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Abstract

An increasing number of drugs including monoclonal antibodies and 
small molecules, either anti-inflammatory or immunity-enhancing, 
have been developed to treat human diseases and the number of med-
ications in these classes is likely to expand in the future. The two 
most commonly used categories of such therapies are the anti-inflam-
matory group (anti- tumor necrosis factor (TNF) α, anti-interleukins/
interleukin receptors, and anti-integrin bodies) and the anti-tumoral 
agents (immune checkpoint inhibitors, anti-CD20, and anti-endothe-
lial growth factor). Although the anti-inflammatory biologics have 
brought about a revolutionary effect in the management of a variety of 
autoimmune disorders including rheumatologic diseases, inflamma-
tory bowel disease, and inflammatory dermatological diseases, their 
ability to induce colitis in patients without a prior history of colitis or 
exacerbate quiescent colitis has been increasingly and unexpectedly 
recognized. While the use of immune-augmenting monoclonal anti-
body therapies results in a significant survival benefit in a subset of 
patients with malignancies, these monoclonal antibodies also have the 
ability to cause colitis through an apparent autoimmune mechanism. 
Colitis associated with these medications may demonstrate multiple 
histologic patterns including increased apoptosis (graft versus host 
disease (GVHD)-like), autoimmune enteropathy pattern, acute colitis 
pattern, ischemic colitis, inflammatory bowel disease pattern, either 
ulcerative colitis-like, Crohn’s disease-like, or fulminant colitis-like. 
In addition, anti-inflammatory biologics are known to cause or re-
activate latent infections such as tuberculosis and increase the risk 
for malignancies including high-grade lymphomas as well as indolent 

lymphoproliferative disorders. Thus, the differential diagnosis for co-
litis in patients receiving therapeutic anti-inflammatory biologics or 
anti-tumoral agents can be broad. Optimal diagnosis and treatment 
requires a multidisciplinary approach. This review aims to provide 
an overview of the literature on the clinical features, histology, and 
treatment of these newly recognized anti-inflammatory biologic and 
anti-tumoral immune therapy-induced colitises and hopes this out-
lines will raise the vigilance of all clinicians of these entities.
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Introduction

More and more drugs including monoclonal antibodies, either 
anti-inflammatory or immunity-enhancing, are developed to 
treat human diseases and this list is expecting to expand in 
the future [1]. Two most commonly used categories are an-
ti-inflammatory group (anti-tumor necrosis factor (TNF) α, 
interleukins/interleukin receptors, and anti-integrin bodies) 
and anti-tumoral agents (immune checkpoint inhibitors, anti-
CD20, and anti-endothelial growth factor). Although anti-in-
flammatory biologics have brought about revolutionary effect 
in the management of a variety of autoimmune diseases in-
cluding rheumatologic diseases, inflammatory bowel disease, 
and inflammatory dermatological diseases [1, 2], these thera-
peutic agents are increasingly and unexpectedly recognized to 
be able to induce colitis in patients without colitis prior to the 
initiation of this type of therapy or exacerbate quiescent co-
litis. Anti-inflammatory biologics-associated colitis is usually 
graded using a scale as previously proposed for medication/
drug-associated colitis based on clinical presentation and out-
come (Table 1) [3] and has multiple histologic patterns includ-
ing increasing apoptosis, autoimmune enteropathy pattern, 
acute colitis pattern, ischemic colitis, and inflammatory bowel 
disease (IBD) pattern, either ulcerative colitis (UC)-like, 
Crohn’s disease (CD)-like, fulminant colitis-like, or ulcerative 
enterocolitis. In addition, anti-inflammatory monoclonal anti-
bodies are known to cause or reactivate latent infections such 
as tuberculosis and increase risk for malignancies including 
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lymphoproliferative disorder. The use of immune-augmenting 
anti-tumoral antibodies results in significant survival benefit 
in a subset of patients with malignancies; these monoclonal 
antibodies are also known to induce the development of de 
novo colitis or flare-up of quiescent colitis. Thus, the differen-
tial diagnosis for colitis in patients receiving these therapeutic 
agents can be broad. The optimal diagnosis and treatment re-
quires a multidisciplinary approach. This mini-review aims to 
review the literature on the clinical, histology, and treatment of 
colitis associated with the use of a few recently available and 
commonly used anti-inflammatory biologics and anti-tumoral 
immune therapies.

Anti-Inflammatory Biologics

TNF-α has been unequivocally validated as a therapeutic target 
in a variety of immune-mediated inflammatory disorders. Inhibi-
tion of the TNF-α pathway can be achieved by several methods 
and the currently available approaches include monoclonal an-
tibodies (infliximab, adalimumab, and golimumab), either chi-
meric or humanized, a PEGylated Fab’ fragment (certolizumab), 
and an IgG1-TNFR2 fusion protein (etanercept) [4]. These three 
anti-TNF-α subtypes differ with respect to Fc function, binding 
to a transmembrane precursor of TNF-α (tm TNF-α), and the 
ability to form complexes [4]. The properties of biologic TNF-α 
antagonists are summarized in Table 2 [4]. Although some of 

these agents, particularly anti-inflammatory antibodies, are ap-
proved to treat moderately to severely active IBD, either UC or 
CD [1, 2], they have been shown to cause colitis with multiple 
histologic patterns including increasing apoptosis, autoimmune 
enteropathy pattern, acute colitis pattern, ischemic colitis, and 
IBD pattern, either UC-like, CD-like, or fulminant colitis-like. 
Although there is a concern for perforation in patients receiving 
anti-TNF therapy, one study revealed that the risk of gastroin-
testinal perforations in patients with rheumatoid arthritis treated 
with anti-TNF therapy was not increased with an incidence rate 
of 24 - 53 per 100,000 person years [5].

Anti-tumor necrosis factor-α (TNF-α) monoclonal antibodies

Infliximab

Infliximab is a chimeric monoclonal antibody against TNF- α. 
It has been widely used to treat a variety of chronic autoim-
mune diseases such as IBD, including moderate to severe UC 
and CD, either with FDA approval or as an off-label use [4]. 
However, infliximab has been demonstrated to cause colitis.

1) IBD

Development of de novo UC was reported in one 55-year-old 

Table 1.  Grading Colitis-Associated With Medication/Drug

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5
Colitis Asymptomatic, 

pathologic or radiographic 
findings only

Abdominal 
pain; mucus or 
blood in stool

Abdominal pain; fever; 
change in bowel habits with 
ileum; peritoneal signs

Life-threatening consequences (e.g. 
perforation, bleeding, ischemia, 
necrosis, toxic megacolon)

Death

Table 2.  Anti-TNF-α Agents

Drug name Registration 
name Structure Ligands Molecular 

weight (kDa)
Half-life 
(days) Clinical use Other 

features
Infliximab Remicade Chimeric monoclonal antibody Soluble and 

transmembrane 
TNF-α

150 8 - 10 CD, UC, RA, 
AS, PA, PP

Adalimumab Humira Human monoclonal antibody Soluble and 
transmembrane 
TNF-α

150 10 - 20 CD, RA, AS, 
PA, PP, JIA

Golimumab Simponi Human monoclonal antibody Soluble and 
transmembrane 
TNF-α

150 7 - 20 RA, AS, PA

Certolizumab 
pegol

Cimzia TNF-specific, PEGylated 
Fab’ antibody fragment

Soluble and 
transmembrane 
TNF-α

About 95 - 14 RA, PA, 
AS, CD

Etanercept Enbrel A fusion protein of two TNFR2 
receptor extracellular domains 
and the Fc portion of human IgG

Soluble and 
transmembrane 
TNF-α

150 4 RA, JIA, 
PA, AS, PP

No efficacy 
in IBD

AS: ankylosing spondylitis; CD: Crohn’s disease; IBD: inflammatory bowel disease; JIA: juvenile idiopathic arthritis; PA: psoriatic arthritis; PP: plaque 
psoriasis; RA: rheumatoid arthritis; TNF: tumor necrosis factor; UC: ulcerative colitis.
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man with rheumatoid arthritis treated with infliximab [6]. The 
patient developed bloody diarrhea 2 weeks after his fourth in-
fliximab infusion. Stool studies including assays for Clostrid-
ium difficile and cytomegalovirus were negative. Empirical 
treatment with metronidazole did not improve his diarrhea. 
Colonoscopy revealed moderately congested, erythematous, 
friable and granular mucosa in distal transverse colon, left 
colon, and the rectum. Biopsies from the colon demonstrated 
chronic active colitis with cryptitis, crypt abscess, crypt archi-
tectural distortion and dense lymphoplasmacytic infiltrates in 
the lamina propria, features of UC. Treatment for infliximab-
associated UC includes cessation of the medication, addition 
of parental steroids, and/or leukocytapheresis [6, 7].

2) Apoptotic enteropathy

Many drugs are known to cause apoptotic enteropathy which 
is characterized by increased crypt epithelial apoptosis with or 
without crypt dropout. One case of apoptotic enteropathy was 
reported in a patient receiving infliximab [8]. The patient was 
treated with infliximab (400 mg every 4 weeks) for relapsing 
polychondritis associated with systemic vasculitis and chronic 
renal insufficiency. After 4 - 5 months, the patient developed 
watery diarrhea. Endoscopy only revealed a small ulcer in the 
sigmoid colon with the remaining colonic mucosa appearing 
otherwise unremarkable. Biopsies from the colon revealed ar-
chitectural distortion, empty appearing lamina propria, cysti-
cally dilated crypts with atrophic epithelial lining and scattered 
apoptosis of basal crypt epithelium, features of apoptotic en-
teropathy. Biopsies of small bowel were not initially obtained 
in this case. The patient’s diarrhea improved at 1 month fol-
lowing the last dose of infliximab. A repeat colonoscopy with 
biopsy revealed regenerative changes in the sigmoid colon. 
The remaining colonic mucosa showed improved but residual 
mild architectural distortion and an increased number of apo-
ptotic cells in the crypt epithelium. Biopsies from the terminal 
ileum and duodenum were unremarkable while biopsies from 
the stomach showed a minimal increase in the number of apo-
ptotic bodies.

3) Ischemic colitis

From the data submitted to United States (US) Food and Drug 
Administration’s (FDA) Adverse Event Reporting System 
(AERS) between January 2003 and June 2011, 35 primary sus-
pected reports of TNF- α inhibitors-associated ischemic colitis 
were identified from 155,372 cases. These patients’ primary 
indication for therapy was rheumatoid arthritis and other po-
tential causes of ischemic colitis were excluded including sep-
sis, serious cardiovascular conditions, coagulation disorders or 
chronic ischemic colitis [9]. Thirteen of these instances, in-
cluding seven possible and six probable cases, were reported 
to be infliximab-associated ischemic colitis with a male to fe-
male ratio of 2:11 and median age of 68 years (range 55 - 83). 
Eight cases were confirmed with colonoscopy with or with-
out biopsy. Three patients died, nine patients recovered, and 
one was without follow-up data. Overall, the risk of ischemic 

colitis in rheumatoid arthritis patients receiving infliximab is 
extremely low.

4) Intestinal tuberculosis (TB)

Although all anti-TNF biologics have been associated with 
reactivation of latent TB, the risk of reactivation is higher 
with the monoclonal antibodies than with etanercept [10-12]. 
The incidence of TB was estimated to be 1,337 per 100,000 
patient-years for infliximab, but only rare cases affected intes-
tine [12]. One case of CD treated with infliximab developed 
pulmonary and intestinal tuberculosis after 20 months. This 
patient had been screened and was positive for latent TB but 
he had not been treated with anti-TB therapy before the initia-
tion of infliximab [12]. A similar case of disseminated TB with 
colonic involvement developed after infliximab treatment for 
CD was reported in a patient even though they had completed a 
9-month course of isoniazid for latent TB 2 months before the 
initiation of infliximab [13]. Despite anti-TB treatment, this 
patient died 8 months after the being diagnosed with dissemi-
nated TB [13]. An example of intestinal TB which developed 
after infliximab treatment for CD is illustrated in Figure 1.

5) Cytomegaloviral (CMV) colitis

In one review article of 369 patients with Behcet’s disease 
treated with anti-TNF-α blockade therapy, one patient devel-
oped CMV colitis at 10 days after the third dose of infliximab 
which manifested as watery diarrhea and weight loss [14, 15]. 
Physical examination revealed epigastric tenderness on pal-
pation and hyperactive bowel sounds. Laboratory studies at 
the time of admission revealed elevated C reactive protein, a 
positive CMV immunoglobulin (Ig) G but a negative IgM anti-
body, and negative stool studies for parasites, Clostridium dif-
ficile toxin, and enteric pathogens. Colonoscopy revealed dif-

Figure 1. Biopsy from the colon revealed extensive large epithelioid 
granulomas with central necrosis. Acid-fast mycobacteria were identi-
fied by Ziehl-Neelsen stain in colon biopsies (picture not shown).
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fuse erythematous and edematous mucosa and multiple ulcers 
throughout the colon, rectum, and terminal ileum. A colonic 
biopsy was interpreted as CMV colitis but the immunohisto-
chemical illustrations depicted in the article are equivocal at 
best [15]. Cessation of infliximab and treatment with ganci-
clovir resulted in improvement of symptoms and colitis on re-
peat endoscopy. The patient had no recurrence of colitis at 30 
months of follow-up. Although this report raises the possibility 
of CMV colitis associated with infliximab treatment, it did not 
address the possibility of infliximab-associated non-infectious 
colitis. The role of pathology expertise in the diagnosis of co-
litis in patients receiving anti-TNF therapies should be empha-
sized as no images from H&E stained sections were presented 
in this report [15].

Adalimumab

1) Ischemic colitis

One case of ischemic colitis associated with adalimumab has 
been reported [16]. This documented case described a 60-year-
old male with no concomitant medications or risk factors for 
ischemia. After an exploratory laparotomy revealed ischemic 
colitis, a right colectomy was performed and the patient re-
covered shortly after hospitalization. But one recent report 
suggests that the risk of ischemic colitis associated with adali-
mumab use in patients with rheumatoid arthritis appears to be 
extremely low as only 12, including seven possible and five 
probable cases, were reported to be adalimumab-associated 
ischemic colitis, out of 155,372 cases who had indication of 
rheumatoid arthritis from the data submitted to US FDA AERS 
between January 2003 and June 2011[9]. The male to female 
ratio was 3:9 and the median age was 58.5 years (range 36 - 79) 
in this small cohort of patients with adalimumab-associated is-
chemic colitis. Eight cases were confirmed with colonoscopy 
with or without biopsy. One patient died, 10 patients recovered 
and one was without follow-up data.

2) Apoptotic enteropathy

Increased apoptosis in the gastrointestinal tract was reported 
in patients receiving adalimumab therapy for psoriasis [17]. 
These patients presented with abdominal pain and/or diarrhea 
and mucosal biopsies demonstrated a prominent increase in 
apoptotic bodies in the duodenum and terminal ileum [17].

3) Intestinal TB

The incidence of TB was estimated to be 792 per 100,000 pa-
tient-years for adalimumab, but most of these cases involved 
sites other than the gastrointestinal tract [12]. In the literature, 
one case of a patient with ankylosing spondylitis treated with 
adalimumab developed disseminated TB and mycobacteria 
were detected in feces after 31 months. This patient had been 
screened prior to the initiation of adalimumab and was found 

to be positive for latent TB [12].

4) Indolent T-cell lymphoproliferative disease of the gastroin-
testinal tract

One case of indolent T-cell lymphoproliferative disease of the 
gastrointestinal tract after treatment with adalimumab was re-
ported in a patient with CD [18]. This patient had a 15-year 
history of CD which had been resistant to multiple medica-
tions including 5-aminosalycylic acid, corticosteroid enema, 
and azathioprine. The patient was treated with adalimumab for 
7 months and a repeat biopsy from an endoscopically severely 
inflamed colon revealed active chronic colitis with multifocal 
dense infiltrates composed of small lymphocytes. These cells 
were CD8+, TIA+, TCRβ-F1+ and showed TCRG and TCRB 
gene rearrangements. Adalimumab was discontinued and the 
monoclonal T-cell infiltrate subsequently regressed. However, 
a monoclonal T-cell infiltrate recurred within the gastrointes-
tinal tract 2 years after the initial diagnosis of the T-cell lym-
phoproliferative disease.

5) IBD

One case of ulcerative pancolitis was reported in a patient with 
juvenile rheumatoid arthritis treated with etanercept with sub-
sequent colitis flares following treatment with adalimumab 
and infliximab [19]. The patient’s UC only healed after cessa-
tion of all anti-TNF agents including etanercept, adalimumab, 
and infliximab. This case suggested that, at least, some TNF 
blockade-associated colitis may be drug class specific, while 
other cases may be molecule specific and immune suppression 
dependent.

Golimumab

Golimumab is a TNF- α inhibitor that was approved in the 
United States in 2009 for treating adults with moderately to 
severely active rheumatoid arthritis, active psoriatic arthritis, 
or active ankylosing spondylitis [20]. Patients receiving goli-
mumab for rheumatologic diseases have been reported to ex-
perience nausea and diarrhea with a frequency of 4.1-18.2% 
and 4.3-7.9%, respectively [20, 21], but none of the 304 pa-
tients receiving golimumab were reported to have had gastro-
enteritis [21].

Certolizumab pegol

1) Ischemic colitis

The risk of ischemic colitis associated with certolizumab 
pegol use in patients with rheumatoid arthritis is extremely 
low. From the data submitted to US FDA AERS between Janu-
ary 2003 and June 2011, thirty-five primary suspect reports of 
TNF- α inhibitors-associated ischemic colitis were identified 
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from 155,372 cases who had indication of rheumatoid arthritis 
and only three of them, including two possible and one prob-
able case, were reported to be certolizumab-associated. All 
three patients were female and had median age of 51 years 
(range 51 - 55) [9]. One case was confirmed with colonoscopy 
without biopsy. Two patients recovered and one was without 
follow-up data.

Etanercept (Enbrel)

1) IBD

Treatment with etanercept for rheumatological disease can 
exacerbate pre-existing UC [6, 22, 23] or CD [23, 24]. In ad-
dition, etanercept treatment for rheumatological diseases can 
induce the development of de novo IBD [17, 23, 25], UC [6] or 
CD [19, 26]. In one recent study, the incidence of IBD in pa-
tients with juvenile idiopathic arthritis was 1.31 per 1,000 pa-
tient years, higher than in the general population [27]. Etaner-
cept monotherapy, but not the combination of etanercept and 
methotrexate, was associated with an increased incidence of 
IBD at 5.33 per 1,000 patient years [27]. The IBD in this report 
included eight instances of CD and three cases of UC, all of 
which were histologically confirmed. Epithelioid granulomas 
were noted in three CD cases and one microgranuloma was 
noted in one case of ulcerative pancolitis [27]. Upper gastro-
intestinal tract involvement was reported in all three CD cases 
and included esophagitis in one patient, duodenitis in two pa-
tients, and gastritis in two patients. In this report, these patients 
had a mean exposure time of 1.71 (SD 1.29) years with a range 
of 0.34 - 5.03 years before onset of IBD symptoms. Etanercept 
was discontinued in eight patients with a mean time of 5.5 (0.0 
- 22.3) weeks after onset of IBD. No patients went into remis-
sion after discontinuation of only etanercept. All were treated 
for IBD using standard therapy and five of them also received 
other anti-TNF agents (adalimumab or infliximab) [27]. Ten 
patients had follow-up and IBD went into remission in five of 
them after anti-IBD treatment. A case of pancolitis occurring 
during etanercept treatment of rheumatoid arthritis was report-
ed which also relapsed during the administration of further two 
TNF-alpha inhibitors, suggesting a class-specific toxicity [19]. 
While the mechanism underlying etanercept-induced IBD is 
not clear, the temporal association of onset IBD suggests that 
it may be associated with immunomodulation.

2) Ischemic colitis

The risk of ischemic colitis associated with etanercept use in 
patients with rheumatoid arthritis is extremely low. Out of 
155,372 cases who had indication of rheumatoid arthritis using 
the data submitted to US FDA AERS between January 2003 
and June 2011, only seven, including two possible and five 
probable cases, were reported to be etanercept-associated [9]. 
The male to female ratio was 1:6 and the median age was 64 
years (range 58 - 80) in this small cohort of patients with etaner-
cept-associated ischemic colitis. One case was confirmed with 

colonoscopy with biopsy. Six patients recovered and one died.

3) Apoptotic enteropathy

Increased apoptosis in the gastrointestinal tract including the 
colon was reported in patients receiving etanercept therapy for 
rheumatoid arthritis [17]. Patients presented with diarrhea and 
biopsies demonstrated a prominent increase in apoptotic bod-
ies in the duodenum and mild increase in apoptotic bodies in 
the colon [17].

4) Sarcoidosis-like lesions

Sarcoidosis-like lesions have been increasingly reported dur-
ing anti-TNF-α treatment for rheumatologic diseases and IBD. 
The lesion may affect the lungs, skin, or uvea. In one review, 
the authors identified 90 reported cases of sarcoidosis-like le-
sions, which developed during anti-TNF therapy [28]. In most 
cases, the anti-TNF drug involved was etanercept. The median 
age was 43 years and there was a predominance of female pa-
tients. The underlying disease was rheumatoid arthritis in most 
cases, followed by ankylosing spondylitis and psoriasiform 
arthritis. In six cases, the underlying disease was IBD. In 71 
cases there was at least a partial resolution by discontinuation 
of the anti-TNF treatment with or without concurrent steroids. 
Re-initiation of anti-TNF therapy led to relapse in seven out of 
20 cases. One case of sarcoidosis-like lesions was reported in 
the gastrointestinal tract including the stomach and the colon 
in a patient with ankylosing spondylitis [17]. In this case, the 
patient presented with protein losing enteropathy with active 
duodenitis, villous blunting, and patchy increased apoptotic 
bodies combined with active chronic antral and oxyntic non-
H. pylori gastritis.

When encountering these types of granulomatous lesions, 
clinicians and pathologists should always exclude infectious 

Figure 2. Colonic biopsy from one patient receiving etanercept for 
rheumatoid arthritis showed a non-caseating granuloma in the colonic 
mucosa without epithelial injury.
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agents. Additionally, although such sarcoidosis-like lesions af-
fecting the gastrointestinal tract have not been reported in pa-
tients receiving anti-TNF-α treatment with underlying UC, this 
occurrence is potentially possible. The occurrence of granuloma-
tous lesions, involving either intestinal or extra-intestinal sites, 
should not be taken as definitive evidence of CD in a case oth-
erwise typical of UC in patients who received anti-TNF-α treat-
ment. An example of an isolated non-caseating granuloma in the 
colonic mucosa without epithelial injury from a patient receiving 
etanercept for rheumatoid arthritis is illustrated in Figure 2.

Literatures on colitis-associated with anti-TNF α biologics 
is summarized in Table 3 [6, 8, 9, 12, 13, 15-19, 26-28].

Anti-interleukin 12/23 (anti-IL12/23) (ustekinumab)

Ustekinumab is a human IgG 1κ monoclonal antibody that binds 
to the common p40 subunit shared by IL12 and IL23, which in-
hibits their binding to the IL12Rβ1 on the surface of T cells, natu-
ral killer (NK) cells, and antigen-presenting cells, preventing the 
subsequent receptor signaling and activation, and decreasing IL-
23-mediated interleukin 17 (IL17) production. Ustekinumab has 
been approved for psoriasis and psoriatic arthritis since 2009 [29] 
and was approved for moderately to severely active CD in 2016 
[2]. Ustekinumab treatment within 12 weeks of surgery does not 
appear to increase the risk of postoperative complications above 
that of CD patients treated with anti-TNF medications. In addi-
tion, it was used to treat chronic granulomatous disease-associat-
ed colitis, common variable immunodeficiency-associated IBD, 
chronic refractory pouchitis, and paradoxical UC developed dur-
ing adalimumab treatment of psoriasis [30-33].

Anti-interleukin 17 (anti-IL17) (secukinumab)

Secukinumab is a fully human, high-affinity, anti-IL17A mono-
clonal antibody. IL17A and its receptor are expressed in syno-
vial tissue and mediate biological functions, leading to joint and 
enthesis inflammation, damage, and tissue remodeling. Secuki-
numab has been approved for psoriasis and psoriatic arthritis [1, 
29]. CD was reported as a non-serious adverse effect in patients 
receiving secukinumab for their spondyloarthritis with an inci-
dence rate of 8 per 1,000 patient-years of secukinumab exposure 
[34]. Similar results were reported in an additional study [35]. 
Exposure-adjusted incidence rates of CD and UC in subjects 
with plaque psoriasis receiving any dose of secukinumab in a co-
hort of 3,430 patients during the entire 52 weeks was low at 1.1 
and 1.5, respectively, per 1,000 subject-years of secukinumab 
exposure. The exposure-adjusted incidence rates of IBD in this 
patient population was low (3.3 per 1,000 subject-years), com-
parable to that of etanercept (3.4 per 1,000 subject-years) [35].

Interleukin 1 (IL1) antagonists (anakinra and canakinum-
ab)

Anakinra is a recombinant, nonglycosylated human IL1 recep-
tor antagonist which has been approved for treating moderately 

to severely active rheumatoid arthritis which has failed one 
or more disease-modifying antirheumatic drugs (DMARDs). 
Canakinumab is a recombinant human anti-IL1β monoclonal 
antibody which has been approved for treating active systemic 
juvenile idiopathic arthritis (sJIA). IBD seems to be a rare, but 
possible complication of sJIA and treatment with IL-1 antago-
nists might be a relevant factor for a switch in the clinical pheno-
type of the underlying inflammatory process [36]. In this report, 
three patients (out of 82) with sJIA developed CD (two cases) 
and UC (one case) 0.8 - 4.3 years after the diagnosis of sJIA. 
All of them were treated with IL-1 antagonists (anakinra in two 
cases and canakinumab in one case). In one patient, abdominal 
pain and diarrhea developed after 11 months on anakinra and 
colonoscopy showed ileitis and discontinuous inflammation in 
the ascending colon with granulomatous inflammation on his-
tology, features of CD. Anakinra was tapered and treatment with 
infliximab and methotrexate led to rapid remission. The other 
patient developed abdominal symptoms after 3 years on anak-
inra and methotrexate and colonoscopy 4 years after starting 
anakinra revealed severe inflammation in the descending colon 
with edematous and inflamed lamina propria and cryptitis. The 
patient was continued on low dose anakinra and treatment of 
mesalazine and azathioprine resulted in partial but not complete 
resolution. The third patient developed fatigue, diarrhea, and 
weight loss after 24 months on canakinumab and endoscopy re-
vealed active colitis extending from the sigmoid to the cecum 
and inflamed terminal ileum. A duodenal biopsy demonstrated 
edematous and coarse villi with neutrophilic inflammation. 
Canakinumab was discontinued and treatment with budesonide 
and infliximab led to rapid remission in this patient.

Anti-interleukin-6 receptor (anti-IL6-R) (tocilizumab)

Tocilizumab is a humanized anti-IL6-R antibody and an estab-
lished treatment for moderately to severely active rheumatoid 
arthritis which cannot be adequately controlled by conventional 
DMARDs. Despite its overall safety, concerns have been raised 
regarding diverticular perforation in patients receiving this drug. 
However, a recent systemic literature review revealed the risk of 
diverticular perforation may be slightly higher in patients treated 
with tocilizumab compared with conventional DMARDs or an-
ti-TNF agents but lower than that for corticosteroids with rates 
of 1.9 per 1,000 patient years [37]. Although tocilizumab was 
reported to successfully treat patients with coexisting rheuma-
toid arthritis and UC [38] and patients with coexisting Takayasu 
arteritis complicated by UC [39], it may also cause exacerbation 
of UC in patients whose disease course is unresponsive to treat-
ments including azathioprine, methotrexate, anti-TNF antibod-
ies and tacrolimus [40]. In this one patient, biweekly intravenous 
tocilizumab for 12 weeks resulted in no clinical improvement 
and repeat endoscopic and histologic assessment demonstrated 
exacerbation of mucosal inflammation and ulcer formation.

Anti-lymphocyte integrin α4β7 (vedolizumab, Entyvio)

Vedolizumab is a humanized IgG1 monoclonal antibody that 
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selectively blocks the lymphocyte integrin α4β7 and prevents 
its interaction with endothelial adhesion molecules and subse-
quent transmigration to the gastrointestinal tract. The drug was 
approved in 2014 for the induction and maintenance treatment 
of UC and moderate to severe CD that is refractory or intoler-
ant to conventional therapy [41]. It has been found to be an ef-
fective first-line agent in treating moderate to severe UC [42]. 
Preoperative use of vedolizumab did not affect the risk of 30-
day postoperative complications in UC and CD [43]. One case 
of fatal ulcerative enteritis of the small bowel in a patient with 
UC treated with vedolizumab was reported [44]. This 64-year-
old female patient had UC refractory to TNF inhibitors. The 
patient developed severe diarrhea and systemic inflammatory 
response syndrome (SIRS) 1 week after the second vedolizum-
ab infusion. Blood stream infections were ruled out. Endos-
copy revealed extensive ulcerations of the duodenum covered 
by pseudomembranes. Biopsy from the duodenum confirmed 
subtotal destruction of small intestinal epithelia and coloniza-
tion with Candida. Small mesenteric vessels were occluded 
by hyaline thrombi, likely as a result of SIRS. Concentrations 
of β-D-glucan were highly elevated, but antimycotic therapy 
for suspected invasive candidiasis did not result in any clinical 
benefit. Additional laboratory tests revealed elevated titers of 
antinuclear antibodies (ANA) at a titer of 1:800. Follow-up en-
doscopy revealed that the mucosa of the small intestine was al-
most completely replaced by fibrotic tissue with only scattered 
small islands of regenerating intestinal epithelium. Although 
an autoimmune phenomenon was suspected and immunosup-
pressive therapy was escalated, the patient eventually died 
from multi-organ failure 9 weeks after the second vedolizumab 
infusion. Autopsy revealed massive necrotic enterocolitis with 
bacterial colonization and complete loss of mucosa, particu-
larly in the duodenum. The colon showed hemorrhage, ulcera-
tions, and pseudopolyp formation consistent with chronically 
active colitis. Hyaline thrombi were detected in the small ves-
sels throughout the gastrointestinal tract.

Anti-Tumoral Agents

Anti-tumoral immune therapy

The cytotoxic T-lymphocyte-associated antigen 4 (CTLA-
4) and programmed death 1 (PD-1) immune checkpoints are 
negative regulators of T-cell immune function [45]. Inhibition 
of these targets by antibodies, pembrolizumab (KEYTRUDA, 
anti-PD-1), nivolumab (OPDIVO, anti-PD-1), ipilimumab 
(antibody against CTLA-4), resulting in increased activation 
of the immune system, has been explored to treat melanoma, 
non-small cell lung cancer, and other malignancies [45-47].

Anti-CTLA-4 antibody

Ipilimumab is a CTLA-4 blocking monoclonal antibody. The 
use of this antibody has been shown to provide a significant 
survival benefit in metastatic melanoma patients [48, 49]. 
However, it is associated with gastrointestinal toxicity includ-

ing diarrhea, colitis, and bowel perforation [49, 50]. Affected 
patients typically presented with diarrhea, either bloody or 
non-bloody, abdominal pain, and/or fever after ipilimumab in-
fusion with a variable interval with 4 days to 8 weeks after the 
last dose or 7 - 13 weeks following initiation of therapy [48, 
50-54]. Endoscopy in these patients showed loss of vascular 
pattern, erythema, friability, and granularity with or without 
ulcers [48, 49, 54] and histology usually demonstrated expan-
sion of lamina propria with mixed inflammatory infiltrates, 
focal cryptitis, crypt abscesses, rare apoptotic epithelial cells, 
and focal clustering of histiocytes centered on damaged glands 
[48, 49, 54]. In some cases, apoptosis of crypt epithelial cells 
can be prominent with intraepithelial lymphocytosis [48, 49]. 
Rectal sparing may occur and the involvement pattern can 
be continuous or patchy [52]. In some cases, crypt distortion 
may occur [52]. Biopsies from the stomach, duodenum, and 
the terminal ileum may show similar features including mixed 
inflammatory infiltrates, intraepithelial lymphocytosis and 
villous blunting (in the small bowel) [48]. In rare cases, the 
inflammation may only affect the small bowel with complete 
sparing of the colonic mucosa [55]. Immunological studies on 
the biopsy material from patients with ipilimumab-associated 
colitis revealed abundance of plasma cells and CD4+ T cells 
in the lamina propria by immunohistochemistry as well as in-
creased expression of interferon-γ and IL17A mRNA by re-
verse transcriptase polymerase chain reaction (RT-PCR) [52]. 
Rare cases of late-onset IBD-like syndrome developing 3 years 
after ipilimumab therapy have been reported [56].

Management includes holding off or discontinuing ipili-
mumab, starting steroids as initial therapy followed by inflixi-
mab if there is no response to steroids, and/or surgical options 
for complications such as bowel perforation [49, 50]. In pa-
tients with ipilimumab-associated colitis refractory to steroid 
or infliximab therapy, vedolizumab, an anti-integrin α4β7 
antibody therapy may induce steroid-free remission [53]. Of 
course, in patients with checkpoint inhibitor-induced colitis 
refractory to corticosteroid treatment with or without immu-
nomodulatory drugs such as infliximab, superimposed infec-
tion such as CMV should be ruled out either by detecting CMV 
antigen on the colonic biopsy or detecting CMV in the stool, 
blood, or by serology [51]. In some cases, a combination of the 
above methods should be used as immunohistochemistry for 
CMV antigen was only positive in two out of five cases [51].

Anti-PD-1 antibodies

Both pembrolizumab and nivolumab were initially approved 
for treatment of metastatic melanoma but the spectrum of ma-
lignancies for which these therapies can be given has greatly 
expanded to include non-small-cell lung cancer, gastroesopha-
geal malignancies, and other tumors which demonstrate micro-
satellite instability. Gastrointestinal adverse effects are com-
mon after a treatment with checkpoint inhibitors. Patients under 
treatment with anti-PD-1 antibodies showed gastrointestinal 
adverse effects, such as diarrhea, in 6.0-16.0% with grade 3 - 4 
adverse effects in up to 2.2% [47, 57-59]. The interval between 
the initiation of anti-PD-1 therapy and the onset of diarrhea is 
variable and ranges from 1 week to 19 weeks with a median in-



Articles © The authors   |   Journal compilation ©  Gastroenterol Res and Elmer Press Inc™   |   www.gastrores.org182

Anti-Inflammatory Biologics and Immunotherapy-Associated Colitis  Gastroenterol Res. 2018;11(3):174-188

terval of 3 months [46, 60]. Information on anti-PD-1 therapy-
associated colitis is scarce. The most common symptom is diar-
rhea (89%) which is sometimes severe and/or bloody. There are 
endoscopic changes in the duodenum and stomach in 67% and 
50% of patients. The terminal ileum is ulcerated in 40% of pa-
tients. There is mild colitis in 18%, and marked changes includ-
ing erosion and friability, either diffuse or patchy, in 47% of 
patients. The colonic mucosa is normal in 35% of patients [61].

The histology of anti-PD-1 therapy-associated colitis has 
been reported as lymphocytic colitis [46] in one case and col-
lagenous colitis in two cases with increased plasmacytic and 
lymphocytic inflammation in the lamina propria and focal cryp-
titis [60, 61]. One recent study reported more detailed histolog-
ic findings in anti-PD-1 therapy-associated gastroenterocolitis 
[61]. The histologic findings in the duodenal mucosa include 
lymphoplasmacytic expansion of the lamina propria and in-
creased eosinophils in the lamina propria in 83% of patients 
and villous blunting and neutrophilic villitis in 67% of patients. 
Goblet cell attenuation or loss, prominent intraepithelial lym-
phocytosis, and increased apoptosis are seen in 50%, 13% and 

13% of patients, respectively. Histologic findings in the gastric 
mucosa are lymphoplasmacytic expansion of the lamina pro-
pria and intra-epithelial neutrophils in 67% of patients, gland 
abscesses in 50% of patients, crypt apoptosis in 13% of pa-
tients, and lamina propria eosinophils in 13% of patients. The 
histologic findings in the ileal mucosa include villous blunt-
ing, increased apoptosis, lamina propria expansion, and neutro-
philic villitis, each seen in 60% of patients. Erosion/ulceration, 
lamina propria neutrophils, crypt abscesses, and increased eo-
sinophils are each seen in 40% of cases. The colon is the most 
commonly biopsied organ. Lamina propria expansion and neu-
trophilic cryptitis are seen in the majority of cases. Crypt archi-
tectural distortion, neutrophilic crypt abscesses, and increased 
apoptosis are each seen in about 50% of cases. About 17.6% of 
cases show features resembling ischemic colitis with withered 
crypts, reactive epithelial changes, and a fibrotic-appearing 
lamina propria. In one case, the inflammatory process appeared 
to involve only the upper GI tract and small bowel, sparing the 
colon [61]. One example of anti-PD-1 therapy (nivolumab, 
OPDIVO)-associated colitis is illustrated in Figures 3 and 4.

Figure 3. One example of anti-PD-1 monoclonal antibody-associated colitis by colonoscopy. There was a diffuse area of severely 
erythematous mucosa with friability and adherent exudates in the entire colon: (a) Sigmoid colon; (b) Rectum. The terminal ileum 
was normal.

Figure 4. One example of anti-PD-1 monoclonal antibody-associated colitis. The biopsy from the colon revealed similar features 
including cryptitis, crypt abscess (a), mixed lymphoplasmacytic inflammation with erosion (b), cryptal apoptosis (c), and mild crypt 
distortion (d). The biopsy did not show surface intraepithelial lymphocytosis or granuloma.
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In patients with grade 2 and grade 3 adverse effects, check-
point inhibitor treatment may need to be stopped and corticos-
teroids administered. In some cases, infliximab may be needed 
to treat the patients. Follow-up information on patients with 
anti-PD-1 antibody-associated colitis is limited. Gastrointesti-
nal symptoms improved or resolved in 89% of patients, includ-
ing 44% of patients who discontinued anti-PD-1 therapy and 
94% who received additional medication (steroid, infliximab, 
fiber, and probiotics). Two patients had persistent diarrhea de-
spite steroid therapy and loperamide, respectively [61].

Anti-CD20 (rituximab)

Rituximab is an anti-CD20 monoclonal antibody that has been 
used in the management of a form of B-cell targeted therapy in 
rheumatoid arthritis and low-grade lymphoma [62-64]. Rituxi-
mab therapy results in a depletion of systemic as well as intesti-
nal B cell populations. Reported adverse effects included fever, 
chills, mucocutaneous reactions, fatal infusion reactions, and 
bowel perforation [65, 66]. New onset UC and fulminant coli-
tis [64, 67-70] and an exacerbation of previously documented 
colitis [71] have been reported. Also, a severe colitis that devel-
oped after rituximab therapy was reported to be related to an 
infectious torovirus agent [66]. Recently, one report described 
two cases of CD in two patients with small lymphocytic lym-
phoma and grade 2 follicular non-Hodgkin’s lymphoma with 
an interval of 3 months and 22 months after completion of the 
treatment. One case involved the colon and the other affected 
the ileum with biopsies demonstrating neutrophilic inflamma-
tion, ulcer, and non-caseating granulomata [62] (Fig. 5). Rituxi-
mab therapy has also been reported to induce fulminant colitis 
in one patient with marginal zone B-cell lymphoma and lead 
to a subtotal colectomy with ileostomy [63]. Five years later, 
rituximab therapy for recurrent lymphoma in this patient led to 
diffuse severe colitis in her remaining colon, further suggesting 
a causal effect of rituximab in this patient’s colitis. In some of 
the reports with follow-up biopsy, cessation of rituximab results 
in restoration of CD20+ B lymphocytes and resolution of coli-
tis [64]. These cases suggest that there is a protective effect of 
CD20+ lymphocytes in the gut and implicate that their deple-
tion leads to the development and exacerbation of IBD. Clinical 
and histologic features of rituximab-associated colitis are sum-
marized in Tables 4 and 5 [62-64, 66-70].

Anti-vascular endothelial growth factor (bevacizumab)

Bevacizumab, a monoclonal antibody against the vascular en-
dothelial growth factor, has shown promise in the treatment 
of recurrent and metastatic colorectal cancer, metastatic non-
small cell lung cancer, and other malignancies including ovar-
ian cancer via a mechanism of inhibiting angiogenesis of the 
tumor. A number of cases have now been reported describing 
bowel perforation following bevacizumab treatment [72-76]. 
There also appears to be an especially increased risk of leakage 
at anastomotic suture sites following surgery for either UC or 
colorectal cancer [73]. In some cases, histological evidence of 
ischemia was noted [76].

Conclusions

This review examines and summarizes previously reported 
cases of colitis associated with several of the most recently 
available anti-inflammatory biologics and a few anti-tumoral 
immune therapies. With the availability of more anti-inflam-
matory biologics and anti-tumoral immunotherapies in the 
near future to treat human diseases, an increasing number of 
patients with colitis associated with these agents will be en-
countered by a variety of clinicians, including oncologists, 
generalists, gastroenterologists, and pathologists. Vigilance 
of and collaboration among the aforementioned physicians 
are essential for the early diagnosis and optimal management 
of such patients. Future research is also needed to determine 
predictive markers for developing anti-inflammatory biolog-
ics and immunotherapy-associated colitis, disease severity, 
response to corticosteroids and the need for anti-inflammatory 
biologics therapy.
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Figure 5. Biopsy from the terminal ileum from one patient treated with rituximab revealed mild surface intraepithelial lymphocy-
tosis and a poorly formed non-caseating granuloma (a) ( H&E stain), and a lack of CD20+ lymphocytes (b) (immunoperoxidase 
stain).
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