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Abstract
Introduction: Immune checkpoint inhibitors (ICI) are monoclonal antibodies targeting cytotoxic T
lymphocyte antigen-4 (CTLA-4), programmed cell death protein-1 (PD-1), or PD-1 ligand (PD-L1). ICI
are approved for the treatment of malign melanoma, non-small cell lung cancer, classical Hodgkin
lymphoma, head and neck squamous cell carcinoma, urothelial carcinoma, and renal cell carcinoma.
They can lead to long-term anti-tumor responses by deactivating the brake mechanism in the
immune system.
Clinical and research consequences: Ipilimumab, tremelimumab, pembrolizumab, nivolumab,
atezolizumab, durvalumab, and avelumab are examples of ICI. CTLA-4 is a brake mechanism in
immune response. Ipilimumab and tremelimumab are antibodies against CTLA-4. PD-1 is another
important immune checkpoint co-inhibitor receptor that is expressed by activated T cells in the
peripheral tissue. As a result of blockage of the PD-1/PD-L1 pathway, local tumor-specific immune
response augments, and long-term tumor control can be achieved. In recent years, ICI are approved
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for the treatment of various malignities. They may be responsible for specific toxicities called
immune-related adverse events (irAEs). irAEs are a consequence infiltration of normal tissues by
activated T lymphocytes that are responsible for autoimmunity. Corticosteroids and anti-tumor
necrosis factor agents, such as infliximab and mycophenolate mofetil, are effective in the treatment
of irAEs.
Conclusion: Immune checkpoint inhibition with monoclonal antibodies against CTLA-4 and/or PD1/PD-L1 by single agent or combination treatments became a new option in various solid tumors.
However, ICI have unique adverse events, and these adverse events should be considered in any new
onset clinical situation and should be managed properly. Future prospective randomized clinical trials
will clarify recent questions.
INTRODUCTION
Immune checkpoint inhibitors (ICI) in monoclonal antibody form targeting cytotoxic T
lymphocyte antigen-4 (CTLA-4), programmed cell death protein-1 (PD-1), or PD-1 ligand (PD-L1) are
promising anti-cancer agents for various malignancies. Significant and long-term clinical responses
were achieved with these agents. Different from chemotherapy, immunotherapeutic effect emerges
lately. Recently, different treatment options are developed, such as discovery of new
immunotherapy agents, combination with another immunotherapeutic agent, and combination with
a targeted therapy, combination with chemotherapeutic agents, or radiotherapy.
Receptors of CTLA-4 and PD-1 are expressed on T cells, whereas PD-L1 is expressed in many
cell subtypes including tumor cells. Cancer immunotherapy which is succeeded by immune
checkpoint blockade is different from cytotoxic treatments and inhibits cell proliferation by
constituting tumor-related immune response [1-4]. T cells play important roles in immune defense
mechanisms against cancer. They recognize tumor antigens, thus they are activated and extensively
eliminate tumor cells [1-4].
ICI are approved for the treatment of patients diagnosed with malign melanoma, non-small
cell lung cancer (NSCLC), classical Hodgkin lymphoma (cHL), head and neck squamous cell carcinoma
(HNSCC), urothelial carcinoma, and renal cell carcinoma (RCCa) [5-7]. Continuing reports of high
response rates with these agents in different cancer subtypes may increase the number of
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indications in them. Small cell lung cancer (15% overall response rate (ORR)) [8], urothelial cancer
(25% ORR) [9], HNSCC (12%–25% ORR) [10, 11], gastric cancer (20% ORR) [12], hepatocellular
carcinoma (20% ORR) [13], ovarian cancer (15% ORR) [14, 15], triple negative breast cancer (20%
ORR) [16], mismatch repair deficient (dMMR) colorectal cancer (60% ORR) [17], and cHL (65%–85%
ORR) [18, 19] are examples of these good responses. ICI can lead to long-term anti-tumor responses
by deactivating the brake mechanism in the immune system [20].
CLINICAL AND RESEARCH CONSEQUENCES
CTLA-4 reverses the activity of the T cell co-stimulator receptor called CD28. CD28 and CTLA4 share similar ligands called CD80 (B7.1) and CD86 (B7.2). CTLA-4 has a much higher affinity to both
ligands. It is expressed on activated CD4+ and CD8+ T cells and on regulatory T (Treg) cells [21]. While
the activation of CTLA-4 reinforces the inhibitor function of Treg cells, interleukin-2 production and
receptor expression decline. Therefore, CTLA-4 blockage increases cytotoxic T cell activation and
inhibits Treg cell-dependent immune suppression, thus showing anti-tumor activity.
Ipilimumab is a fully human IgG1 monoclonal antibody [22]. It prevents the interaction
between CTLA-4 and CD80/CD86. In this way, it enhances the activation and proliferation of T cells
and increases anti-tumor immunity [23]. The results of studies that evaluated the efficacy of
ipilimumab in patients diagnosed with advanced malign melanoma were revealed in 2010 [2-4, 21,
24]. It is the first agent that showed an overall survival (OS) advantage in a phase III study conducted
in a patient population diagnosed with malign melanoma and who had prior therapy history [24]. It
was reported in two randomized phase III studies conducted in patients diagnosed with advanced
malign melanoma that adverse events are manageable [24, 25]. Ipilimumab of 3 mg/kg every 3
weeks was approved in the USA in 2011 as a monotherapy for the treatment of patients diagnosed
with unresectable or metastatic malign melanoma. It was determined after the evaluation of 4800
patients that 20% of the patients who were alive at year 3 were still alive at year 10, and it was
observed that this was a clear evidence of the long-term activity of immunotherapy [20].
Tremelimumab is a fully human IgG2 monoclonal antibody against CTLA-4. It could not show
any OS advantage in a phase III study conducted in patients diagnosed with unresectable stage III–IV
malign melanoma [26].
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PD-1 is another important immune checkpoint co-inhibitor receptor that is expressed by
activated T cells in the peripheral tissue (Fig. 1). It interacts with PD-L1 (B7H1) and PD-L2 (B7DC).
These ligands are expressed on antigen-presenting cells, cancer cells, and tumor microenvironment
[21, 27]. Thus, PD-1 ligand expression constitutes an immune suppressive environment. This immune
escape mechanism can be activated by the intrinsic basic oncogenic signaling pathway or emerges by
activated anti-tumor immune response that produces inflammatory signals [21, 28, 29]. PD-L1
expression is defined in various histological cancer subtypes. PD-1 inhibitors intercept the interaction
between PD-1 and PD-L1 and PD-L2. PD-L1 inhibitors directly bind to PD-L1 and deactivate this brake
mechanism. As a result of blockage of the PD-1/PD-L1 pathway, local tumor-specific immune
response augments, and long-term tumor control can be achieved. In recent years, nivolumab is
approved for the treatment of malign melanoma, NSCLC, RCCa, and cHL. Pembrolizumab is approved
for the treatment of malign melanoma, NSCLC, cHL, and HNSCC. Atezolizumab is approved for the
treatment of urothelial carcinoma and NSCLC.
Nivolumab, pembrolizumab, atezolizumab, avelumab, and durvalumab are ICI that showed
efficacy in the treatment of lung cancer. Chemotherapy was compared with monotherapies with
antibodies against PD-1 or PD-L1 in phase II and III randomized five studies including patients who
received prior therapy for advanced NSCLC. A significant improvement was observed in OS
independent from histological features (9.2–13.8 months vs. 6–9.7 months; HR for death 0.59 vs.
0.73). It was also reported that safety and adverse event profile are better [30-34].
Nivolumab is a fully human IgG4 monoclonal antibody against PD-1 receptor and prevents
contact PD-1 from contact with PD-L1 and PD-L2. In a phase III study, efficacy and tolerability of
nivolumab in second-line treatment of patients with NSCLC after platinum-based doublet
chemotherapy were evaluated [30]. OS was better in the nivolumab arm than in the docetaxel arm.
The median OS was 12.2 months in the nivolumab group (95% CI, 9.7–15.0) and 9.4 months in the
docetaxel group (95% CI, 8.1–10.7) (HR for death 0.73; 96% CI, 0.59–0.89; P=0.002). The 1-year
survival rates were 51% for nivolumab (95% CI, 45–56) and 39% for docetaxel (95% CI, 33–45).
However, in a study conducted in patients diagnosed with advanced NSCLC, who had no prior
therapy history for NSCLC, and who had low PD-L1 expression in tumor cells (≥5%), nivolumab was
compared with chemotherapy, and no progression-free survival (PFS) difference was observed
(median PFS 4.2 months vs. 5.9 months; P=0.25) [35].
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In a phase III randomized study conducted in patients with advanced RCCa, a 27% decrease in
death risk with nivolumab compared with everolimus was reported [36]. In 384 (39%) patients aged
>65 years, the risk reduction was 36% (HR 0.64; 0.45–0.91).
Pembrolizumab is a human IgG4 monoclonal antibody against PD-1. In a phase III study
conducted in patients with advanced malign melanoma, pembrolizumab (10 mg/kg every 2 to 3
weeks) was compared with four doses of ipilimumab (3 mg/kg every 3 weeks) [37]. Of the 834
patients, 279 were randomized to the arm that pembrolizumab was administered every 2 weeks, 277
were randomized to the arm that pembrolizumab was administered every 3 weeks, and 278 were
randomized to the ipilimumab arm. The 1-year OS rates were reported as 74.1% (HR for death
compared with the ipilimumab arm 0.63; 95% CI, 0.47–0.83; P<0.0005) for the pembrolizumab arm
every 2 weeks, 68.4% (HR for death compared with the ipilimumab arm 0.69; 95% CI, 0.52–0.90;
P=0.004) for the pembrolizumab arm every 3 weeks, and 58.2% for the ipilimumab arm.
In the KEYNOTE-024 study, patients diagnosed with advanced NSCLC (adenocarcinoma and
squamous cell carcinoma), who had no prior therapy history for NSCLC, and who had high PD-L1
expression in tumor cells (≥50%) were randomized to the pembrolizumab or platinum-based
chemotherapy arms. Cross-over from the chemotherapy arm to the pembrolizumab arm was allowed
in case of progression. A significant improvement in PFS (median 10.3 months vs. 6 months; P<0.001)
and OS (HR for death 0.6; P=0.005) with a higher response rate (44.8% vs. 27.8%) and lower
treatment-related grade 3–4 adverse event rate (26.6% vs. 53.5%) was observed in the
pembrolizumab arm [38]. ORR was reported as 45% in the pembrolizumab arm and 28% in the
chemotherapy arm (P=0.011).
In the KEYNOTE-021 study, first-line pembrolizumab plus chemotherapy was compared with
chemotherapy alone. ORR was reported as 55% for the pembrolizumab plus chemotherapy arm and
29% for the chemotherapy alone arm (P=0.0016) [39]. The 6-month PFS was found as 77% in the
pembrolizumab plus chemotherapy arm and 63% for the chemotherapy arm (P=0.102).
Nivolumab and pembrolizumab were approved by the Food and Drug Administration for
second- or third-line treatment of patients with advanced or metastatic stage colorectal cancer who
had dMMR/microsatellite instability high (MSI-H) tumors after progression with treatment including
fluoropyrimidine, oxaliplatin, and irinotecan [40]. In an ongoing phase III KEYNOTE-177 study,
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standard treatment with pembrolizumab in first-line treatment of MSI-H colorectal cancers is
compared. There is an ongoing phase III study in patients with stage III MSI-H colorectal cancer
evaluating adjuvant treatment with atezolizumab plus FOLFOX regimen.
Atezolizumab is a human IgG4 monoclonal antibody against PD-L1, and durvalumab and
avelumab are fully human IgG1 monoclonal antibodies against PD-L1. Atezolizumab was approved for
second-line treatment of lung cancer.
ICI cause specific toxicities called immune-related adverse events (irAEs) (Fig. 2). irAEs are a
consequence of invasion of normal tissues by activated T lymphocytes. Immune checkpoints play
important physiological role and are expressed in many cells including tumor cells. Thus, ICI may
enrich a present immune response and may affect all organs of the patient. Unfortunately, to our
knowledge, there are no any prospective randomized studies regarding the management of irAEs.
However, when irAEs occur, immunotherapy should be interrupted or discontinued on the basis of
severity.
As reported in previous studies [5-7, 41], irAEs may affect the skin (maculopapular rash, vitiligo,
psoriasis, Lyell’s syndrome, and drug reaction with eosinophilia and systemic symptoms),
gastrointestinal tract (enterocolitis, gastritis, pancreatitis, and celiac disease), endocrine glands
(hypothyroidism, hyperthyroidism, hypophysitis, adrenal insufficiency, and diabetes), lung
(pneumonitis, pleural effusion, and sarcoidosis), nerve system (peripheral neuropathy, aseptic
meningitis, Guillain–Barré syndrome, encephalopathy, myelitis, meningo-radicular-neuritis, and
myasthenia), liver (hepatitis), kidney (granulomatous interstitial nephritis and lupus-like
glomerulonephritis), hematological cells (hemolytic anemia, thrombocytopenia, neutropenia, and
pancytopenia), muscle–articular system (arthritis and myopathies), heart (pericarditis and
cardiomyopathy), and eyes (uveitis, conjunctivitis, retinitis, blepharitis, choroiditis, and orbital
myositis). Fortunately, most irAEs are rare (<1%) [5-7].
While toxicities with anti-CTLA-4 or PD-1/PD-L1 agents are similar, frequencies are different [37, 42,
43]. While grade 3–4 toxicities with anti-CTLA-4 agents are reported at a rate of 20%–30%, the rate is
10%–15% with anti-PD-1 agents. The most common toxicities (>10% of the cases) with anti-CTLA-4
agents are diarrhea, rash, pruritus, fatigue, nausea, vomiting, anorexia, and abdominal pain [5]. The
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most common toxicities (>10% of the cases) with anti-PD-1 agents are fatigue, rash, pruritus,
diarrhea, nausea, and arthralgia [6, 7].
Serious irAEs are rarely observed (~10% of the cases receiving monotherapy), but they may be lifethreatening if they are not recognized and treated properly. The most important life-threatening
toxicities of ICI are immune-related colitis (more common with anti-CTLA-4 agents) and interstitial
pneumonitis (for anti-PD-1 agents). Other serious toxicities including infusion reactions are Guillain–
Barré syndrome, type I diabetes with ketoacidosis, Stevens–Johnson syndrome, or bleeding
complications with autoimmune anemia and thrombocytopenia. The severity of irAEs can be avoided
by early diagnosis and treatment. According to the severity of irAEs, close follow-up, interruption or
discontinuation of ICI treatment, initiation of corticosteroid treatment, and, in some cases, more
immunosuppression with anti-tumor necrosis factor agents (infliximab and mycophenolate mofetil)
can be administered. Various guidelines are present for the management of irAEs [41, 44-46].
Most irAEs occur in the first 4 weeks of ICI treatment [47]. However, irAEs may occur at the
beginning of treatment, during treatment, or even a few months after the completion of treatment.
Grade 3–4 toxicities are reported in 58% of patients diagnosed with lung cancer who received
chemotherapy and ipilimumab combination [48]. Similarly, a combination of ICI increases irAEs. For
example, fatigue is reported in 2% of cases receiving nivolumab alone, whereas it is 13% in patients
receiving a combination of ipilimumab and nivolumab. In addition, grade 3–4 irAEs are reported as
55% with a combination of ipilimumab and nivolumab [42]. When suspected for diagnosis of irAEs,
referral to the National Cancer Institute—Common Terminology Criteria for Adverse Events is
recommended [49].
It is very important to investigate personal or familial autoimmune diseases or viral infections
before the initiation of ICI treatment in the prevention of irAEs. The most important points in
determining early symptoms associated with irAEs are information of the patient, family of the
patient, and the caregivers about irAEs. When new symptoms occur or present symptoms increase,
irAEs should be considered. Especially, respiratory (cough and dyspnea), gastrointestinal (diarrhea),
or skin (rash and itching) symptoms should be kept in mind. Laboratory tests should be evaluated for
hematological (anemia, thrombocytopenia, and neutropenia), hepatic (elevation of transaminase
levels), or renal (elevation of serum creatinine levels) toxicities. Thyroid-stimulating hormone levels
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should be assessed every 2–3 months. Clinical and laboratory evaluation should be repeated after
the completion of treatment.
Corticosteroids are very important in the treatment of irAEs and should be initiated immediately.
Colitis, pneumonitis, hepatitis, and pancreatitis are the most potentially serious irAEs. After recovery
of symptoms, corticosteroid treatment should be terminated through slowly tapering (generally >1
month). However, it should not be forgotten that many irAEs may recover by only symptomatic
treatment. When ICI were initiated again, of the cases, 24% with the same irAE and 26% with a new
irAE were reported, and no irAE was reported in 50%. Another ICI inhibiting the same pathway or
dose reduction of ICI is not recommended. Long-term hormonal replacement is frequently needed in
endocrine insufficiencies [31, 42, 50].
CONCLUSION
In conclusion, immune checkpoint inhibition with monoclonal antibodies against CTLA-4
and/or PD-1/PD-L1 by single agent or combination treatments became a new option in various solid
tumors. However, along with being a new and efficient treatment option, immune checkpoint
inhibition has unique adverse events. Owing to this, adverse events should be considered in any new
onset clinical situation and should be managed properly. In the future, new prospective randomized
trials will answer many questions present today.
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FIGURE LEGENDS
Figure 1: Interaction between PD-1 and PD-L1.
Figure 2: Summary of irAEs.
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