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Abstract

Background Frailty becomes more pronounced with advancing age, tightly intertwined with adverse clinical
outcomes. Across diverse medical disciplines, frailty is now universally recognized as not only a risk factor but also a
predictive indicator for unfavorable clinical prognosis.

Methods This study was a retrospective cohort study that included clinical data from patients (aged > 65 years)
with esophageal cancer treated surgically at the First Affiliated Hospital of Anhui Medical University in 2021. For
each patient, we calculated their 11-index modified frailty index(mFI-11) scores and categorized the patients into a
frailty group (mFI-11hign) and a non-frailty group (mFI-11low) based on the optimal grouping cutoff value of 0.27
from a previous study. The primary study index was the incidence of postoperative pulmonary infection, arrhythmia,
anastomotic fistula, chylothorax, and electrolyte disturbance complications. Secondary study indicators included
postoperative ICU stay, total hospitalization time, readmission rate within 30 days of discharge, and mortality within
30 days after surgery. We performed univariate and multivariate analyses to assess the association between mFl-11
and adverse outcomes as well as postoperative complications.

Results Five hundred and fifteen patients were included, including 64.9% (334/515) in the non-frailty group

and 35.1% (181/515) in the frailty group. Comparing postoperative complication rates between the two groups
revealed lower incidences of postoperative anastomotic fistula (21.5% vs. 4.5%), chylothorax (16.0% vs. 2.1%),

cardiac arrhythmia (61.9% vs. 9.9%), pulmonary infections (85.1% vs. 26.6%), and electrolyte disturbance (84.5%

vs. 15.0%) in patients of the non-frailty group was lower than that in the frailty group (p <0.05). mFI-11 showed
better prognostic results in predicting postoperative complications. anastomotic fistula (area under the ROC curve
AUROC=0.707), chylothorax (area under the ROC curve AUROC=0.744), pulmonary infection (area under the ROC
curve AUROC=0.767), arrhythmia (area under the ROC curve AUROC=0.793), electrolyte disturbance (area under the
ROC curve AUROC=0.832), and admission to ICU (area under the ROC curve AUROC=0.700).

Conclusion Preoperative frail elderly patients with esophageal cancer have a high rate of postoperative
complications. mFI-11 can be used as an objective indicator for identifying elderly patients at risk for esophageal
cancer.
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Introduction

Esophageal cancer has been one of the common malig-
nant tumors worldwide, with 604,000 new cases and
544,000 deaths according to the global cancer statistics in
2020 [1]. China is a region with high incidence of esopha-
geal cancer, and although the incidence and mortality
rates of esophageal cancer in China are on a decreasing
trend, it is still one of the major malignant tumors threat-
ening the health of Chinese residents. Nowadays, with
the accelerated aging of the population, the number of
elderly patients with esophageal cancer has increased,
and esophageal cancer surgery itself is characterized by
complex surgery, high incidence of postoperative com-
plications, and long hospital stay, and elderly and frailty
patients are a challenge for thoracic surgeons [2]. Elderly
patients tend to have varying degrees of organ degen-
eration, mostly associated with chronic diseases and a
higher risk of cardiovascular complications. For the same
surgical procedure, the elderly are more susceptible to
poor prognosis [3, 4]. These factors can adversely affect
prognosis and recovery.

In order to decide whether to recommend surgery,
clinicians attempt to predict the risk of adverse postop-
erative outcomes before surgery. Numerous studies have
shown that some metrics are predictive of postoperative
complications, such as tumor lymph node metastasis
(TNM) pathologic stage and prognostic nutritional index
(PNI) [5], whereas current preoperative risk stratification
strategies do not take into account physiological impair-
ments specific to elderly adults and typically assess physi-
ological impairments specific to a single end organ rather
than more comprehensive physiological impairments
related to the entire patient [6]. These metrics lack the
ability to measure a patient’s physiologic reserve, which is
why this paper introduces the concept of frailty. Frailty is
a term used for elderly adults, and this increased vulner-
ability due to physical causes is defined as frailty, which
reflects the loss of physiological reserve due to stressors,
and elderly patients who are particularly subject to onco-
logical treatments and surgical procedures are at higher
risk [7].Velanovich and colleagues summarized the frailty
index into 11 variables called the Modified Frailty Index-
11 (mFI-11) [8], and previous studies have confirmed that
frailty is one of the independent risk factors for periop-
erative complications in elderly patients. The more frail
the patient, the higher the incidence of adverse outcomes
after surgery [9].

At this stage, there are still fewer assessments study-
ing the correlation between preoperative frailty index
and postoperative complications in elderly patients
with esophageal cancer. In this paper, we retrospectively

summarized the clinical data of patients with esophageal
cancer who were surgically treated in the Department of
Thoracic Surgery of the First Affiliated Hospital of Anhui
Medical University in the year of 2021 with the aim of
exploring the relationship between mFI-11 and the peri-
operative clinical characteristics and clinical prognosis of
elderly patients with esophageal cancer, and to compare
the effects of mFI-11, TNM, and PNI in predicting the
postoperative adverse outcomes.

Materials and methods

Patient screening and grouping

Clinical data of elderly patients with esophageal can-
cer treated by surgery in the First Affiliated Hospital of
Anhui Medical University in 2021 were retrospectively
analyzed. Inclusion criteria: Inclusion criteria: (1) diag-
nosis of esophageal cancer, (2) patients who underwent
radical surgery for esophageal cancer, (3) aged >65 years.
Exclusion criteria: (1) personal oncological history, (2)
patients with preoperative neoadjuvant radiotherapy, (3)
patients treated with blood transfusion for reoperation or
intraoperative bleeding within 24 h after surgery due to
surgical factors, (4) patients with missing covariate data.

Date collection

The data were collected through the following data in
the Tung Wah Digital Hospital Information Manage-
ment System (HIS) of Tung Wah Medical Technology
Co: Baseline data, including age, gender, body mass index
(BMI), diabetes mellitus, hypertension, history of cardio-
vascular disease, delirium, independent functional status,
and preoperative American Society of Anesthesiologists
(ASA) classification; laboratory indicators, including
serum albumin and lymphocytes; perioperative clinical
data, including surgical approach, duration of surgery,
bleeding, urine output, fluid infusion, preoperative and
postoperative oxygenation index, ICU stay, total hospital-
ization time, the presence of complications (pulmonary
infection, cardiac arrhythmia, anastomotic fistula, chylo-
thorax, and electrolyte disturbance, etc.); and the rate of
readmission within 30 days of discharge and the rate of
mortality in the first 30 days of postoperative period;

Measurements

We chose mFI-11, TNM staging and PNI to predict
poor prognosis after radical esophageal cancer surgery
in elderly patients and to compare the prognostic value
of all three. mFI-11 was calculated using 11 variables
(10 comorbidities and 1 functional status measure)
from the Canadian Study of Health and Aging (CSHA)
center. Including functional status, history of diabetes,
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respiratory problems, congestive heart failure, myo-
cardial infarction, cardiac problems, arterial hyperten-
sion, delirium, history related to cognitive impairment
or loss, cerebrovascular problems, and history of stroke/
decreased peripheral pulses [10, 11]. For frailty, the num-
ber of positive variables was calculated by dividing the
patient’s number of positive variables by the total number
of variables [11]. Scores ranged from O to 1. High risk of
frailty (mFI-11 High) was defined when the mFI-11 score
was >0.27, and low risk of frailty (mFI-11 Low) when the
mFI-11 score was less than 0.27. The PNI was calculated
as 10 x peripheral serum protein (g/L)+0.005 X periph-
eral blood lymphocyte count (mm?) [12].

Statistical analysis

Measures that followed a normal distribution were pre-
sented as meanzstandard deviation (xts), and compari-
sons between groups were made using the independent
sample t-test. Categorical variables were described using
frequencies and percentages and were compared using
the x2 test or Fisher’s exact test, as appropriate. Univari-
ate and multivariate logistic regression were conducted to
identify independent risk factors for postoperative com-
plications, mortality, and ICU admission. A significance
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level of P<0.05 was used to determine statistical signifi-
cance. Receiver operating characteristic (ROC) curve
analysis was utilized to evaluate the impact of various
factors on the prediction of postoperative complications,
mortality, and ICU admission. SPSS 26.0 software was
utilized for all statistical analyses.

Result

515 patients were part of the study, with 64.85% classi-
fied as having low mFI-11 and 35.15% classified as hav-
ing high mFI-11. The flow chart of the study is depicted
in Fig. 1.The frailty group was older than the non-frailty
group (73.86%0.19 vs. 70.94+0.22), with a lower per-
centage of ASA classification I-II (26.4% vs. 73.6%) and
a higher percentage of classification III~IV (38.4% vs.
61.6%).Hospitalization duration was significantly longer
in the frailty group compared to the non-frailty group
(16.93£0.71 vs. 14.84+0.36), and surgery duration was
longer in the frailty group compared to the non-frailty
group(266.35+6.70 vs. 257.12+3.66), with a p-value of
less than 0.05.There was no significant difference in the
remaining baseline and surgical data (p>0.05); refer to
Table 1.

608 patients over the
age of 65 underwent
radical esophageal
cancer surgery

A total of 93 patients were excluded

| 67 patients had preoperative
neoadjuvant chemotherapy

iy 9 patients had other systemic tumors
lll. 6 patients had intraoperative bleeding
for blood transfusion

14 patients had incomplete

515 patients met the
Inclusion criteria

information on covariates

181 patientswith a
score of =0.27
were identified as
mFl-11 high

334 patientswith a
score of <0.27
were identified as
mFl-11 low

Fig. 1 Flowchart. Patient screening
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Table 1 Between-group comparisons of baseline information,
intraoperative information, and mFI-11 related variables in 515

patients
Variable mFI-11hign mFI- Pvalue
(n=181) 11low(n=334)
Age(yr) 73.86+0.19 70.94+0.22 <0.001"
Gender 03752
Male, (n%) 151(36.0%) 268(64.0%)
Female, (n%) 30(31.3%) 66(68.7%)
Smokers, (n%) 72(35.5%) 131(64.5%) 0.902?
Drinkers, (n%) 57(37.0%) 97(63.0%) 0.562?
BMI 22301024 22.16+0.17 0.579'
Total duration of 16.93+0.71 14.84+0.36 <0.001"
hospitalization(day)
ASA physical stage 0.0112
I~1l, (N%) 37(26.4%) 103(73.6%)
~1V, (n%) 144(38.4%) 231(61.6%)
Surgery duration(min)  266.35+6.70 257.12+3.66 0.01"
Hemorrhage(ml) 72.71+457 7135+292 0.366'
Urine output(ml) 536.94+22.69 53503+1656  0.595'
Fluid administration(ml) 1985.64+38.79  200449+31.50 0.12'
PNI 5022+0.34 5147+029 0446

Tt test
2Pearson x?
P less than 0.05 is marked as bold

The adverse outcomes following radical treatment in
elderly patients with esophageal cancer are analyzed
using multivariate logistic regression in Table 2. Analy-
sis of multiple variables indicated that mFI-11 was a sig-
nificant predictor of postoperative results (Anastomotic
fistula: aOR=6.550, P<0.001; chylothorax: aOR=9.125,
P<0.001; Arrhythmia: aOR=19.911, P<0.001; Pulmo-
nary infection: aOR=15.582, P<0.001; Electrolyte dis-
turbance: aOR=35.330, P<0.001; Admission to ICU:
aOR=6.487 P=0.021; Readmission 30 days after dis-
charge: aOR=2.046, P=0.044, a statistically significant
difference. 1-mouth mortality: aOR=3.187, P=0.353, dif-
ference not statistically significant).

Figure 2 shows the prognostic value of the mFI-11,
TNM staging, and PNI for adverse postoperative out-
comes. The mFI-11 scale showed the best predictive
value for area under the curve compared to the other two
measures. The mFI-11 had the greatest predictive value
for postoperative anastomotic fistula, with an area under
the curve of (0.707), while TNM staging had a value of
(0.606) and PNI had the lowest at (0.500).mFI-11 was
the most accurate in predicting postoperative chylotho-
rax with an area under the curve of (0.744), PNI followed
closely behind with (0.693), and TNM staging had the
lowest accuracy at (0.563).When it comes to forecast-
ing postoperative pulmonary infection, mFI-11 showed
the greatest area under the curve at (0.767), with PNI
following at (0.571), and TNM staging coming in last
at (0.536).mFI-11 was the most accurate in predicting
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postoperative arrhythmia with an area under the curve
of (0.793), while TNM staging had a lower accuracy at
(0.608), and PNI had the lowest accuracy at (0.598).In
predicting postoperative electrolyte disturbance, mFI-11
had the highest area under the curve at (0.832), with PNI
following at (0.555), and TNM staging having the low-
est at (0.441).The mFI-11 demonstrated the greatest area
under the curve for ICU admission (0.700), with TNM
staging following closely behind (0.634), while PNI had
the lowest value (0.580).

Discussion
With the progression of the aging population and the
consequent corresponding increase in the number
of elderly patients of all types, frailty is becoming an
increasingly established risk factor for poor postoperative
prognosis [13]. mFI-11 is considered to be a reliable tool
for predicting adverse clinical outcomes and providing
risk stratification in healthcare. Radical esophageal can-
cer surgery is considered one of the best treatments for
patients [14]. However, radical surgery, as a more trau-
matic surgery, which is more complicated, prolonged,
and traumatizing, and can result in complications related
to pulmonary infection, chylothorax, and anastomotic
fistula [15, 16]. Therefore, preoperative risk assessment
is particularly important. In response to the interest in
accurate risk stratification, the surgical community has
largely moved away from assessments based on subjec-
tive clinical judgment (e.g., ASA classification) to more
objective analytical methods such as the mFI-11 [17]. In
addition, elderly patients with esophageal cancer in the
frailty group had a higher readmission rate within 30 days
of discharge and a higher mortality rate within 30 days
after surgery. For the first time, we compared the prog-
nostic value of mFI-11, TNM staging (TNM early stages
(I+1I) vs. advanced stages (III+1V)), and PNI on postop-
erative outcomes in elderly esophageal cancer patients.
After comparing the prognostic value of mFI-11, TNM
staging, and PNI for the three postoperative adverse out-
comes, we found that mFI-11 had the best prognostic
value. It also proves that frailty condition is an indepen-
dent risk factor for poor postoperative outcome, which
provides some reference for clinicians to intervene in
Perioperative frailty status, and this study helps to fill the
gap in our understanding of how frailty affects the post-
operative prognosis of elderly esophageal cancer patients.
In this study, TNM stage was an independent risk fac-
tor for postoperative complications in esophageal cancer.
However, cancer is a systemic disease and its prognosis
depends not only on the tumor itself, but also on the
underlying physical condition and functional reserve
[18]. PNI was used as a representative parameter of the
patients’ nutritional status in this study and has been
used as a surrogate for the nutritional status of various
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Fig. 2 Prognostic value of 11-index modified frailty index, tumor-node-metastasis stage, and prognostic nutritional index for postoperative adverse out-
comes. In comparison to the other two measures, the 11-index modified frailty index scale showed the best predictive value in terms of the area under
the curve. A-F: The receiver operating characteristic (ROC) curves of 11-index modified frailty index (mFI-11), tumor-node-metastasis (TNM) stage, and
prognostic nutritional index (PNI) in predicting anastomotic fistula (A), chylothorax (B), pulmonary infection (C), arrhythmia (D), electrolyte disturbance

(E), admission to ICU (F)

oncologic diseases [19]. Unlike other tumor patients
undergoing surgery, patients with esophageal cancer
often experience choking on food and reduced oral food
intake, and some even require parenteral nutritional sup-
port preoperatively, and the cancer disease is considered
to be consumptive [20]. Due to the lack of screening pro-
grams, many patients are diagnosed at an advanced stage.
Many patients seek medical advice only after unexpected
and significant weight loss, which may have resulted
in severely compromised nutritional supply, vitamins
and micronutrients [21]. In this study, PNI was an inde-
pendent risk factor for postoperative complications in
patients with esophageal cancer. Deteriorating nutri-
tional status may lead to a poor prognosis, and improving
the nutritional status of patients with low preoperative
PNI may improve the outcome of perioperative treat-
ment in patients with esophageal cancer; however, the
use of nutritional status indicators alone did not incorpo-
rate functional reserve.

Frailty is more common in the elderly group, espe-
cially in the higher age group, because of the weaken-
ing of the body and the decline in functional reserve
with age, and because most of them are associated with
chronic diseases and the risk of cardiovascular compli-
cations increases with age [22]. In our study, the median
age was 70 years in the non-frailty group and 72 years
in the frailty group, which is significantly elderly and
also suggests that frailty is more common in elderly
patients. However, it is worth noting that not all elderly
patients are frailty, a study has shown that patients over
90 years old can safely undergo curative esophagectomy
for esophageal cancer, and elderly patients with good
preoperative performance continue to achieve favorable
short-term and long-term outcomes postoperatively [23].
mFI-11 provides rapid identification in clinical prac-
tice, allowing for early recognition and improvement of
a patient’s physiologic reserve. This approach can lead to
the best outcomes for patients with underlying disease or
low functional reserve.
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Table 2 Multifactorial logistic regression analysis of poor
prognosis after radical surgery in elderly patients with
esophageal cancer

Variable mFl-11hignvs.  TNM1. 2vs  PNI
mFI-11low TNM3. 4
Anastomotic B 1.879 1.023 0.046
fistula OR 6.550 2783 1.047
Pvalue <0001 0.001 0.154
chylothorax B 2211 0.532 -0.109
OR 9.125 1.702 0.897
Pvalue <0001 0.156 0.001
Arrhythmia B 2.991 1.486 0053
OR 19911 4418 0.948
Pvalue <0001 <0.007 0.027
Pulmonary B 2.763 0471 -0031
infection OR 15.582 1601 0.970
Pvalue <0001 0.039 0.143
Electrolyte B 3.565 -1.015 0010
disturbance  OR 35330 0.362 0.990
Pvalue <0.001 <0.001 0.690
Admissionto B 1.870 0.502 -0053
ICU OR 6487 1652 0.949
Pvalue 0.021 0465 0413
Readmission B 0.716 0.704 -0023
30days after  OR 2,046 2,021 0.978
discharge Pvalue 0044 0.048 0497
T-mouth B 1159 -16.487 0079
mortality OR 3.187 0 0.924
Pvalue 0353 0.996 0519

P less than 0.05 is marked as bold

The results of the data were analyzed to show an
increased incidence of postoperative complications in
frail elderly esophageal cancer patients, the highest inci-
dence of complications is pulmonary infection, followed
by electrolyte disturbance, cardiovascular disease, and
anastomotic fistula. This study showed that the total inci-
dence of postoperative pulmonary infection in elderly
esophageal cancer patients was 46.9%, with 29.7% in the
frailty group, which was significantly higher than that in
the non-frailty group. Esophageal cancer surgery requires
cervical, thoracic, and abdominal incisions, which is
more complicated to operate, with a long operating time,
high surgical trauma, and the open thoracic cavity will
increase the pulmonary circulation resistance and aggra-
vate the cardiac load, and prolonged surgery is prone to
postoperative cardiovascular and cerebrovascular com-
plications [24]. In our study, we also found that the inci-
dence of postoperative cardiac arrhythmia was higher in
frailty patients, so we should do a good preoperative car-
diopulmonary function examination, active preoperative
intervention and strengthen postoperative monitoring
for elderly frailty patients, so that the patients can suc-
cessfully pass through the perioperative period.
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The mFI-11 score has been applied to the National
Surgical Quality Improvement (NSQIP data) repository,
which provides a more comprehensive and systematic
preoperative risk assessment. However, it lacks indicators
of physical function such as nutrition and metabolism
[2], and may be considered for joint assessment with the
PNIL

The mFI-11 score was calculated using 11 variables
assessed by CSHA and has been shown to be helpful in
predicting the prognosis of elderly patients. Optimiza-
tion and intervention of preoperative status benefits both
the patient and the physician while reducing the burden
on the healthcare system. It has been found that anasto-
motic leakage after gastroesophageal anastomosis leads
to a longer postoperative hospital stay of 22-28 days on
average compared to cases without anastomotic leakage
[25], which is a significant burden for patients and their
families. Therefore, incorporating the mFI-11 into clinical
decision-making can help to identify and stratify elderly
patients undergoing radical esophagectomy for cancer,
enhance understanding of the additional risks associated
with increased frailty, raise expectations for the recovery
process, and optimize patient prognosis.

Our study has several limitations. First, this study was a
single-center retrospective study, and the results may not
be fully representative of the overall situation of Chinese
patients due to the lack of large-scale epidemiological
surveys and studies in China for elderly patients under-
going radical esophageal cancer treatment. Therefore,
future studies with larger samples are necessary to further
validate these findings. Second, this study only analyzed
the data of esophageal cancer patients in our hospital in
2021, focusing on the data within 1 month after surgery,
which may have underestimated the complication rate.
Therefore, our next step should be to track the follow-
up data of esophageal cancer patients for 2 and 5 years
or even longer after surgery. Nonetheless, this study used
the mFI-11>0.27 score as a threshold for radical esopha-
geal cancer surgery in the elderly, demonstrating that the
mFI-11 can be used as an objective indicator for identify-
ing high-risk patients and can be used to predict adverse
outcomes in elderly patients with esophageal cancer,
which suggests that the mFI-11 is promising for use in
rapid preoperative clinical risk stratification, thereby bet-
ter guiding the allocation of healthcare resources.

Conclusion

In summary, the mFI-11 index based on case data studies
proved to be a reliable predictor of complications within
30 days after radical esophageal cancer surgery. Preop-
erative frailty assessment may more accurately identify
high-risk patients and provide useful prognostic informa-
tion for elderly patients undergoing radical esophageal
cancer surgery.
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Abbreviations

mFI-11 11-Factor Modified Frailty Index

BMI Body mass index

CSHA Canadian Study of Health and Aging
ASA American Society of Anesthesiologists
TNM Tumor-node-metastases

PNI Prognostic nutritional index

ICU Intensive care unit

ROC Receiver operating characteristic
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