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Novel modified frailty index
predicts completion of adjuvant
chemotherapy in resectable
pancreatic cancer in a dual center
study
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Kei Tamura®?, Katsunori Sakamoto®?, Kohei Ogawa®?, Yuzo Umeda®?, Taku Aoki®? &
Yasutsugu Takada(®?

This study demonstrates that the modified frailty index-6 (mFI-6) is a useful tool for predicting the
completion of S-1 adjuvant chemotherapy (AC) and associated adverse events (AEs) in patients with
pancreatic cancer (PC). mFI-6 is an index that incorporates serum albumin levels into the existing mFl-
5, enabling the assessment of patients’ ability to complete S-1 therapy and their risk of developing
AEs. This study retrospectively analyzed PC patients from two university hospitals between August
2013 and July 2022. Patients from one hospital were assigned to the testing dataset, while those
from the other hospital were used as the validation dataset. Patients were classified as frail if they
met at least two of the six criteria, including a serum albumin level of <3.5 g/dL. In the testing cohort
(n=86 PC patients), frailty patients exhibited greater difficulty in completing S-1 therapy compared
to non-frail patients, with a significantly lower completion rate (p=0.003). Additionally, frail patients
demonstrated significantly shorter recurrence-free survival (RFS) and overall survival (OS) compared
to their non-frail counterparts. The findings were further validated in the validation dataset, where
frail patients exhibited a lower S-1 completion rate and significantly shorter RFS (p=0.023) and overall
survival (OS) (p=0.045). These results suggest that mFI-6 may be an effective tool for postoperative
frailty screening, allowing healthcare professionals to assess patients’ tolerance to S-1 therapy and
adjust treatment plans accordingly. Ultimately, the implementation of this index may contribute to
improving clinical outcomes for patients with PC.
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Background

Frailty is a multifaceted medical condition characterized by augmented vulnerability and decreased physiological
resilience. It is often associated with aging and the presence of chronic health conditions. Frailty encompasses an
array of physical, psychological, and functional dysfunctions. It renders individuals more susceptible to adverse
health outcomes, including disability, prolonged hospitalization, and increased morbidity and mortality.

Frailty has evolved into a comprehensive concept that includes sarcopenia and malnutrition!. Various
approaches have been developed to assess frailty. Originally, an index that consisted of >70 risk factors was
established by the American College of Surgeons National Surgical Quality Improvement Programs (ACS
NSQIP), which was pared down to 11 comorbidities to form a modified frailty index-11 (mFI-11)2. An
alternative and simpler version, known as mFI-5, includes the following five specific comorbidities: diabetes
mellitus (DM), congestive heart failure (CHF), chronic obstructive pulmonary disease (COPD) or recent
pneumonia, hypertension requiring medication (HT), and non-independent functional status’. Recent empirical
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findings revealed an association between the mFI-5 parameters and adverse outcomes as well as postoperative
complications (POCs)*.

Rationale and knowledge gap

Pancreatic cancer (PC) is one of the most aggressive cancers associated with a poor prognosis. Despite
advancements in surgical methods and perioperative regimens, the 5-year survival rate is only 9% in the United
States for cases that require only surgery°. Surgical resection remains the only curative option for PC; however,
the poor prognosis of PC is mainly based on a higher frequency of early postoperative recurrence, which is
observed in nearly 80% of patients within the first postoperative 12 months®. To improve outcomes, several
clinical trials of adjuvant chemotherapy (AC) have been conducted in patients with PC who underwent radical
surgery”’S.

The Japanese guidelines were elaborated based on these data, and orally administered S-1 for AC following
radical surgery was included®. This recommendation stems from the Japan Adjuvant Study Group of Pancreatic
Cancer (JASPAC)-01 trial, which demonstrated a longer 5-year survival rate for patients with S-1 compared with
those who underwent gemcitabine therapy after radical intervention!. Nevertheless, PC incidence is higher
among older adults. Therefore, the proportionate number of individuals opting for AC is notably limited!!.
Furthermore, even among those who present with early-stage PC, challenges still arise with a continuous intake
of S-1 due to POCs or AC-related adverse events (AEs)!2.

The completion rate for AC involving S-1 therapy is approximately 65%!*!4. Recent findings suggest that
nutritional status is an effective predictive marker for the completion of S-1 therapy'>!6. Furthermore, frailty has
a close connection with nutritional status!’. Thus, frailty and nutritional status have a high potential to predict
various patient outcomes. Despite frailty encompassing nutritional states, such as sarcopenia and malnutrition,
mFI-5 does not include markers of nutritional status. Therefore, we hypothesized that mFI-5 and lower serum
albumin levels may serve as a robust predictive index (mFI-6) to determine patients’ tolerance for S-1 therapy
before initiation of AC (Fig. 1).

Objective

This study aimed to evaluate the association between the completion of S-1 and a postoperative mFI-6 score in
a testing cohort (Ehime study). In addition, a separate university hospital cohort for validation (Dokkyo study)
was involved.
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Fig. 1. Correlation diagram between nutritional status, incorporating frailty, and patient outcomes. This

figure illustrates how frailty, particularly when incorporating nutritional components such as sarcopenia and
hypoalbuminemia, is associated with increased risk of postoperative complications (POCs), severe adverse
events (AEs), and poor survival outcomes in pancreatic cancer patients.
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Methods

Study population and data collection

This retrospective Ehime study included 153 consecutive patients who underwent curative surgery for PC at
Ehime University Hospital between August 2013 and July 2022. Of these, 67 patients who were not treated with
S-1 treatment or experienced early recurrence with a radiological appearance of new metastatic tumors before
or during AC treatment were excluded (Fig. 2). As a result, 86 patients were enrolled in the testing cohort.
Patient medical records were reviewed, including background information, perioperative laboratory and clinical
data, pathological findings, POCs, and survival. The mFI-5 and mFI-6 indices were calculated by assigning one
point for each of the following comorbidities present: DM, CHF, COPD or recent pneumonia, HT requiring
medication, functionally independent status, and serum albumin levels.

The score sum was then divided by five or six to yield each patient’s mFI-5 (range 0-5) and mFI-6 score (range
0-6), respectively. Patients were then divided according to mFI-6 scores into two groups: 0-1 (no-frailty group)
and>2 (frailty group). In the Dokkyo study for validation cohort, 230 consecutive patients who underwent
curative surgery for PC at Dokkyo Medical University Hospital during the same period were registered. Of these,
83 patients who did not undergo S-1 treatment or 36 patients who experienced early recurrence with metastatic
tumors before or during AC treatment were excluded (Fig. 3). As a result, 111 patients were included in the
validation cohort. POCs were graded according to the Clavien-Dindo classification, and grade >3 complications
were defined as major POCs!®.

The study protocol was reviewed and approved by the concerned institutional ethics committees, with a
waiver of written informed consent from the patients. The study was conducted following the ethical guidelines
of the 2013 Declaration of Helsinki. The protocol was described on Ehime University Hospital's website, and
participants were allowed to opt out of the study.

S-1 AC schemes and oncologic surveillance

AC was promptly initiated after hospital discharge and lasted for 6 months. In most patients, AC was initiated
within 3 months following curative surgery. The treatment protocol involved orally administered S-1, with doses
ranging from 80 to 120 mg based on the patients body surface area. The dose was administered twice daily for
28 days, which was followed by a 14-day rest period, or for 14 days, which was followed by a 7-day rest period.
The treatment cycles were repeated for 6 months until unacceptable levels of toxicity were observed. The relative
dose intensity (RDI) was determined by comparing the prescribed S-1 dose intensity to a standard or planned
dose intensity!®. Consistent oral intake with an RDI of>80% was considered a satisfactory completion of the
S-1 regimen®. Blood biochemistry and clinical symptoms, including changes in body weight, were analyzed
at the onset of AC and during subsequent appointments. Oncologic surveillance included contrast-enhanced
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Fig. 2. Flowchart of patient selection in the Ehime study (Testing cohort). Among 153 patients who
underwent curative surgery for pancreatic cancer between 2013 and 2022, 67 were excluded due to lack of S-1
treatment or early recurrence. A total of 86 patients were included for analysis.

Scientific Reports |

(2025) 15:17000 | https://doi.org/10.1038/s41598-025-02365-5 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Initial enrolled patients with curative

surgery for pa_ncreatlc cancer r deiwiiigietriuie !
(N=230) ! Reason: ;
N=83 . i - !
@ ................. t., | “Other regimens (N=30) !
S 1 “Postoperative complications (N=1)
B : *Early recurrence (N=5) :
Administration of S-1 | Retised aduinisteton (=S !
as adjuvant chemotherapy
(N=147)

N=36 -=mmoooe--- --o-----s
................. Yo Excluded criteria !
S + 1 Reason: i

L 1
! 1

Final enrolled patients with curative | = ====-===========--------

surgery for pancreatic cancer
(N=111)

d d

Frailty Non-frailty
(N=67) (N=44)

Fig. 3. Flowchart of patient selection in the Dokkyo study (Validation cohort). Out of 230 patients who
underwent curative surgery for pancreatic cancer, 119 were excluded due to non-S-1 treatment or early
recurrence. Ultimately, 111 patients were included in the validation cohort.

computed tomography scans every 3 months. AEs were graded using the Common Terminology Criteria for

Adverse Events version 5.0, with AEs of Grade >3 considered severe?!.

Definition of mFI-6

mFI-6 score was calculated using six variables. Of these, the original five variables were from the mFI-5 index
established by ACS NSQIP. These variables included CHF, COPD or recent pneumonia, HT, DM, and non-
independent functional status. In addition, serum albumin levels (<3.5 g/dL) before AC was added as an
additional metric. Therefore, the novel mFI-6 was scored on a scale from 0 to 6. Frailty was defined as an mFI-
6 > 2. Patients were assigned to two groups, namely S-1 complete and incomplete, or non-frailty and frailty
groups, after calculating mFI-6.

Statistical analysis

The Mann-Whitney U-test was used for continuous variables that exhibited a normal distribution. Conversely,
chi-square and Fisher’s exact tests were applied for the comparative analysis of categorical data between
patients with non-frailty and frailty, and S-1 complete and incomplete groups, respectively. A receiver operating
characteristic (ROC) curve analysis was done to determine the risk of S-1 incompletion. The optimal cutoff
values for CRP, CA19-9, age, and albumin level were determined based on the results of the ROC curve analysis,
with the Youden index used to calculate the cutoff values for all variables. Disease-free survival (DFS) and overall
Survival (OS) rates were assessed by the Kaplan-Meier method, and S-1 complete and incomplete groups or
non- and frailty were juxtaposed using the log-rank test; p <0.05 was considered statistically significant. Hazard
ratios (HRs) with 95% confidence intervals (Cls) were calculated using Cox proportional hazards regression
analysis to assess the prognostic impact of variables on DFS and OS. All statistical analyses were performed with
the Statistical Package for the Social Sciences (SPSS’) v.16.0 for Windows' (SPSS, Chicago, IL, USA) or GraphPad
Prism v.5.0 software (GraphPad Software Inc., La Jolla, CA, USA).

Results

Comparison of patient groups based on the completion of S-1 therapy (Ehime study)

Patients (N = 88) who were subjected to radical surgery for PC were enrolled in the Ehime study (Testing cohort).
A significantly higher number of patients with frailty, who were defined by the mFI-6 index, were observed
(p=0.003) in the S-1 incomplete group. However, no significant differences were observed based on gender, age,
surgical procedure, pathological stage, or severe POC rates between the groups divided based on S-1 completion
(Table 1).
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let Tet
Characteristics :;1 = 6K9) :n = 175 P value
Sex (male) 29 11 0.11
Age (year) 70 (47-84) 73 (56-85) 0.107
Body mass index (kg/m?) 22.5(14.0-28.9) | 21.6 (16.9-25.8) 0.288
NAC 19 5 >0.999
Surgical procedure 0.385
Distal pancreatectomy 27 4
Pancreatoduodenectomy 39 13

Total pancreatectomy 3 0

Major postoperative complications | 20 3 0.542
Pathological Stage 0.799
I 14 4

11 54 13

111 1 0

DM 29 7 >0.999
HT 31 12 0.102
CHF 5 7 0.002
COPD 0 2 0.037
Independent status 0 3 0.006
Data at the onset of AC

Alb (mg/dL) 3.8 (2.9-4.4) 3.2 (2.7-4.5) <0.001
CRP (mg/dL) 0.08 (0.01-2.15) | 0.62 (0.03-6.02) | <0.001
CEA (ng/mL) 1.8 (0.6-12) 2.6 (0.6-10) 0.234
CA19-9 (U/mL) 11 (2-1532) 25 (2-350) 0.004
mFI-5 16 (23.2%) 7 (41.2%) 0.219
mFI-6 24 (34.8%) 13 (76.5%) 0.003

Table 1. Comparison of perioperative factors between the S1 completion and incompletion groups in the
Ehime study. NAC neoadjuvant chemotherapy, POCs postoperative complications, DM diabetes mellitus,
HT hypertension, CHF congestive heart failure, COPD chronic obstructive pulmonary disease, AC adjuvant
chemotherapy, Alb Albumin, CRP C-reactive protein, CEA Carcinoembryonic antigen, CA19-9 carbohydrate
antigen19-9, mFI modified frailty index.

Comparison of areas under the curve through receiver operating characteristic analysis
(Ehime study)

ROC analysis revealed that the areas under the curve (AUC) for mFI-5, and mFI-6 were 0.71 and 0.78, respectively
(Fig. 4). Thus, mFI-6 might serve as a useful predictive marker for S-1 completion following surgery. Using the
Youden index, an mFI-6 value of two was considered the appropriate cutoff, with a sensitivity of 77.8% and a
specificity of 65.7%.

Association between S-1 completion and patient prognosis (Ehime study)

Similar to the results of JASPAC-1', the S-1 completion group in the Ehime cohort exhibited significantly higher
DFS rates (p=0.01, HR: 2.63, 95% confidence interval (CI): 1.23-5.62) and OS (p<0.001, HR: 6.08, 95% CI
2.79-13.28) compared with the S-1 incompletion group (Fig. 5).

Comparison of patient groups based on frailty score according to mFI-6 (Ehime study)

Overall, 49 patients with an mFI-6 score of <1 were classified into the non-frailty group, and 37 with an mFI-
6 score of>2 were categorized into the frailty group. Although no significant differences were observed in
perioperative factors based on the presence of frailty, significant differences were noted between the groups in
terms of S-1 completion rate (p=0.003) and grade 3 or higher AEs (p <0.001) (Table 2).

Multivariate logistic regression analysis
Multivariate logistic regression analysis showed that mFI-6>2(p=0.028) and CRP>0.25 (p=0.006) were
independent potential markers for S-1 incompletion, as outlined in Table 3.

Association between frailty and patient prognosis (Ehime study)

The assessment of frailty status in the Ehime study using mFI-6 revealed a significant association with prognosis
(Fig. 6). The non-frail group demonstrated a longer DFS and OS than the frail group. Clinically significant
improvement in median DFS and OS benefits were observed, HR: 2.28 and 2.12; [95% CI 1.12-4.42, and 1.00-
4.49]; p value=0.013, and 0.044). This indicates that frailty, as determined by mFI-6, has an important role in
determining patient outcomes, thus underscoring its potential value for prognostic evaluation.
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Fig. 4. Receiver operating characteristic (ROC) curves for mFI-5 and mFI-6 in predicting S-1 completion
(Ehime study). The area under the curve (AUC) was 0.69 for mFI-5 and 0.78 for mFI-6, suggesting that mFI-6
has superior predictive value. The optimal cutoff for mFI-6 was>2, based on the Youden index.
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Fig. 5. Kaplan-Meier survival curves comparing S-1 completion and incompletion in the Ehime study. The
left panel shows disease-free survival (DES), and the right panel shows overall survival (OS) for patients who
completed S-1 adjuvant chemotherapy (n=69, red) versus those who did not (n=17, black). Patients in the S-1
complete group had significantly better DFS (P=0.010, HR=2.63) and OS (P <0.001, HR=6.08) compared to
the S-1 incomplete group.

Comparison of patient groups based on the completion status of S-1 therapy (Dokkyo study)
In the Dokkyo study, 111 patients who were subjected to radical surgery for PC were included in the validation
cohort and divided into two groups based on completion of S-1 therapy (N =76). The S-1 incompletion group
(N=35) had a significantly higher frailty incidence, as defined by mFI-6 (p <0.001) (Table 4). Furthermore, the
non-frail group demonstrated a longer DFS and OS than the frail group. Clinically significant improvement in
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Frailty (+) | Frailty (-)

Variables (n=37) (n=49) P value
Sex (male) 22 18 0.049
Age 71 (56-85) | 71 (47-84) | 0.848
Surgical procedure 0.345
Distal pancreatectomy 15 16
Pancreatoduodenectomy | 22 30

Total pancreatectomy 0 3

POCs (CD over 3%) 12 11 0.333
Pathological stage 0.497
I 6 12

11 31 36

I 0 1
NAC 9 15 0.629
GS 1 3

GnP 7 12

G+RT 1 0

S-1 incomplete rate (%) 13 (35.1%) |4 (8.2%) 0.003
Severe AEs (%) 15 (40.5%) | 3 (6.1%) <0.001

Table 2. Comparison of factors between the non- and frailty groups in the Ehime study. POCs Postoperative
complications, CD Clavien-Dindo classification, NAC Neoadjuvant chemotherapy, AEs Adverse events, G
Gemcitabine, S S-1, nP nab-paclitaxel, RT Radiation therapy.

Univariate Multivariate

Factor HR [ 95%CI |pvalue | HR |95%CI | p value
CRP>0.25 |9.33 |2.43-35.8 | 0.001 7.84 | 1.80-34.2 | 0.006
CA19-9>18 | 3.53 | 1.17-10.6 | 0.025 2.12 | 0.55-8.14 | 0.272
mFI-6>2 6.09 | 1.79-20.8 | 0.004 5.16 | 1.19-22.3 | 0.028
Age>71 2.68 | 0.91-7.93 | 0.075 3.79 1 0.92-15.7 | 0.066
Sex, male 2.53 | 0.84-7.62 | 0.099 1.73 | 0.41-7.26 | 0.455

Table 3. Relationship between mFI-6 and S-1 AC incompletion. CRP C-Reactive Protein, CA Carbohydrate
Antigen, mFI modified Frailty Index.

median DFS and OS benefits was observed, HR: 2.67 and 3.14; [95% CI 1.67-4.28, and 1.88-5.24]; p value < 0.001,
and <0.001) (Fig. 7).

Comparison of patient groups based on the frailty score according to mFI-6 (Dokkyo study)
In total, 67 patients with an mFI-6 score of <1 were categorized into the non-frailty group and 44 patients with
an mFI-6 score of >2 were assigned to the frailty group. Although no statistically significant differences were
observed in perioperative parameters between the indicated groups, significant differences were evident in the
rates of S-1 incompletion and the occurrence of grade 3 or higher AEs between the two groups (Table 4).

The association between frailty and patient prognosis (Dokkyo study)

The analysis of frailty status in the Dokkyo cohort using the mFI-6 index revealed a significant association with
DEFS and OS. Patients classified as frail had significantly poorer DFS and OS compared to non-frail patients
(p=0.023, HR: 1.96, 95% CI 1.24-3.12 for DFS, p=0.045, HR: 1.97, 95% CI 1.18-3.26 for OS), as shown in
Fig. 8. However, it should be noted that this study was primarily designed to assess mFI-6 as a predictive factor
for S-1 completion, not as a prognostic factor. Therefore, these survival differences are considered secondary
observations.

Comparison of severe adverse events between Ehime and Dokkyo cohorts
Table 5 summarizes the details of severe AEs in both cohorts. AEs varied widely, and no notable differences in
specific AEs were observed between the two cohorts.

Discussion

Our Ehime study suggested that mFI-6, which incorporates serum albumin levels into the original mFI-5, serves
as a predictive factor for S-1 AC completion. Furthermore, similar results were validated in the Dokkyo study,
reinforcing the potential utility of mFI-6 in predicting S-1 completion.
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Fig. 6. Kaplan-Meier survival curves comparing frailty and non-frailty groups based on mFI-6 in the Ehime
cohort. The left panel displays disease-free survival (DFS), and the right panel shows overall survival (OS)

for patients classified as frail (mFI-6 =2, n=37, red) and non-frail (mFI-6<1, n=49, black). Frail patients
demonstrated significantly shorter DFS (P=0.013, HR=2.28) and OS (P =0.044, HR =2.12) compared to non-
frail patients.

Frailty (-) | Frailty (+)

Variables (n=67) (n=44) Pvalue
Sex (male) 31 27 0.127
Age 67 (43-84) | 69 (47-82) | 0.254
Surgical procedure 0.087
Distal pancreatectomy 26 9
Pancreatoduodenectomy | 39 32

Total pancreatectomy 2 3

POCs (CD over 3%) 15 (22.4%) | 14 (31.8%) 0.269
Pathological Stage 0.773
I 10 5

II 54 38

I 3 1

S-1 incomplete rate (%) 12 (17.9%) |23 (52.3%) | <0.001
Severe AEs (%) 0 (0.0%) 26 (59.1%) | <0.001

Table 4. Comparison of factors between the non-frailty and frailty groups in the Dokkyo study. POCs
postoperative complications, AEs Adverse events.

Frailty epitomizes the convergence of debility, senescence, and vulnerability within the realm of human
health. It delineates a condition marked by a gradual decline in physical and cognitive resilience, including
motor and cognitive faculties, due to aging. This degeneration often results in compromised daily functionality
and increased susceptibility to both physical and mental health challenges. Furthermore, frailty is a precursor
to a care-dependent state and is associated with higher risks of adverse health outcomes, including reduced
independence and mortality’.

Various diagnostic tools have been proposed to identify patients with frailty; however, none have been fully
adopted, partially because of assessment challenges and the intricacies of the evaluation process. Thus, there is
a need for a streamlined frailty assessment method that is clinically relevant and circumvents the complexities
inherent in extant approaches.
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Fig.7. Kaplan-Meier survival curves comparing S-1 completion and incompletion in the Dokkyo cohort
(Validation cohort). The left panel shows disease-free survival (DFS), and the right panel shows overall survival
(OS) for patients who completed S-1 adjuvant chemotherapy (n=69, red) versus those who did not (n=17,
black). The S-1 complete group exhibited significantly better DFS (P <0.001, HR=2.67) and OS (P <0.001,
HR=3.13) compared to the incomplete group.

The mFI-11 and mFI-5 indices established by the ACS NSQIP database show a correlation with morbidity
and mortality across various surgical disciplines, including vascular surgery>?2. In particular, mFI-5 offers
a simplified yet efficacious method for frailty assessment and is useful as a more clinically concise and user-
friendly index compared with mFI-11°. Subsequently, mFI-5 has emerged as a pivotal predictive factor for POCs
and patient prognoses as evidenced in recent studies?*. Notably, several studies underscore the role of frailty
in predicting AEs associated with chemotherapy®*?°. Moreover, a recent report indicates a close connection
between frailty and nutritional status because the former encompasses the latter within its purview!”. Evidence
linking frailty to outcomes including POCs and prognosis is present. When considering the relationship
between frailty and pancreatic tumors, frailty is a predictive factor for patient outcomes including POCs
and S-1 completion?>?’. However, reports have not yet confirmed an association between chemotherapeutic
toxicity and frailty in PC, warranting further data accumulation. Conversely, preoperative nutritional status,
which incorporates indices such as the Geriatric Nutritional Risk Index?®%, Prognostic Nutritional Index*’, and
C-reactive protein-to-albumin ratio®!, has attracted attention for establishing a link between the prognosis of
the patient with cancer and the incidence of POCs. Similarly, these nutritional indices also serve as prognostic
factors for chemotherapeutic AEs*2. As demonstrated above and in Fig. 1, frailty and nutritional status, including
sarcopenia, are closely intertwined with patient outcomes, such as POCs, chemotherapeutic AEs, and other
events outlined in the patient’s survival.

Our recent studies revealed a significant correlation between nutritional indicators, such as GNRI (geriatric
nutritional risk index) and C-reactive protein/albumin ratio, and the incidence of AEs associated with S-1
treatment. Our results indicate that individuals within malnourished cohorts experience more pronounced AEs
and exhibit poorer outcomes, as evidenced by considerably lower DFS and OS rates'>16. These findings reveal
the complex interaction between nutritional stats, treatment adherence, and overall prognosis in S-1 therapy.

The JASPAC-01 report from Japan emphasized the efficacy of S-1 chemotherapy in adjuvant regimens, which
established its use as a standard treatment'?. Generally, patients from Asia exhibit higher adherence to S-1 therapy
compared with their Caucasian counterparts®®. Consequently, ensuring an uninterrupted continuation of S-1
AC for six months is an important determinant of prognosis, as discontinuing S-1 therapy is associated with a
higher frequency of adverse outcomes. Numerous cases evaluating the completion of S-1 treatment have been
documented. Yamada et al. revealed that a low PNI score during the initial visit is a significant factor influencing
AC completion with S-13%. Furthermore, Matsumoto et al. examined the postoperative phase and found that
serum albumin levels were important indicators during this period for predicting the likelihood of failing to
complete AC with S-1°°. Taken together, these results underscore the key role of postsurgical malnutrition in
decreasing AC compliance, which is primarily revealed in the occurrence of severe AEs. This compromised

adherence, in turn, is associated with a poorer prognosis*.
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Dokkyo study (Validation study)

Frailty vs. Non-frailty
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Fig. 8. Kaplan—Meier survival curves comparing frailty and non-frailty groups based on mFI-6 in the Dokkyo
cohort (Validation cohort). The left panel shows disease-free survival (DFS), and the right panel shows overall
survival (OS) for patients classified as frail (mFI-6>2, n=67, red) and non-frail (mFI-6 <1, n=44, black).
Frail patients had significantly worse DFS (P =0.023, HR=1.96) and OS (P =0.045, HR =1.97) than non-frail
patients.
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Table 5. The cause of S1 non-completion: severe adverse events. There are cases where symptoms overlap.

Based on the intricate interplay between nutritional status, frailty, and patient outcomes, we hypothesize that
mFI-6 may serve as a valuable tool for predicting AEs that result from S-1 therapy. Moreover, we posited that
this extended version, which incorporates low albumin as an additional factor, might potentially enhance its
predictive value.

The present study supports this hypothesis by demonstrating the utility of mFI-6 as an effective predictor of
AEs associated with S-1 treatment. This highlights its potential clinical value and also suggests its applicability
in real-world settings as a convenient and noninvasive approach to evaluating and predicting AEs. Our findings
support the prospect of integrating the mFI-6 application into routine clinical practice for improved risk
stratification and patient care.
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To the best of our knowledge, this is the first study to examine the correlation between frailty and the
completion of S-1 therapy in patients with PC following curative surgery. A key novelty of this study is the use
of mFI-6, which incorporates albumin levels as an additional parameter compared to the conventional mFI-5.
By including albumin, our study enhances the ability to identify frail patients more accurately. Furthermore,
this is the first study to demonstrate that mFI-6 serves as a predictive factor for the completion of S-1 AC.
These findings highlight the clinical utility of mFI-6 in optimizing treatment strategies and improving patient
management in postoperative PC care. The results of this study demonstrate that frailty patients tend to have
lower completion rates for S-1 AC, with a completion rate of approximately 50-65%. Therefore, it is crucial to
provide careful follow-up for frailty patients, considering the risk of treatment interruption due to AEs associated
with AC. Moreover, frailty is widely recognized as an indicator of poor prognosis; however, recent studies have
suggested that frailty may also be a contributing factor to the incomplete adherence to AC¥. Furthermore,
frailty is associated with POCs, and interventions such as nutritional support and physical exercise have shown
promise in preventing these POCs®. These findings underscore the importance of a multifaceted approach
aimed at improving the frailty state postoperatively, and incorporating nutritional interventions is expected to
enhance the completion rate of AC.

Moving forward, we plan to evaluate the impact of postoperative interventions, including nutritional
therapy and exercise, on AC completion rates in frailty patients with PC through a prospective study. Such
studies are expected to contribute not only to the optimization of personalized treatment strategies but also to
the improvement of clinical outcomes in frailty patients with PC. Nonetheless, it is important to acknowledge
several limitations to our study: (i) The retrospective nature of the enrolled patient cohort, despite the inclusion
of the validation cohort, has the potential for institutional biases, and the generalizability of our findings may
be constrained. (ii) The relatively limited number of patients underscores a constraint in the robustness of
the study. (iii) Throughout the administration of AC, patients adhered to outpatient clinic visits at intervals
of 4-6 weeks. Consequently, the reporting of AEs might be subject to underestimation as some patients
may not have disclosed AEs unless they coincided with their scheduled appointments. (iv) The specifics of
S-1 administration and encompassing factors, such as the timing of initiation, dosage, dose reduction, and
discontinuation, were established at the discretion of the attending physician. Thus, the need for validation
is necessary through comprehensive, large-scale trials. Considering these limitations, a prudent approach to
interpretation is necessary, and future validation studies with more extensive and diverse cohorts are warranted
to confirm our findings.

Conclusions

mFI-6 may be a useful predictive marker for S-1 AC completion; however, further validation is required. If
established as a robust predictive tool, it would enable clinicians to identify patients at higher risk of failing to
complete S-1 therapy due to adverse events (AEs). Additionally, it could serve as a strategic tool for clinicians
to proactively recognize patients who are predisposed to not completing S-1 therapy, allowing for timely
interventions and personalized treatment strategies. Given the retrospective design and limited sample size,
further prospective validation studies are warranted.

Data availability

The data supporting this study’s findings are available from the corresponding author upon reasonable request.
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