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Proton Beam Therapy Combined with
Concurrent Chemotherapy for Esophageal Cancer
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Abstract. Background/Aim: The aim of the present study was
to evaluate the outcomes of proton beam therapy (PBT)
concurrently combined with chemotherapy consisting of
cisplatin and 5-fluorouracil for esophageal cancer. Patients
and Methods: Forty consecutive patients (stage I in 16
patients, Il in 9 and Il in 15) treated between 2008 and 2012
were evaluated. A total dose of 60 Gray equivalents (GyE) in
30 fractions was delivered, and an additional boost of
4-10 GyE was given when residual tumors were suspected.
The median follow-up time was 24 months (range=7-66
months). Results: No cardio-pulmonary toxicities of grade 3
or higher were observed. Recurrences were observed in 16
patients, and the 2-year rates of disease-specific survival and
locoregional control were 77% and 66%, respectively.
Conclusion: Irrespective of the small sample size and short
Sfollow-up time of the study, proton beam therapy combined
with chemotherapy seems to be feasible for esophageal cancer.

Although the standard therapy for esophageal cancer is
definitive esophagectomy with lymph node dissection, a
significant proportion of patients are unsuitable for surgery
due to confounding factors, such as advanced age and co-
existing medical issues (1-3). Hence, radiation therapy (RT)
has played a more important role in the management of
esophageal cancer for patients with inoperable disease.
Previous clinical trials have revealed that definitive RT
combined with concurrent chemotherapy has yielded
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significantly better outcomes in patients with esophageal
cancer compared to RT-alone (4-6). However, certain studies
with long-term follow-up periods showed relatively high
rates of cardio-pulmonary dysfunction after concurrent
chemoradiotherapy (CCRT) for esophageal cancer, mainly
due to large irradiated volumes of the lung and heart (7-9).
Therefore, three-dimensional conformal RT with multiple
portals or intensity-modulated RT instead of a traditional
two-dimensional treatment technique has been recently used
to reduce the incidence of cardio-pulmonary morbidities,
although long-term follow-up results are awaited (10, 11).

Proton beam therapy (PBT) offers advantageous physical
properties for the treatment of various types of cancer when
compared to conventional RT using photon beams because
proton beams exhibit a spread-out Bragg peak and use
specified beam modulations to achieve a desirable dose
distribution to the target volume (12-14). Hence, PBT can
deliver a large irradiation dose to the tumor using a limited
number of portals, thus sparing the surrounding normal tissues.
With RT for esophageal cancer especially, it is anticipated that
PBT can reduce cardio-pulmonary toxicity by limiting the
irradiation dose to the lung and heart. In fact, preliminary
results from the MD Anderson Cancer Center showed that PBT
using a total dose of 50.4 Gray equivalents (GyE) was
promising with regard to cardio-pulmonary morbidity (15).

In a previous randomized trial on CCRT for esophageal
cancer, dose escalation did not improve the survival of
patients, probably due to increased treatment-related
morbidity of grade 3 or higher, and the standard dose of
CCRT has been widely recognized as 50.4 Gy delivered in
28 fractions (16). However, the most frequent site of tumor
recurrence after definitive RT for esophageal cancer is the
primary site (i.e. the esophagus) irrespective of concurrent
chemotherapy use (9, 16-18). Therefore, if a dose escalation
can be performed safely for esophageal cancer treatment, the
probability of tumor control will possibly be improved.
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Hence, we herein report the clinical outcomes of PBT, used
at =60 GyE total dose, with concurrent chemotherapy in
patients with esophageal cancer.

Patients and Methods

Patients. Between November 2008 and February 2013, definitive PBT
was performed for 64 patients with esophageal cancer. Among them, a
total of 40 patients received PBT concurrently combined with
chemotherapy [cisplatin, 70 mg/m?2 on day 1, and 5-fluorouracil (5-
FU), 700 mg/m2/24 h on days 1-4, every 28 days, 2-4 cycles]. The
characteristics of the patients in the present study are summarized in
Table I. The study patients consisted of 38 men and two women whose
median age was 69 years, ranging from 52 to 79 years. Twenty-four
patients (60%) were regarded as having inoperable disease due to deep
tumor invasion to adjacent organs (n=4) or co-existing diseases (n=20),
whereas the remaining 16 patients (40%) refused surgical resection.
The tumors were located at the cervical, upper thoracic, middle
thoracic, or lower thoracic esophagus in 2, 10, 21, and 7 patients,
respectively. The median primary tumor length was 5 cm, ranging
from 2 to 12 cm. According to the 2009 TNM Classification of the
International Union Against Cancer (UICC) (19), the patients were
stratified as having disease T1 in 16, T2 in 9, T3 in 11, and T4 in four,
or as stage I, I, and Il in 16, 9, and 15, respectively. Written informed
consent for concurrent chemo-proton therapy (CCPT), i.e. PBT with
concurrent chemotherapy, was obtained from all patients. Each
treatment was approved by the Committee of Proton Medical Research
Center and the institutional conference routinely checked all treatment
plans before carrying out the actual treatment.

Proton therapy. PBT was performed using a respiration-gated
technique with 155-, 200-, 230-, or 250-MV protons (14). In
principle, the total irradiation dose of 60 GyE in 30 fractions (2
GyE/fraction, five fractions per week) was delivered without
planned interruption. Two to four metallic markers or surgical clips
were placed at the tumor edges while the patients underwent
endoscopy prior to the initial treatment planning; this allowed
identification of the tumor location during the treatment planning
and confirmation of the position for each treatment.

In principle, the initial clinical target volume (CTV) for patients
with NO disease was defined as the gross tumor volume plus 3.0- to
4.0-cm margins from both the cranial and caudal edges of the tumor
and 1.5- to 2.0-cm margins from the other directions. After delivery of
40-50 GyE via anteroposterior (AP)-opposed fields, boost therapy
was delivered using AP-opposed fields or anterior and lateral oblique
fields with reduced margins (cranial and caudal margins of 2.0 cm
and other margins of 1.0 cm), and the irradiation dose to the spinal
cord was completely restricted to up to 46 GyE of the biologically
equivalent dose in 2 GyE per fraction. For patients with lymph node
(LN) metastases, the AP irradiation fields included the primary and
regional LNs. Since August 2010, the designed-seamless irradiation
technique (D-SLIT) has been used to include the bilateral
supraclavicular and mediastinal regions (20). In this method, the
junction between the two fields is shifted after delivery of 20 GyE to
avoid over- or under-dosage. The planning target volume (PTV) was
defined by adding 5 mm margins around the perimeter of the CTV to
compensate for any variabilities in treatment set-up or internal organ
motion. A PBT dose distribution using D-SLIT is shown in Figure 1.

The early treatment effects in all patients at a total dose of 50
GyE were evaluated by endoscopic examination and computed
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tomographic (CT) scans, and an additional boost of 4-10 GyE was
given for 21 patients (52%) because residual tumors were suspected.
Irradiation doses for boost therapy were determined after measuring
the irradiation field size and any acute reactions of the esophagus.

Chemotherapy. Two courses of chemotherapy consisting of cisplatin
at 70 mg/m?2 on day 1, and continuous infusion of 5-fluorouracil (5-
FU) at 700 mg/m?2 per 24 h on days 1 to 4, were administered
during PBT and repeated every four weeks. For those with stage I1-
III disease, two additional courses of adjuvant chemotherapy were
administered after CCPT, if possible.

Follow-up examination and statistical analysis. The follow-up
examination included a physical examination, a blood test, and
measurement of the squamous cell carcinoma antigen, a serum tumor
marker, and was performed one month after completion of CCPT and
at 3-month intervals thereafter. Endoscopy and CT scans were
routinely performed one month after CCPT for assessment of the
tumor response and for evaluation of tumor recurrence at LNs and
distant organs at 3-month intervals during the first year and at 6-month
intervals thereafter. When a local recurrence was suspected, biopsy was
performed for pathological examination. Complications were assessed
in each subject after CCPT according to the National Cancer Institute’s
Common Terminology Ceriteria for Adverse Events, version 4 (21).

The rates of overall survival (OS), cause-specific survival (CSS)
and locoregional control (LRC) were calculated from the time of
initiation of CCPT to that of the patient’s death or the last follow-up
using the Kaplan-Meier method (22). The survival curves were
compared using the log-rank test for univariate analysis. The last
follow-up was performed in May, 2014, and the median follow-up
time was 24 months (range=7-66 months).

Results

Outcomes. PBT was successfully completed in all patents, and
two or more cycles of chemotherapy were also administered in
all but one. All tumors except two showed a definite reduction
in overall size; 30 (75%) showed a complete response (CR),
and the remaining eight tumors (20%) regressed partially 1-2
months after PBT according to endoscopy, esophagography,
and chest CT. With regard to tumor stage, the CR rates for
patients with stage I, II, and III tumors were 88% (14/16), 89%
(8/9), and 56% (9/16), respectively.

Tumor recurrences were observed in 16 (40%) patients,
their details are shown in Table II. Overall, 8 cases of
recurrence developed solely in the esophagus, 4 solely in the
mediastinal LN (within (n=1) and outside (n=3) of the
irradiation field), 1 in both of the esophagus and mediastinal
LN and 3 in distant organs (2 in the lung and 1 in the liver).
The 2-year LRC rate after CCPT was 66.4% [95%
confidence interval (CI)=50.4-82.4%) (Figure 2).

By the time of the last follow-up examination, 8 patients
had died due to progression of their disease and another had
died of intercurrent disease without recurrence. The 2- and
3-year OS rates for the whole patient group were 75.1%
(95% CI1=59.6-90.6%) and 70.4% (95% Cl=53.4-87.4%),
respectively (Figure 2). For 5 (56%) out of the 9 patients
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Table 1. Characteristics of patients with esophageal cancer.

Characteristic No. of patients (%)

Age (years) 52-79 (median, 69)

Gender

Male 38 (95%)

Female 2 (5%)
T-Stage

T1 16 (40%)

T2 9 (22%)

T3 11 (18%)

T4 4 (10%)
N-Stage

NO 19 (47%)

N1 11 (28%)

N2 7 (18%)

N3 3 (7%)
Clinical stage

I 16 (40%)

I 9 (22%)

111 15 (38%)
Location of primary tumor site

Cervical 2 (5%)

Upper thoracic 10 (40%)

Middle thoracic 21 (53%)

Lower thoracic 7 (12%)
Reasons of ineligibility for surgery

Medically inoperable 24 (60%)

Patients refused surgery 16 (40%)

Table I1. Pattern of tumor recurrences after proton beam therapy (PBT)
combined with concurrent chemotherapy for patients with esophageal
cancer.

Site No. of patients (%)
Recurrence
No 24
Yes 16
Primary alone 8 (50%)
Primary and lymph nodes 1 (6%)
Lymph nodes alone
Within the PBT field 1(6)
Out of the PBT field 3 (19%)
Distant organs 3 (19%)

with local recurrences, local salvage therapies including
endoscopic submucosal dissection (n=2), photodynamic
therapy (n=1), and surgery (n=2) were successfully
performed with no further recurrence observed, whereas the
remaining 4 patients did not receive salvage therapy because
of poor general condition (n=2) or refusal of patients (n=2).
The 2-year CSS rate for the whole patient group was 77.4%
(95% CI1=62.1-92.7%), and those for patients with stage I-1I
and stage III disease were 100% and 30.1% (95% CI=0-

Table III. Treatment-related morbidities after proton therapy combined
with chemotherapy

No. of patients (%)

Grade 0-1 2 3 4
Acute

Bone marrow 7 (17%) 23 (58%) 8 (20%) 2 (5%)

Esophagus 10 (25%) 21 (53%) 9 (22%) 0 (0%)
Skin 27 (67%) 11 (28%) 2 (5%) 0 (0%)
Late

Heart 37 (92%) 3 (8%) 0 (0%) 0 (0%)

Lung 39 (98%) 1 2%) 0 (0%) 0 (0%)

Esophagus 34 (85%) 4 (10%) 2 (5%) 0 (0%)

Table IV. Grade 3 or severe late toxicities after definitive chemoradio-
therapy for esophageal cancer.

JROSGO21 JCOG9906 Present
Ref. (18) Ref. (6)
Pericardial effusion 9% 16% 0%
Pleural effusion 7% 9% 0%
Pneumonitis 1% 4% 0%
Treatment-related 1% 5% 0%

death

62.7%), respectively, with a statistically significant difference
between the two groups (p<0.001) (Figure 3).

Acute and late morbidities. Table III summarizes the details
of toxicities; no treatment-related deaths occurred in the
present study. With regard to acute treatment-related
morbidity, grade 3 and 4 hematological toxicities developed
in eight (20%) and two (5%) patients, respectively. As for
non-hematological toxicity, grade 3 esophagitis and derma-
titis occurred in nine (22%) and two (5%) patients,
respectively. In addition, a 66-year-old man temporarily had
grade 3 encephalopathy probably due to 5-FU. His symptom
was completely resolved by medication within 10 days, and
he completed a total dose of 60-GyE of PBT.

Regarding the late adverse effects of CCPT, a small
amount of asymptomatic pleural and pericardial effusion
(grade 2) was observed in one (2%) and three (8%) patients
respectively, but cardio-pulmonary morbidities of grade 3 or
higher had not developed up to the time of the last follow-
up. Esophageal stricture developed in a 70-year-old man with
T3 disease 4 months after completion of PBT. Since he
developed grade 3 acute esophagitis two weeks after the start
of PBT, no further chemotherapy was administered, but a
total dose of 60 GyE was delivered. His symptoms
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Figure 1. Dose distribution of proton beam therapy using our designed-
seamless irradiation technique: sagittal view (A), coronal view (B) , and
axial view (C).
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Figure 2. The curves of locoregional control and overall survival after
proton beam therapy combined with concurrent chemotherapy for
esophageal cancer.

progressed gradually and he died of tumor recurrence seven
months after the treatment. Esophageal ulcer was observed
in a 55-year-old man with T3 disease four months after
completion of PBT. For this case, a total dose of 68 GyE was
given because endoscopic evaluation at 50 GyE revealed that
his esophageal tumor (6 cm in length) had grossly remained.

Discussion

In the present study, PBT was performed successfully in all
patients, and 98% of them received two or more cycles of
concurrent chemotherapy. Furthermore, grade 3 or higher late
cardio-pulmonary toxicities were not observed. In addition, no
disease-specific death had occurred in any of the 25 patients

1760

100 1 1 11 0 18 1 1]
Stage I-l {n=25)
80 o
Ll LA L1 | LJ
—_ All (n=40)
® {
< 60 1 -4
Far
2 :
- . 0.001
S 40 - H B
=) '
a SRR
1
20 | i
[ S |
Stage Il (n=15)
0 T T T T T 1
0 12 24 36 48 60 72

Time after proton beam therapy (months)

Figure 3. Cause-specific survival curves according to clinical tumor
stage. The 2-year cause-specific survival rate of 25 patients with stage
I-11 disease was 100% and the corresponding rate of 15 with stage 111
disease was 30.1%. A statistically significant difference between the
survival curves of patients with stage I-Il and those with stage III
disease was found (p<0.001).

Table V. The effects of an additional boost therapy after 60 Gy on local
tumor control according to tumor stage in patients with oesophageal
cancer.

Boost therapy

No (n=19) Yes (n=21)
Non-recurrent  Recurrence  Non-recurrent Recurrence
Stage I 10 (91%) 1 (9%) 4 (80%) 1 (20%)
Stage 11 5 (100%) 0 3 (75%) 1 (25%)
Stage III 3 (100%) 0 6 (50%) 6 (50%)
All 18 (95%) 1 (5%) 13 (62%) 8 (38%)

with stage I-II esophageal cancer up to the time of the last
follow-up. Although the number of study participants was
small, our use of CCPT seemed to be feasible in this study.
PBT has a well-known physical advantage of reducing the
irradiation dose to surrounding normal tissues during
administration of the curative dose (12-15). Traditionally, a
two-dimensional treatment technique using AP and
posterior-anterior (PA)-opposing beams is typically used in
RT for esophageal cancer, but previous long-term follow-up
results showed that grade 3 or higher cardio-pulmonary
morbidities after CCRT occurred in 10-20% of study
subjects, likely due to the large volumes irradiated at low to
middle doses in the lung and at middle to high doses in the
heart (7, 9, 23). On the other hand, PBT can provide
curative doses to the target volumes within the tolerance
dose of the spinal cord, using only opposing AP and PA
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fields (Figure 1). The lower incidence of late cardio-
pulmonary morbidities in the present study than those in
other studies using similar treatment protocols regarding
irradiation doses and chemotherapy use was possibly
achieved by PBT (Table IV), since a close relationship
between the morbidities and the irradiated heart and lung
doses in CCRT for esophageal cancer was reported (24, 25).

To achieve an improved CR rate and survival, escalation
of the irradiated dose appears to be effective for RT in
various types of cancer, but the results of a previous
randomized trial revealed that a dose escalation from 50.4
to 64.8 Gy in CCRT was not advantageous with respect to
survival, mainly due to a higher rate of toxicity with 64.8
Gy compared with the standard dose (50.4 Gy) (16).
However, many of the grade 5 morbidities in the high-dose
group developed at a total dose of less than 50.4 Gy and
the most likely site for recurrence after CCRT was the
primary site (i.e. esophagus) in the study. Hence, if the dose
escalation is safely achieved, the LCR may be improved,
and an increase in the survival rate will be anticipated. In
the present study, irradiated doses were further escalated
from 60 to 64-70 GyE in 21 patients whose tumors
remained according to the endoscopic evaluation after using
a 50-GyE dose, but local recurrences developed in 8 (38 %)
of them (Table V). On the other hand, local recurrence
developed in only one (5%) out of 19 intuits whose tumors
were considered to have disappeared by the evaluation at
50 GyE. The findings suggested that our criterion for dose
escalation seems to be reasonable, but we were unable to
determine whether or not dose escalation could inhibit
tumor recurrences.

In the present study, the 30% 2-year CSS rate in patients
with stage III disease seems to be disappointing. In addition
to a small sampling of patients with stage III disease in this
study (n=15), the limited PBT irradiation field that was
delivered, even in those with advanced tumors, may have
affected the poor survival. Recently, we reported the D-SLIT
method to extend the field for prophylactic irradiation of LN
for esophageal cancer, and this technique has been used in
patients with stage II-III since April 2010 (19). Among 15
patients with stage III esophageal cancer in the present study,
tumor recurrences were observed in all seven of the non-D-
SLIT group but in five out of eight of the D-SLIT group.
Moreover, there were also no grade 3 or higher late
morbidities after introduction of the technique. Hence, CCPT
using extended fields may reduce recurrence without causing
a significant increase in late toxicity; however, a larger number
of study patients and longer follow-up times are required.

In conclusion, irrespective of the small patient number and
short follow-up time of the present study, PBT with
concurrent chemotherapy consisting of cisplatin (70 mg/m?
on day 1) and 5-FU (700 mg/m? on days 1-4) seems to be a
promising CCRT method for patients with esophageal

cancer, especially with regard to late cardio-pulmonary
toxicity. The efficacy of dose escalation and prophylactic
nodal irradiation using PBT needs to be further investigated.
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