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Background: T4 is one of the most important prognostic factors in localized colon cancer (CC), especially in stage II
(pT4N0). However, the optimal adjuvant treatment in this subset of patients remains unclear. We present a large,
multicenter, international, real-world analysis of pT4N0 CC patients.
Patients and methods: A real-world database regarding clinicopathological characteristics of patients with stage II
pT4N0 CC surgically removed between 2010 and 2021 was queried. Primary endpoints were overall survival (OS)
and relapse-free survival (RFS), and analyses were adjusted on age (with a cut-off of 75 years) to reduce selection bias.
Results: Our study included 492 patients; outcomes data were available for 390 patients. Median age was 73 years.
Microsatellite status was assessed in 294 (75%), including 74 (25%) mismatch repair deficient (dMMR)/microsatellite
instability (MSI). Adjuvant chemotherapy was prescribed in 204 patients (52%), mostly oxaliplatin-based (70%). After
a median follow-up of 46.8 months, 6 months of adjuvant chemotherapy was associated with a significant
improvement in OS [hazard ratio (HR) age-adjusted 0.22, P < 0.001] when compared with no adjuvant. The
benefit was seen also with 3 months of adjuvant chemotherapy, even if the benefit was lower (HR age-adjusted
0.60, P < 0.001). Similar results were observed in terms of RFS, with a statistically significant benefit both in the
6-month group (HR age-adjusted 0.47, P ¼ 0.001) and in the 3-month group (HR age-adjusted 0.71, P ¼ 0.001).
Considering the regimen and the duration of treatment, 6 months of oxaliplatin-based chemotherapy was
associated with a significant improvement in both OS and RFS (P < 0.001). In univariate analysis, MMR status was
not associated with OS nor RFS.
Conclusions: T4 was confirmed to be a poor prognostic factor. Adjuvant chemotherapy provided a large benefit, with a
significant reduction in risk of recurrence and death. The benefit was proportional to its duration, and oxaliplatin-based
chemotherapy may be better than monotherapy.
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INTRODUCTION

According to data from the World Health Organization’s
GLOBOCAN database, colorectal cancer (CRC) is the second
leading cause of cancer-related mortality globally.1 Stage at
diagnosis is the most important predictor of survival, with
5-year relative survival ranging from 91% for localized disease
to 73% for regional disease and 14% for metastatic disease.2

Approximately 70%-80% of patients have a radically
resectable disease at the time of the diagnosis and w35%
of them will relapse. Recurrence is more frequent in the
first 5 years following surgery, with 80% of cases within the
initial 3 years.3

Among stage II colon cancer (CC), pT4 is considered as
the major prognostic factor, as it is associated with an
increased risk of relapse and poorer oncological outcomes
both in deficient (dMMR) and proficient (pMMR) mismatch
repair tumors.4-7 In pMMR/microsatellite stable (MSS) CC
patients, 5-year disease-free survival (DFS) with surgery
alone is reduced from 65% in pT3N0 to 51% in pT4N0,8 and
5-year overall survival (OS) is estimated to be 93% in stage I,
84% in stage IIA (pT3N0), 76% in pT4aN0, and 59% in
pT4bN0 CC.9,10 It is noteworthy that patients with pT4N0 CC
experience worse outcomes than those with stage IIIA
(pT1-2N1), with a 5-year OS of 72% and 83%, respectively.11

Nevertheless, the role of adjuvant chemotherapy in this
setting is still unclear, since the absolute benefit in reduc-
tion of recurrence is w3%-4% with fluorouracil alone.12,13

Stage II CC is in fact a very heterogeneous subgroup, and
patients should be treated according to their risk group.
According to the European Society of Medical Oncology
(ESMO) guidelines, in the presence of a major risk factor
(pT4 or inadequate lymph node sampling) or more than one
minor risk factor (emergency clinical presentation, lympho-
vascular invasion (LVI), perineural invasion (PNI), and poorly
differentiated histology4-6,14), patients should be treated
with a doublet chemotherapy regimen [5-fluorouracil (5-FU)
or capecitabine plus oxaliplatindFOLFOX/XELOX] regardless
of the MMR status. On the other hand, in the presence of
only one minor risk factor in MSS tumors, a monotherapy
with fluoropyrimidine could be sufficient.15 Indeed, the
absolute benefit of the oxaliplatin is still debated, since it is
associated with a nonsignificant DFS benefit in high-risk
CC,16 but studies are not consistent17 and, moreover, the
definition of high risk varies among the studies.

In the absence of high-risk factors such as pT4, stage II
dMMR/microsatellite instability (MSI) CC is associated with
a more favorable prognosis than pMMR disease, with
5-year OS rates of 90% and 66%, respectively, resulting in
a limited benefit from adjuvant chemotherapy.18-23

Fluoropyrimidine monotherapy has not demonstrated a
survival benefit and may even have a detrimental effect in
this subgroup.19,24 For this reason, adjuvant chemotherapy
is indicated only with a double oxaliplatin-based regimen
and only in the presence of a major risk factor.

However, despite international guideline recommenda-
tions, the real benefit in survival of adjuvant chemotherapy
in stage II patients and particularly in pT4N0 is not yet
2 https://doi.org/10.1016/j.esmoop.2025.105496
certainly demonstrated; in addition, the interaction
between MMR status and high-risk features remains
unclear. pT4N0 patients are a particular subgroup with a
severe prognosis,18 and the prescription of adjuvant
chemotherapy should be based on a comprehensive eval-
uation of the disease, and also of the molecular profile, the
patient’s characteristics, and their attitude.

For this reason, our study aimed to investigate the
oncological outcomes of pT4N0 CC patients and to evaluate
the impact of adjuvant chemotherapy in this specific pop-
ulation, the optimal regimen and duration, and other
prognostic factors.

MATERIALS AND METHODS

Patients who underwent curative resection surgery be-
tween 2010 and 2021 for a pT4N0 CC, defined by the 8th
edition TNM classification, were included. Participants were
collected from nine Italian and one French oncological
center. Data were sourced from hospital databases and
medical records for retrospective analysis. Collected patient
information included age, sex, comorbidities, Eastern
Cooperative Oncology Group (ECOG) performance status,
primary tumor sidedness, type of surgery, histopathology,
T4 stage, grade, number of removed lymph nodes, LVI, PNI,
and molecular factors (dMMR/MSI, RAS, BRAF). Addition-
ally, data regarding adjuvant chemotherapy (type and
duration) and recurrence were recorded. The primary end-
points of the study were OS and recurrence-free survival
(RFS). Exclusion criteria included inadequate medical re-
cords, a follow-up period of �2 years, and the presence of
distant metastasis at diagnosis.

The study was approved by the institutional ethics
committee and complied with the Declaration of Helsinki
and good clinical practice guidelines.

Statistical analysis

Descriptive statistics were used to summarize clinicopath-
ological characteristics. The primary outcome measures
examined in this study were RFS and OS. RFS and OS were
defined as the time from the surgery on primary tumor to
the first evidence of disease progression or death, which-
ever occurred first, and as the time from surgery on primary
tumor to death due to any cause, respectively. Survival
curves were estimated by the KaplaneMeier method and
compared with the log-rank test. Hazard ratios (HRs) with
95% confidence interval (CI) were estimated with a Cox
proportional hazards model. Chi-square test or Kruskale
Wallis test were used whenever appropriate to compare
clinical and molecular baseline characteristics between pa-
tients treated with adjuvant treatment for 3 or 6 months or
with follow-up. The impact of treatment arm, age, gender,
type of resection, depth of invasion, number of lymph
nodes, lymphatic vessel invasion, vascular invasion, PNI,
obstruction/perforation, MSI, and primary site on RFS and
OS was firstly assessed in univariate analyses. Significantly
prognostic covariates (P � 0.10) were included in a multi-
variable Cox proportional hazards model. To address the
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potential confounding effect of patient age across treat-
ment groups, age-adjusted analyses were also carried out
for RFS and OS, using a cut-off of 75 years old. Moreover,
we assessed 3-year RFS, defined as the proportion of
patients free from disease recurrence 3 years after treat-
ment. Similarly, 3-year OS was evaluated as the proportion
of patients alive 3 years after initial surgery. Follow-up
duration was estimated using the reverse KaplaneMeier
method. The data cut-off for the present analysis was
31 August 2024. All analyses were carried out in SAS,
version 9.4 (SAS Institute, Inc., Cary, NC).
RESULTS

Baseline patients and tumor characteristics

Our retrospective study included 492 patients, of whom
102 were excluded due to missing outcome data,
resulting in a final cohort of 390 patients for analysis.
Baseline clinical characteristics, summarized in Table 1,
were generally well balanced across treatment groups, with
age being the only significant difference. The median age of
the cohort was 73 years; however, patients in the no-
adjuvant group had a median age of 80 years, notably
older than the median age of 68 years in the adjuvant
chemotherapy group.

Primary tumor location varied, with the right-sided colon
being the most common site (45%), followed by the left-
sided colon (40%), rectum (7%), and transverse colon
(6%). A small subset of patients (2%) presented with syn-
chronous tumors in different segments of the colon.

Pathological staging data indicated that 226 patients
(58%) had pT4a stage tumors, while 115 patients (29%) had
pT4b stage tumors. This information was unavailable for 49
patients (13%).

Surgical performance was optimal, with 97% of patients
achieving an R0 resection status.

MMR status was available in 294 patients (75%), with
74 patients (25%) identified as having dMMR/MSI CC and
220 patients (75%) pMMR/MSS. Among the dMMR/MSI
group, 12 patients (16%) were diagnosed with Lynch
syndrome.

Additional histopathological risk factors were also noted.
G3 differentiation was present in 117 patients (34%), and
44 patients (11%) had <12 lymph nodes harvested.
LVI-positive was observed in 192 patients (49%),
PNI-positive in 97 patients (25%), and obstruction or
perforation in 94 patients (24%). In terms of adjuvant
treatment, nearly half of the patients (n ¼ 186, 48%) did
not receive adjuvant chemotherapy, while 204 patients
(52%) underwent adjuvant chemotherapy. Among those
treated with adjuvant chemotherapy, 58 patients (28%)
received a 3-month regimen, whereas 146 patients (72%)
completed a 6-month regimen. Notably, age appeared to
strongly influence treatment decisions. Of the 170 patients
classified as elderly (aged >75 years), 132 (78%) did not
receive adjuvant chemotherapy.
Volume 10 - Issue 8 - 2025
Among the 204 patients treated with adjuvant chemo-
therapy, the majority (n ¼ 142, 70%) received doublet
chemotherapy regimens (FOLFOX or XELOX), while the
remaining 62 patients (30%) received monotherapy (cape-
citabine or 5-FU). Within the 3 months’ adjuvant chemo-
therapy subgroup, 39 patients (67%) received doublet
therapy and 19 patients (33%) received monotherapy. In
the 6 months’ adjuvant chemotherapy group, 103 patients
(72%) received doublet therapy, and 43 patients (28%)
received monotherapy.
Clinical outcomes

A significant difference in OS was shown among the
three treatment groups. After a median follow-up of
46.8 months (range 41.4-52.3 months), patients who
received 6 months of adjuvant chemotherapy had signifi-
cantly longer survival than both 3-month and no-adjuvant
chemotherapy subgroups (Figure 1A). When compared
with no-adjuvant treatment, 6 months of adjuvant chemo-
therapy was associated with a significant improvement
in OS, with an HR of 0.14 (95% CI 0.08-0.25, P < 0.001).
The benefit was also significant in the 3-month group,
even if lower, with an HR of 0.37 (95% CI 0.21-0.68,
P < 0.001). The 3-year OS rates were 97.7% for the 6-month
subgroup, compared with 84.6% for the 3-month subgroup
and 61.5% for those who did not receive any adjuvant
treatment.

Furthermore, a direct comparison between the two
adjuvant chemotherapy durations showed a significant OS
benefit for the 6-month subgroup over the 3-month sub-
group (HR 0.36, 95% CI 0.17-0.77, P ¼ 0.006).

The age-adjusted analysis confirmed the OS benefit of 6
months of adjuvant treatment (HR 0.22, 95% CI 0.12-0.41, P
< 0.001) and of the 3-month regimen (HR 0.60, 95% CI
0.32-1.14).

Similar results were observed in the RFS analysis
(Figure 1B). Patients who received 6 months of adjuvant
chemotherapy showed a statistically significant RFS benefit
compared with the no-adjuvant group, with an HR of
0.38 (95% CI 0.26-0.55, P < 0.001), while patients who
received 3 months of adjuvant chemotherapy had an HR of
0.58 (95% CI 0.36-0.93, P < 0.001).

The 3-year RFS rates were 77.7% for the 6-month sub-
group, 70.7% for the 3-month subgroup, and 53.5% for
those who did not receive adjuvant chemotherapy.

Again, in the age-adjusted analysis, a statistically signifi-
cant benefit was maintained both in the 6-month group (HR
0.47, 95% CI 0.31-0.71) and in the 3-month group (HR 0.71,
95% CI 0.43-1.19).

The use of an oxaliplatin-based doublet chemotherapy
was associated with a significant benefit both in OS and
RFS when compared with monotherapy, with HRs of 0.21
(95% CI 0.10-0.46, P < 0.001) and 0.48 (95% CI 0.29-0.80,
P ¼ 0.004), respectively, regardless of treatment duration
(Figure 2A and B).
https://doi.org/10.1016/j.esmoop.2025.105496 3
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Table 1. Patient characteristics

Characteristic 3 months ACT (n [ 58) 6 months ACT (n [ 146) No adjuvant (n [ 186) Total (N [ 390) P value

Age, years, median (IQR) 68 (53-74) 68 (59-74) 80 (74-85) 73 (64-81) <0.0001a

Age group, n (%) <0.0001b

�75 years 47 (81.0) 119 (81.5) 54 (29.0) 220 (56.4)
>75 years 11 (19.0) 27 (18.5) 132 (71.0) 170 (43.6)

Gender, n (%) 0.4766b

Female 30 (51.7) 64 (43.8) 92 (49.5) 186 (47.7)
Male 28 (48.3) 82 (56.2) 94 (50.5) 204 (52.3)

Primary site, n (%) 0.9973b

Right colon 24 (41.4) 65 (44.5) 88 (47.3) 177 (45.4)
Left colon 24 (41.4) 60 (41.1) 71 (38.2) 155 (39.7)
Rectum 5 (8.6) 9 (6.2) 12 (6.5) 26 (6.7)
Transverse colon 4 (6.9) 9 (6.2) 12 (6.5) 25 (6.4)
Multiple sites 1 (1.7) 3 (2.1) 3 (1.6) 7 (1.8)

Depth of invasion (pT4), n (%) 0.5194b

a 29 (60.4) 76 (65.0) 121 (68.8) 226 (66.3)
b 19 (39.6) 41 (35.0) 55 (31.3) 115 (33.7)
Missing 10 29 10 49

Type of resection, n (%) 0.5574b

R0 56 (96.6) 143 (97.9) 178 (96.7) 377 (97.2)
R1 2 (3.4) 2 (1.4) 6 (3.3) 10 (2.6)
R2 0 (0.0) 1 (0.7) 0 (0.0) 1 (0.3)
Missing 0 0 2 2

Type of treatment, n (%) 0.6432b

Doublets 39 (67.2) 103 (70.5) 0 (0) 142 (69.6)
Monotherapy 19 (32.8) 43 (29.5%) 0 (0%) 62 (30.4)
Missing 0 0 186 186

Type of treatment, n (%) 0.6757b

XELOX 25 (43.1) 61 (41.8) 0 (0) 86 (42.2)
FOLFOX 14 (24.1) 42 (28.8) 0 (0) 56 (27.5)
Capecitabine 18 (31.0) 37 (25.3) 0 (0) 55 (27.0)
5-FU 1 (1.7) 6 (4.1) 0 (0) 7 (3.4)
Missing 0 0 186 186

Nodes harvested (n), median (IQR) 20 (15-28) 20 (14-28) 20 (14-28) 20 (14-28) 0.7493a

Grade, n (%) 0.3780b

Grade 1 9 (16.4) 12 (9.2) 22 (13.7) 43 (12.4)
Grade 2 28 (50.9) 70 (53.4) 86 (53.4) 184 (53.0)
Grade 3 18 (32.7) 49 (37.4) 50 (31.1) 117 (33.7)
Grade 4 0 (0.0) 0 (0.0) 3 (1.9) 3 (0.9)
Missing 3 15 25 43

Lymphatic vessel invasion, n (%) 0.3081b

No 42 (84.0) 99 (78.6) 145 (85.3) 286 (82.7)
Yes 8 (16.0) 27 (21.4) 25 (14.7) 60 (17.3)
Missing 8 20 16 44

Vascular invasion, n (%) 0.7009b

No 31 (58.5) 87 (64.4) 113 (64.6) 231 (63.6)
Yes 22 (41.5) 48 (35.6) 62 (35.4) 132 (36.4)
Missing 5 11 11 27

Perineural invasion, n (%) 0.3834b

No 40 (76.9) 92 (68.7) 127 (74.7) 259 (72.8)
Yes 12 (23.1) 42 (31.3) 43 (25.3) 97 (27.2)
Missing 6 12 16 34

Obstruction/perforation, n (%) 0.4104b

No 43 (79.6) 103 (75.7) 124 (71.3) 270 (74.2)
Yes 11 (20.4) 33 (24.3) 50 (28.7) 94 (25.8)
Missing 4 10 12 26

Other risk factors, n (%) 0.8534b

No 18 (36.0) 50 (37.9) 58 (34.7) 126 (36.1)
Yes 32 (64.0) 82 (62.1) 109 (65.3) 223 (63.9)
Missing 8 14 19 41

Microsatellite instability, n (%) 0.2528b

MSI 12 (27.3) 22 (19.8) 40 (28.8) 74 (25.2)
MSS 32 (72.7) 89 (80.2) 99 (71.2) 220 (74.8)
Missing 14 35 47 96

Lynch syndrome, n (%) 0.2787b

No 25 (92.6) 58 (95.1) 46 (86.8) 129 (91.5)
Yes 2 (7.4) 3 (4.9) 7 (13.2) 12 (8.5)
Missing 31 85 133 249

5-FU, 5-fluorouracil; ACT, adjuvant chemotherapy; IQR, interquartile range; MSI, microsatellite instability; MSS, microsatellite stability.
aKruskaleWallis P value.
bChi-square P value.
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Figure 1. (A) Overall survival and age-adjusted overall survival. (B) Relapse-free survival and age-adjusted relapse-free survival.
CI, confidence interval; HR, hazard ratio; NE, not evaluable.
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The age-adjusted analysis confirmed the benefit to OS of
doublet therapy over monotherapy (HR 0.24, P ¼ 0.004),
and a trend of better RFS was seen (HR 0.62, 95% CI
0.34-1.11, P ¼ 0.1).
A

B

No.

No.

Figure 2. (A) Overall survival according to chemotherapy regimen (doublet versus
(doublet versus monotherapy). (C) Overall survival according to treatment and treat
duration.
CI, confidence interval; HR, hazard ratio; NE, not evaluable.
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Regarding the different treatment strategies and dura-
tions, the greatest benefit in terms of OS was observed with
doublet chemotherapy for 6 months, followed by doublet
for 3 months, monotherapy for 6 months, and, lastly,
No. at risk (No. cumulative censors)
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monotherapy). (B) Relapse-free survival according to chemotherapy regimen
ment duration. (D) Relapse-free survival according to treatment and treatment
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monotherapy for 3 months, with HRs of 0.05, 0.25, 0.38,
and 0.67, respectively (Figure 2C). A similar trend was
observed for RFS (Figure 2D).

Regarding dMMR/MSI status, there was no statistically
significant difference, either in OS (HR 1.03, 95%
CI 0.60-1.74, P ¼ 0.93) or in RFS (HR 0.76, 95% CI 0.48-1.19,
P ¼ 0.23), between MSS and MSI patients, regardless of
treatment (Supplementary Figure S1A and S1B, available at
https://doi.org/10.1016/j.esmoop.2025.105496).

For OS (Table 2), univariate analysis identified a
significant survival benefit with adjuvant treatment, with
3-month and 6-month regimens reducing mortality risk
(HR 0.38 and 0.14, respectively, P < 0.001). Older age
(>75 years, HR 4.53, P < 0.001), vascular invasion
(HR 1.62, P ¼ 0.019), and obstruction/perforation
(HR 1.56, P ¼ 0.031) were associated with worse survival.
Table 2. Univariate and multivariate analyses of overall survival

Characteristics N Months Univar

390 HR (95

Treatment arm
No adjuvant 186 54.9 1
3 months 58 NE 0.38 (0
6 months 146 NE 0.14 (0

Age
�75 years 220 NE 1
>75 years 170 58.3 4.53 (2

Gender
Female 186 85.5 1
Male 204 94.3 1.03 (0

Type of resection
R0 377 94.3 1
R1/R2 11 NE 1.58 (0
Missing 2

Depth of invasion
A 226 85.5 1
B 115 81.4 1.08 (0
Missing 49

N nodes
<12 nodes 44 71.9 1
�12 nodes 346 NE 0.96 (0

Lymphatic vessel invasion
No 286 94.3 1
Yes 60 71.9 0.91 (0
Missing 44

Vascular invasion
No 231 94.3 1
Yes 132 80.1 1.62 (1
Missing 27

Perineural invasion
No 259 94.3 1
Yes 97 80.1 1.24 (0
Missing 34

Obstruction/Perforation
No 270 NE 1
Yes 94 71.1 1.56 (1
Missing 26

Microsatellite instability
No 220 74 1
Yes 74 NE 1.03 (0
Missing 96

Primary site
Right colon 202 80.9 1
Left colon 181 NE 0.95 (0

Bold values represent statistically significant results.
CI, confidence interval; HR, hazard ratio; NE, not evaluable.
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There was no significant impact from MMR status
(HR 1.03, P ¼ 0.93).

In multivariate analysis, adjuvant treatment remained
significant, with HRs of 0.56 (P ¼ 0.002) for 3 months
and 0.45 (P ¼ 0.002) for 6 months. Vascular invasion
remained an independent negative prognostic factor
(HR 1.99, P < 0.001), while age and obstruction/perforation
lost significance.

For RFS (Table 3), univariate analysis showed a significant
reduction in relapse risk with adjuvant treatment (HR 0.57
for 3 months, HR 0.38 for 6 months, P < 0.001).
Negative prognostic factors included age >75 years
(HR 2.09, P < 0.001), vascular invasion (HR 2.01, P < 0.001),
LVI (HR 1.59, P ¼ 0.020), and PNI (HR 1.44, P ¼ 0.043).
MMR status did not have a significant impact (HR 0.76,
P ¼ 0.23) on RFS.
iate analysis Multivariate analysis

% CI) P HR (95% CI) P

<0.001 1 0.002
.21-0.68) 0.56 (0.31-1.00)
.08-0.25) 0.45 (0.29-0.72)

<0.001 1 0.12
.97-6.91) 1.39 (0.92-2.10)

0.88
.71-1.50)

0.37
.58-4.29)

0.70
.72-1.63)

0.88
.55-1.68)

0.74
.52-1.59)

0.019 1 <0.001
.08-2.42) 1.99 (1.41-2.79)

0.34
.79-1.94)

0.031 1 0.29
.04-2.35) 1.22 (0.85-1.77)

0.93
.60-1.74)

0.78
.65-1.39)
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Table 3. Univariate and multivariate analyses of relapse-free survival

Characteristics N ¼ Months Univariate analysis Multivariate analysis

390 HR (95% CI) P HR (95% CI) P

Treatment arm
No adjuvant 186 44.7 1 <0.001 1 0.009
3 months 58 94.3 0.57 (0.36-0.92) 0.64 (0.36-1.15)
6 months 146 NE 0.38 (0.26-0.55) 0.79 (0.43-1.42)

Age
�75 years 220 NE 1 <0.001 1 0.039
>75 years 170 48.7 2.09 (1.52-2.88) 1.52 (1.02-2.28)

Gender
Female 186 80.1 1 0.29
Male 204 62.1 1.19 (0.86-1.63)

Type of resection
R0 377 68.7 1 0.46
R1/R2 11 34.4 1.40 (0.57-3.41)
Missing 2

Depth of invasion
a 226 66.0 1 0.93
b 115 71.1 1.02 (0.72-1.44)
Missing 49

Number of nodes
<12 nodes 44 42.7 1 0.18
�12 nodes 346 71.1 0.74 (0.47-1.15)

Lymphatic vessel invasion
No 286 81.4 1 0.020 1 0.25
Yes 60 52.7 1.59 (1.07-2.35) 1.28 (0.84-1.95)
Missing 44

Vascular invasion
No 231 79.8 1 <0.001 1 <0.001
Yes 132 37.3 2.01 (1.44-2.79) 2.07 (1.39-3.08)
Missing 27

Perineural invasion
No 259 68.7 1 0.043 1 0.90
Yes 97 44.7 1.44 (1.01-2.06) 1.03 (0.67-1.57)
Missing 34

Obstruction/perforation
No 270 68.7 1 0.15
Yes 94 53.3 1.30 (0.91-1.85)
Missing 26

Microsatellite instability
No 220 49.2 1 0.23
Yes 74 NE 0.76 (0.49-1.19)
Missing 96

Primary site
Right colon 202 67.9 1 0.93
Left colon 181 66.0 0.99 (0.72-1.36)

Bold values represent statistically significant results.

V. Daprà et al. ESMO Open
In multivariate analysis, 3-months’ treatment lost
significance, while 6-months’ treatment remained protective
(HR 0.79, P ¼ 0.009). Age >75 years (HR 1.52, P ¼ 0.039)
and vascular invasion (HR 2.07, P < 0.001) remained
independent negative prognostic factors, whereas LVI and
PNI lost significance.

DISCUSSION

The treatment of stage II CC has represented a clinical
dilemma for decades, due to its variable prognosis and the
unclear benefit of adjuvant chemotherapy.7 Despite the
well-known negative prognostic impact of pT4, specific data
on this subpopulation are missing. Our study is the largest
real-world analysis collecting clinical, pathological, and
survival data of 390 pT4N0 patients that shows the benefit
of the use of adjuvant chemotherapy, especially if pro-
longed (6 months) and with the addition of oxaliplatin.
Volume 10 - Issue 8 - 2025
As often happens in real-world retrospective studies, age
was not balanced between the two subgroups, with older
patients in the nonadjuvant chemotherapy group. However,
approximately one out of four patients >75 years old
received adjuvant chemotherapy, despite the absence of
proven benefit,17,25 probably reflecting the poor prognosis
that clinicians associate with this stage. However, all
the others relevant factors (e.g. sex, sidedness, depth of
invasion, R0 resections, lymphevascular invasion) were
balanced between the two groups.

We found in the overall population an R0 rate >97% and
only 11% of patients with <12 lymph nodes harvested,
highlighting the high level of the surgery carried out, since
we collected data from high-volume referral center, thus
making our results robust and reliable. These results suggest
also the importance of correct preoperative staging and the
evaluation of resectability in a multidisciplinary team.
https://doi.org/10.1016/j.esmoop.2025.105496 7
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However, preliminary data on neoadjuvant chemotherapy26

showed a potential benefit in selected cases such as bulky
cT4b tumors, but more data are still needed to consider it
as clinical practice.27 It is possible that for initially unre-
sectable pT4 patients, an intensification of preoperative
treatments could be the future.28

In terms of survival, 5-year RFS and OS, regardless of
treatment, was 54% and 66%, respectively. The prognostic
impact of pT4 in stage II is highlighted by these RFS
and OS rates, which are similar to those of high-risk
stage III colorectal cancer.29 While international guidelines
recommend 6 months of dual adjuvant chemotherapy
for high-risk stage III patients,15,30 no clear benefit to
prolonged adjuvant treatment has yet been demonstrated
for this subgroup of stage II. Our cohort showed a
survival benefit from the addition of adjuvant chemo-
therapy: 3-year OS was improved by 23% with 3 months
(85% versus 62%, HR 0.37) and by 36% with 6 months (98%
versus 62%, HR 0.14, P < 0.001) compared with no-
adjuvant treatment. However, given the selection bias
among nontreated patients (elderly, those with other
compelling cause of death), OS may not represent the best
clinical endpoint for adjuvant benefit. Therefore, RFS was
evaluated and, similar to OS, 6 months of adjuvant
chemotherapy was associated with a significant improve-
ment in 3-year RFS (78% versus 53%, P < 0.001). To account
for potential bias due to age imbalance between the
groups, both OS and RFS were adjusted for age, and
the benefit of adjuvant treatment remained significant
(P < 0.001).

Considering the type of chemotherapy, international
guidelines recommend the use of oxaliplatin for high-risk
stage II CC, defined as pT4 or with <12 lymph nodes
removed. This recommendation is based on the results of
the MOSAIC trial,16 in which the addition of oxaliplatin
showed a nonsignificant DFS benefit only in patients with
high-risk stage II CRC. A recent pooled analysis of stage II
patients enrolled both in the MOSAIC and in the NSABP
C0731 evaluated oxaliplatin-specific survival benefit. The
authors concluded that adjuvant oxaliplatin should not be
the standard of care for stage II CC, even in high-risk pa-
tients (220 patients, 14% of the population, had a pT4N0
tumor), due to the absence of survival benefit. However,
caution in interpreting these data is needed, since the
reduction of risk of recurrence was highly clinically relevant
(HR for time to recurrence 0.75) and the absence of
statistical significance could be related to underpowered
analyses, as this analysis is an unplanned post hoc analysis,
and the number of patients was not powered for these
results. Lastly, improvement in the clinical management of
the patients could reduce the accuracy of analyses of trials
conducted >10 years ago.32

In our analysis, data regarding the type of adjuvant
chemotherapy were available for 204 patients, thus limiting
the power to draw conclusions based on our data. However,
when compared with 5FU/capecitabine monotherapy, the
use of doublet chemotherapy was associated with a
reduction of both risk of recurrence (HR 0.48, P ¼ 0.004)
8 https://doi.org/10.1016/j.esmoop.2025.105496
and risk of death (HR 0.21, P < 0.001), suggesting that,
when clinically feasible, an oxaliplatin-based adjuvant
chemotherapy is recommended in all pT4 patients.

In line with the actual ESMO guidelines, which recom-
mend adjuvant chemotherapy despite MSS in high-risk
stage II patients, dMMR/MSI was not significant in univar-
iate analysis, suggesting that MSI does not confer a better
prognosis in pT4N0 CC patients. However, it is possible that
this standard of treatment is going to change in the next
future with the introduction of neoadjuvant immuno-
therapy, which showed excellent results in recent trials.33

However, caution is warranted given the risk of severe
and long-lasting adverse events associated with immune
checkpoint inhibitors (ICIs). Moreover, computed tomogra-
phy scan staging at baseline could lead to mistakes, espe-
cially in terms of overestimation of lymph node
involvement26 and, consequently, overtreatment, and pre-
dictive biomarkers are highly needed.

More importantly, circulating tumor DNA (ctDNA) has
proven to be the strongest prognostic marker in localized CC34

and its measurement is probably going to become part of our
clinical practice. Indeed, it could allow risk stratification based
on the detection of minimal residual disease (MRD) after
surgery and/or after adjuvant chemotherapy, and its moni-
toring over time allows the identification of patients with
sustained clearance who are potentially cured.35,36

In the last update of the DYNAMIC trial,37 the use of a
ctDNA-guided approach seemed to increase RFS when
compared with standard management, also in pT4N0
patients (5-year RFS 81% versus 70%), but a 5-year risk of
recurrence of 20% was significantly higher than that of 10%
observed in the overall population. Moreover, in the pT4N0
subgroup analysis of the GALAXY trial, despite the absence
of statistical significance, an improvement in 2-year DFS of
8% was associated with the use of adjuvant chemotherapy
also in MRD-negative patients, and this benefit was not
seen in other MRD-negative subgroups of patients. A
possible explanation could be related to metastatic spread:
due to local extension and infiltration, pT4 tumors
often give peritoneal metastases, which are known to be,
together with lung metastases, low ctDNA shedder
sites.38,39 Therefore, more data are needed to better un-
derstand the limits of ctDNA in this subgroup of patients, in
which clinical factors should probably be considered for a
correct evaluation of individual risk.

The greater limitation of our research is its retrospective
nature. Missing data, especially in terms of molecular
analyses, could reduce the accuracy of the analysis;
dMMR/MSI status is unknown for approximately one-third
of the patients. Moreover, no ctDNA data were collected
since they was not accessible during the study period.
Conclusion

In this large, multicenter retrospective study of 390 patients
with pT4N0 CC, pathological T4 was confirmed to be a
negative prognostic factor. Our findings demonstrate a
significant benefit to OS and RFS with adjuvant
Volume 10 - Issue 8 - 2025
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chemotherapy, particularly with longer treatment durations
and oxaliplatin-based doublets. However, given the retro-
spective design and potential for unmeasured confounders
influencing treatment decisions, these results should be
interpreted cautiously.

The International Duration Evaluation of Adjuvant
Chemotherapy (IDEA) collaboration, which pooled pro-
spective data from several large randomized controlled
trials in stage II and III CC, continues to offer the most
reliable evidence to guide treatment duration and regimen
selection.

Integration of biomarkers such as ctDNA and novel stra-
tegies like neoadjuvant ICIs may change clinical manage-
ment in the future, but further data are still needed.
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