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ARTICLE INFO ABSTRACT
Keywords: Background and aims: Immune checkpoint inhibitors (ICI) frequently trigger ICI-colitis, commonly leading to ICI
CMV discontinuation. With expanding ICI use, ICI-colitis is emerging as a significant clinical challenge. Cytomega-

Immunotherapy-related toxicity
Immune-related adverse events
Colitis

lovirus (CMV) infection is known to occur in ICI-colitis, but its prevalence, risk factors and clinical impact are
poorly defined. This study aimed to characterise the clinical trajectory of ICI-colitis patients with concurrent
colonic CMV infection as compared to a CMV-negative colitis group.

Methods: We retrospectively analysed consecutive ICI-treated patients with endoscopically and/or histologically
confirmed ICI-colitis at two UK hospitals between 2015 and 2024. Clinical, endoscopic (Mayo Endoscopic Score,
MES), treatment and oncologic outcome data were collected. CMV was identified by immunohistochemistry
(IHC) on colonic biopsies. CMV-positive colitis cases were compared with CMV-negative colitis using chi-
squared, Mann-Whitney U, and multivariable regression analyses.

Results: Among 249 ICI-colitis patients, IHC proven CMV-positive colitis was detected in 21 (8.4%). CMV-positive
colitis was associated with dual ICI therapy (OR 2.8, CI 1.06-7.15), prior infliximab exposure (OR 6.4, CI
2.56-16.7), bloody stool (OR 2.7, CI 1.05-6.69), and higher endoscopic severity (MES 2-3; OR 4.1, CI
1.60-10.38), despite similar CTCAE diarrhoea grades between groups. They also had a higher likelihood of
requiring escalation to advanced therapy (80% vs 41.5%; OR 5.6, CI 1.96-15.74), with this association remaining
significant after adjusting for endoscopic severity (p = 0.049).

Abbreviations: Anti-TNF-a, Anti-tumour necrosis factor-a; CTCAE, Common Terminology Criteria for Adverse Events; CD, Crohn’s disease; CRP, C-reactive
protein; CMV, Cytomegalovirus; EPRs, Electronic patient records; FC, Faecal calprotectin; GI, Gastrointestinal; ICI, Immune checkpoint inhibitor; IrAEs, Immune-
related adverse events; IHC, Immunohistochemistry; IBD, Inflammatory bowel disease; IFX, Infliximab; MES, Mayo Endoscopic Score; OS, Overall survival; PCR,
Polymerase chain reaction; PFS, Progression-free survival; UC, Ulcerative colitis; UK, United Kingdom.
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Colectomy rates were higher albeit low overall. Antiviral therapy did not significantly affect corticosteroid
duration or recurrence, and CMV tissue status did not influence overall or progression-free survival.
Conclusion: Concurrent CMV-positive colitis occurs in a notable subset of ICI-colitis patients and may worsen
disease severity, highlighting the importance of endoscopic biopsy, especially in steroid-refractory cases.

1. Introduction

Immune checkpoint inhibitors (ICI) targeting co-inhibitory immune
checkpoints on T-cells, such as CTLA-4 and PD-1/PD-L1, have trans-
formed cancer outcomes and yielded durable responses. Initially limited
to advanced cancers, the remarkable progress in the field has established
ICI therapy as standard of care in both adjuvant and neoadjuvant set-
tings for some tumours too[1-3]. However, ICI success is hampered by
their collateral impact on the immune system, triggering
autoimmune-like effects, termed immune-related adverse events
(irAEs). ICI-colitis is the second most common irAE, occurring in up to
43% of patients receiving dual anti-CTLA-4/anti-PD-(L)1 [4]. Further-
more, ICI-colitis represents the most common cause of severe toxicity
and ICI discontinuation [5,6], underscoring the importance of under-
standing this emerging mucosal disease. ICI-colitis frequently necessi-
tates hospitalisation and prolonged immunosuppression with
corticosteroids and escalation to infliximab (IFX) and anti-integrin an-
tibodies (vedolizumab) in refractory cases [7].

ICI-colitis exhibits some similarities to inflammatory bowel disease
(IBD), particularly ulcerative colitis (UC), with respect to the clinical,
endoscopic and histological findings as well as some underlying
immunopathophysiological mechanisms [8,9]. Indeed, IBD patients
receiving ICI therapy have a three-fold increased risk of developing
ICI-colitis, compared to their non-IBD counterparts, further supporting
the notion of shared disease mechanisms [10]. Interestingly, a recent
study indicated that polygenic risk scores for UC, but not Crohn’s disease
(CD), may predict development of ICI-colitis in cancer patients [11].
Exploring the distinct and overlapping features of these diseases can
accelerate understanding of ICI-colitis pathophysiology and support the
rationale for repurposing established IBD therapies in this disease.

One area that has received considerably less attention is the impact
of concurrent cytomegalovirus (CMV) colonic infection on clinical out-
comes in ICI-colitis. CMV is a DNA herpesvirus that is highly prevalent in
the general population with a global seroprevalence between 66% and
90% [12]. In immunocompetent individuals, CMV infection is typically
asymptomatic or presents as a self-limiting illness. However, in immu-
nocompromised populations, CMV can lead to severe systemic disease,
including organ-specific involvement and widespread viral dissemina-
tion. In addition to immunodeficiency conditions, one of the most
frequent clinical settings for the development of CMV-positive colitis is
IBD, particularly UC. CMV is present in the colonic tissue of approxi-
mately 10-30% of adult cases with moderate to severe UC, especially in
those with steroid-refractory disease [13-15]. The diagnosis of
CMV-positive colitis is established through immunohistochemistry
(IHC), tissue polymerase chain reaction (PCR), or a combination of both
methods [16].

The clinical significance of concurrent CMV infection in UC remains
uncertain, with conflicting data on whether CMV exacerbates inflam-
mation or simply serves as a marker of more severe disease. However,
increasingly, the evidence indicates an association with adverse out-
comes including an increased risk of disease flares, prolonged flare
severity and duration, hospitalisation, toxic megacolon, colectomy, and
corticosteroid resistance [17-20]. Accordingly, a systematic review and
meta-analysis of UC patients with concurrent CMV-positive colitis,
demonstrated that antiviral therapy may reduce colectomy rates in
corticosteroid-refractory patients (odds ratio 0.20; 95% confidence in-
terval 0.08-0.49), though this benefit was not observed in the overall
population [21].

Data on the prevalence of concurrent CMV infection in ICI-colitis

remain limited. Additionally, emerging evidence suggests that ICI's may
increase the risk of infection, even in the absence of immunosuppressive
therapy for irAEs [22,23]. This increased risk may be attributed to
aberrant immune responses.

In one study, CMV was identified in 4% (1/28) of patients with
histologically proven ICI-colitis (4%) [24]. Franklin et al. reported
CMV-positive colitis confirmed by IHC or PCR in nearly 10% (4/41) of
ICI-colitis patients, all of whom were refractory to corticosteroid and IFX
[25].

Although several case reports and case series have described CMV-
positive colitis in the context of ICI-colitis [25], most lacked compar-
ator groups, had small patient numbers and used inconsistent or
non-robust definitions of CMV-positive colitis and ICI-colitis. Conse-
quently, short and medium-term outcomes remain poorly defined. A
summary of these studies are provided in Supplementary Table 1.
Further work is needed to determine risk stratification and guide
management.

The present study sought to characterise colonic CMV infection in
ICI-colitis, including its prevalence, associated risk factors and clinical
outcomes utilising stringent diagnostic criteria for both colitis and CMV
infection.

2. Materials and methods
2.1. Study design

A retrospective analysis of consecutive patients treated for ICI colitis
at two hospitals in London, UK, between January 2015 and March 2024
was conducted as part of the Immune CheckpOint Inhibitor Colitis
Outcomes (ICONIC) collaboration. Electronic patient records (EPRs)
were reviewed to identify patients who developed diarrhoea after
receiving at least one cycle of ICI therapy, and underwent lower
gastrointestinal (GI) endoscopic evaluation with colonic biopsies for
histological analysis. ICI-colitis cases were included if inflammation was
confirmed endoscopically and/or histologically with a minimum of 6
months of follow-up data.

EPRs were reviewed to extract demographic characteristics, cancer
diagnosis, and ICI regimen, gastrointestinal symptoms (CTCAE diar-
rhoea grade and presence of blood), endoscopic findings (graded using
the Mayo Endoscopic Score (MES) and categorised as mild inflammation
(MES 0-1) or moderate-severe inflammation (MES 2-3)), and histo-
logical findings. Inflammatory markers (peak faecal calprotectin and C-
reactive protein during the colitis episode), details of colitis episodes and
management, and the type and duration of immunosuppressive thera-
pies were recorded. Oncologic outcomes included overall survival (OS)
and progression-free survival (PFS).

Colonic CMV tissue status was determined using immunohisto-
chemistry (IHC). Comparator groups were ICI-colitis cases that were
CMV-positive versus CMV-negative. Serological CMV status (IgG) and
CMV DNA levels were recorded where available.

2.2. Statistical analyses

Statistical analyses were performed using GraphPad Prism version
10. Continuous variables are presented as medians and were compared
using the Mann-Whitney U test or the Kruskal-Wallis test, as appro-
priate. Categorical variables are summarised as frequencies and per-
centages and were analysed using Fisher’s exact test or the chi-squared
test. Multivariable logistic regression was used to identify factors
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independently associated with CMV-positive colitis, adjusting for po-
tential confounders including age, sex, cancer type, ICI regimen, CTCAE
diarrhoea grade, and MES.

Associations between CMV tissue status and OS and PFS were eval-
uated using survival analysis methods. Statistical significance was
defined as a two-sided P value < 0.05.

Missing data were handled using complete-case analysis, and no data
imputation was undertaken.

3. Results

Of 384 ICI-treated patients who underwent lower gastrointestinal
endoscopy, 249 with endoscopically confirmed ICI-colitis and available
histological biopsies were included (Fig. 1, Table 1). The median time
from diarrhoea onset to last follow-up was 55.4 months (IQR 26.1-106).

CMV-positive colitis was identified by IHC in 21 patients (8.4%)
(Fig. 2; Supplementary Table 2), tissue PCR confirmation was available
in one case. The remaining 228 ICI-colitis patients were CMV-negative
on colonic biopsy.

The median age was similar between groups (57 years [IQR
49.5-71.3] vs. 62 years [IQR 55-71]), as was the proportion of male
patients (57.1% vs. 53.1%). Melanoma was the most common malig-
nancy in both groups, occurring more frequently in CMV-positive than
CMV-negative colitis (66.6% vs. 42.5%, respectively; p = 0.03).
Accordingly, dual ICI regimens were more frequently observed in these
cases (66.6% vs. 41.6%, p = 0.03) (Table 1).

Pre-colitis CMV serology was available for 13 patients with CMV-
positive colitis, 9 (69.2%) of whom were seropositive. CMV blood PCR
testing was performed during the colitis episode in 18 patients, with
elevated viral titres identified in 8 cases. (see Supplementary Table 2).
Pre-colitis CMV serology was available for 85 patients with CMV-
negative colitis, of whom 42 (49.4%) were seropositive with elevated
viral titres detected in 10 of 72 cases during the colitis episode. CMV
seroprevalence did not differ significantly between patients with and
without CMV-positive colitis (% p = 0.18). However CMV-positive co-
litis patients were five times more likely to have elevated viral titres (OR
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5.0, 95% CI 1.65-13.9; p = 0.004).

3.1. Clinical features and endoscopic findings

The median time from initiation of ICI therapy to diarrhoea onset
was numerically shorter in CMV-positive colitis compared with CMV-
negative colitis (59 vs. 81 days, p = 0.37), potentially reflecting the
higher use of anti-CTLA-4—containing regimens in this group.

There was no significant difference in the distribution of CTCAE
diarrhoea grades between groups (p = 0.42) (Fig. 3a). Notably, tissue
CMV-positivity was associated with 2.7-fold higher odds of bloody stool
compared with CMV-negative patients (95% CI 1.06-6.6; p = 0.038)
(Fig. 3B).

Median serum C-reactive protein levels were similar between the
groups (34 vs. 37 mg/L, p = 0.9). While faecal calprotectin data were
available for only four CMV-positive colitis cases, median levels were
numerically higher compared to CMV-negative colitis patients (3237 vs.
500 pg/g, p = 0.15).

Most CMV-positive cases were identified at the initial endoscopy
(n = 15), with 28.5% of cases (n = 6) detected on the second or third
procedure. Among CMV-positive cases, patients who were CMV-
negative on initial endoscopy underwent the procedure earlier than
those who were CMV-positive at first endoscopy (median 3.5 vs. 23 days
from symptom onset; p = 0.054). Repeat endoscopic assessment was
also common in the CMV-negative colitis group (33.2%, n = 76).

CMV infection was identified in 1/81 (1.2%) patients with an MES of
0,10/117 (8.5%) with an MES of 1, 4/32 (12.5%) with an MES of 2, and
6/19 (31.6%) with an MES of 3. Accordingly, CMV-positive colitis was
associated with significantly higher MES (p < 0.001) with a 4.1-fold
higher odds of moderate-to-severe inflammation (MES 2-3; 95% CI
1.6-10; %3, p < 0.01) (Fig. 3D). Notably, CTCAE grade diarrhoea did not
correlate with endoscopic severity. However, bloody stool was associ-
ated with more severe endoscopic disease, occurring in 44.4% of pa-
tients with MES 2-3 compared with 12.1% of those with MES 0-1 (3,
p < 0.0001).

Histologically, most CMV-positive colitis cases (n =14, 66.7%)

Patients with ICI-diarrhoea undergoing

lower Gl endoscopic evaluation

Eligibility N=384
—~
ﬂxcluded N=135 \

«  Normal endoscopic
and histological
findings- treated for
presumed ICl-colitis
(N=88)

« Endoscopic
inflammation but no

Final cohort biopsies taken
N=249 (N=10)

«  Other drug induced
(N=24)

* Glinfection (N=5)

* ICl-enteritis(N=6)

IHC staining of +  Bile salt
colonic biopsies malabsorption (N=1)

* Pancreatic

insufficiency (N=1)
4
CMV-positive CMV-negative
Analysis colitis colitis
N=21 N=228
-

Fig. 1. CONSORT flow diagram.
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Table 1
Cohort features.

Feature CMV positive CMV
n (%) (n=21) negative
(n=228)
Male sex 12 (57.1) 121 (53.1)
Age (median, IQR) 57 62 (55-71)
(49.5-71.3)
ICI regimen:
Anti-CTLA-4 monotherapy 0 (0) 10 (4.4)
Anti-PD-(L)1 monotherapy 6 (28.5) 87 (38.1)
Dual anti-CTLA-4 + anti-PD-(L)1 14 (66.6) 95 (41.9)
Anti-PD-(L)1 + chemotherapy 1(4.8) 19(8.3)
Anti-PD-(L)1 + other 0 17(7.5)
Cancer type:
Melanoma 14 (66.6) 97 (42.5)
Kidney 1(4.8) 46 (20.2)
Lung 3(14.3) 32 (14.0)
Bladder 1(4.8) 11(4.8)
Mesothelioma 2(9.5) 6 (2.6)
Oesophageal 0(0) 7(3.1)
Other* 0(0) 29 (12.7)
ICI intent:
Neoadjuvant 0(0) 3(1.3)
Adjuvant 3(14.2) 31 (13.6)
Palliative 18 (85.7) 194 (85.1)
Mayo Endoscopic Score
0 1(4.8) 80 (35.4)
1 10 (47.6) 107 (47.7)
2 4(19) 28 (12.2)
3 6 (28.6) 13 (5.7)
CTCAE grade
1 4(19) 33(15.2)
2 5(23.8) 86 (38.5)
3 9 (42.9) 91 (40.8)
4 3(14.3) 17 (7.6)
Proportion with bloody stool (%) 33.3 17.1
Median peak CRP (IQR) 37 (12-89) 34 (8-93)
Median peak faecal calprotectin ng/g (IQR) 3237 500
(606-4407) (15-1177)
Median peak prednisolone dose (mg) pre- 80 (50-98) 70 (40—80)

group defining endoscopy (IQR)

*'Other' includes breast, colorectal, pancreatic, liver, uterine, ovarian and head
and neck- each withn <5

displayed acute inflammation, with the remainder showing mixed acute
and chronic inflammation (n = 5, 23.8%), chronic inflammation alone
(n = 1), or 'other' patterns (n = 1). Although rates of acute and mixed
inflammation were numerically higher in the CMV-positive colitis
group, this was not statistically significant (Fisher’s exact test,
p = 0.30). Notably, microscopic colitis, including collagenous or lym-
phocytic patterns, was present in 9.2% of controls but in none of the
CMV-positive cases.

European Journal of Cancer 243 (2026) 116795
3.2. Impact of immunosuppression exposure

Given reported associations between CMV reactivation and immu-
nosuppression, exposure to immunosuppressive therapy for colitis prior
to the group-defining endoscopy was evaluated. One CMV-positive pa-
tient had not yet received systemic immunosuppression. There were no
significant differences between groups in corticosteroid duration (me-
dian 20 days [IQR 7-41.5] vs. 12 days [IQR 4-8]; p = 0.20) (Fig. 4A),
peak prednisolone dose (80 mg vs. 70 mg; p = 0.08), or duration of
intravenous methylprednisolone therapy (median 2 vs. 3 days;
p=0.12).

To minimise potential confounding from differences in timing of
endoscopic assessment and therefore immunosuppressive exposure, a
subgroup analysis was performed including only patients diagnosed
with CMV-positive colitis at first endoscopy (n = 15). In this subgroup,
time to first endoscopy was not significantly different between groups
(median 23 vs 20 days; p = 0.21), as was corticosteroid exposure (me-
dian 19 vs 12 days; p = 0.30).

Assessment of immunosuppression with IFX (which was adminis-
tered concurrently with systemic corticosteroids in all cases) showed
that CMV-positive colitis was associated with 6.4-fold higher odds of
prior IFX exposure (95% CI 2.56-16.65; p < 0.001). Specifically, 9
CMV-positive patients (42.9%) had received IFX compared with 24 with
CMV-negative colitis (10.5%) (Fig. 4B).

Multivariable logistic regression to identify independent predictors
of CMV-positive colitis could not be performed due to model instability
related to collinearity and limited case numbers. Given this limitation, a
secondary analysis was undertaken to explore the context of IFX expo-
sure (pre-group definining endoscopy) across the cohort, irrespective of
tissue CMV status. IFX-exposed patients were more likely to have
received dual ICI therapy (68.8% vs. 40.1%; p = 0.002), and to present
with CTCAE grade 3-4 diarrhoea (71.9% vs. 45.2%; p = 0.007).

3.3. Clinical outcomes of CMV-positive colitis

CMV-positive colitis patients were more likely to require escalation
to advanced therapy (OR 5.6, 95% CI 1.96-15.74; p = 0.0016). Overall,
80% (n = 16) required escalation-11 to IFX, 4 to IFX and then vedoli-
zumab, and 1 to vedolizumab - compared with 41.5% (n = 95) of CMV-
negative colitis patients. Amongst those receiving IFX, 53.3% (n = 8) of
CMV-positive patients required additional anti-inflammatory therapy,
compared with 36.7% (n = 32) of CMV-negative patients (y2, p = 0.26).
Colectomy rates were also numerically higher in CMV-positive cases
compared with controls (10%, n = 2 vs. 0.4%, n = 1), although absolute
numbers were small.

CMV-positive colitis was also associated with higher hospitalisation
rates (80% vs 54.8%; p = 0.034), and a longer duration of hospital stay
(14 days vs. 5 days; p = 0.009).

ICI-colitis recurrence rates after corticosteroid-free clinical remission

) — y i 3 % ')
“ t
RS % 3
¥ ) . fi . o .
~ 59
| 2N 4

Fig. 2. Representative colonic biopsy from a patient with ICI-colitis demonstrating acute inflammation with crypt abscess, chronic inflammation and CMV infection
on H&E staining (arrowheads) (A) with confirmation by CMV immunohistochemistry (arrowheads) (B) (magnification x400).
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Fig. 3. (A) Distribution of CTCAE diarrhoea grades (G1-G4) in ICI-colitis, according to CMV-colitis status. (B) Proportion of ICI-colitis patients, with bloody stool,
according to by CMV-colitis status. **P < 0.01; ****P<0.0001. (C) Distribution of Mayo endoscopic scores (MES) in ICI-colitis patients, according to CMV-colitis
status. (D) Proportion of ICI-colitis patients with mild (MES 0-1) vs moderate to severe endoscopic inflammation (MES 2-3), according to CMV-colitis status.

were comparable in CMV-positive and CMV-negative colitis patients
(20% vs 32.3%; ¥, p = 0.32) (Fig. 4D).

To explore whether these associations reflected greater endoscopic
severity rather than CMV colonic infection itself, further analyses
adjusting for MES (0-1 vs 2-3) were performed. Among patients with
mild inflammation (MES 0-1), CMV-positive cases remained more likely
to require advanced therapy for corticosteroid-refractory disease (63.4%
vs 32.6%; p = 0.049). Analyses within the MES 2-3 group showed a
numerically higher proportion of CMV-positive patients requiring
escalation compared with CMV-negative patients (90% vs. 63%,
p = 0.19); however, interpretation is limited by smaller numbers in the
MES 2-3 group overall. (Fig. 4C). After adjusting for MES score, CMV-
positive colitis was not associated with hospitalisation.

3.4. Anti-viral therapy experience

Among the 21 CMV-positive colitis patients, antiviral therapy (gan-
ciclovir or valganciclovir) was administered to 10 patients
(Supplementary Table 2). The duration of antiviral therapy varied,
ranging from 13 to 57 days. Antiviral therapy was used at clinician

discretion, predominantly in treatment-refractory colitis. The duration
of corticosteroid treatment was similar between treated and untreated
CMV-positive colitis groups (median 75 days vs. 77 days, respectively;
p = 0.59), as were rates of colitis recurrence following corticosteroid-
free clinical remission (22.2% vs. 16.7%, respectively; Fisher’s exact
test, p > 0.99). Both patients who eventually required colectomy had
also received antiviral therapy.

3.5. Cancer outcomes

The median follow-up duration from diarrhoea onset to last follow-
up was numerically longer in the CMV-negative colitis group (22.2
months; IQR 10.6-41 vs 10.7 months; IQR 5.9-48, p = 0.4). By the end
of the follow-up period, there were 12 deaths (57.1%) in the CMV-
positive colitis group and 112 deaths (49.1%) in the CMV-negative co-
litis group, with the vast majority attributable to cancer progression. No
deaths were directly related to CMV-positive colitis.

The median overall survival was 17 months (IQR 8.5-35.8) in pa-
tients with CMV-positive colitis compared with 28.6 months (IQR
14.2-49.9) in the CMV-negative colitis group, although this was not a
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Fig. 4. A- Duration of corticosteroid (cs) therapy in ICI-colitis patients prior to endoscopy, according to CMV-positive colitis status. B- Proportion of ICI-colitis
patients requiring escalation to infliximab, according to CMV-positive colitis status. C-Proportion of ICI-colitis patients requiring infliximab, according to CMV-
positive colitis status and Mayo Endoscopic Score (MES). D- Proportion of ICI-colitis patients experiencing colitis recurrence after corticosteroid-free clinical

remission, by CMV-positive colitis status. *P < 0.05; **P < 0.01.

statistically significant difference (p = 0.20). Multivariable Cox regres-
sion analysis indicated that CMV tissue status was not independently
associated with overall survival (HR 1.35, 95% CI 0.68-2.49; p = 0.32).
Factors associated with poorer survival included increasing age (HR
1.03, 95% CI 1.01-1.05; p = 0.0002) and stage 4 cancer (vs 1-3) (HR
2.14, 95% CI 1.32-3.67; p = 0.002) (Supplementary Table 3). To ac-
count for heterogeneity in cancer type and stage a subgroup analysis was
performed in patients with stage 4 melanoma (n = 13 vs 73). CMV tissue
status was not associated with OS (HR 1.43, 95% CI 0.59-2.99; p = 0.4)
in this group.

Progression-free survival was not significantly different between
CMV-positive and CMV-negative colitis groups, with medians of 13.4
months (IQR 4.1-32.4) and 15.6 months (IQR 7.8-33.8), respectively
(HR 1.25, 95% CI 0.66-2.39; p = 0.50). A subgroup analysis of stage 4
melanoma patients also showed no significant difference (HR 0.78, 95%
CI 0.34-1.83; p = 0.58).

4. Discussion

With the rapid expansion of ICI use, ICI-colitis - the most common
cause of ICI discontinuation - is becoming increasingly prevalent and
represents a growing clinical challenge. While concurrent colonic CMV
infection has been reported in this context, evidence is limited to small
case series. To date, this study represents the largest series describing the
clinical features, management, and cancer outcomes of patients with ICI-
associated CMV-positive colitis. A key strength was the inclusion of 228
CMV IHC-negative ICI-colitis controls, enabling comparative analysis,
and the use of robust diagnostic criteria for both CMV infection (based
on IHC) and ICI-associated colitis.

CMV-positive colitis was detected in 8.4% of patients evaluated for
ICI-colitis, consistent with a previous smaller study [25] and comparable
to rates reported in UC.

Although multivariable logistic regression to identify independent
predictors of CMV-positive colitis was not feasible, an important finding
was the association with prior IFX exposure. As all IFX treated patients
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had also received corticosteroids, it is challenging to determine the ef-
fect of compound immunosuppression from those of IFX alone. Data
examining the impact of IFX on CMV-positive colitis risk in IBD patients
are limited. Two studies indicated no association, although both were
constrained by small sample sizes, comprising only 29 [26] and 11 [27]
patients in total. Interestingly, one patient in our cohort developed
CMV-positive colitis without prior exposure to immunosuppressive
therapy, suggesting that CMV-positive colitis can occur in the absence of
iatrogenic immunosuppression.

Dual ICI therapy was also associated with a 2.8-fold increased odds of
CMV-positive colitis compared to other regimens, reflecting the greater
severity of ICI-colitis associated with dual ICI therapy.

CMV-positive colitis was not associated with CTCAE diarrhoea
grade. However, it was linked to severe endoscopic disease, with nearly
one-third of ICI- colitis patients with MES 3 testing positive for CMV. In
line with previous studies, this discrepancy also underscores the limi-
tation of symptom-based grading alone, reinforcing the importance of
endoscopic assessment [28,29].

CMV-positive colitis was associated with corticosteroid refractory
disease and increased escalation to advanced therapy, even after
adjusting for endoscopic severity. This indicates that concurrent CMV
infection may contribute to treatment resistance rather than simply
reflecting disease severity. Accordingly, prompt endoscopic evaluation
with biopsy to assess for CMV should be considered in patients with
corticosteroid-refractory disease.

In the context of IBD, CMV infection has been associated with
increased risk of severe colitis, colectomy, and prolonged hospitalisation
[17-20]. Although the limited number of colectomies in our cohort
precluded formal analysis, it is noteworthy that colectomy rates were
higher among CMV-positive cases mirroring findings in the IBD
population.

Another finding was the observation that some patients were sero-
negative prior to ICI-colitis onset, suggesting that both primary CMV
infection and viral reactivation can occur in this context. Further
research is needed to clarify the impact of primary infection versus
reactivation on clinical outcomes and determine the clinical utility of
serological screening pre-ICI therapy. While CMV-positive colitis was
not associated with increased seropositivity, it was linked to a higher
likelihood of viraemia, suggesting limited utility in measuring blood
CMV DNA levels in CMV-negative colitis patients.

Experience with anti-viral therapy in this cohort was limited and
heterogeneous, reflecting the absence of clear guidelines for CMV
management in ICI-colitis. Anti-viral therapy was typically reserved for
refractory cases, and no clear benefit was observed in terms of cortico-
steroid duration or recurrence rates. Both patients who eventually
required colectomy had also received anti-viral therapy. While these
findings should be interpreted cautiously given the small numbers, they
highlight the uncertainty surrounding the role of anti-viral therapy in
this context. Similarly, the role of anti-viral therapy in IBD-associated
CMV-positive colitis remains unclear, although there is a suggestion it
may reduce the colectomy rate in a subgroup of UC patients [21]. Pro-
spective studies are needed to define which patients may benefit most
from anti-viral treatment and the optimal timing of therapy.

Importantly, CMV-positive colitis was not associated with worse
cancer outcomes in this study. OS and PFS were comparable between
CMV-positive and CMV-negative patients, and CMV tissue status was not
an independent predictor of mortality on multivariable analysis. While
reassuring, these findings should again, be interpreted cautiously given
the limited number of CMV cases and heterogeneity of cancer type.

Intriguingly, a recent study by Milotay et al. [30] found that CMV
serostatus was associated with improved survival and reduced severity
of toxicity in patients receiving anti-PD-1 checkpoint blockade therapy.
Seropositive patients had increased T- cell clonality and cytotoxicity,
and a distinct CD8" T cell transcriptomic profile, with upregulation of
effector pathways including TCR and IFNy-mediated signalling sug-
gesting that CMV serostatus may play a role in modulating immune
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responses to immunotherapy. Additional studies with larger, more ho-
mogeneous cohorts are required to better understand the impact of
CMV-positive colitis on clinical and cancer outcomes. Indeed, localized
CMV reactivation has been associated with significant tissue damage in
organs including the lungs, post-transplant grafts, gastrointestinal tract,
and liver. These localised infections may have distinct immunological
consequences compared to the more generalised immune modulation
observed with systemic CMV seropositivity.

This study has several limitations including the lack of data on cu-
mulative corticosteroid doses, as only therapy duration was captured.
This restricts assessment of the true immunosuppressive burden,
limiting interpretation of our findings. The retrospective design and
limited number of number of CMV-positive colitis cases restricted the
ability to perform more extensive multivariable analyses.

While preferential endoscopic evaluation in patients with more se-
vere clinical symptoms cannot be entirely ruled out, local guidelines at
both centres recommend endoscopic assessment for all ICI-associated
diarrhoea cases, irrespective of CTCAE grade, which mitigates this po-
tential bias. Moreover, as previously mentioned, published data in-
dicates that endoscopic severity is independent of CTCAE grade
diarrhoea [28,29].

Finally, heterogeneity in treatment approaches, including timing of
antiviral therapy, limits firm conclusions regarding antiviral manage-
ment efficacy.

In conclusion, CMV-positive colitis should be considered in patients
with severe or steroid-refractory immune-mediated colitis, markers of
which include exposure to compound immunosuppression and dual ICI
therapy. Prompt endoscopic assessment with biopsy is essential, as CMV
infection itself may contribute to worse outcomes and affected patients
warrant closer monitoring. Larger, prospective studies are needed to
validate these observations and guide optimal management strategies.
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