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Abstract

BACKGROUND

It is estimated that about 30% of esophageal cancer (EC) patients are over 70 years old.
Therefore, there is less evidence on the diagnosis and management of elderly EC
patients. It is important to explore how elderly EC patients benefit from radical
radiochemotherapy regimens, including the target area of radiotherapy (RT), radiation

dose and fraction, and choice of chemotherapy drugs.

AIM
To compare the efficacy of involved-field intensity-modulated RT (IF-IMRT) combined
with S-1 vs RT alone in the treatment of elderly EC patients in terms of safety, short-

term response, and survival.

METHODS

Thirty-four EC patients aged > 70 years were prospectively enrolled between December
2017 and December 2019. Based on the random number table, they were divided into an
IF-IMRT + S-1 group and an IF-IMRT alone group, with 17 patients in each group. All
patients were treated with IF-IMRT at a dose of 50.4-56 Gy in 28-30 fractions (1.8-2
Gy/fraction, 5 fractions/wk). Oral S-1 was administered concomitantly in the IF-IMRT
+ S-1 group for 14 consecutive days, and a second cycle was started 7 d after drug
withdrawal. After RT, 4 cycles of S-1 treatment were offered as the consolidation
chemotherapy. The safety, short-term response, and survival were observed after the

treatment.

RESULTS

As of April 2022, these 34 patients had been followed up for 15.2-32.5 mo, with a
median follow-up period of 24.5 mo. Complete efficacy indicators were obtained from
all the patients. The objective response rate was 88.2% vs 76.5%, respectively, in the IF-

IMRT + S-1 group and the RT alone group, where as the disease control rate was 100%
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vs 82.4%, respectively. The incidence of adverse events including grade 1-2 fatigue,
granulocytopenia, thrombocytopenia, anemia, radiation esophagitis, radiation-induced
skin injury, and radiation-induced lung injury was not significantly different between
these two groups, so was the incidence of the grade 3 radiation esophagitis (0% vs
5.7%). The rate of progressive disease (PD) was 52.9% (n = 9) in the IF-IMRT + S-1 group
and 64.7% (n = 11) in the RT alone group. The median progression-free survival (PFS)
was 23.4 mo vs 16.3 mo, and the 2-year PFS rate was 42% vs 41.2%. The median overall
survival (OS) was 27.0 mo vs 23.0 mo, and the 2-year OS rate was 58.8% wvs 47.1%.
Multivariate analysis showed that age was a significant prognostic factor (P = 0.0019);
patients aged < 75 years had a significant survival advantage over patients aged = 75
years. The locations of EC also affected the prognosis. In the IF-IMRT + S-1 group, the
number of chemotherapy cycles was a significant prognostic factor (P = 0.0125), and the
risk of PD was significantly lower in EC patients who had received 6 cycles of

chemotherapy than those who had received 2-5 cycles of chemotherapy.

CONCLUSION
Compared with IF-IMRT alone, IF-IMRT + S-1 shows the benefits of preventing PD and
prolonging survival without increasing adverse reactions. Therefore, this concurrent

radiochemotherapy deserves clinical application.
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patients. It is important to explore how elderly EC patients benefit from radical
radiochemotherapy regimens, including the target area of radiotherapy (RT), radiation
dose and fraction, and choice of chemotherapy drugs. Compared with involved-field
intensity-modulated RT (IF-IMRT) alone, IF-IMRT + S-1 shows the benefits of
preventing progressive disease and prolonging survival without increasing adverse

reactions. Therefore, this concurrent radiochemotherapy deserves clinical application.

INTRODUCTION

Esophageal cancer (EC) represents the second most common gastrointestinal cancer in
China, with 320000 newly-diagnosed cases and 300000 new cancer deaths in 202001 It is
estimated that about 30% of EC patients are over 70 years old>%l. Radical surgery
remains the primary treatment for early EC, and neoadjuvant chemoradiotherapy
followed by surgery and radical chemoradiotherapy are the standard treatments for
locally advanced EC. However, many elderly EC patients are unwilling or intolerant to
undergo surgery due to organ dysfunction and/or underlying diseases (e.g.,
cardiopulmonary diseases). In addition, EC patients aged = 70 years had been ruled out
by most large-scale randomized clinical trials. Therefore, there is less evidence on the
diagnosis and management of elderly EC patients. A pooled analysis of the treatment
options and outcomes in elderly EC patients in a recent systematic review showed that,
compared with palliative treatment or no treatment, radical chemoradiotherapy or
neoadjuvant treatment combined surgery had significantly better survival benefits in
elderly EC patientsl5l. Zhao et all®l compared the outcomes of elderly EC patients who
received radical radiotherapy (RT) combined with intravenous chemotherapy vs RT
alone, and found that radical radiochemotherapy was superior in clinical complete
response (CR) rate (34.6% vs 18.6%, P = 0.044), median overall survival (OS) (24.6 mo vs
19.4 mo, P = 0.018), and progression-free survival (PFS) (15.3 mo vs 10.6 mo, P = 0.008)
over RT alone; however, the former had significantly higher incidence of grade 3

esophagitis (5.8% vs 1.4 %) and hematological toxicities (9.8% vs 0%, P < 0.05).
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Therefore, it is important to explore how elderly EC patients benefit from radical
radiochemotherapy regimens, including the target area of RT, radiation dose and
fraction, and choice of chemotherapy drugs. In this prospective, randomized, controlled
trial, we attempted to compare the safety and efficacy of involved-field intensity-
modulated RT (IF-IMRT) combined with tegafur-gimeracil-oteracil potassium capsules

(5-1) vs RT alone in the treatment of elderly esophageal squamous cell carcinoma.

MATERIALS AND METHODS

General data

Patients with pathologically confirmed locally advanced EC who were treated in our
hospital from December 2017 to December 2019 were prospectively enrolled. The
inclusion criteria were: (1) Aged = 70 years; (2) With pathologically confirmed
esophageal squamous cell carcinoma; (3) Treatment-naive; (4) With a clinical stage of
cT23No2Mo;  (5) Unable or refusing to undergo surgical resection; (6) With
contraindications to radiochemotherapy; (7) Able to understand the content of the
informed consent forms for RT and chemotherapy; (8) Without any medical history of
other malignant tumors; and (9) With complete medical records. The exclusion criteria
were: (1) Younger than 70 years; (2) With pathologically confirmed esophageal non-
squamous cell carcinoma; (3) With the risk of esophageal perforation and/or
gastrointestinal bleeding, as suggested by examinations and tests; (4) With early (stage
I) EG (5) With distant metastasis; (6) With a history of prior surgery, RT, and/or
chemotherapy, or with a history of other malignant tumors; (7) With contraindications
for radiochemotherapy; (8) Undergoing conventional/three-dimensional conformal RT
and/or receiving chemotherapy for no more than 4 cycles; and (9) With incomplete
medical data. Based on the random number table, they were divided into an IF-IMRT +
S-1 group and an IF-IMRT alone group, with 17 cases in each group. The median age
was 76 years (range 72-80 years). Eighteen patients (52.9%) were older than 75 years,

and 29 (85.3%) were males. The general data of the patients are shown in Table 1.

5/14




Treatment methods
RT: IF-IMRT (56-60 Gy/28-30 fractions; 50.4-2.0 Gy/28-30 fractions, 5 fractions/wk)
was administered in both groups. Prophylactic irradiation was not performed on the

lymphatic drainage region.

Oral chemotherapy: Oral chemotherapy regimen in the IF-IMRT + S-1 group was as
follows: S-1 40-60 mg bid was administered for 14 consecutive days and then
withdrawn for 7 d, during which RT was concurrently applied in week days from
Monday to Friday. After RT, S-1 was maintained for 4 cycles (21 d made up a cycle) as

the consolidation chemotherapy. No chemotherapy was given in the IF-IMRT alone

group.

Evaluation of treatment efficacy and adverse reactions

The treatment efficacy was evaluated using the benchmarks of the Response Evaluation
Criteria in Solid Tumors version 1.1, which included CR, partial response (PR), stable
disease (SD), and progression disease (PD); the objective remission rate (ORR) was
calculated using the following formula: ORR = (CR + PR)/total cases x 100%. Chest
computed tomography (CT), magnetic resonance imaging, and positron emission
tomography-CT (if necessary) were performed after induction chemotherapy and 1 mo
after concurrent chemoradiotherapy. Adverse reactions were graded according to the
United States National Cancer Institute Common Toxicity for Adverse Events version

3.0.

Primary and secondary outcome measures

The primary outcome measures included PFS, OS, ORR after induction chemotherapy,
and ORR after concurrent radiochemotherapy. The secondary outcome measure was
the adverse reactions after radiochemotherapy. All patients were followed up by

telephone or outpatient visits.
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Statistical analysis

Descriptive statistics was performed for all subjects. Categorical variables are presented
as n (%) and continuous variables are reported as median and interquartile range. The
variables were compared using the chi-square test (for categorical variables), one-way
analysis of variance (for normally distributed data), and Kruskal-Wallis test (if a skewed
distribution was met). All analyses were performed using the R statistical software
(v4.4.1; R Core Team) and Free Statistics software (v1.4). A two-tailed test was used and

P <0.05 was considered statistically significant.

RESULTS

Treatment completion

A total of 34 patients with locally advanced esophageal squamous cell carcinoma were
included in this study, and efficacy indicators were obtained in all patients. In the IF-
IMRT + S-1 group, 10 patients (58.8%) completed 6 cycles of chemotherapy and 7
(41.2%) received 2-5 cycles of induction chemotherapy.

Short-term efficacy and adverse events

The ORR was 88.2% vs 76.5%, respectively, in the [F-IMRT + S-1 group and the IF-IMRT
alone group. The disease control rate (DCR) was 100% (PR 82.4%; and SD 11.8%) in the
IF-IMRT + S-1 group and 82.4% (CR 5.9%; PR 70.6%; SD 5.9%; and PD 17.6%, all 3 cases
had mediastinal lymph node progression) in IF-IMRT alone group (Table 2).

The adverse events included grade 1-2 fatigue (53% in the IF-IMRT + S-1 group vs
64.7% in the RT alone group), grade 1-2 granulocytopenia (64.7% vs 47.1%), grade 1
thrombocytopenia (17.6% wvs 11.8%), grade 1-2 anemia (82.3% vs 58.8%), grade 1-2
radiation esophagitis (47.1% vs 53%), grade 3 radiation esophagitis (0% vs 5.7%), grade
1-2 radiation-induced skin injury (5.9% vs 17.6%), and grade 1-2 radiation-induced lung
injury (23.5% vs 17.7%), and all of them showed no significant difference between the

two groups. Nasogastric intubation was performed before RT in 10 patients (58.8%) in
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the IF-IMRT + S-1 group and only in 2 patients (11.8%) in the IF-IMRT alone group
(Table 2).

Survival outcome

All patients were followed up as of April 2022. The 34 patients were followed up for
15.2-32.5 mo, with a median follow-up period of 24.5 mo. Nine patients (52.9%) in the
IF-IMRT + S-1 group experienced PD, including EC progression in 6 cases (35.3%), EC
progression + lymph node metastasis in 1 case (5.9%), distant metastasis in 2 cases
(11.8%), lung metastasis in 1 case (5.9%), and brain metastasis in 1 case (5.9%). Eleven
patients (64.7%) in the RT alone group experienced PD, including EC progression in 4
cases (23.5%), lymph node metastasis in 5 cases (29.4%), EC progression + lymph node
metastasis in 1 case (5.9%), and distant metastasis to the liver in 1 case (5.9%). There
were 12 deaths in the IF-IMRT + S-1 group, including 5 deaths (29.4%) due to tumor
progression, 2 (11.8%) due to gastrointestinal bleeding, and 5 (29.4%) due to non-tumor
causes such as cardiopulmonary diseases. Ten patients in the RT alone group died,
including 5 deaths (29.4%) due to tumor progression, 2 (11.8%) due to gastrointestinal
bleeding, 2 (11.8%) due to liver failure following liver metastases, and 1 patient (5.9%)
due to esophageal fistula. The median PFS was 23.4 mo vs 16.3 mo, and the 2-year PFS
rate was 47.1% vs 41.2% in the IF-IMRT + S-1 group and RT alone group. The median
OS was 27.0 mo vs 23.0 mo, and the 2-year OS rate was 58.8% vs 47.1% in the two
groups (Figures 1 and 2).

Results of multivariate Cox analysis

Age was a significant prognostic factor (P = 0.0019); patients aged < 75 years had a
significant survival advantage over patients aged = 75 years. The locations of EC also
affected the prognosis. The prognosis of patients with cervical EC was worse than that
of patients with tumors located in upper (P = 0.0057), middle (P = 0.0075), and lower
thoracic segments (P = 0.0024). In the IF-IMRT + S-1 group, the number of
chemotherapy cycles was a significant prognostic factor (P = 0.0125), and the risk of PD
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was significantly lower in EC patients who had received 6 cycles of chemotherapy than
those who had received 2-5 cycles of chemotherapy [hazard ratio (HR) = 0.229; 95%
confidence (CI): 0.072-0.728] (Figures 1 and 3).

DISCUSSION

With the aging of the population, the incidence of elderly ECs been increasing rapidly.
Treatments for elderly EC patients are risky as many older patients are complicated
with cardiopulmonary diseases. Elderly patients were often ruled out in clinical studies,
making the treatment of EC in these patients particularly challenging due to the lack of
clinical evidencel’l. A propensity score-matched analysis compared the efficacy of
chemoradiotherapy with RT alone for non-surgical EC patients aged = 65 years and
found that the 3-year OS rate was 21.8% vs 6.4% and the 5-year OS rate was 12.7% vs
3.5%, showing significant differences. In five subgroups based on the age stratification
(65-69; 70-74; 75-79; 80-84; = 85 years), the 3- and 5-year OS showed significant benefits
in the chemoradiotherapy group compared with the RT alone group (all P < 0.05). The
authors thus concluded that chemoradiotherapy could significantly improve survivals
in non-surgical EC patients older than 65 years!8l. Although the modes [3-dimensional
conformal RT (3DCRT) or IMRT], dosage (50-60 Gy), range (prophylactic irradiation of
high-risk lymphatic drainage areas or not), and concurrent chemotherapy regimens
(including platinum plus 5-fluorouracil, platinum plus paclitaxel, platinum plus
capecitabine, and single-agent regimen) of RT varied among different studies!®*'?l, the
safety and efficacy of concurrent chemoradiotherapy in elderly patients have been well
demonstrated, with the ORR 56.7%-84.0%, the median OS 9-35 mo, and the 2-year OS
rate 27%-78%. In the present study, we compared the survival benefits of IF-IMRT
combined with S-1 vs RT alone in the treatment of elderly EC patients. The median OS
was 27.0 mo in the IF-IMRT + S-1 group vs 23.0 mo in the RT alone group, and the 2-
year OS rate was 58.8% vs 47.1%, showing no significant differences, which might be
related to the small sample size and the old age (most of the patients aged > 75 years).

Nevertheless, the IF-IMRT + S-1 group tended to have survival benefit.
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The radiation dose and volume can directly affect the incidence of adverse reactions
and treatment efficacy. A dose-related retrospective study on EC showed that there was
no significant difference in locoregional failure (52% vs 56%) or 2-year OS rate (31% vs
40%) between the high-dose and standard-dose groupsl!415. The ARTDECDO study
randomly enrolled EC patients to receive radical concurrent chemoradiotherapy with
different radiation doses. The results suggested that increased radiation dose on the
primary tumor to 61.6 Gy did not significantly improve local control compared with
50.4 Gy, but increased the incidence of toxicity; in addition, there was no OS benefit.
The 3-year local PFS rates of the low-dose group and high-dose group of squamous cell
carcinoma patients were 75% and 79% (P > 0.05), while the incidence of the common
grade 4 and 5 toxicities was 12% and 5% in the low-dose group, lower than those (14%
and 10%) in the high-dose groupl®l. The application of RT technology can also affect the
prognosis of elderly EC patients. One study compared 3DCRT with IMRT in elderly (>
65 years) EC patients and found that the IMRT group had lower cardiac mortality and
overall mortality[l7. With the wider application of IMRT, individualized precision RT
for EC has improved the local control rate and survival time compared with
conventional RT; however, the treatment failure is attributed to local recurrence within
the irradiation field and distant metastasis!'®l. Target volume delineation during the
precise RT for EC includes involved-field irradiation (IFI) and elective nodal irradiation
(ENI). ENI has a larger range of irradiation field, which increases the incidence of grade
3 or higher radiation esophagitis and radiation pneumonitis/'®22. In contrast, IFI can
reduce the irradiation range and dose volume; theoretically, it can reduce radiation-
induced damage to the esophagus, lung, heart, and spinal cord, increase the treatment
completion rate, thus making it possible for patients to tolerate systemic chemotherapy.
IFI has been widely used in the delineation of target volumes for RT of lung cancer and
has been found to improve the efficacy while reducing side effectsl?l. When applied in
the RT of locally advanced EC, IFI achieved survival benefits in terms in OS, PFS, and
longitudinal critically refracted comparable to those in the RTOG study; in addition, the
side effects of IFI are lower than those of ENI2+-2, Jing et all#l enrolled 137 elderly (> 70
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years) patients: 54 patients (39.4%) received ENI and 83 (60.6%) received IFI, and found
that IFI reduced RT-induced toxicities without sacrificing OS in these patients.
However, for elderly patients with esophageal squamous cell carcinoma, there is
currently no high-level evidence to support the efficacy and safety of IF1. With the aging
of the society and the increasing demand for high quality of life, multidisciplinary
management of tumor patients has been emphasized by clinicians. Individualized
precision treatment may ensure the therapeutic efficacy and meanwhile minimize the
toxicities in elderly EC patients, thus having become a hot research topic in recent years.
In the present study, the radiation dose ranged from 50.4-56 Gy. By IMRT, the radiation
target area could be more precise and conformal, during which the IFI technique is
applied in the target area. In our study, no prophylactic ENI was performed on the
lymphatic drainage area, which reduced the radiation range and thus minimized the
RT-related toxicities. Only one patient (5.7%) in the RT alone group suffered from grade
3 radiation esophagitis, and all the other toxicities were of grade 1 or 2, suggesting that
IF1 is safe for elderly EC patient.

Currently, there are no guidelines for the chemotherapy regimens used in the
concurrent chemoradiotherapy for elderly EC patients with underlying diseases, and
the tolerability of chemotherapeutic drugs is a primary consideration in choosing a
regimen. In elderly EC patients who were treated with platinum combined with 5-
fluorouracil, the treatment was often interrupted due to the high incidence of grade 3 or
higher myelosuppression(®13l. Therefore, concurrent RT and intravenous dual-drug
chemotherapy are highly toxic in elderly EC patients. S-1 is an oral fluoropyrimidine;
when used concurrently with RT, it can be a potential radiosensitizer(28l. As an oral
drug, its dosage can be timely adjusted in elderly patients with poor tolerance, thus
avoiding serious side effects during concurrent chemoradiotherapy. In patients aged <
70 years with EC, concurrent RT with oral fluoropyrimidine was associated with mild
toxicities, good local control, and high long-term survival rates[2l. In our study, only
one patient (5.7%) in the RT alone group suffered from grade 3 radiation esophagitis,

and the incidence of grade 1/2 radiation esophagitis was 47.1% and 53.0%, respectively,
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in the I[F-IMRT + S-1 group and RT alone group. In addition, other toxicities such as
fatigue, granulocytopenia, thrombocytopenia, anemia, radiation-induced skin injury,
and radiation-induced lung injury were all of grade 1 or 2. These toxicities were not
significantly different between the IF-IMRT + S-1 group and RT alone group,
confirming the safety of IF-IMRT + S-1. No treatment interruption due to toxicities
occurred in the IF-IMRT + S-1 group, and the patients had good treatment compliance,
which may be one of the reasons for the better long-term survival in our series.
Multivariate analysis in our study showed that in the IF-IMRT + S-1 group, the number
of chemotherapy cycles was a significant prognostic factor, and the risk of PD was
significantly lower in EC patients who had received 6 cycles of chemotherapy than
those who had received 2-5 cycles of chemotherapy.

Previous studies have demonstrated that age was associated with prognosis of
elderly EC patients. Zhang et all®! found that the chemoradiotherapy was significantly
superior in survival benefits to the RT alone in patients younger than 72 years, but no
significant differences were reported between these two treatment regimens in patients
older than 72 years. Jingu et alP'l reported that in EC patients aged over 80 years,
concurrent chemotherapy and RT showed no significant OS benefit compared with RT
alone. A dual-arm, open-label, randomized, multicenter phase III clinical trial is
currently underway for EC patients aged over 70 years to explore the best treatment
options for elderly EC patientsl32l. In the present study, it was found that age was a
significant prognostic factor (P = 0.0019): Patients aged < 75 years had a significant
survival advantage over patients aged = 75 years. The locations of EC also affected the
prognosis. The prognosis of patients with cervical EC was worse than those of patients
with tumors located in upper (HR = 0.0057; 95% CI: 2.985-500.000; P = 0.0057), middle
(HR = 0.0075; 95%CI: 2.786-1000.000; P = 0.0075), and lower thoracic segments (HR =
0.0024; 95%CI: 4.202-1000.000; P = 0.0024).

CONCLUSION
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In summary, compared with IF-IMRT alone, IF-IMRT + S-1 prevents PD and increases
survival ~benefits without increasing toxicities. Therefore, this concurrent
radiochemotherapy deserves clinical application. However, this study was limited by
its short follow-up period, and long-term follow-up is needed to determine the patients’
survivals and tumor recurrence/metastasis. In addition, chemotherapy regimens, the
optimal dose of radical RT, and the range/fractionation of the RT for EC in elderly

patients require further clinical research.

ARTICLE HIGHLIGHTS

Research background

Esophageal cancer (EC) represents the second most common gastrointestinal cancer in
China, with 320000 newly-diagnosed cases and 300000 new cancer deaths in 2020. It is
estimated that about 30% of EC patients are over 70 years old. There is less evidence on

the diagnosis and management of elderly EC patients.

Research motivation

It is important to explore how elderly EC patients benefit from radical
radiochemotherapy regimens, including the target area of radiotherapy (RT), radiation
dose and fraction, and choice of chemotherapy drugs. In this prospective, randomized,
controlled trial, we attempted to compare the safety and efficacy of involved-field
intensity-modulated RT (IF-Il\alT) combined with tegafur-gimeracil-oteracil potassium
capsules (S-1) vs RT alone in the treatment of elderly esophageal squamous cell

carcinoma.

Research objectives
To compare the efficacy of IF-IMRT combined with S-1 vs RT alone in the treatment of
elderly EC patients in terms of safety, short-term response, and survival.

Research methods
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Patients with pathologically confirmed locally advanced EC. Based on the random
number table, they were divided into an IF-IMRT + S-1 group and an IF-IMRT alone

group, with 17 cases in each group.

Research results

The objective response rate was 88.2% vs 76.5%, respectively, in the IF-IMRT + S-1
group and the RT alone group, where as the disease control rate was 100% wvs 82.4%,
respectively. The rate of progressive disease (PD) was 52.9% (n = 9) in the IF-IMRT + S-1
group and 64.7% (n = 11) in the RT alone group. The median progression-free survival
(PFS) was 23.4 mo vs 16.3 mo, and the 2-year PFS rate was 42% vs 41.2%. The median
overall survival (OS) was 27.0 mo vs 23.0 mo, and the 2-year OS rate was 58.8% uvs

47.1%.

Research conclusions
Compared with IF-IMRT alone, IF-IMRT + S-1 shows the benefits of preventing PD and
prolonging survival without increasing adverse reactions. Therefore, this concurrent

radiochemotherapy deserves clinical application.
Research perspectives

In addition, chemotherapy regimens, the optimal dose of radical RT, and the

range/ fractionation of the RT for EC in elderly patients require further clinical research.
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