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ABSTRACT

Anti-tumoral immune therapy consists of monoclonal antibodies that target intra-cellular immune checkpoints—which under normal
circumstances, act as regulators of T-cell immunity. By serving as inhibitors of cellular checkpoints, monoclonal antibodies stimulate
the immune system thus augmenting the body’s response against cancer. These immune-enhancers or stimulators have revolutionized
the treatment of malignancy as they continue to show improvement in the overall survival of cancer patients. Currently, in the United
States, six immune checkpoint inhibitors are approved for the treatment of a variety of solid tumors (1). As these checkpoint inhibitors
are relatively new, only a scant amount of literature is available regarding both their adverse effects and management thereof. In
addition, as newer antibodies are being developed, and expected to be enlisted among the armamentarium of cancer chemotherapeutic
agents—the need to understand their toxicity and adverse effects is of paramount importance. Herein, we review some of the
gastrointestinal and liver sequelea secondary to the usage of immunotherapeutic checkpoint inhibitor agents in cancer chemotherapy,
as well as present the diagnosis and recommended treatment strategies for their adverse effects.
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Checkpoints and inhibitors

The primary intra-cellular checkpoint proteins that tissue damage. Ipilimumab, a CTLA4 protein

play a major role in cancer pathogenesis and division
are the cytotoxic T-lymphocyte-associated antigen 4
(CTLA-4), and programmed cell death-1 (PD-1)
checkpoints. These protein checkpoints are located on
the T-cells. The physiological role of CTLA-4, PD-1,
and their ligands is to restrict immune reaction—
preventing tissue damage. Cancer cells use these
mechanisms to overcome host defense barriers.
Inhibitors or antibodies directed against CTLA-4 and
PD-1 stimulate the immune system, which in turn
augments the body’s immune response—leading to an
accelerated inflammatory response capable of causing
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inhibitor, was the first immune checkpoint inhibitor
approved in the United States in 2011 (1, 2).
Pembrolizumab and nivolumab act by blocking PD-1
and have also been approved for the treatment of
numerous malignancies.

Since the approval of ipilimumab, pembrolizumab and
nivolumab, their efficacy has been confirmed in
standard clinical practice. In general, these drugs are
less toxic than standard chemotherapy. Their toxicity
is different from standard chemotherapy. It is
associated with immune-related adverse events—
related to their innate ability to enhance the immune
system. Although many of the immune check inhibitor
side effects are rare, they be fatal (3).
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Gastrointestinal toxicity

Diarrhea is the most frequently reported advrese effect
in patients receiving immune checkpoint inhibitor
therapy. The incidence of diarrhea is higher among
patients taking combinations of immunotherapy, such
as combined anti-CTLA-4/anti-PD-1 therapy (44%), as
opposed to those receiving anti-CTLA4 (23-33%) or
anti-PD-1 (<19%) therapy alone (4). Interestingly,
mono-therapy with anti-CTLA-4  antibodies is
associated with a higher incidence of diarrhea
compared to anti-PD-1 therapy. In a trial with
ipilimumab in metastatic melanoma patients, the
incidence of any grade of diarrhea was reported to be
30 percent, whereas, severe diarrhea (grade 3 or 4) was
reported in less than 10 percent of patients (5). Of note,
the incidence of diarrhea is dose-dependent. In a phase
II dose study, severe diarrhea was reported to be 10
percent at 10 mg/kg dose versus 1 percent in 3 mg/kg
dose (6). While the mechanism for immune checkpoint
inhibitor mediated diarrhea remains unexplained; it
may be due to disruption of the structure and function
of gut mucosa secondary to  uncontrolled
inflammation—thus leading to malabsorption and
diarrhea. As checkpoint inhibitors associated diarrhea is
a diagnosis of exclusion, it is necessary to rule out other
causes of diarrhea including Clostridium difficile and
other bacterial/viral infections. Another potentially
severe condition that may arise from immune
checkpoint inhibitor therapy is colitis. Colitis or
enterocolitis is characterised by the presence of
diarrhea, fever, and abdominal pain with/or without
bloody stools. Although more severe, colitis is a less
common sequela of immune checkpoint inhibitor
therapy compared to diarrhea. In clinical trials of
ipilimumab, the incidence of colitis was reported to be
less than five percent (5,6). However, ipilimumab has
can induce an extensive and severe form of
inflammatory bowel disease (7). Anti-PD-1 antibodies
such as nivolumab and pembrolizumab have been more
often associated with various forms of enterocolitis
(8,9). Although it occurs in less then 1% of cases bowel
perforation has also been reported as a consequence of
ipilimumab therapy (10). This represents the most
severe and life threatening condition associated with
immune checkpoint inhibitor therapy.
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Diagnosis and recognition of

gastrointestinal sequelae

As usual, colonoscopy is the most accurate way of
diagnosing and evaluating the extent of colitis in a
patient complaining of abdominal pain days to weeks
after undergoing immune checkpoint therapy. In all
cases, biopsy should be performed—as colonic mucosa
may appear to be normal, but display significant
changes on histology. In addition,
immunohistochemical staining should be performed to
rule out cytomegalovirus infection (4). Notably, there
are two types of anti-CTLA-4 associated colitis
reported in the literature. One is a diffuse colitis
characterized by mesenteric vessel engorgement, while
the other is a segmental colitis with moderate wall
thickening and associated pericolonic fat stranding in
the segment of preexisting diverticulosis (2).
Interestingly, histology differs between anti-CTLA-4
and anti-PD-1 induced colitis. Anti-CTLA-4 therapy
induced colitis displays acute inflammation that
includes: neutrophilic inflammation with intraepithelial
lymphocytes, and crypt epithelial cell apoptosis on
histology. Whereas, anti-PD-1-related colitis typically
follows one of two patterns: active colitis with
apoptosis (active inflammation, neutrophilic crypt
micro-abscesses, increased crypt epithelial cell
apoptosis) or lymphocytic  colitis  (increased
intraepithelial lymphocytes in surface epithelium and
expansion of the lamina propria (4).

Managing gastrointestinal sequelae
Before starting treatment, physicians should educate
patients regarding the gastrointestinal adverse effects of
immune therapy. Patients should be instructed to
increase oral hydration if diarrhea develops. Moreover,
they should be told to seek medical attention if diarrhea
persists, (for more than three days), becomes more
severe, or they start to feel dizzy, lightheaded, and/or
fatigued.

Management of diarrhea is based on diarrhea grading.
Grade 1 (three or fewer stools per day) can be managed
conservatively with proper oral hydration and as an
outpatient. Anti-motility agents such as loperamide or
oral diphenoxylate atropine sulfate can be added after
excluding infectious causes of diarrhea. In grade 1
diarrhea, immunotherapy should be continued unless



diarrhea advances. Grade 2 diarrhea involves four to six
stools per day above baseline. Immunotherapy should
be held temporarily. Patients now require a blood and
stool workup that includes CBC, CMP, CRP, ESR,
stool calprotectin, and lactoferrin. Notably, abdominal
imaging and endoscopy are optional, while the
continuation of intravenous (IV) hydration and
monitoring of the patient is a must. Grade 3 (diarrhea
frequency > 7x/day) and Grade 4 (life threating
diarrhea) require a complete blood and stool work up to
exclude infectious cause of diarrhea. In Grade 3,
temporarily hold the immune therapy, and if diarrhea
improves it can be restarted. In Grade 4, permanently
discontinue the immune therapy. A gastroenterologist
should be consulted in all patients with grade 2 or
higher diarrhea, while excluding infection. Patients
with grade 2 or higher should be started on high dose
prednisone 1 mg/kg/day (4). For patients with an
enterocolitis, prednisone 1 mg/kg/day can be increased
to 2 mg/kg/hr if no improvement occurs after 48 hours
of treatment(4). Once diarrhea improves, steroids
should be tapered over 4-6 weeks. Once the steroids are
tapered to <10 mg/day and patient remains symptom-
free, the immune therapy can be resumed. If diarrhea
persists on intravenous steroids after three days, the
patient should be started on infliximab 5 mg/kg once
every two weeks (11-14). Mycophenolate or
vedolizumab can be an alternative for cases refractory
to infliximab (15,16). A two patient case series
suggested the efficacy of fecal microbiota
transplantation in colitis patients refractory to standard
treatment (17). Budesonide was tried as a prophylactic
treatment in a double-blind study; although it has not
shown any benefits in preventing diarrhea (18).

Hepatotoxicity

Anti-CTLA-4 and PD-1 therapy are associated with an
asymptomatic elevation of the hepatic enzymes;
aspartate aminotransferase (AST) and alanine
Although liver-related
toxicity can occur at any time during treatment, most

aminotransferase (ALT).

commonly it occurs 8-12 weeks after treatment
initiation (19). As checkpoint inhibitors are relatively
new, little data is available addressing the prevalence
of liver-related toxicity. In fact, the incidence of AST
and ALT elevation with CTLA-4 blockade varied in
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different clinical trials and observational studies, but
was always less than 10 percent (6, 20, 21). In a phase
III trial of ipilimumab, the rate of AST/ALT elevation
was approximately one to two percent with no reported
cases of grade 3 and 4 hepatotoxicity (5). Grade 3
hepatotoxicity occurred in 20 percent with the
ipilimumab 3 mg/kg and nivolumab 1 mg/kg
combination, and less than 5 percent of patients on a
combination of the lower dose of ipilimumab 1 mg/kg
and the higher dose of nivolumab 3 mg/kg (22).

In a study examining anti-PD-1 antibodies, the
incidence of AST/ALT elevation was less than 5
percent, and grade 3 and 4 toxicity was rare (23-24).
The rate of hepatitis may be both more frequent and
severe in a combination with chemotherapy agents such
as dacarbazine and vemurafenib (25).

Diagnosis and recognition of

hepatotoxic sequelae

A complete medical history including any exposures to
alcohol and medications is vital to the evaluation of a
patient with abnormal liver enzymes. Imaging is not
indicated as specific radiographical findings are
typically not seen. Computed tomography (CT) scan
may show  non-specific  findings  including
hepatomegaly, peri-portal edema, or peri-portal
lymphadenopathy (26).  Although biopsy is not
indicated, it can be performed in complicated cases and
may show severe panlobular hepatitis with prominent
perivenular infiltrate with endothelialitis (26). Hepatic
function should be monitored before initiation and
repeated with each dose of ipilimumab, as checkpoint
inhibitor induced hepatitis is typically detected on
routine liver function tests. (27). Immune checkpoint
inhibitor induced hepatitis is a diagnosis of exclusion
and thus anyone suspicious for the etiology should have
complete blood work up to rule out other causes of
hepatitis—such as hepatitis A, B, C, D and E,
autoimmune hepatitis, and other drug associated with
hepatitis.

Managing hepatotoxic sequelae

After establishing the diagnosis of immune therapy
related hepatitis, the patient should be started on
corticosteroids and referred to a gastroenterologist (28).
In grade 1 hepatitis (AST or ALT 1.25-3 times the
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upper limit of normal (ULN); or total bilirubin 1.25-2
times the ULN) one should continue to monitor liver
function tests (LFT’s ) weekly, unless the patient is
stable. In grade 2 hepatitis (AST or ALT 3-5 times the
UNL, or total bilirubin 2-3 times the ULN) one should
rule out other causes of hepatitis—which include; viral,
autoimmune hepatitis, biliary tract obstruction, and
metastasis—while checkpoint inhibitor therapy should
be held. The patient should be started on prednisone
0.5-1 mg/kg/day with a four-week taper and then
resume therapy when corticosteroids are tapered to 10
mg/day. LFT’s should be monitored twice per week. In
grade 3 or higher hepatic toxicity (AST or ALT 5-10
times the ULN, or total bilirubin 3-10 times the ULN)
the patient should permanently discontinue immune
checkpoint therapy and start prednisone 1-2
mg/kg/day. If liver enzymes improve then the
corticosteroids should be tapered over four weeks. In
addition, the physician should continue to monitor
LFT’s every 2-3 days unless the patient is stable.
Mycophenolate mofetil (500 mg every 12 hours) can be
added in cases refractory to corticosteroids. Infliximab
should not be given to hepatitis patients as it carries the
risk of hepatotoxicity.

Conclusion

In conclusion, immunotherapeutic checkpoint
inhibitors have revolutionized the management of
numerous solid tumors by clearly displaying improved
mortality benefit. As many more monoclonal antibodies
are expected to become available in the near future, the
need to understand their side effect profile has become
imperative. Oncologists, pathologists, and
gastroenterologists in particular, should remain vigilant
to the gastrointestinal and liver related adverse effects
cancer immunotherapy causes. In addition, the
management of such sequelae should be acknowledged
by clinicians across all multi-disciplinary fields of
medicine. Many more large studies are needed to
determine exactly which immunotherapeutic agents are
more or less likely to cause gastrointestinal and liver
adverse effects. Moreover, the need to stratify for
theses adverse effects between various at risk subsets of
patients undergoing cancer treatment with new
checkpoint inhibitors—remains an important study for
the future.
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