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Abstract: The purpose of this study was to report the outcomes of
patients with symptomatic locally advanced/recurrent gastric cancer
treated with radiotherapy (RT) using modern 3-dimensional confor-
mal techniques.

We retrospectively reviewed patients who had palliative RT for
index symptoms of gastric bleeding, pain, and obstruction. Study
endpoints included symptom response, median survival, and treat-
ment toxicity.

Of 115 patients with median age of 77 years, 78 (67.8%) patients
had metastatic disease at the time of treatment. Index symptoms
were gastric bleeding, pain, and obstruction in 89.6%, 9.2%, and
14.3% of patients, respectively. Dose fractionation regimen ranged
from 8-Gy single fraction to 40Gy in 16 fractions. One hundred
eleven patients (93.3%) were computed tomography (CT) planned.
Median follow-up was 85 days. Response rates for bleeding, pain,
and obstruction were 80.6% (83/103), 45.5% (5/11), and 52.9% (9/
17), respectively, and median duration of response was 99 days, 233
days, and 97 days, respectively. Median survival was 85 days.
Actuarial 12-month survival was 15.3%. There was no difference in
response rates between low (<39 Gy) and high (>39 Gy) biologically
effective dose (BED) regimens (a/f ratio=10). Median survival was
significantly longer in patients who responded to RT compared with
patients who did not (113.5 vs 47 days, P <0.001). Three patients
(2.6%) had grade 3 Common Toxicity Criteria equivalent toxicity
(nausea/vomiting/anorexia).

External beam RT delivered using 3-dimensional conformal
techniques is highly effective and well tolerated in the local palliation
of gastric cancer, with palliation lasting the majority of patient’s lives.
Short (<39 Gy BED) RT schedules are adequate for effective symptom
palliation. A phase II study of palliative gastric RT is ongoing.
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Abbreviations: AP = anterior/posterior, BED = biologically
effective dose, CT = computed tomography, PA = posterior/
anterior, RT = radiotherapy.

INTRODUCTION

Gastric cancer is a common cancer in Southeast Asia and is
the fourth most common cancer affecting men in Singapore.
Even with improvements in treatment, prognosis remains poor
with 5 year survival rates of approximately 20%.'

Patients with locally advanced disease with or without
distant metastases can have significant local symptoms.
Common symptoms from local extension are pain, bleeding
(hematemesis, melena), and obstruction (dysphagia, vomit-
ing). These symptoms can cause significant impact on a
patient’s quality of life.

Options for palliation of local symptoms include pallia-
tive gastrectomy, surgical bypass, endoscopic stenting, pallia-
tive chemotherapy, and palliative radiotherapy (RT). RT is
commonly used to control these symptoms as it is non-
invasive and palliates symptoms.>> However, there are
limited data on the actual benefits of RT used in the
treatment of gastric cancer symptoms.

Most reported series have used chemoradiation for the
palliation of localized gastric cancer symptoms.®™ In these
reports, local symptoms appear to be improved in about 50%
to 86% of patients and the median duration of response
ranges from 4 to 18 months.®™®

The problems in these older series included small
patient numbers, older RT techniques being based on 2-
dimensional (2D) planning, and the use of orthovoltage/
cobalt machines.”® These results may not apply to current
practice. In Singapore, majority of patients with locally
advanced gastric cancer are treated with modern 3-dimen-
sional conformal techniques.

The aim of this study was to report the outcome of
palliative RT in patients with symptomatic locally advanced or
recurrent gastric cancer managed with modern RT techniques.

MATERIALS AND METHODS

Patients

This review was approved by the institution review
board. From September 1999 to December 2011, 115
patients with symptomatic locally advanced or recurrent
gastric cancer, who were managed with palliative RT at the
National Cancer Institute, Singapore (NCIS), were reviewed.

Information was obtained from patients’ medical and
RT databases. Index symptoms were identified. Clinical
factors reviewed included patient demographics (age, sex,
performance status), tumor details (stage, size, histology),
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and RT parameters (field size, whether computed tomo-
graphy [CT] planned/not CT planned, total dose, dose
fractionation regimens, field arrangements).

Eligibility criteria included patients with symptomatic
biopsy proven gastric cancer managed with palliative RT.
Patients required at least 1 index symptom such as pain,
bleeding, or obstruction. Patients who had previous irradia-
tion to the stomach or who were treated with chemo-
radiotherapy were excluded.

Patient characteristics are outlined in Table 1 with a median
age of 76 years (range, 39-95) and predominantly men. Thirty
seven (32.2%) patients had locally advanced disease. Seventy
eight (67.8%) patients had metastatic disease. One patient had a
local recurrence after subtotal surgical resection. One hundred
three patients presented with bleeding, 17 patients with obstruc-
tion, and 11 patients with pain as the index symptom. Six
patients had a combination of these symptoms. All patients
received RT only as the primary palliative treatment modality.

Ten patients received palliative chemotherapy before
RT and 11 patients received palliative chemotherapy after
completion of RT. The median follow-up was 85 days.

Pretreatment Evaluation

Pretreatment evaluation included recording of medical
history, physical examination, and routine laboratory studies.
Baseline staging investigations included abdominal and
pelvic CT scan. Esophagogastroduodenoscopy was performed
in all patients to confirm the diagnosis and also the presence
of bleeding foci.

Radiotherapy

All patients received external beam RT. Radiation was
administered with photons of 6 or 10MV (megavoltage)
photons from a linear accelerator. The majority of patients
were CT planned (107 patients) although 8 patients were
conventionally planned. The planning target volume was the
stomach/partial stomach with a 1 to 2 cm margin. The organs
of interest that were contoured included the liver, kidney,
and spinal cord. Dose—volume histograms were reviewed,
ensuring that 50% of the total renal volume did not receive a
dose of 20 Gy or more. Stomach motion during respiration
was included in volume expansion to plan target volume.

Of 107 patients who were CT planned, 96 were treated
with a conformal multifield technique. The most commonly
used technique was a single anterior/posterior (AP) field with
parallel opposing lateral fields. Eleven patients who were CT
planned and all 8 patients who were conventionally planned
were treated with AP and posterior/anterior (PA) fields.

Radiation was delivered to the whole stomach in 109
patients and the partial stomach in 6 patients. The median field
size was 18.3 x 14.7 cm (range, 7.5 x 8.5 to 27 x 23 cm).

RT regimens ranged from an 8-Gy single fraction to
40 Gy/16 fractions. The majority of patients (46/115)
received 30 Gy/10 fractions delivered at 3 Gy/fraction, 5
fractions/wk. The distribution of patients by dose and
fractionation is shown in Table 1.

A Dbiologically effective dose (BED) of <39Gy was
received by 46/69 (67%) of patients with Eastern Coopera-
tive Oncology Group (ECOG) 1, 14/35 (40%) with ECOG 2,
5/7 (71%) with ECOG 3, and 4/4 (100%) with ECOG 4.

A BED of >39Gy was received by 23/69 (33%) of
patients with ECOG 1, 21/35 (60%) with ECOG 2, 2/5
(29%) with ECOG, and 0/4 (0%) with ECOG 4.
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TABLE 1. Patient Characteristics

Patient Characteristics Number %
Age, y

>90 12 10.4

80-89 33 28.7

70-79 41 35.6

60—69 18 15.7

<60 11 9.6
Sex

Men 77 67

Women 38 33
Ethnicity

Chinese 102 88.7

Malay 8 6.9

Indian 5 4.4
Disease Status

Locally advanced 37 322

Metastatic 78 67.8
Performance status

1 69 60

2 35 30.4

3 7 6.1

4 4 35
Presenting symptom

Bleeding only 91 79.1

Pain only 4 3.5

Obstruction only 6 52

Others (combination of the above) 14 12.2
Biologically effective dose

BED <39 69 60

BED > 39 46 40
Palliative Radiotherapy

CT planned

3 fields technique 93 83
2 fields (AP/PA technique) 11 10

Not CT planned (AP/PA technique) 8 7
Palliative chemotherapy

Chemotherapy before RT 9 7.8

Chemotherapy after RT 10 8.7

Chemotherapy before and after RT 1 0.9
Dose Fractionation Regimens

8 Gy/l1# 3 2.6

20 Gy/5# 19 16.5

30 Gy/12# 1 0.9

30 Gy/10# 46 40.0

35 Gy/14# 1 0.9

37.5Gy/15# 2 1.7

36 Gy/12# 38 33

40 Gy/16# 5 4.4

AP = anterior/posterior, CT = computed tomography, PA = posterior/
anterior, RT = radiotherapy.

Response Evaluation

Patients were reviewed 1-month after treatment for the
assessment of treatment response. For patients with bleeding
as the index symptom, a response to RT was scored when
they did not require further blood transfusions or gastroscopy
for hemostasis after treatment. For patients with pain as the
index symptom, a partial response to RT was scored when
they had decreased pain or decreased analgesia, same pain
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but decreased analgesia, and a complete response was scored
if their pain resolved after treatment. Obstruction was
defined in 3 categories: patients requiring parenteral nutri-
tion, patients tolerating liquids, and patients tolerating solids.
An improvement upward of 1 category quantified as a partial
response. Resolution of obstructive symptoms was scored as
a complete response. Duration of response was defined as
the time from response in patients who achieved satisfactory
palliation until symptom recurrence/progression or death.
The duration of index-symptom relief and survival time from
RT was determined for each patient. The ratio between this
duration of symptom relief and survival multiplied by 100
was called “percent net symptom relief.” This represented
the percentage of the remaining patients’ life after RT that
was spent with relief of index symptom and without need for
further treatment. Toxicity was retrospectively scored using
the Common Toxicity Criteria version 3.0.

Biologically Effective Dose

BED is an approximate quantity by which different RT
fractionation regimens are compared. It is given by BED =
nD(1+[D/{a/p}]), where n=number of fractions, D = dose/
fraction, nD =total dose, and o/f is the alpha/beta ratio and
is taken to be 10 for adenocarcinomas.

Statistical Analysis

Survival time after treatment was also recorded. Statisti-
cal analyses were performed using SPSS version 15.0 (SPSS
Inc, Chicago, IL). Study end points included symptom
response (including response rates and duration of response),
median survival, and treatment toxicity. To investigate for a
dose-response relationship, patients were grouped according
to RT doses. BED was calculated using a tumor o/p ratio of
10. The median BED was 39 Gy, which corresponded to a
dose fractionation regimen of 30 Gy in 10 fractions. Patients
were divided into 2 subgroups distributed around the median
BED. Subgroup analysis performed on patients according to
BED was via Fisher exact test. The Kaplan—Meier method
was used to draw the time to event curve. A P value of
<0.05 (2-sided) was considered to be statistically significant.

RESULTS
Treatment Response

Relief From Bleeding

Eighty three of 103 (80.6%) patients with bleeding as
the index symptom responded to RT. The median duration of
response was 99 days. The mean percent net relief was
92.5%. Twenty patients with bleeding did not respond to
treatment.

Relief From Pain

Five of 11 (45.5%) patients with pain as the index
symptom had a partial response to RT. The median duration
of response was 233 days. The mean percent net relief was
91.3%. This meant that for patients with pain, who
responded to RT, the pain relief lasted without need for
further treatment for 91.3% of their remaining life. Of the
responders, 4 patients received 30Gy/10# and 1 patient
received 20 Gy/5#. The remaining 6 patients did not benefit
from treatment.

© 2014 Lippincott Williams & Wilkins

Relief From Obstruction

Nine of 17 patients (52.9%) with obstruction as the index
symptom had a partial response to RT. The median duration of
response was 97 days. The mean percent net relief was 85.6%.
Of the responders, 4 patients received 30 Gy/10#, 3 patients
received 36 Gy/12#, and 2 patients received 20 Gy/5#. The
remaining 8 patients did not benefit from treatment.

Survival

The median survival for our cohort of patients was 85
days with a 12 month actuarial survival of 15.3%.

Median survival of patients who responded to radio-
therapy was 113.5 days (0-1225 days). The median survival
of patients who did not respond to radiotherapy was 47
days (2-390 days). The median survival of patients who
responded to radiotherapy was significantly longer com-
pared with patients who did not respond to radiotherapy
(P=<0.001) (Figure 1).

The planned treatment was completed by 112 (97.3%)
patients. One died after 5 fractions. Two other patients did not
continue after completing 8 and 10 fractions, respectively,
because of deterioration of condition. Eight patients died
during the first 4 weeks after the end of radiotherapy. They
were scored as not having a response to radiotherapy.

Symptom Response According to BED

Forty four of 103 of patients with bleeding, 2 of 11
patients with pain, and 7 of 17 of patients with obstruction
received a BED of >39 Gy (Table 2).

No obvious dose response was evident for symptom
response using a cutoff median BED of 39 Gy.

Symptom Recurrence According to BED

There was a trend for poorer local control with a BED
for <39Gy (P=0.12) (Table 2).

Recurrent bleeding occurred in 17/47 patients who
received a BED of <39 Gy and 8/36 patients who received a
BED of >39Gy.

Recurrence/progression of pain occurred in 1/4 patients
who received a BED of <39Gy and 0/1 patient who
received a BED of >39 Gy.

1.00 A
0.75 A
0.50 +
0.25 A
000 L T T T T T
0 10 20 30 40
Months
| Nonresponders Responders |

FIGURE 1. Kaplan-Meier survival curve patients who responded
to RT versus patients who did not. RT =radiotherapy.
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TABLE 2. Symptom Response and Symptom Recurrence According to BED

Symptom Response According to BED

BED, Gy Total Responders Nonresponders P
Bleeding igg gz ZZ gé 1§ 0.78
Pain 533 E‘g ) : ; 0.89
Obstruction i;g g§ 12 45‘ g 0.20
Symptom Recurrence According to BED
BED, Gy Responders Recurrence P
Bleeding igg gz gg 1; 0.78
Pain = g§ ! : 0.89
Obstruction igg gi g % 0.20
All patients igg (G}i 2(6) 1‘; 0.12

BED =biologically effective dose.

Recurrence/progression  obstruction occurred in 2/4
patients who received a BED of <39Gy and 1/5 patients
who received a BED of >39 Gy.

Table 3 shows symptom response and symptom recur-
rence for selected group of variables.

On univariate analysis, patients with locally advanced
nonmetastatic disease had significantly poorer local control
compared with patients with metastatic disease (P =0.02).

Toxicity

Treatment toxicity is displayed in Table 4. Three (3%)
grade 3 Common Toxicity Criteria equivalent toxicity was
recorded. One patient had nausea and vomiting and had to
be admitted for intravenous fluids and antiemetics. One
patient had gastritis and 1 patient had anorexia and had to be
admitted for intravenous fluids. All 3 patients had transient
symptoms that resolved after approximately 1 week’s stay in
hospital. There were no grade 4 or 5 toxicities.

DISCUSSION

This study demonstrates that palliative radiotherapy is
highly effective and tolerable in the palliation of localized
gastric cancer symptoms, with palliation lasting >85% of a
patient’s life. It is the largest study that we know of
evaluating the efficacy of palliative RT, delivered using
modern radiotherapy techniques in gastric cancer palliation.

Palliative chemotherapy has improved the survival and
quality of life of patients with advanced gastric cancer.
Unfortunately, patients may be unfit to undergo these
intensive regimens because of age or coexisting medical
conditions. Our study included a predominantly elderly
cohort of patients. The median age of our patients was 77
years (range, 39-95). Seventy five percent of our cohort of
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patients were aged 70 years and above, and >80% of
patients were judged too frail to undergo chemotherapy.

Although some patients may have derived additional
benefits from subsequent chemotherapy, the number of patients
who received palliative chemotherapy following radiotherapy
was small. Only 7.8% (9 patients) patients were eligible for
chemotherapy before radiotherapy and 8.7% (10 patients)
patients were eligible for chemotherapy after palliative radio-
therapy. The impact of chemotherapy on the outcomes of
patients is likely to be negligible given the small numbers of
patients who received chemotherapy. No patient received
concurrent chemotherapy together with radiotherapy.

The results from our review are comparable with older
studies using RT alone or chemoradiation. Most data for
palliative gastric treatments were based on chemoradiation.
Median duration of responses has been shown to range from 4
to 18 months.®® However, the patient numbers were small and
techniques used were old and based on 2D simulation in these
reports. In a previous report, we documented the efficacy and
tolerability of palliative radiotherapy in a small cohort of
patients. Among 33 patients with locally advanced or recurrent
gastric cancer treated with palliative radiotherapy, symptom
relief was noted in 54.3% of patients (13/24) with bleeding,
25% of patients (2/8) with obstruction, and 25% of patients
with pain (2/8). This palliation was durable and lasted for a
median duration of 140, 102, and 105 days for dysphagia,
bleeding, and pain, respectively. However, patient numbers
were small and a correlation between radiation dose and
symptom relief was not established.' More recently, Kim
et al'! reported their experience of 37 patients treated with
palliative radiotherapy with or without chemotherapy. The
rates of control for bleeding, dysphagia/obstruction, and pain
were 70% (14/20), 81% (13/16), and 86% (6/7), respectively.
These symptoms were controlled without additional interven-
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TABLE 3. Symptom Response and Symptom Recurrence for Selected Group of Variables

Symptom Response

Symptom Recurrence

Characteristic Number, % Y N P value Y N P value
Age
<65 19 17 2 12 5
>65 96 69 27 0.15 47 22 0.84
Sex
Men 77 59 18 18 41
Women 38 27 11 0.52 9 18 07
ECOG
1 69 49 20 19 30
>2 46 37 9 0.25 8 29 0.09
Histology
Intestinal 91 65 26 23 42
Difﬁlse 12 12 0 0.13 3 9 0.64
Mixed 8 6 2 1 5
Unknown 4 3 1 0 3
T stage
T4 26 19 7 5 14
<T4 71 55 16 0.63 20 35 0.38
Unknown 18 12 6 2 10
Lymph node status
Positive 82 61 21 20 41
Negative 17 15 2 0.23 5 10 0.71
Unknown 16 10 6 2 8
Stage
Locally advanced 34 55 23 15 14
Metastatic 78 29 5 023 12 43 0.02
Local recurrence 2 1 1 0 1
Unknown 1 1 0 0 1
Chemotherapy
None 95 68 27 22 46
Before RT 9 7 2 022 1 6 0.67
After RT 10 10 0 4 6
Before and after RT 1 1 0 0 1

ECOG = Eastern Cooperative Oncology Group, RT = radiotherapy.

tions for a median of 70%, 81%, and 49% of the patients’
remaining life, respectively. Lower (<41 Gy) BED predicted
poorer local control, whereas T4 tumors had a trend toward
inferior local control. However, only 13 patients received
radiotherapy alone and nearly two-thirds of patients received
concurrent chemotherapy.

Concurrent chemoradiotherapy may increase symptom
response rate when used for palliation of local symptoms but
at the cost of higher treatment toxicity. Asakura et al'?
reported a palliative benefit of 73% in 30 patients treated
with palliative radiotherapy with or without chemotherapy
for gastric cancer bleeding. Compared with radiotherapy
alone, chemoradiotherapy patients had a significantly lower
rebleed rate (P < 0.01) but at considerably increased toxicity.
Among patients receiving chemoradiotherapy, 1 patient had
grade 3 nonhematological toxicity and 5 patients had grade 3
and 4 hematological toxicity. There were no grade 3 or
higher adverse events in patients treated with radiation alone.

Most reports on palliative radiotherapy for localized
gastric cancer are based on 2D simulation and AP/PA
techniques. The advent of megavoltage treatment machines

© 2014 Lippincott Williams & Wilkins

with the use of CT planning has led to the development of new
radiotherapy techniques with which cancer patients can be
treated. The use of 3-dimensional information derived from CT
scans allows us to visualize the tumor and organs at risk (such
as the liver, kidney, and spinal cord) more accurately compared
with 2D planning that relied on information from x-rays and
fluoroscopy. This allows us to design multifield techniques to
enable us to deliver a higher radiation dose to the tumor bed
with greater conformality, while at the same time minimizing
the dose to surrounding soft tissue, bone, liver, kidneys, and
small bowel. We can thus treat to higher doses and larger field
sizes, with minimal side effects throughout the range of doses
used. There were very low rates of acute toxicities, despite
some patients being treated with relatively large field sizes.
The median field size was 18.3 x 14.7cm (range, 7.5 x 8.5 to
27 x 23 cm). The low rates of severe toxicity (grade 3 and 4)
may be because of the use of CT planning and hence reduced
volume of normal tissue irradiated. Ninety three percent (107/
115) of our patients were CT planned. Of patients who were
CT planned, 90% (96/107) were treated with a multifield
conformal technique.
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TABLE 4. Toxicity for All Patients

Toxicity (CTC v3.0) Number %
Nausea

Gl 7 6

G2 14 12

G3 1 1
Vomiting

Gl 4 3

G2 7

G3 1 1
Anorexia

Gl 13 11

G2 9 8

G3 1 1
Dermatitis

Gl 1 1
Gastritis

G3 1 1

A wide range of radiation dose/fractionation regimens were
used and standardization of doses delivered was done by
calculating the BED. Our results show that radiotherapy is
effective throughout the dose fractionation regimens outlined,
with a high response rate of 80% for bleeding and response rates
of approximately 50% for pain and obstruction. Furthermore,
response is durable and continues for >90% of patients’
remaining life. The median survival of patients who responded
to radiotherapy was significantly longer than patients who did
not respond (47 vs 113.5 days, P < 0.001). This suggests that
local therapeutic effect may translate into longer survival. No
obvious dose response was evident for symptom response and
symptom recurrence using a cutoff median BED of 39 Gy.
Similar results are seen for palliative radiotherapy for other
tumor sites. Duchesne et al'®> compared in a prospective
randomized trial 2 fractionation regimens in the palliation of
locally advanced symptomatic bladder cancer. There was no
significant difference in efficacy for symptom palliation
between the high BED regimen (35 Gy in 10 fractions) and
the low BED regimen (21 Gy in 3 fractions). This suggests
that a higher BED regimen may not be essential for effective
palliation of local symptoms. Given that there was no obvious
dose response between higher and lower BED regimens,
individualization of treatment regimens based on patient’s
performance status, disease burden may be important. It may
be prudent to prescribe a short fractionation regimen with
high doses/fraction to patients with poor performance status/
widely metastatic disease, limited life expectancy, and those
who require urgent symptom control. In addition, we found
that patients with locally advanced nonmetastatic disease had
significantly poorer local control than patients with metastatic
disease (P =0.02).

We have provided evidence for treatment doses and
field sizes for effective gastric cancer palliation with minimal
toxicity. However, there are limitations to this study. First,
this study is retrospective in nature and subjected to reviewer
bias. Second, our dose fractionation regimens were heteroge-
neous, including 8 different fractionation regimens. Prospec-
tive randomized trials are warranted to delineate the most

6 | www. md-journal.com

appropriate fractionation schedules for effective and durable
symptom palliation.

CONCLUSION

We conclude that external beam radiation therapy,
delivered using modern RT techniques, is an effective and
well-tolerated modality in the local palliation of gastric
cancer, with lasting palliation of local symptoms. A high
proportion of patients with bleeding achieve palliation with
radiotherapy. Durable responses are achieved irrespective of
the presenting symptom. Median duration of response is in
the order of 99 days or more. This is close to the median
survival of patients, which is 85 days. Symptom response is
a surrogate for improved survival.

The optimal dose/fractionation regimen for palliation of
local symptoms, however, remains to be established in
prospective randomized trials.
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