was 22% (95% ClI, 12-33). The pharynx was preserved in all patients, and they experienced no loss
of function.

Limitation: Retrospective design.

Conclusions: Peroral endoscopic resection of superficial pharyngeal cancer is a feasible and effective treatment
with curative intent. (Gastrointest Endosc 2011;74:477-84.)

Pharyngeal cancer other than nasopharyngeal cancer
(130,000 new cases and 83,000 deaths worldwide in
2002) is predominantly a cancer of men.! Smoking and
alcoholic beverages are the class I carcinogens for these

Abbreviations: EMR-C, EMR with a cap; ESD, endoscopic submucosal
dissection; NBI, narrow-band imaging;, TOPER, transoral organ-
preserving pharyngeal endoscopic resection.
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Although the definite risk factors are well known, it has
been quite difficult to detect pharyngeal cancer at an early
stage. Thus, most of the cases are diagnosed at an ad-
vanced stage and have a poor prognosis. In addition, the
standard treatments of surgical resection and/or chemora-
diotherapy worsen the patients’ quality of life, resulting in
speech defects, swallowing disorders, salivary disorders,
and cosmetic deformities of the neck.

We previously reported that a new image-enhanced en-
doscopic technology,? narrow-band imaging (NBD), was very
useful for detecting these cancers at an early stage and that
these superficial cancers could be treated with peroral endo-
scopic resection with minimal invasiveness.*% Shimizu et al’
and lizuka et al® also reported the usefulness of endoscopic
resection for oropharyngeal and hypopharyngeal cancer.
However, these reports included small numbers of pa-
tients, and their long-term outcome has not been reported.
In addition, it seems to be premature to conduct a pro-
spective study of peroral endoscopic resection for super-
ficial pharyngeal cancer because its feasibility and safety
have not been fully evaluated. In this study, we assess a
large number of patients with a longer follow-up time to
address the feasibility and usefulness of peroral organ-
preserving endoscopic resection for superficial pharyngeal
cancers.

PATIENTS AND METHODS

During the period from June 2002 to April 2008, 148
consecutive superficial oropharyngeal and hypopharyn-
geal cancers in 104 patients were treated by transoral
organ-preserving pharyngeal endoscopic resection
(TOPER) while under general anesthesia at National
Cancer Center Hospital East and Kyoto University Hos-
pital. Written informed consent for the treatment was
obtained from all patients, and this study was approved
by the local ethics committee.

Histological diagnosis of the lesions was made accord-
ing to the World Health Organization classification of the
tumor (head and neck tumors).? Evaluation of the invasion
of the tumor was also made according to the general rules
for clinical studies of head and neck cancer by the Japa-
nese Society for Head and Neck Cancer and the Japanese
classification of esophageal cancer by Japan Esophageal
Society.!? According to these guidelines, carcinoma in situ
and subepithelial cancers are defined as a superficial can-
cer regardless of lymph node or distant organ metastasis.
To date, there is no generally accepted definition of su-
perficial cancer in this field. Thus, a cancer limited to the
subepithelial layer of the pharynx is defined as superficial
cancer in this study.

If the lesion was evaluated as carcinoma in situ or
carcinoma with invasion to the subepithelial layer (not
to the muscular layer), TOPER was indicated as a min-
imally invasive treatment (Fig. 1). Patients who received
radiotherapy to the head and neck region previously

Take-home Message

« Peroral endoscopic laryngopharyngeal mucosal resection
is a feasible and effective method for superficial
pharyngeal cancer. This minimally invasive procedure can
preserve the organ itself and is expected to improve the
patient’s quality of life and survival.

were not indicated. All patients refused radical surgical
resection or chemotherapy or chemoradiotherapy. All
lesions were detected by NBI with a magnifying endo-
scope and histologically confirmed by biopsy specimen
as severe dysplasia/carcinoma in situ or squamous cell
carcinoma.

TOPER was based on the methods of EMR using a cap
(EMR-O'!' or endoscopic submucosal dissection (ESD),?
and the procedures were performed as previously re-
ported!t12 by using a high-definition endoscope (Q240Z,
Q260J, or H260Z; Olympus Medical Systems, Tokyo, Ja-
pan). For EMR-C, a soft food attachment (D-206-06; Olym-

pus Medical Systems) to the tip of the endoscope was

used. For ESD, an insulated-tip electrosurgical knife (IT
knife; Olympus Medical Systems) was used. In both meth-
ods, the lesion was removed after inserting a needle be-
side the lesion and injecting an adequate volume of saline
solution or glycerol containing diluted epinephrine (0.02
mg/mL) beneath the epithelium to lift it above the sur-
rounding mucosa. We used a rigid laryngoscope (Na-
gashima, Tokyo, Japan) to obtain a sufficient working
space by lifting the larynx. lodine staining was used
both to delineate the exact margin of the cancer lesion
before resection and to detect residual lesion after re-
section. If a small residual lesion was endoscopically
identified after EMR or ESD, argon plasma coagulation
was done to prevent local recurrence. To check whether
the larynx was swollen after resection, an endoscopic
examination was performed on the day after resection
with the patient under conscious sedation by periodic
intravenous administration of pethidine hydrochloride
(in total 0.5 mg/body weight). If the movement of the
pharynx and larynx was unimpaired, the patient was
encouraged to start eating semisolid food. If the larynx
was swollen, the patient continued fasting until the
swelling disappeared.

All resected specimens were cut into longitudinal slices
measuring 2 mm in width. The slices were embedded in
paraffin and stained with hematoxylin-eosin. All speci-
mens were microscopically evaluated by 3 pathologists
(S.F., AY., A. Ochiai) according to the World Health Or-
ganization classification.?

Follow-up endoscopy was performed after 1 to 3
months to check the healing of the mucosal defect and
local residue after TOPER, and thereafter every 6
months to detect metachronous superficial cancer in
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