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ABSTRACT
Approximately 30% of patients treated with ipilimumab will develop gastrointestinal toxicity. The
immunological drivers that underpin the clinical observations in human tissues are poorly understood. We
report here on the immune consequences of ipilimumab treatment in the colorectal mucosa of patients
with treatment-related colitis. Using immunohistochemistry, we evaluated the immune infiltrate by CD8C,
FoxP3, and granzyme B (GzmB) in colonic biopsies from 20 patients with ipilimumab-related colitis. We
assessed 10 cases with normal colon biopsies for comparison. In eight cases (four on steroids only, four on
steroids and infliximab), we evaluated two sequential biopsies. We observed that CD8C, FoxP3C, and
GzmB T cell counts were significantly higher in patients with ipilimumab-related colitis compared to
normal colon (p < 0.0001). Patients who required infliximab for the resolution of their colitis had a
significantly higher CD8C/FoxP3 ratio than those treated only with steroids and this correlated with clinical
severity. The analysis of repeat samples revealed that resolution of the colitis was associated with a
decrease in CD8C and FoxP3C cells both in patients treated with steroids and infliximab. Our data suggest
that counts of cytotoxic T cells and Tregs in the colonic mucosa from patients with ipilimumab-related
colitis correlate with clinical findings and may predict severity and guide management.
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Introduction

The treatment of advanced melanoma has dramatically changed
in recent years as novel therapies have become available. A
major breakthrough is the improved survival of patients with
melanoma treated with immune modulatory agents. The first in
this new class of immune therapies to be approved was the anti-
cytotoxic T-lymphocyte-associated protein (CTLA)-4 antibody,
ipilimumab; it demonstrated superiority to the previous stan-
dard of dacarbazine treatment, increasing both progression-free
survival and overall survival. Strikingly, approximately 20% of
patients achieve durable responses, lasting in excess of 5 y.1,2

Ipilimumab enhances immune responses against the tumor by
activating cytotoxic T-cell activity and impairing the activity of
regulatory T cells.3 It is usually a well-tolerated drug but 70% of
patients experience at least one type of side effect during or after
treatment and in 10–15% adverse events can be severe and, rarely,
fatal.4 The organs most frequently affected by side effects are the
skin, the gastrointestinal tract, and the liver. Other less common
immune-related adverse events are hypophysitis and neuropa-
thies. Recommendations regarding the management of these
immune-related adverse events (irAEs) have been published.5

Themost extensively used drugs to treat severe or persistent irAEs
are steroids. These decrease the inflammatory response by target-
ing virtually all elements of the immune response from activating

Tregs to inhibiting macrophages.6 Initial concerns about their
possible deleterious effect in the outcome of patient treated with
ipilimumab due to their immunosuppressant effect seem unjusti-
fied in the light of published data.7,8 Occasionally, side effects
(mainly gastrointestinal) are not controlled with steroids and
more potent immunosuppressants are recommended. Infliximab,
an antitumor necrosis factor (TNF)-a agent, has been shown to
suppress the immune system by upregulating Treg function,
downregulating dendritic cells and therefore, inhibiting antigen
presentation to T cells and their subsequent activity. 9 Addition-
ally, TNFa blockade limits the effector function of T-cells directly.
Infliximab is usually rapidly efficacious in controlling ipilimu-
mab-related irAEs. However, to our knowledge, the modulation
of immune cells through infliximab in cases with ipilimumab-
related colitis remains to be characterized.

In the current work, we evaluated the immune cell infiltrate
in the colonic mucosa in patients with ipilimumab-related coli-
tis and its changes with different treatments.

Patients and methods

Patients

A list of patients treated with ipilimumab for melanoma was
retrieved from the oncology pharmacy database. Clinical
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outcomes have been reported in a previous publication.10

Briefly, 113 patients with melanoma treated with ipilimumab
3 mg/kg for up to four cycles in the 2011–2014 period were
reviewed, 29% experienced immune-related gastrointestinal
symptoms. Those who had histological evaluation of the colitis
(N D 20) were included in this study. Use of steroids and inflix-
imab for toxicity management was recorded. Patient and treat-
ment information were retrieved. Details on the endoscopy and
histological grading of the colitis were recorded as well as C-
reactive protein (CRP) blood levels. For comparison, 10
patients with histologically normal colonic biopsies (no inflam-
matory or malignant disease) were selected. Ethical approval
was obtained for the study through the National Research
Ethics Service (NRES; Rec No. 10/0504/32).

Immunohistochemical evaluation of colonic biopsies

For patients diagnosed clinically with ipilimumab-related diar-
rhea/colitis, 20 had histological evaluation of the colon with
multiple colonic biopsies. All patients received steroids as part
of the treatment and 11 subsequently received infliximab. Four
patients treated only with steroids had two repeat biopsies and
four patients treated with infliximab had a pre- and post-inflixi-
mab histological evaluation.

Hematoxilin and Eosins of these biopsies were reviewed and
immunohistochemistry studies were performed to assess the
presence of regulatory T cells (FoxP3; Ebioscience), granzyme
B (GzmB) (Dako), and CD8C lymphocytes (Novocastra); auto-
mated immunostaining (Ventana XT, Ventana) was performed
by a clinical cellular pathology department using antibodies
optimized to national diagnostic standards (NEQAS). Lympho-
cytes were quantified using a Zeiss AxioCam MRc5 microscope
and Zeiss Axiovision software (version 4¢8¢1¢0). An average tis-
sue lymphocyte score/high-power field (X400) was calculated
across 10 representative areas to allow for the heterogeneity of
infiltrate.

Statistical analysis

To compare cumulative distributions between variables in the
different groups, we used the non-parametric Mann–Whitney
test for paired comparisons and the Kruskal–Wallis test for
three group comparisons. All tests were conducted at the two-
sided 0.05 level of significance. The GraphPad Prism statistical
package was used to perform these analyses.

Results

Pathological evaluation of colonic biopsies

All patients (nD 20) who underwent endoscopy had been clini-
cally diagnosed with ipilimumab-related gastrointestinal toxic-
ity. Table 1 describes the tumor and treatment information for
these patients. In 18/20 patients, mild to severe colitis was con-
firmed in the first histological evaluation, characterized by
inflammatory infiltrate in the lamina propria (acute or
chronic), with cryptitis and crypt abscess formation in some
cases. Two patients showed no histological signs of colitis. One
of these two had a grade 3 abdominal pain as a symptom with

no diarrhea that was later confirmed to be due to disease pro-
gression. The other patient presented with diarrhea and
abdominal pain and underwent a flexible sigmoidoscopy where
only rectal biopsies were obtained due to poor bowel prepara-
tion. One month later a subsequent exploration of the bowel
demonstrated a colitis.

We next performed CD8C and FoxP3 staining to identify
cytotoxic T cells and Tregs, respectively. Fig. 1 illustrates the
differences in the immune infiltration observed between normal
and ipilimumab-related colonic biopsy findings. CD8C T-cell
counts were significantly higher in patients with ipilimumab-
related colitis (median D 122; 95%CI: 99.6–155.9) compared to
patients with no colitis (22; 18.7–31.6) (p < 0.0001). FoxP3
positive T-cell counts were also higher in patients with ipilimu-
mab-induced colitis (24.8; 18.2–31.4) than in patients with no
colitis (7.45; 5–9.2) (p < 0.0001). In 11/20 patients, the colitis
failed to settle clinically on steroids alone and they required
treatment with infliximab. We investigated whether there were
differences in the immune infiltrate compared to patients
(n D 9) who did not need treatment escalation (Fig. 1). Patients
who required infliximab had higher CD8C counts (145.3;
106.8–186.6) at first biopsy compared to those treated with ste-
roids only (118.8; 82.2–149.2). In contrast, the median number

Table 1. Patient and treatment information for patients with ipilimumab-related
colitis.

Steroids only
(n D 9)

SteroidsCinfliximab
(n D 11)Mean age

(range) 58 (38–75) 65 (52–76)

Primary Cutaneous 7 6
Ocular 2 4
Unknown 0 1

Stage M1a 2 2
M1b 1 1
M1c 6 8

Ipilimumab
cycles

1 2 0

2 0 4
3 2 6
4 5 1

Infliximab
doses

1 NA 7

2 NA 3
3 NA 1

Worst grade
diarrhea

1 1 0

2 3 2
3 5# 8
4 0 1

Endoscopic
grading�

Normal 1 2

Mild 2 3
Moderate 6 1
Severe 0 5

Histologic
grading�

Normal 1 1

Mild 2 2
Moderate 6 4
Severe 0 4

C-Reactive
protein
(Normal:
0–7.5)

Mean 66.7 103.5

Range 2–211 10–330

�On the first endoscopy (pre-infliximab).
#One patient had grade 3 abdominal pain with no diarrhea.
NA: not applicable
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of Tregs in the patients requiring infliximab appeared lower
(16; 11.1–28.6), compared to a median of 30.6 (20.5–41.1),
although neither individual measure reached significance. How-
ever, the difference became significant when the combined ratio
of CD8C/FoxP3 was assessed (Fig. 1B). Additionally, the
increased inflammation observed in patients who required
infliximab linked clinically to a higher grade diarrhea, higher
severity scores by endoscopy and histologically and higher lev-
els of blood CRP (Table 1).

Finally, we analyzed the GzmB staining in the samples.
In normal colon, we observed a small number of cell GzmB
positive cells with a median of 0.3 (0–0.8). In cases with

colitis, a significant increase of GzmB positive cells was
found both for those treated with steroids only, median: 5
(0.8–19.4) or those who subsequently received infliximab,
median: 5.4 (2.1–16.3) (with no significant differences
within these groups) (Fig. 4 and Fig. S1). We attempted to
also quantitate CD3 counts but the cell numbers were too
dense for counting.

Evaluation of repeat biopsies

In eight patients, repeat biopsies were taken to evaluate
changes in the histological appearances. Of these, four had

Figure 1. Left column. CD8C and FoxP3C cell counts in colonic biopsies from patients without colitis (normal colon) and with ipilimumab-related colitis, Right column.
CD8C and FoxP3C cell counts in colonic biopsies according to whether they received treatment with only steroids or steroids and infliximab. Statistical differences were
assessed by the Mann–Whitney test (����p < 0.0001;���p < 0.001;��p < 0.01; �p <0.05) for paired comparisons (normal vs. infliximab, normal vs. steroids, infliximab vs.
steroids) and Kruskal–Wallis test for the three group comparisons (normal vs. infliximab vs. steroids) (###p D 0.0001; #p D 0.037). Only significant associations are
illustrated.
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been given steroids only and four required infliximab treat-
ment escalation. In the latter group, samples were evaluated
pre- and post-infliximab. Fig. 2 shows the CD8C and FoxP3
counts and their ratio. In 3/4 cases, treatment with infliximab
moderately decreased CD8C infiltration and FoxP3C counts

(Fig. 3), resulting in an increase in the CD8C/FoxP3 ratios. In
the remaining case, the post-infliximab biopsy was performed
2 d after the pre-infliximab biopsy and 1 d after the infliximab
administration due to rapid deterioration and the patient
required a colectomy. In the group of those treated with ste-
roids 3/4 showed a decrease in both cell types. The outlier was
the patient cited above who had an initial normal colonoscopy
but was rebiopsied due to lack of steroid response; the repeat
biopsy revealed colitis and, compared to baseline, increase in
CD8C and Treg counts.

Regarding GzmB positive cells, in patients treated with
infliximab the count of positive cells decreased in three cases
(two when the ratio with CD8C cells was considered) (Fig. 4
and Fig. S1). For the cases for whom steroids were the only
treatment, an increase between the first and the second biopsies
was observed. When the ratio with CD8C was applied, the case
that shows a decrease is the same outlier cited above (Fig. S1).

Discussion

We observed an increase of T cells, both CD8C and Foxp3C

cells in colonic biopsies from patients with ipilimumab-related
colitis, when compared to biopsies from normal colon. The
normal colonic samples were not obtained from aged-matched
or cancer patients, and it is therefore possible that some of the
differences observed might reflect the changes in the intestinal
immune cells due to aging or advanced cancer.11,12 The levels
of the effects observed in our study are unlikely to be reflective
of such natural variation.

Tregs (FoxP3Ccells) express high levels of CTLA-4, and
mouse models of colitis support that CTLA-4 is involved in
the mechanisms by which Treg cells control intestinal
inflammation.13,14 The effect of CTLA-4 blockade on Treg
in patients could be mediated through Treg depletion, inhi-
bition of Treg function, and/or an increase in the number
of effector T cells, resulting in an increased CD8C/Treg
ratio. This in turn would lead to an impaired ability of
Tregs to counteract the pro-inflammatory effects of CD8C

cells and clinically link to diarrhea. Although Treg depletion
by anti-CTLA-4 treatment has been elegantly demonstrated
in the tumor microenvironment,15,16 we did not observe
depletion in the colonic biopsies suggesting that the effect
on Treg numbers may be context specific. For example, the
tumor microenvironment is enriched for FcgR-bearing cells
that are required for Treg depletion.17 However, our data
suggest that the ipilimumab-induced colitis results from an
excess in CD8C T-cells, with only a relative paucity in
Tregs. Unexpectedly, we observe that in parallel to an influx
of CD8C T cells, absolute Treg numbers were also elevated,
compared to the numbers in normal bowel. This is consis-
tent with data from other small series18,19 where no deple-
tion of colonic Tregs was observed following ipilimumab
treatment. Also consistent with our observation, previous
data show that Treg function may be impaired even in the
absence of a numerical decrease of these cells.13,20 Treg sup-
pressive function is likely to be mediated by the blockade of
the interaction between CTLA-4 in Tregs and its ligands
(i.e. ,B7-1/B7-2) on antigen presenting cells13 and blockade
of this pathway will further augment the global immune

Figure 2. CD8C and FoxP3C cell counts in serial colonic biopsies from patients
with ipilimumab-related colitis treated with steroids only or steroids and
infliximab (in the latter cases, samples were taken pre- and post-infliximab
treatment). Rounds: first/pre; squares: second/post. Paired analyses were per-
formed (Mann–Whitney test) and none of the differences were statistically
significant.
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activation in the bowel. Interestingly, the relative increase of
CD8C cells was greater in patients who subsequently
required treatment with infliximab compared to those
whose diarrhea resolved with steroids only, and the data
further suggest that the density of CD8C infiltration is mir-
rored in the severity of the resulting clinical effect.

GzmB is involved in the apoptosis of target cells by natural
killer (NK) and CD8C cells and its expression is associated with
the cytolytic potential of these cells.21 In normal colonic mucosa,
the low number of cells observed in our study is consistent with
the literature and possibly correspond to NK cells.22 The observed
increase of GzmB positive cells in cases with ipilimumab-related
colitis might reflect the mechanism of antigen-specific cytotoxic-
ity by CD8C cells, as reported for Crohn’s disease.22

We included in the study two patients with a clinical presenta-
tion consistent with immune-related colitis, but in whom histo-
logical examination did not confirm this. In one case, the patient
developed severe abdominal pain and she eventually developed
disease progression that might explain the symptomatology. In
the other patient, the first examination showed normal appearan-
ces both endoscopically and histologically. However, the exami-
nation was limited by poor preparation, perhaps leading to a false
negative result. Significant variation in the baseline T-cell distri-
bution along the healthy human gastrointestinal tract has been
reported 23 and this variability would affect detection where sam-
pling is guided by endoscopic findings. This patient continued to
have symptoms and a repeat examination 5 weeks later demon-
strated moderate colitis histologically with increased immune
infiltration, post hoc suggesting that the negative histology at base-
line was likely a false negative.

Following treatment with infliximab, rebiopsy showed a
decrease of FoxP3 positive cells with a less pronounced decrease
in the CD8C cell count. A number of studies have evaluated the

modulation of Tregs following treatment with infliximab,
the majority from patients with inflammatory bowel disease
(IBD). A consistent increase has been observed in circulating
Tregs in the blood of patients with IBD. 24,25 This suggests that
TNFa blockade is associated with a release of Treg from the tissue
into the blood. In contrast, a significant decrease of Foxp3 positive
cells in the colonicmucosa in IBD patients treated with infliximab
was found in clinical responders. 24 These data are concordant
with our own findings in non-IBD colitis, where the gut has been
perturbed by ipilimumab. In contrast, Veltkamp et al. 26 demon-
strate that the loss of Treg in IBD is, at least partly, explained by
increased apoptosis. Interruption of the pathophysiological pro-
cess with infliximab relieves this effect over time, 26 leading to
reaccumulation of Tregs in parallel to inflammatory recovery.
This is a dynamic process and in our patients ipilimumab may
still have been present (1/2 life of 15 days) and therefore Treg
recovery may simply not yet become measurable. The decrease
observed in some cases treated with infliximab in the GzmB stain-
ing has previously been observed and might reflect the ability of
the anti-TNFa agent to target these cytotoxic population and
thus decrease inflammation effectively.27

Globally, our data demonstrate that CD8C and FoxP3C T-
cell absolute counts and their ratio in colonic biopsies correlate
with clinical severity as illustrated by higher grade symptom-
atology (diarrhea), increased scores in the endoscopic and his-
tologic assessments, and inflammation biomarkers such as
CRP. Although we evaluated a limited number of samples, it
seems that the anti-inflammatory effect of infliximab does not
depend on Treg presence as postulated for IBD patients, as
both steroids and infliximab seem to reduce Treg counts over
time. Quantifying CD8C T-cells and Treg would be a relatively
simple biomarker to predict for the need for more intense
immunosuppressive treatment in addition to steroids (i.e.,

Figure 3. Micrographs illustrating immunohistochemical staining of colonic biopsies with FoxP3 and CD8C antibodies (see Methods). (A and B) Pre-infliximab treatment;
(C and D) post-infliximab treatment. Scale bar: 100 microns.
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infliximab) early on. Further prospective analysis of these cell
populations may allow us to validate whether numerical cutoffs
can be set for clinical management of ipilimumab-related
colitis.
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