
Abstract. Background/Aim: The clinical significance of frailty
status on treatment outcome in patients with esophageal cancer
(EC) has been seldom explored. This study aimed to evaluate
the impact of pretreatment frailty on treatment-related toxicity
and survival outcome in patients with EC undergoing
concurrent chemoradiotherapy (CCRT). Patients and Methods:
Patients aged ≥20 years and with newly diagnosed locally
advanced EC receiving neoadjuvant radiotherapy and
concurrent chemotherapy with weekly administration of
carboplatin and paclitaxel for 5 weeks were prospectively
enrolled. A pretreatment frailty assessment was performed
within 7 days before CCRT initiation. The primary endpoint
was treatment-related toxicity and complications of CCRT
while the secondary endpoint was overall survival. Results: A
total of 87 patients were enrolled, 41 (47%) and 46 (53%) of
whom were allocated in the frail and fit group, respectively.
Frail patients had a significantly higher incidence of having at
least one severe hematological adverse event (63.4% vs.
19.6%, p<0.001), higher risk of emergent room visiting

[relative risk 3.72; 95% confidence interval (CI)=1.39-9.91;
p=0.009] and hospitalization (relative risk 3.85; 95% CI=1.03-
11.2; p=0.013) during the course of CCRT, when compared to
fit patients. Overall survival showed significant worsening in
the frail group [adjusted hazard ratio (HR)=2.12; 95%
CI=1.01-4.42; p=0.046]. Conclusion: Frailty is associated
with increase of treatment-related toxicities and poor survival
outcome in EC patients undergoing CCRT. Our study
suggested that pretreatment frailty assessment is imperative to
serve as a predictor and prognostic factor for all adult patients
with EC undergoing CCRT.

Esophageal cancer (EC) was the eighth most diagnosed cancer
in 2020 and the sixth leading cause of death due to cancer
worldwide (1). EC is one of the most difficult cancers to cure
with a poor 5-year survival rate of approximately 20% (2).
Surgical resection and definitive concurrent chemoradiotherapy
(CCRT) are the most effective curative treatment options for
patients with early-stage esophageal cancer (3). Despite the
advances in surgical treatment, survival outcome of patients
with EC remains dismal, especially for patients diagnosed with
locally advanced disease (4).

Multimodality treatment including neoadjuvant CCRT
followed by radical surgery is the treatment of choice in EC
patients with locally advanced or nodal positive disease (5).
Paclitaxel and carboplatin (PC) combination regimen is the
optimal neoadjuvant chemotherapeutic agent in EC, based on
the CROSS-trial (6). This phase III study reported that EC
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patients who received CCRT with PC regimen experienced
less than 7% and 13% of the hematological and non-
hematological severe adverse events (sAEs; defined as grade
III or higher toxicities), respectively (6). However, several
phase II and retrospective studies reported the incidence of
grade III or higher neutropenia that ranged from 25-47% in
EC patients receiving the same treatment (7-14). While there
is a noted wide range of prevalence of treatment-related
toxicities, it is important to identify the EC patients who are
vulnerable to sAEs while receiving CCRT with PC regimen.

Frailty is defined as a syndrome of increased vulnerability
to external stressors due to decline in reserve and function
across multiple physiologic systems (15-17). Although
prevalence of frailty increases with age, it occurs independently
from chronological age and is observed in all age groups (17-
19). Recently, the concept of frailty has been widely utilized
for selection of fit patients to receive antitumor therapy and to
serve as a predictor of treatment-related complications,
tolerance, or survival outcome in oncologic practice (20-22).
Whether the frailty might utilize as a predictive or prognostic
factor for treatment outcome in EC patients undergoing
neoadjuvant CCRT has been seldom explored. This study aims
to evaluate the impact of pretreatment frailty on treatment-
related sAEs, treatment completion, and survival outcome in
patients with locally advanced EC undergoing CCRT. 

Patients and Methods 
Patient selection. This is a multi-center prospective study to
investigate the effectiveness of frailty status toward prediction of
treatment-related sAEs and tolerance of CCRT for locally advanced
EC patients. Patients were consecutively recruited between August
2016 and December 2017 from three medical institutes in Taiwan.
Eligibility criteria included: patients aged 20 years or older with
histological proven locally advanced EC and eligible for CCRT as
the first-line antitumor treatment, Eastern Cooperative Oncology
Group (ECOG) performance status 0 to 2, and acceptable bone
marrow function, liver function and renal function. Locally
advanced tumor was defined as any non-metastatic tumor from
cervical esophagus, ≥T2 classification, or any regional nodal
positive tumor. Exclusion criteria included metastatic disease,
inability to complete the frailty questionnaires for any reason, and
treatment with chemotherapy or radiotherapy alone. Tumor staging
was according to 7th edition American Joint Committee on Cancer
(AJCC) staging system in this study. All patients provided written
informed consent prior to inclusion. The study protocol was
approved by the institutional review board (No: 1608080002).
Figure 1 shows the study flowchart.

Neoadjuvant CCRT. All eligible patients received intensity
modulated or arc technique radiotherapy at a conventional
fractionated daily dose of 180 cGy for 5 consecutive days per week,
with the total prescribed radiotherapy dose of 4,140 cGy over 5
weeks (6). The chemotherapy regimen with carboplatin (area under
the curve of 2 mg per ml per min) and paclitaxel (50 mg per m2 of
body-surface area) were administered weekly up to 5 weeks
concurrent with radiotherapy (6). 

The patients underwent a computed tomography (CT) and
esophagogastroduodenoscopy (EGD) for tumor restaging within 4
weeks after the completion of radiotherapy. After the completion of
treatment, the resectability of tumor was evaluated by a specialized
tumor board, based on the response of tumors and clinical condition
of patients. If the residual tumor was deemed resectable by the
board and the patient provided informed consent, the patient
underwent minimally invasive transthoracic esophagectomy (Ivor-
Lewis) (23) with mediastinal lymphadenectomy within 4-8 weeks
after the completion of CCRT. 

Local booster radiotherapy with 2,340 cGy was administered to
the tumor bed and regional lymphatics area over 13 fractions, in
patients who did not undergo surgical resection or those with
positive pathological lymph node metastases after surgery (6). 

Frailty assessment. A baseline frailty assessment was performed
within 7 days before CCRT initiation and including the following 6
frail conditions: i) functional status as assessed by the activity of
daily living (ADL) and instrumental activities of daily living
(IADL), ii) nutritional status as assessed by mini-nutritional
assessment short-form (MNA-SF), iii) comorbidity as assessed by
the Charlson comorbidity index (CCI), iv) polypharmacy as
assessed by types of medications being used, v) mood as assessed
by the geriatric depression scale -4 questions (GDS-4), and vi)
social support as assessed by living with others or alone (24).
Because the majority of our patients aged less than 65 years, we
modified the frailty assessment tool (excluded Mini-Mental State
Examination from the original tool) that was used in our previous
study (24). Frailty in this study was defined as the presence of two
or more of frail conditions (24). 

Study endpoints. The primary endpoint was CCRT-related toxicity and
complications of CCRT. The vital status and grades for any adverse
event of patients were evaluated at least weekly during CCRT
treatment. CCRT-related toxicity was graded according to the common
toxicity criteria (CTC) of the National Cancer Institute (NCI), version
3. A toxicity of grade III or higher was defined as sAE. Complications
of CCRT were defined as incomplete treatment, emergency room visit,
or hospitalization due to any reason during the CCRT period. All
adverse events or treatment-related complications were recorded from
CCRT initiation till one month after the end of CCRT. Adverse events
that occurred during the booster radiotherapy were not included in the
analysis. Patients who received less than 90% of the protocol specified
radiotherapy dose or less than 5 times of chemotherapy dose due to
any cause were considered as having undergone incomplete
radiotherapy or chemotherapy (6), respectively.

The second endpoint was overall survival and disease-free
survival. All enrolled patients were followed up until May 31, 2019
or until death. Overall survival time was determined from the first
date of CCRT until death or until the last date on which the patient
was known to be alive. Disease-free survival (DFS) time was
calculated from the date of operation until tumor recurrence, death,
or the last date of follow-up.

Statistical analysis. Descriptive analyses were performed to
summarize patient and tumor characteristics. The Kruskal-Wallis test
for continuous and ordinal variables, and chi-square (or the Fisher’s
exact test) for categorical variables were used for in-group
comparison. Univariate and multivariate logistic regression analyses
were performed to estimate the relative risk (RR) and 95% confidence
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interval (CI) for variables associated with complications of CCRT.
Survival outcome was calculated according to the Kaplan–Meier
method. Log-rank tests were used to determine significant differences
between the survival curves. Cox regression model was performed to
estimate the hazard radio (HR) for variables associated with overall
survival. SPSS 17.0 software (SPSS Inc., Chicago, IL, USA) was
used for statistical analysis. All statistical assessments were two-sided,
and a p-value <0.05 was considered statistically significant. 

Results

Frailty assessment results. The assessment tool and cut-off
standard for each frail condition of the 87 patients is shown in
Table I. Malnutrition was the most common frail condition
(73.6%), followed by comorbidities (29.9%), and polypharmacy
(25.3%). The median number of frail condition was 1 (range=0-
5). No statistical difference was observed in each frail condition
between patients aged <65 and those aged ≥65 years.
Accordingly, 46 (52.9%) and 41 (47.1%) patients were allocated
to fit and frail groups based on the frail assessment, respectively.
Patient demographics and tumor characteristics. The median

age was 56 years old (range=28-82), and 87.4% of patients
were male in this study (Table II). Eighty-five (97.7%)
patients were diagnosed as squamous cell carcinoma in
histological type, while the other 2 (2.3%) patients had
adenocarcinoma. The median length of tumor was 5.0 cm
(range=1.2-13). The distribution of the T- and N-classification
was 1.1%, 13.8%, 55.2%, 29.9% for T1, T2, T3, T4 and 6.9%,
23.0%, 47.1%, 23.0% for N0, N1, N2, N3, respectively. The
patient numbers with ECOG performance 0, 1, and 2 were 50
(57.5%), 35 (40.2%), and 2 (2.3%), respectively. Forty-three
(49.4%) patients received radical-intent surgery for esophageal
cancer after CCRT. The major reasons for not undergoing
surgical resection in fit group were progressive disease (n=7),
locally unresectable disease (n=5), and decline by patients
(n=5). In the frail group, the surgery was not performed if
patients declined (n=8), had progressive disease (n=7), or were
surgically unfit (n=5) (Figure 1).

Unemployment was prevalent among patients in the frail
group they had less history of cigarette smoking and alcohol
drinking. No statistical differences were observed between
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Figure 1. Study flowchart.



the fit and the frail groups with respect to age, gender,
educational level, tumor location, length of tumor, tumor
stage, and surgical resection rate after CCRT.

Completion and complication of concurrent chemo-
radiotherapy. Overall, 5.7%, 11.5%, 29.9%, and 24.1% of the
total number of patients had experienced incomplete
radiotherapy, incomplete chemotherapy, emergency room
visiting, and hospitalization, respectively (Table III). There were
no significant differences of incomplete radiotherapy or
chemotherapy related to frailty status. Frail patients had a
significantly higher relative risk (RR) of emergency room visits
(crude RR=3.72, 95% CI=1.39-9.91, p=0.009) and
hospitalization (crude RR=3.85, 95% CI=1.03-11.2, p=0.013)
during the course of CCRT as compared to fit patients. Notably,
frailty status maintained itself as a significant risk factor for
emergency room visiting and hospitalization, independent of
age, gender, ECOG performance, and tumor stage. 

Severe adverse events of chemoradiotherapy. At least one
hematologic and non-hematological sAE occurred in 40.2%
and 51.7% of patients, respectively (Table IV). The most
common hematological sAEs were leukopenia (32.2%),
anemia (17.2%), and neutropenia (17.2%) while the most
common non-hematological sAEs were mucositis (23.0%),
non-neutropenic infection (17.2%), and fatigue (9.1%). 

Frail patients had a significant higher incidence of having at
least one grade III or higher hematological toxicities (63.4%
vs. 19.6%, p<0.001), anemia (29.3% vs. 6.5%, p=0.009), and
leukopenia (51.2% vs. 15.2%, p<0.001) as compared to fit
patients. No statistical differences were observed between the

fit and the frail groups with regard to non-hematological sAEs,
although frail patients had a trend toward higher incidence of
mucositis than fit patients (31.7% vs. 15.2%, p=0.07). 

Survival outcomes. After a median follow-up duration of 21.5
months (range=6.8-29.6), 33 (37.9%) patients from the total
number had died, and the 1- and 2-year survival rates were
71.2% and 56.9%, respectively. Figure 2A shows the survival
curve according to the frailty status of the patients. The 1- and
2- year survival rates were 74.9% and 67.9% for fit patients,
respectively, and were 66.9% and 44.7% for frail patients (log-
rank p=0.045), respectively. The HR was 2.12 (95% CI=1.01-
4.42, p=0.046) when comparing the fit and frail patients after
adjustment for gender, age, ECOG performance, tumor stage
and receipt status of surgical resection. 

Disease-free survival was analyzed for 43 patients who
underwent surgery (Figure 2B). Twenty-two patients
experienced tumor recurrence (51.2%) by the end of the
study. The 1- and 2- year DFS were 61.6% and 53.9% for fit
patients, respectively, and 29.5% and 29.5% for frail patients
(log-rank p=0.036), respectively. The HR was 4.61 (95%
CI=1.75-12.1, p=0.002) when comparing the fit and frail
patients after adjusting for gender, age, ECOG performance,
and tumor stage.

Discussion

An effective method to predict treatment-related toxicities and
complications in EC patients receiving CCRT is important to
identify vulnerable patients, to increase treatment compliance,
and, most importantly, to improve survival outcome. Frailty
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Table I. Definition of frailty domain and its prevalence in the patient cohort studied.

Frail condition                              Definition (scale)                            Overall, n (%)              Age <65, n (%)              Age ≥65, n (%)              p-Value

Patient number                                                                                                 87                                   68                                    19                               
MNA-SF                                 Normal nutrition (12-14)                           23 (26.4)                        19 (27.9)                          4 (21.1)                       0.77
                                                     Malnutrition (<12)                                64 (73.6)                        49 (72.1)                         15 (78.9)                          
CCI                                             No comorbidity (0-1)                             61 (70.1)                        49 (72.1)                         12 (63.2)                      0.57
                                                      Comorbidity (2+)                                 26 (29.9)                        19 (27.9)                          7 (36.8)                           
Polypharmacy                   Intact (0-3 types of medication)                     65 (74.7)                        52 (76.5)                         13 (68.4)                      0.53
                                          Defect (4+ types of medication)                     22 (25.3)                        16 (23.5)                          6 (31.6)                           
GDS-4                                                Intact (0-1)                                      77 (88.5)                        62 (91.2)                         15 (78.9)                      0.22
                                                           Defect (2+)                                      10 (11.5)                          6 (8.8)                            4 (21.1)                           
Social support                        Intact (Living with others)                         79 (90.8)                        62 (91.2)                         17 (89.5)                      0.99
                                                   Defect (Living alone)                               8 (9.2)                            6 (8.8)                            2 (10.5)                           
ADL                                                   Intact (100)                                      79 (90.8)                        63 (92.6)                         16 (84.2)                      0.36
                                                         Defect (<100)                                      8 (9.2)                            5 (7.4)                            3 (15.8)                           
IADL                                                  Intact (7-8)                                      84 (96.6)                        67 (98.5)                         17 (89.5)                      0.12
                                                           Defect (<7)                                        3 (3.4)                            1 (1.5)                            2 (10.5)                           

MNA-SF, Mini Nutritional Assessment-short from; CCI, Charlson comorbidity index; GDS-4, Geriatric Depression Scale-4 questions; ADL, activities
of daily living; IADL, instrumental activities of daily living.



is a commonly used assessment tool to predict treatment-
related outcome in elderly cancer patients across different
antitumor therapies (20-22). To the best of our knowledge,
this is the first study focusing on the impact of frailty on

treatment outcome of CCRT in patients with locally advanced
EC. Our study provides novel findings about the high
prevalence of frailty in all adult EC patients and identifies the
association of frailty status with treatment-related sAEs,
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Table II. Baseline characteristics of patients.

Characteristics                                                                     Overall (n=87)                      Fit (n=46)                          Frail (n=41)                      p-Value

Age*, years                                                                              56 (28-82)                          55 (28-82)                           58 (37-77)                          0.31
   ≥65                                                                                        19 (21.8)                             8 (17.8)                              11 (26.8)
Male gender                                                                              76 (87.4)                            42 (91.3)                             34 (82.9)                           0.34
BMI*, kg/m2                                                                       22.4 (15.9-31.6)                22.0 (17.1-31.0)                  22.6 (15.9-31.6)                      0.37
Marriage                                                                                                                                                                                                                     0.15
   Married                                                                                  72 (82.8)                            41 (89.5)                             31 (75.6)
   Others                                                                                    15 (17.2)                             5 (10.5)                              10 (24.4)
Education                                                                                                                                                                                                                    0.66
   Nil or elementary                                                                  24 (27.6)                            11 (23.9)                             13 (31.7)
   Junior high school                                                                 32 (36.8)                            17 (37.0)                             15 (36.6)
   Senior high school or high                                                   31 (35.6)                            18 (39.1)                             13 (31.7)
Occupation                                                                                                                                                                                                                0.022
   No                                                                                          29 (33.3)                            10 (21.7)                             19 (46.3)
   Yes                                                                                         58 (66.7)                            36 (78.3)                             22 (53.7)
Cigarette smoking                                                                                                                                                                                                     0.021
   No                                                                                          11 (12.6)                              2 (4.3)                                9 (22.0)
   Yes                                                                                         76 (87.4)                            44 (95.7)                             32 (78.0)
Alcohol consumption                                                                                                                                                                                               0.004
   No                                                                                            7 (8.0)                                     0                                     7 (17.1)
   Yes                                                                                         80 (92.0)                            46 (100)                              34 (82.9)
Betel quid chewing                                                                                                                                                                                                    0.24
   No                                                                                          26 (29.9)                            11 (23.9)                             15 (36.6)
   Yes                                                                                         61 (70.1)                            35 (76.1)                             26 (63.4)
ECOG performance status                                                                                                                                                                                        0.029
   0                                                                                            50 (57.5)                            32 (69.6)                             18 (43.9)
   1                                                                                             35 (40.2)                            14 (30.4)                             21 (51.2)
   2                                                                                               2 (2.3)                                     0                                      2 (4.9)
Tumor location                                                                                                                                                                                                           0.26
   Upper third                                                                            13 (14.9)                            10 (21.7)                               3 (7.3)
   Middle third                                                                          31 (35.6)                            14 (30.4)                             17 (41.5)
   Lower third                                                                            20 (23.0)                            11 (23.9)                              9 (22.0)
   Overlapping                                                                           23 (26.4)                            11 (23.9)                             12 (29.3)
Length of tumor*, cm                                                          5.0 (1.2-13.0)                      5 (1.2-13.0)                       5.1 (1.5-12.5)                        0.38
Histological type                                                                                                                                                                                                        0.99
   Squamous cell carcinoma                                                     85 (97.7)                            45 (97.8)                             40 (97.6)
   Adenocarcinoma                                                                     2 (2.3)                                1 (2.2)                                 1 (2.4)
7th AJCC Stage                                                                                                                                                                                                          0.40
   2                                                                                             15 (17.2)                             6 (13.0)                               9 (22.0)
   3                                                                                             72 (82.8)                            40 (87.0)                             32 (78.0)
T-classification                                                                                                                                                                                                           0.47
   1                                                                                               1 (1.1)                                     0                                      1 (2.4)
   2                                                                                             12 (13.8)                             8 (17.4)                                4 (9.8)
   3                                                                                             48 (55.2)                            26 (56.5)                             22 (53.7)
   4                                                                                             26 (29.9)                            12 (26.1)                             14 (34.1)
N-classification                                                                                                                                                                                                         0.060
   0                                                                                               6 (6.9)                                2 (4.3)                                 4 (9.8)
   1                                                                                             20 (23.0)                            15 (32.6)                              5 (12.2)
   2                                                                                             41 (47.1)                            22 (47.8)                             19 (46.3)
   3                                                                                             20 (23.0)                             7 (15.2)                              13 (31.7)
Surgical resection after chemoradiotherapy                           43 (49.4)                            25 (54.3)                             18 (43.9)                           0.39

BMI, Body mass index; ECOG, Eastern Cooperative Oncology Group; AJCC, American Joint Committee on Cancer. *Data presented as median (range). 



emergency room visiting and hospitalization, as well as
survival outcome in EC patients undergoing CCRT. 

In contrast to the CROSS study (5), our study reported
higher incidences of treatment-related toxicities with 40%
and 52% of the patients experiencing grade 3 or higher
hematological and non-hematological adverse events,
respectively. The treatment-related toxicity of PC-based
therapy varied widely in patients with esophageal cancer;
13% to 78% of the patients had grade 3 or higher toxicities
in the previously published literature (7-14). In addition to
the innate differences among different studies, different
treatment intensity with radiotherapy dosage, dosage of PC
regimens, and infusion duration (triweekly or weekly
schedule) also contribute to the wide variation of toxicity
profiles in EC patients during CCRT (7-14). In line with
previous phase II and retrospective reports (7-14), our study
highlighted that a substantial number of EC patients are
vulnerable to sAEs of CCRT with PC regimen. Furthermore,
our study presented that pretreatment frailty assessment is an
effective method to assist clinicians to identify vulnerable
patients who are susceptible to sAEs while undergoing
CCRT with PC regimen.

Frailty assessment is a well-established tool to predict
antitumor treatment-related complications in geriatric
patients with various solid cancers (25). Frailty, occurring
independently from chronological age, is a syndrome due to
cumulative decreased physiological reserve and results in
increased vulnerability to external stressors, such as acute
illness or complication of medical treatment (18-19, 26). For
example, the prevalence of frailty was reported at
approximately 5.3% to 7.4% among those aged 18-64 years
in a healthy population (18). The prevalence of frailty was
reported up to 13.1% for young adult survivors of childhood
cancer (27) and was presented in about 20-33% of patients
with critical illnesses who were aged <65 years (28-29).
Therefore, we hypothesized that frailty might not only be
prevalent among geriatric population but also in all adult
patients with malignant disease. In accordance with the
hypothesis, our study demonstrated that the distribution of
impairment in each frail domain was similar between non-
elderly (age <65) and elderly (age ≥65) patient groups. Our
study highlighted that the physiological reserve, regardless
of the chronologic age, is most pertinent to frailty.

Our study demonstrated the utility of frailty in predicting
sAEs of CCRT in esophageal cancer. However, the frailty
status was associated with hematological, but not non-
hematological toxicity. In the Chemotherapy Risk Assessment
Scale for the High-Age patients (CRASH) trial, based on 518
patients with various malignancies receiving chemotherapy,
the authors created two different frailty-based models, one for
hematological and one for non-hematological toxicity to
predict treatment-related sAEs (30). This phenomenon hints
that hematological and non-hematological toxicities might be
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due to decline of different physical functions. As a result,
different frailty assessment tools using various geriatric
domains might only predict some aspects of treatment-related
toxicities. Further investigation is necessary to select the
optimal aspects and instruments of frailty assessment used for
evaluating both hematological and non-hematological sAEs in
patients with EC under CCRT.

The frailty impairment in patients with EC is reasonable
in several aspects. First, malnutrition and loss of skeletal
muscle caused by dysphagia and odynophagia in EC patients
inevitably leads to poor physical reserve and functional
decline (31). Second, cognitive impairment was prevalent in
patients with EC (31). Finally, social isolation and depressive
symptoms further increased risk for adverse health outcome
(32). The accumulation of malnutrition with cognitive,
mood, and social disorders constructed the main components
for frailty in our EC patient cohort. All these aspects might
happen in all EC patients and are not solely limited to
geriatric patients. Awareness of these common domains of
physiological deficits in EC patients might assist clinicians
to provide effective intervention to improve patients’ frailty
status upon initiation of the antitumor treatment. 

Frail patients had higher incidences of sAEs, emergency
room visiting, and hospitalization than fit patients in our study.
Due to the easy accessibility of medical services in Taiwan,
patients could receive appropriate management and treatment
after reaching out for medical help. After appropriate and
timely management of treatment-related sAEs, patients could

continue the CCRT schedule. Therefore, the higher incidences
of sAEs in frail patients did not compromise their treatment
completion in our study. Despite the similar CCRT completion
rate in both frail and fit groups in our study; it was however
observed that, frail patients had poorer survival rates as
compared to non-frail patients. This phenomenon is possibly
related to the endowed causes of frailty in each individual, for
which malnutrition, comorbidities, functional dependences,
and poor social support could directly impact the survival
outcome. Our study presented the frailty, as the summation of
these psycho- physiological deficits, and could serve as an
independent prognostic factor even after adjustment with other
concomitant clinical and tumor factors. 

The clinical significance of frail assessment in adult patients
with EC undergoing CCRT was seldom explored. The strength
of this study is its prospective design to assess multiple
physiological domains of frailty including daily activity,
nutritional status, comorbidity, polypharmacy, mood, and social
support, which are all important prognosticators in patients with
cancer (32-33). However, there are some limitations to our
study. First, only 87 patients were included in our study, these
small patient numbers with a heterogeneous population by
tumor stage might limit the power of statistical analysis.
Second, the comparison of treatment-related sAEs remained at
univariate analysis level because we did not adjust other
confounding factors that might be due to existence of in-group
differences in clinical characteristics. Third, as histology of EC
is mostly squamous cell carcinoma predominant in the Asian
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Table IV. Grade 3 or higher adverse events of the concurrent chemoradiotherapy.

Adverse events                                                          Overall (n=87)                             Fit (n=46)                          Frail (n=41)                           p-Value

Hematological toxicity, n (%)
Any                                                                                 35 (40.2)                                    9 (19.6)                                26 (63.4)                              <0.001
Leukopenia                                                                    28 (32.2)                                    7 (15.2)                                21 (51.2)                              <0.001
Anemia                                                                           15 (17.2)                                    3 (6.5)                                  12 (29.3)                                0.009
Neutropenia                                                                   15 (17.2)                                    5 (19.9)                                10 (24.4)                                0.15
Thrombocytopenia                                                           9 (10.3)                                    4 (8.7)                                    5 (12.2)                                0.73
Neutropenic fever                                                            4 (4.6)                                      1 (2.2)                                    3 (7.3)                                  0.34

Non-hematological toxicity, n (%)
Any                                                                                 45 (51.7)                                  27 (58.7)                                18 (43.9)                                0.20
Mucositis                                                                        20 (23.0)                                    7 (15.2)                                13 (31.7)                                0.07
Non-neutropenic infection                                            15 (17.2)                                    6 (13.0)                                  9 (22.0)                                0.40
Fatigue                                                                             8 (9.1)                                      4 (8.7)                                    4 (9.7)                                  0.75
Hyponatremia                                                                  8 (9.2)                                      2 (4.3)                                    6 (14.6)                                0.14
Emesis                                                                              7 (8.0)                                      5 (1.9)                                    2 (4.9)                                  0.44
Esophageal tumor bleeding                                             6 (6.9)                                      3 (6.5)                                    3 (7.3)                                  0.99
Hyperglycemia                                                                 5 (5.7)                                      2 (4.3)                                    3 (7.3)                                  0.66
Hypertension                                                                    5 (5.7)                                      2 (4.3)                                    3 (7.3)                                  0.67
Abnormal AST or ALT                                                   4 (4.6)                                      3 (6.5)                                    1 (2.4)                                  0.62
Hypokalemia                                                                    4 (4.6)                                      1 (2.2)                                    3 (7.3)                                  0.34
Diarrhea                                                                           3 (3.4)                                      1 (2.2)                                    2 (4.9)                                  0.80

AST, Aspartate aminotransferase; ALT, alanine aminotransferase.



population, which is different from that of adenocarcinoma in
Western countries, the applicability of our findings to Western
ethnic patients requires further validation (34). Fourth, there is
neither consensus on the aspects and instruments of frail
assessment tools nor the cutoff value of the numbers of frail
domain impairment for frailty in oncologic practice. Our study

used the same frail assessment tool and cutoff value for frailty
that we previously validated in a Taiwanese adult population
with primary head and neck cancer (24). The optimal
instrument and cutoff value of numbers of frail domain
impairment for frail assessment in patients with EC need further
validation. Fifth, the poor DFS after operation might be due to
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Figure 2. Over survival curve (A) and disease-free survival curve (B) according to frailty status of the patients.



higher percentage of postoperative complications, more
advanced pathological tumor stage, or poor tolerance to the
postoperative adjuvant treatment. Unfortunately, we were
unable to further analyze the key reason behind poor DFS in
the frail patients as these factors were not included in our study.
Finally, frail assessment tools were developed and utilized in
the geriatric population (16). The application of these tools in
non-elderly patients in our study may be an issue. While this
study has shown that the features of frailty may be independent
of age, we need more evidence to prove the practicality of
frailty assessment in non-geriatric population and other cancers.
Nevertheless, our findings present new avenues for further
research of frailty assessment in non-elderly cancer populations. 

Conclusion

This prospective observational cohort study found that frailty
is associated with increase of treatment-related sAEs,
incremental rate of emergency room visiting and
hospitalization, as well as poorer survival outcome in EC
patients undergoing CCRT with PC regimen. Our study
highlighted that psycho-physiological reserve, regardless of
the chronologic age, is most pertinent to the features of
frailty in EC patients. The finding of this study suggested
that pretreatment frailty assessment is imperative to serve as
a predictor and prognostic factor for all adult patients with
locally advanced EC undergoing CCRT. 
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