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Introduction
Programmed cell death protein 1 (PD-1) is a protein present on 

the surface of T lymphocytes. PD-1 binds to  programmed death ligand 
1 (PD-L1) and ligand 2 (PD-L2) on the surface of antigen presenting 
cells, which prevents cytotoxic T lymphocytes from recognizing self-
antigens and thus, serves as an important protein in immune tolerance 
[1]. Recently, antibodies directed at the PD-1 signaling pathway 
(nivolumab and pembrolizumab), so-called “immune checkpoint 
inhibitors”, have been approved by the Food and Drug administration 
for the treatment of advanced-stage malignancies [2]. Some tumors 
express PD-L1, which allows tumor cells to evade the T-cell mediated 
immune response and ultimately proliferate. PD-1 inhibitors prevent 
the interaction of PD-L1 with PD-1, thereby enabling cytotoxic T 
lymphocytes to fight tumor cells [3]. Unfortunately, these agents 
can also have autoimmune-related adverse events termed ‘immune 
related adverse events (irAEs),’ which have a propensity to affect the 
gastrointestinal tract, liver, lungs, and endocrine organs [4-7]. In 
fact, diarrhea is one of the most common side effects reported with 
PD-1 inhibitor therapy, occurring in up to 20% of patients [7,8]. Two 
series [9,10] have recently described the histopathologic features 
of colitis associated with PD-1 inhibitors and herein, we review the 
histopathologic features of PD-1 inhibitor colitis.

Histopathologic features of PD-1 inhibitor colitis
In the series from Gonzalez et al. [9], seventeen biopsies were 

from the colon. A majority of the colon specimens demonstrated 
neutrophilic cryptitis/abscesses (8/17, 47%; Figure 1) and expansion 
of the lamina propria by a mononuclear infiltrate (13/17, 76%). Other 
common features included crypt architectural distortion (9/17, 53%) 
and increased apoptosis (8/17, 47%; Figure 2). Some cases showed 
features of ischemic colitis (3/17, 18%) or crypt rupture with associated 
histiocyte aggregates, which occasionally formed granulomata (3/17, 
18%). A thickened subepithelial collagen table suggestive of collagenous 
colitis was seen in only one case (Figure 3) and has been reported once 
previously in the literature [11].

In the series from Chen et al. [10], two patterns of injury were 
described: 1) an active colitis with apoptosis pattern and 2) a 
lymphocytic colitis pattern. The active colitis pattern was the most 
common (5/8, 63%), which demonstrated active inflammation, 
neutrophilic crypt abscesses, increased crypt apoptosis, and crypt 
atrophy/dropout. The lymphocytic colitis pattern was less common 
(3/8, 37%) and showed increased intraepithelial lymphocytes in the 
surface epithelium, injury of the surface epithelium, and mononuclear 
expansion of the lamina propria. Interestingly, changes of chronic colitis 
mimicking inflammatory bowel disease, including basal plasmacytosis, 
mononuclear expansion of the lamina propria, and crypt architectural 

Figure 1. Colonic mucosa with active inflammation and crypt abscesses in a case of PD-1 
inhibitor colitis (H&E, original magnification x100).

Figure 2. Colonic mucosa with active inflammation and crypt abscesses and increased 
crypt apoptotic bodies (active colitis with apoptosis pattern) in another case of PD-1 
inhibitor colitis (H&E, original magnification x200).
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distortion, may be seen in patients who experience recurrent PD-1 
inhibitor colitis after restarting therapy, but are typically not present 
without re-challenge.

The histopathologic differential diagnosis should include several 
entities, based upon the pattern of injury. The finding of numerous 
apoptotic bodies raises the possibility of either graft-versus-host 
disease or mycophenolate mofetil-induced injury [12,13]. Graft-
versus-host disease rarely has abundant active inflammation, similar 
to that seen in PD-1 inhibitor colitis, while mycophenolate mofetil 
tends to have an inflammatory component that is rich in mucosal 
eosinophils and not neutrophils [12-14]. Ultimately, clinicopathologic 
correlation is required to differentiate these entities. If the pattern is 
active colitis with apoptosis, cytomegalovirus should be entertained, 
which can be excluded easily with an immunohistochemical stain for 
cytomegalovirus [9,10]. If the biopsies demonstrate the uncommon 
ischemic colitis-like pattern, then ischemic colitis from either 
vascular insufficiency or infection enters the differential diagnosis [9]. 

Rarely, the subepithelial collagen table may be thickened, mimicking 
collagenous colitis; however, more commonly, there is a lymphocytic 
colitis pattern. These findings raise the possibility of microscopic 
colitis, which also requires clinicopathologic correlation [9-11]. If there 
are chronic colitis-type changes, inflammatory bowel disease should be 
considered. Aside from crypt architectural distortion, these changes 
are uncommon outside the setting of recurrent PD-1 inhibitor colitis 
[9,10]. Crohn disease may enter the differential diagnosis in cases with 
crypt rupture and mucosal granulomata; however, other features of 
Crohn disease are usually not identified [9,10].

Conclusion
With the advent of immunotherapy for cancer with “checkpoint 

inhibitors,” it is important for clinicians and pathologists alike to be 
aware that these agents may induce immune-related adverse events 
such as colitis. From the two series describing the histopathologic 
features of PD-1 inhibitor colitis [9,10] the most frequent findings 
are active inflammation, including crypt abscesses, expansion of the 
lamina propria, and increased apoptosis. Less common findings are 
lymphocytic colitis, collagenous colitis, ischemia-like colitis, or crypt 
rupture with histiocyte aggregates and/or granulomata [9,10]. As 
suggested by Gonzalez et al. [9], it may be best to refer to the histologic 
findings as “immunomodulatory gastroenterocolitis” as they are not 
specific and may be seen with other checkpoint inhibitors, such as the 
cytotoxic T lymphocyte antigen-4 (CTLA-4) inhibitor ipilimumab, 
which is well-known to cause colitis with active inflammation, 

cryptitis and crypt abscesses, and apoptosis [15,16]. It is imperative 
that pathologists recognize colitis in this setting so that appropriate 
treatment, including withdrawal of the PD-1 inhibitor and the 
administration of steroids, may be instituted [17,18].
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Figure 3. Colonic mucosa with subepithelial collagen thickening similar to collagenous 
colitis in another case of PD-1 inhibitor colitis (H&E, original magnification x400).
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