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BACKGROUND: Adverse events during postoperative adjuvant chemotherapy may reflect prognosis in resectable advanced
colorectal cancer. This study assessed the association between these events and survival in advanced colorectal cancer patients.
METHODS: We analysed patient data from four Japanese randomised controlled trials on adjuvant chemotherapy for stage Il or Il
colorectal cancer. Adverse events were defined as the maximum grade within 6 months. The primary outcome was overall survival,
analysed using a multivariate-adjusted Cox proportional hazard model.

RESULTS: A total of 4,046 patients with advanced colorectal cancer undergoing adjuvant chemotherapy were included. Maximum
adverse event grades were: 739 (18%) grade 0, 960 (24%) grade 1, 1511 (37%) grade 2, 779 (19%) grade 3 and 57 (1.4%) grade 4.
Compared to grade 0, hazard ratios for overall survival were 0.77 (95% Cl, 0.61-0.98) for grade 1, 0.70 (95% Cl, 0.56-0.87) for grade
2, 0.69 (95% Cl, 0.53-0.91) for grade 3 and 1.12 (95% Cl, 0.62-2.04) for grade 4.

CONCLUSIONS: The severity of adverse events during adjuvant chemotherapy correlated with survival outcomes in advanced
colorectal cancer. Mild to moderate events were linked to improved prognosis, while absence suggested poorer outcomes,
indicating a need for alternative treatments.

British Journal of Cancer (2025) 133:1660-1667; https://doi.org/10.1038/s41416-025-03199-8

INTRODUCTION

Colorectal cancer (CRC) is one of the most common and deadly
malignancies worldwide [1]. Surgery followed by adjuvant
chemotherapy is a standard treatment for locally advanced CRC
[2, 3]. Despite advancements in adjuvant chemotherapy regimens
[4], approximately 20-30% of patients with advanced CRC develop
recurrence, which is often incurable [5, 6]. Accurate assessment of
recurrence risk during treatment is essential to guide treatment
decisions and optimise therapeutic strategies.

Emerging evidence suggests that chemotherapy-related
adverse events may serve as prognostic markers for CRC
treatment efficacy. While adverse events often lead to dose
reductions and treatment interruptions, which may negatively
impact prognosis, some studies have reported a paradoxical
association between adverse events and improved outcomes in

metastatic CRC. A meta-analysis showed that the occurrence of
skin rash during systemic chemotherapy with anti-epidermal
growth factor receptor drugs represents a better prognosis in
metastatic CRC [7]. Similarly, clinical studies have reported that
hand-foot syndrome during capecitabine-based chemotherapy
was associated with improved prognosis in metastatic CRC
treated with capecitabine-based systemic chemotherapy [8-10].
Despite these findings, the association between adverse
events and prognosis in patients with advanced CRC who
receive adjuvant chemotherapy remains unclear. Therefore, we
hypothesised that the severity of adverse events during
adjuvant chemotherapy for advanced CRC is associated with
prognosis.

To test this hypothesis, we leveraged resources from four
randomised controlled trials (RCTs) to assess the prognostic
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impact of adjuvant chemotherapy in patients with advanced CRC.
Our findings may help refine adjuvant chemotherapy selection by
incorporating adverse event severity into treatment decision-
making.

METHODS

Study design

We conducted a pooled analysis of individual patient data from four RCTs
[11-14] conducted by the Japanese Foundation for Multidisciplinary
Treatment of Cancer (JFMC). These studies evaluated the prognostic effect
of adjuvant chemotherapy in patients with resected pathological stage Il or
Il CRC, classified according to the Union for International Cancer Control
(UICC) version 6.

This study aimed to evaluate the prognostic impact of adverse events
occurring within 6 months after the initiation of adjuvant chemotherapy.
The following adjuvant chemotherapy regimens were used in each clinical
trial: uracil-tegafur plus leucovorin (UFT/LV) for six or 18 months in JFMC 33
[11], uracil and tegafur (UFT) or tegafur/gimeracil/oteracil/potassium (S-1)
for 12 months in JFMC 35 [12], capecitabine for 6 or 12 months in JFMC 37
[13], and modified FOLFOX6 (mFOLFOX6) for 6 months in JFMC 41 [14].
Eligible patients underwent curative resection with D2-3 lymph node
dissection (intermediate or extended main lymph node dissection) [15] for
accurate staging and therapy. We excluded patients with either (1) stage |
or IV, (2) D1 lymph node dissection (complete pericolic/perirectal lymph
node dissection) [15] or insufficient data on lymph node dissection, or (3)
missing data on adverse events.

Definition of adverse event

Each study prespecified that physicians must report the maximum grade of
any adverse events every 6 months after the start of adjuvant
chemotherapy, according to the National Cancer Institute Common
Terminology Criteria for Adverse Events (NCI-CTCAE) version 3.0 or 4.0.
All information on adverse events was extracted from the case report
forms for each trial.

The present study categorised adverse events into the following seven
major categories: haematological, gastrointestinal, metabolism and nutri-
tion, skin and subcutaneous tissue, hepatic, renal and other disorders. The
haematological adverse events included leukopenia, neutropenia, lym-
phopenia, febrile neutropenia, anaemia and thrombocytopenia. Gastro-
intestinal disorders comprised diarrhoea, mucositis, stomatitis, nausea and
vomiting. Metabolism and nutrition disorders were indicated by appetite
loss and fatigue. Skin and subcutaneous tissue disorders involved rash,
desquamation, hyperpigmentation, hand-foot syndrome and alopecia.
Hepatic disorders were characterised by elevated levels of aspartate
aminotransferase (AST), alanine aminotransferase (ALT), alkaline phospha-
tase (ALP), bilirubin, hypoproteinaemia and hypoalbuminaemia. Renal
disorders included increased creatinine and blood urea nitrogen (BUN)
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levels. Other adverse events included dysgeusia, peripheral sensory
neuropathy, arrhythmias, allergic reactions and pneumonitis.

We defined total adverse events as the maximum grade of the seven
categorised adverse events. We used the maximum grade of total adverse
events within 6 months after the initiation of adjuvant chemotherapy as
the primary analysis.

Outcome

The primary outcome was overall survival (OS), calculated as the number of
days from the registration date of the clinical trials until death, loss to
follow-up, or survival within the cutoff period of 5 years. Patients who had
not experienced any event of interest were censored at the last follow-up
date or at the end of the 5-year observational period. The secondary
outcome was relapse-free survival (RFS), which was defined as the period
between the registration date and recurrence or death.

Covariates

We classified the following data on patient covariates: age (<70 vs. =70
years), sex (male vs. female), body mass index (BMI) (18.5-25 vs. <18.5 vs.
>25 kg/m?), performance status (PS; Eastern Cooperative Oncology Group
[ECOGJ; 0 vs. 1 or 2), tumour location (colon vs. rectum [segment from the
height of the sacral promontory to the anal verge] (15)), tumour
differentiation (well to moderate vs. other), UICC pathological T-stage
(T1-T3 vs. T4) and pathological N-stage (NO vs. N1 vs. N2).

Statistical analyses

Patient characteristics were reported as descriptive statistics, with
continuous variables expressed as median and interquartile range (IQR),
and categorical variables were expressed as counts and percentages.
Binary and categorical variables were compared using the chi-square test.
Continuous variables were compared using the Kruskal-Wallis test.

Cumulative survival probabilities were estimated using the Kaplan-Meier
method and compared using the log-rank test. To evaluate the association
of the maximum grade of total adverse events with OS and RFS, we used
Cox proportional hazards models including the above covariates. The
remaining individuals, with missing or unclassified data, were assigned to
the majority category.

As a sensitivity analysis, we excluded patients who discontinued
treatment or died within 6 months to reduce bias from non-treatment-
related mortality and ensure that only those receiving adequate
chemotherapy exposure were analysed. Additionally, we analysed the
association between the maximum grade of each of the seven adverse
events and OS.

For subgroup analyses, we examined the association between the
maximum grade of total adverse events and OS, stratified by chemother-
apy regimen (single-agent [UFT/LV, S-1 or capecitabine] vs. double-agent
[MFOLFOX6]) and treatment duration (6 months vs. more than 6 months).

JFMC33 JFMC35 JFMC37 JFMC41
UFT/LV UFT or S-1 Capecitabine mFOLFOX6
for 6 months for 12 months for 6 or 12 months for 6 months
N=1063 N =945 N=1238 N =827
Total
N =4073 Excluded N=27
Stage 12 N=4
Stage IV# N=1
D1° N=15
Analysis population AE grade unknown N=8

N = 4046

Fig. 1 Flow diagram of the study population in the JFMC studies. °The stage was determined based on clinicopathological diagnosis and
the UICC TNM Cclassification, version 6. °D1, complete pericolic or perirectal lymph node dissection. AE adverse event, JFMC Japanese
Foundation for Multidisciplinary Treatment of Cancer, S-1 tegafur/gimeracil/oteracil/potassium, UFT/LV uracil and tegafur, UFT/LV uracil-

tegafur plus leucovorin.
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All significance tests were two-sided, and p values less than 0.05 were
considered statistically significant. Statistical analyses were performed
using the SAS version 9.4 software (SAS Institute Inc., Cary, NC, USA).

RESULTS

Study population

Among the four JFMC clinical trials, we documented data on 4046
patients with curatively resected stage Il or lll CRC, excluding five
patients with stage | or IV, 15 patients who had undergone D1
lymphadenectomy, and eight patients with missing adverse event
grade data (Fig. 1).

Adverse events during adjuvant chemotherapy

Among those included in the study, the number of patients who
experienced the maximum adverse events within 6 months after
the start of adjuvant chemotherapy was 739 (18%) with Grade 0,
960 (24%) with Grade 1, 1511 (37%) with Grade 2, 779 (19%) with
Grade 3 and 57 (1.4%) with Grade 4. The number of patients who
experienced maximum adverse events during the entire follow-up
period was 608 (15%) in Grade 0, 932 (23%) with Grade 1, 1643
(40%) with Grade 2, 853 (21%) with Grade 3 and 63 (1.5%) with
Grade 4 (Table 1).

Patients’ characteristics according to the maximum grade of
adverse events within the first 6 months

Table 2 shows the patients’ characteristics according to the
maximum grade of total adverse events within the first 6 months.
The Grade 0 group exhibited a trend toward younger age (median
age: 62 years in Grade 0, 64 years in Grade 1, 64 years in Grade 2,
64 years in Grade 3 and 68 years in Grade 4) and had a higher
proportion of males (67% in Grade 0, 61% in Grade 1, 51% in
Grade 2, 50% in Grade 3 and 51% in Grade 4). Additionally, the
BMI was higher in the Grade 0 group (median BMI: 22.0 kg/m? in
Grade 0, 21.8 kg/m? in Grade 1, 21.7 kg/m? in Grade 2, 21.5 kg/m?
in Grade 3 and 20.9 kg/m? in Grade 4), and the proportion of rectal
cancer cases was also elevated (54% in Grade 0, 42% in Grade 1,
37% in Grade 2, 27% in Grade 3 and 33% in Grade 4). Furthermore,
the Grade 0 group demonstrated a higher proportion of pNO cases
(22% in Grade 0, 15% in Grade 1, 13% in Grade 2, 13% in Grade 3
and 11% in Grade 4). Regarding the scheduled administration
period of adjuvant chemotherapy, the proportion of patients who
received treatment for more than 6 months was higher in the
Grade 0 group (70% in Grade 0, 57% in Grade 1, 49% in Grade 2,
35% in Grade 3 and 19% in Grade 4).

Treatment discontinuation, dose reduction, and dose suspen-
sion rates stratified by maximum adverse event grade are
summarised in Table 2. As expected, higher-grade adverse events
were associated with increased rates of treatment modifications.

Overall survival (0S) and relapse free survival (RFS)

The Grade 0 group was associated with poorer OS than the Grade
1-3 groups. Conversely, the Grade 4 group exhibited poor OS,
similar to the poor prognosis observed in the Grade 0 group.
Kaplan-Meier curves for OS, presented in Fig. 2, demonstrate a
significant difference among the groups (P =0.011). Compared to
Grade 0, the multivariable-adjusted hazard ratio (HR) of the
maximum grade of total adverse events within the first 6 months
for OS was 0.77 (95% confidence interval [Cl], 0.61-0.98, P = 0.035)
in Grade 1; 0.70 (95% Cl, 0.56-0.87, P =0.0017) in Grade 2; 0.69
(95% Cl, 0.53-0.91, P=0.0074) in Grade 3; and 1.12 (95% Cl,
0.62-2.04, P=0.71) in Grade 4 (Table 3).

We also examined the association between adverse event
severity and OS within each chemotherapy regimen (Supplemen-
tary Table 1). The trend of improved prognosis among patients
with Grade 1-3 adverse events, compared with those with Grade
0, was generally consistent across different regimens. However, in
the UFT/LV for 6 months subgroup, patients with Grade 2 or Grade

Table 1. Maximum grade of adverse events within the first 6 months
and the entire follow-up period.

Adverse events® First 6 months Entire follow up

Total adverse events

Grade 0 739 (18%) 608 (15%)
Grade 1 960 (24%) 932 (23%)
Grade 2 1511 (37%) 1643 (40%)
Grade 3 779 (19%) 853 (21%)
Grade 4 7 (1.4%) 3 (1.5%)
Haematological adverse events
Grade 0 2127 (53%) 1991 (49%)
Grade 1 962 (24%) 1050 (26%)
Grade 2 655 (16%) 732 (18%)
Grade 3 256 (6.3%) 277 (6.8%)
Grade 4 6 (1.1%) 9 (1.2%)

Gastrointestinal disorders

Grade 0 2574 (64%) 2477 (60%)
Grade 1 878 (22%) 973 (24%)
Grade 2 419 (10%) 469 (11%)
Grade 3 173 (4.3%) 177 (4.3%)
Grade 4 2 (0.0%) 3 (0.1%)
Metabolism and nutrition disorders
Grade 0 2869 (71%) 2808 (69%)
Grade 1 772 (19%) 843 (21%)
Grade 2 286 (7.1%) 322 (7.9%)
Grade 3 118 (2.9%) 125 (3.0%)
Grade 4 1 (0.0%) 1 (0.0%)

Skin and subcutaneous tissue disorders

Grade 0 2584 (64%) 2503 (61%)
Grade 1 733 (18%) 777 (19%)
Grade 2 495 (12%) 555 (14%)
Grade 3 234 (5.8%) 264 (6.4%)
Grade 4 0 (0%) 0 (0%)
Hepatic disorders

Grade 0 2450 (61%) 2279 (56%)
Grade 1 997 (25%) 1,101 (27%)
Grade 2 507 (13%) 610 (15%)
Grade 3 4 (2.1%) 8 (2.4%)
Grade 4 8 (0.2%) 0 (0.2%)

Renal disorders

Grade 0 3840 (95%) 3837 (94%)
Grade 1 187 (4.6%) 236 (5.8%)
Grade 2 8 (0.4%) 4 (0.6%)
Grade 3 0 (0%) 0 (0%)

Grade 4 1 (0.0%) 1 (0.0%)

Other disorders

Grade 0 1171 (63%) 1168 (62%)
Grade 1 351 (19%) 354 (19%)
Grade 2 283 (15%) 283 (15%)
Grade 3 8 (3.6%) 8 (3.6%)
Grade 4 0 (0%) 0 (0%)

®Haematological adverse events included leukopenia, neutropenia, lym-
phopenia, febrile neutropenia, anaemia and thrombocytopenia. Gastro-
intestinal disorders comprised diarrhoea, mucositis, stomatitis, nausea and
vomiting. Metabolism and nutrition disorders were indicated by appetite
loss and fatigue. Skin and subcutaneous tissue disorders involved rash,
desquamation, hyperpigmentation, hand-foot syndrome and alopecia.
Hepatic disorders were characterised by elevated levels of aspartate
aminotransferase (AST), alanine aminotransferase (ALT), alkaline phospha-
tase (ALP), bilirubin, hypoproteinaemia and hypoalbuminaemia. Renal
disorders included increased creatinine and blood urea nitrogen (BUN)
levels. Other adverse events included dysgeusia, peripheral sensory
neuropathy, arrhythmias, allergic reaction and pneumonitis. Total adverse
events were defined as the highest grade of the above categorised adverse
events.
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Table 2. Patients’ characteristics according to the maximum grade of total adverse events within the first 6 months.
Characteristics® Total Grade 0 Grade 1 Grade 2 Grade 3 Grade 4 P°
(n = 4046) (n=739) (n =960) (n=1511) (n=1779) (n=57)
Age, years 64 (58-70) 62 (57-69) 64 (57-70) 64(58-70) 64 (58-71) 68 (61-73) 0.0004
Sex, n (%) <0.0001
Male 2276 (56%) 492 (67%) 588 (61%) 776 (51%) 391 (50%) 29 (51%)
Female 1770 (44%) 247 (33%) 372 (39%) 735 (49%) 388 (50%) 28 (49%)
Height, m 160 162 161 159 (153-166) 159 160 <0.0001
(154-167) (155-168) (154-167) (153-166) (155-165)
Weight, kg 56 (49-63) 57 (50-65) 56 (50-63) 55 (49-63) 55 (48-62) 55 (49-60) <0.0001
BSA, m? 1.55 1.57 1.56 1.55 1.54 1.54 0.069
(1.44-1.67) (1.44-1.70) (1.44-1.67) (1.43-1.67) (1.43-1.66) (1.47-1.64)
BMI, kg/m2 21.7 220 21.8 21.7 21.5 20.9 0.011
(19.8-23.9) (19.8-24.5) (19.9-23.9) (19.8-23.8) (19.6-23.6) (19.6-22.5)
PS (ECOG), n (%) 0.31
0 2962 (95%) 417 (96%) 673 (95%) 1156 (96%) 669 (94%) 47 (90%)
1,2 148 (4.7%) 18 (4.1%) 32 (4.5%) 53 (4.4%) 40 (5.6%) 5 (9.6%)
Unknown 936 (23%) 304 (41%) 255 (27%) 302 (20%) 70 (9.0%) 5 (8.8%)
Tumour location, n (%) <0.0001
Colon 2450 (61%) 340 (46%) 556 (58%) 951 (63%) 565 (73%) 38 (67%)
Rectum 1,591 (39%) 399 (54%) 402 (42%) 557 (37%) 214 (27%) 19 (33%)
Colon and rectum 5 (0.1%) 0 (0%) 2 (0.2%) 3 (0.2%) 0 (0%) 0 (0%)
Histology, n (%) 0.41
Well to moderate 3757 (93%) 690 (93%) 885 (92%) 1409 (93%) 723 (93%) 50 (88%)
Other 285 (7.0%) 49 (6.6%) 75 (7.8%) 99 (6.6%) 55 (7.1%) 7 (12%)
Not classified 4 (0.1%) 0 (0%) 0 (0%) 3 (0.2%) 1 (0.1%) 0 (0%)
pT-stage©, n (%) 0.33
pT1-3 2876 (71%) 532 (72%) 669 (70%) 1089 (72%) 541 (69%) 45 (79%)
pT4 1170 (29%) 207 (28%) 291 (30%) 422 (28%) 238 (31%) 12 (21%)
pN-stageS, n (%) <0.0001
pNO 603 (15%) 161 (22%) 148 (15%) 190 (13%) 98 (13%) 6 (11%)
pN1 2499 (62%) 411 (56%) 615 (64%) 963 (64%) 485 (62%) 25 (44%)
pN2 944 (23%) 167 (23%) 197 (21%) 358 (24%) 196 (25%) 26 (46%)
Scheduled administration <0.0001
period of adjuvant
chemotherapy
6 months 1964 (49%) 222 (30%) 417 (43%) 770 (51%) 509 (65%) 46 (81%)
More than 6 months 2082 (51%) 517 (70%) 543 (57%) 741 (49%) 270 (35%) 11 (19%)
Discontinuation <0.0001
No 2891 (71%) 601 (81%) 774 (81%) 1056 (70%) 432 (55%) 28 (49%)
Yes 1152 (29%) 137 (19%) 186 (19%) 453 (30%) 347 (45%) 29 (51%)
Unknown 3 (0.1%) 1 (0.1%) 0 (0%) 2 (0.1%) 0 (0%) 0 (0%)
Dose reduction <0.0001
No 1997 (49%) 420 (57%) 617 (64%) 712 (47%) 229 (29%) 19 (33%)
Yes 1113 (28%) 15 (2.0%) 88 (9.2%) 497 (33%) 480 (62%) 33 (58%)
Unknown 936 (23%) 304 (41%) 255 (27%) 302 (20%) 70 (9.0%) 5 (8.8%)
Dose suspension <0.0001
No 1320 (33%) 343 (46%) 437 (46%) 376 (25%) 149 (19%) 15 (26%)
Yes 1790 (44%) 92 (12%) 268 (28%) 833 (55%) 560 (72%) 37 (65%)
Unknown 936 (23%) 304 (41%) 255 (27%) 302 (20%) 70 (9.0%) 5 (8.8%)

BMI body mass index, BSA body surface area, ECOG Eastern Cooperative Oncology Group IQR interquartile range, PS performance status, UICC Union for
International Cancer Control, Well to moderate well or moderately differentiated.

“Median (IQR) was presented for continuous variables, and percentage for binary and categorical variables.
PBinary and categorical variables were compared using the Chi-square test. Continuous variables were compared using the Kruskal-Wallis test.
“The pathological T-stage and N-stage are based on UICC version 6.
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Fig.2 Kaplan-Meier curve for overall survival by maximum grade
of total adverse events within 6 months. °P-value is based on the
log-rank test.

3 adverse events, and in the mFOLFOX6 for 6 months subgroup,
those with Grade 1, exhibited a trend toward poorer OS than
Grade 0, although these differences did not reach statistical
significance.

Similarly, the Grade 0 group had a poorer RFS than the Grade
1-3 groups. The Grade 4 group also showed poor RFS, comparable
to the unfavourable prognosis of the Grade 0 group. Kaplan-Meier
curves for RFS, presented in Fig. 3, also showed a significant
difference among the groups (P < 0.0001). Compared to Grade 0,
the multivariable-adjusted HR of the maximum grade of total
adverse events within the first 6 months for RFS was 0.73 (95% Cl,
0.62-0.87; P=0.0004) in Grade 1, 0.73 (95% Cl, 0.62-0.86;
P=0.0001) in Grade 2, 0.67 (95% Cl, 0.56-0.82; P<0.0001) in
Grade 3 and 1.04 (95% Cl, 0.66-1.64; P = 0.87) in Grade 4 (Table 4).

Sensitivity analysis

To evaluate whether early treatment discontinuation affected
survival outcomes, we reanalysed the data excluding patients who
either died or discontinued treatment within the first 6 months
(Supplementary Table 2). Similar to the main analysis, the Grade 0
group exhibited poorer OS than the Grade 1-3 groups (HR: 0.68
[95%Cl, 0.51-0.91, P=0.010] in Grade 1; HR: 0.72 [95%ClI,
0.55-0.95, P=0.019] in Grade 2; and HR: 0.66 [95%Cl, 0.45-0.96,

Table 3.
Univariable

Characteristics HR 95% CI
Adverse events

Grade 0 1 (Reference)

Grade 1 0.81 (0.64-1.03)

Grade 2 0.74 (0.59-0.92)

Grade 3 0.74 (0.57-0.96)

Grade 4 1.49 (0.83-2.69)
Age, years

<70 1 (Reference)

270 1.34 (1.13-1.59)
Sex

Male 1 (Reference)

Female 0.83 (0.70-0.97)
BMI, kg/m?

18.5—25 1 (Reference)

<185 0.96 (0.76-1.22)

25> 0.82 (0.65-1.04)
PS (ECOG)

0 1 (Reference)

1,2 0.78 (0.48-1.29)
Tumour location

Colon 1 (Reference)

Rectum 1.21 (1.03-1.42)
Histology

Well to moderate 1 (Reference)

Other 2.09 (1.63-2.68)
pT-stage®

T1-3 1 (Reference)

T4 1.94 (1.64-2.28)
pN-stage®

NO 1 (Reference)

N1 1.97 (1.42-2.74)

N2 3.97 (2.84-5.57)

Cox regression hazard model including the maximum grade of total adverse events within the first 6 months for overall survival.

Multivariable

P HR 95% CI P
1 (Reference)
0.089 0.77 (0.61-0.98) 0.035
0.0066 0.70 (0.56-0.87) 0.0017
0.021 0.69 (0.53-0.91) 0.0074
0.18 1.12 (0.62-2.04) 0.71
1 (Reference)
0.0008 143 (1.21-1.71) <0.0001
1 (Reference)
0.024 0.83 (0.70-0.99) 0.034
1 (Reference)
0.75 0.94 (0.74-1.20) 0.64
0.11 0.82 (0.65-1.04) 0.10
1 (Reference)
0.33 0.74 (0.45-1.22) 0.24
1 (Reference)
0.024 1.38 (1.16-1.63) 0.0002
1 (Reference)
<0.0001 1.79 (1.39-2.30) <0.0001
1 (Reference)
<0.0001 2.03 (1.72-2.40) <0.0001
1 (Reference)
<0.0001 2.65 (1.90-3.70) <0.0001
<0.0001 4.71 (3.35-6.62) <0.0001

BMI body mass index, Cl confidence interval, ECOG Eastern Cooperative Oncology Group, HR hazard ratio, UICC Union for International Cancer Control, Well to

moderate well or moderately differentiated.
“The pathological T-stage and N-stage are based on UICC version 6.
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Fig. 3 Kaplan-Meier curve for relapse-free survival by maximum
grade of total adverse events within 6 months. P-value is based
on the log-rank test.

P =0.031] in Grade 3). Conversely, the Grade 4 group had poor OS,
comparable to the poor prognosis observed in the Grade 0 group
(HR: 1.31 [95%(Cl, 0.47-3.60, P = 0.61]).

Furthermore, we conducted a sensitivity analysis to assess the
association between the maximum grade of each of the seven
adverse events and OS (Supplementary Table 3). Similar to the
findings for total adverse events, Grade 1-3 haematological
adverse events were significantly associated with improved OS
(HR: 0.80 [95% Cl, 0.66—0.98; P = 0.034] for Grade 1; HR: 0.67 [95%
Cl, 0.52-0.87; P=0.0021] for Grade 2; HR: 0.64 [95% Cl, 0.42-1.00;
P =0.048] for Grade 3). Additionally, Grade 1 skin and subcuta-
neous tissue disorders were significantly associated with improved
OS (HR: 0.64 [95% Cl, 0.51-0.82; P=0.0003]), whereas higher
grades did not exhibit a consistent trend.

Subgroup analysis

Regarding chemotherapy regimens, the Grade 0 group was
associated with poorer OS than the Grade 1-3 groups treated
with single-agent therapy (Supplementary Table 4). In contrast,
among those receiving double-agent therapy, Grade 1 showed a
trend toward poorer OS compared to Grade 0 (HR: 1.31 [95% Cl:
0.38-4.56]), though this difference was not statistically significant.
Regarding the scheduled administration period, the Grade 0
group was consistently associated with a poorer prognosis than
the Grade 1-3 groups, regardless of treatment duration (Supple-
mentary Table 4).

DISCUSSION
This study demonstrated that the severity of adverse events
during adjuvant chemotherapy is associated with survival out-
comes in patients with stage Il or Ill CRC. Mild to moderate adverse
events (Grade 1-3) were associated with improved OS and RFS,
suggesting their potential role as surrogate markers of effective
chemotherapy. In contrast, the absence of adverse events (Grade
0) was consistently linked to a poorer prognosis, highlighting the
need for alternative treatment strategies for these patients. These
findings suggest that monitoring and managing adverse events
can provide valuable insights into the treatment efficacy and
guide individualised therapeutic strategies in the adjuvant setting
for CRC.

This study is the first to demonstrate the association between
the severity of various adverse events and prognosis in patients
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with stage Il and lll CRC undergoing adjuvant chemotherapy. A
post hoc analysis in a clinical trial to evaluate the prognostic effect
of adjuvant chemotherapy in patients with advanced CRC
indicated that patients with hand-foot syndrome had a better
prognosis than those without adverse events [16]. Our study
expanded on this finding by investigating not only hand-foot
syndrome but also the severity of any other adverse events and
their association with prognosis. A previous study on systemic
chemotherapy for metastatic CRC reported that fewer adverse
events were associated with poorer prognosis [17]. This finding
may partially support the results of our study, highlighting the
complex interplay between treatment-related toxicity and patient
outcomes.

The underlying mechanism linking the absence of adverse
events (Grade 0) to poor prognosis may be rooted in the
pharmacodynamics and pharmacokinetics of chemotherapy.
Adverse events are often considered surrogate markers for
adequate drug exposure and therapeutic efficacy. For example,
studies have shown that the occurrence of specific toxicities, such
as peripheral neuropathy or hand-foot syndrome, is associated
with improved survival in patients receiving oxaliplatin or
capecitabine, respectively, suggesting that such toxicities may
indicate sufficient drug delivery and activity [10, 18]. In contrast,
patients who do not experience adverse events may metabolise
chemotherapeutic agents too rapidly or inefficiently, leading to
sub-therapeutic drug levels. Rapid metabolism can prevent drugs
from achieving the necessary blood concentrations to exert
cytotoxic effects on tumour cells [19]. This phenomenon could
explain why these patients lacked both adverse events and
sufficient therapeutic benefits, ultimately resulting in poorer
outcomes.

This study has several strengths. First, this is the first study to
investigate the association between various adverse events,
including haematological toxicity, hand-foot syndrome and
prognosis. Second, this study represents the largest analysis to
date, including 4,046 patients with locally advanced CRC treated
with adjuvant chemotherapy. Third, the data were accurately
collected with minimal missing values, as this study was a pooled
analysis of RCTs. The large sample size and comprehensive data
collection enhanced the reliability of the findings and provided
valuable insights into the prognostic significance of adverse
events in this context.

This study has some limitations. First, uynmeasured confounding
factors related to adverse events and prognoses may exist. For
instance, the current study lacked biomarker information, such as
MSI, RAS, and BRAF, which are important prognostic factors for
predicting the efficacy of adjuvant chemotherapy [20, 21]. Future
studies, including subgroup analyses of each of these biomarkers,
are needed. Second, the pooled analysis included patients treated
with various regimens, some of which are not currently
recommended as standard adjuvant chemotherapy (e.g. three or
6 months) [5], such as UFT/LV for 18 months in JFMC 33 [11], UFT/
LV or S-1 for 12 months in JFMC 35 [12] and capecitabine for
12 months in JFMC 37 [13, 22]. However, sensitivity analysis
showed similar results for subgroups with durations of 6 months
and more than 6 months, suggesting that the impact of this
limitation is minimal (Supplementary Table 4). When further
stratified by individual regimens, we observed that in certain
regimens, patients with mild to moderate adverse events showed
a trend toward poorer prognosis compared with those with no
adverse events (Supplementary Table 1). This discrepancy is likely
attributable to the small sample sizes in these subgroups,
indicating the need for further accumulation of cases to validate
these findings. Future large-scale clinical trials focusing on
currently recommended adjuvant chemotherapy regimens are
warranted to confirm these results. Third, the study population
consisted solely of Japanese patients, with 95% having a good
performance status (PS 0), raising questions regarding the
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Table 4.
Univariable

Characteristics HR 95% Cl
Adverse events

Grade 0 1 (Reference)

Grade 1 0.73 (0.62-0.87)

Grade 2 0.72 (0.62-0.85)

Grade 3 0.67 (0.56-0.81)

Grade 4 1.10 (0.70-1.74)
Age, years

<70 1 (Reference)

270 1.01 (0.89-1.15)
Sex

Male 1 (Reference)

Female 0.82 (0.73-0.93)
BMI, kg/m?

18.5-25 1 (Reference)

<18.5 0.99 (0.83-1.17)

25> 1.09 (0.93-1.27)
PS (ECOG)

0 1 (Reference)

1,2 0.82 (0.58-1.15)
Tumour location

Colon 1 (Reference)

Rectum 1.39 (1.23-1.56)
Histology

Well to moderate 1 (Reference)

Other 1.44 (1.17-1.76)
pT-stage®

T1-3 1 (Reference)

T4 1.71 (1.51-1.92)
pN-stage®

NO 1 (Reference)

N1 1.75 (1.41-2.17)

N2 3.23 (2.58-4.04)

Cox regression hazard model including the maximum grade of total adverse events within the first 6 months for relapse-free survival.

Multivariable

P HR 95% CI P
1 (Reference)
0.0004 0.73 (0.62-0.87) 0.0004
<0.0001 0.73 (0.62-0.86) 0.0001
<0.0001 0.67 (0.56-0.82) <0.0001
0.67 1.04 (0.66-1.64) 0.87
1 (Reference)
0.89 1.08 (0.95-1.23) 0.26
1 (Reference)
0.0012 0.85 (0.75-0.96) 0.0071
1 (Reference)
0.88 0.96 (0.81-1.15) 0.67
0.29 1.07 (0.91-1.25) 0.40
1 (Reference)
0.26 0.83 (0.59-1.17) 0.29
1 (Reference)
<0.0001 1.55 (1.37-1.74) <0.0001
1 (Reference)
0.0005 1.28 (1.04-1.57) 0.019
1 (Reference)
<0.0001 1.88 (1.67-2.13) <0.0001
1 (Reference)
<0.0001 2.37 (1.90-2.95) <0.0001
<0.0001 3.94 (3.14-4.94) <0.0001

Cl confidence interval, ECOG Eastern Cooperative Oncology Group, HR hazard ratio, UICC Union for International Cancer Control, Well to moderate well or

moderately differentiated.
“The pathological T-stage and N-stage are based on UICC version 6.

generalisability of the findings to other racial or ethnic groups.
Differences in adverse event profiles and prognoses among
populations necessitate further validation in diverse cohorts.

In conclusion, the prognosis of patients with advanced CRC is
associated with the severity of adverse events during adjuvant
chemotherapy. Patients who did not experience adverse events
had poorer survival outcomes, suggesting that they may have
received suboptimal chemotherapy exposure. These findings
highlight the potential role of adverse events as surrogate markers
of chemotherapy efficacy. Further research is needed to deter-
mine whether modifying chemotherapy intensity or introducing
alternative regimens could improve outcomes in patients who
experience few or no adverse events.

DATA AVAILABILITY
The data supporting the findings of this study are available from the corresponding
author upon reasonable request.
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