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Abstract: Immune checkpoint inhibitors (ICIs) have revolutionized treatment landscape among non-small

cell lung cancer (NSCLC) patients in first- and second-line setting, and may become soon new treatment

options in other thoracic malignancies such as small cell lung cancer (SCLC) or mesothelioma. The use of

these drugs has indubitably changed the toxicity profile the oncologists are familiar with, and new spectra

of immune-related adverse events are being reported with the widespread use of immunotherapies in solid

tumors. Clinical management and understanding of immune-related adverse events is new and complex but

expertise is still limited. In this review, we are summarizing the incidence and management of main side

effects related to ICIs focusing on NSCLC patients.
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Introduction

Immune checkpoint inhibitors (ICIs) such as antagonistic
monoclonal antibodies against programmed death-1 (PD-1)
nivolumab and pembrolizumab; the programmed death
ligand-1 (PD-L1) atezolizumab, durvalumab and avelumab;
and against cytotoxic T-lymphocyte antigen 4 (CTLA-4)
ipilimumab and tremelimumab, have changed treatment
paradigm of advanced non-small cell lung cancer (NSCLC)
and other thoracic malignancies. In first-line setting, both
FDA and EMA, on October 2016 and on January 2017,
approved pembrolizumab in NSCLC tumours with strong
PD-L1 expression (PD-L1 250%) based on significant
improvement in progression free survival (PFS) and overall
survival (OS) and fewer adverse events (AE’s) compared
with platinum-based chemotherapy (1). As contrary,
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upfront nivolumab did not improve PFS or OS compared
with platinum-based chemotherapy among patients with
NSCLC with a PD-L1 expression level of 5% or more (2).
In first-line treatment, Atezolizumab activity has also been
explored in PD-L1 positive advanced NSCLC patients
(BIRCH trial) with encouraging activity mainly related
to those patients with highest PD-L1 expression (3).
Finally, in a multicohort phase I trial, upfront avelumab
as monotherapy has also reported durable clinical activity
and a confirmatory phase III trial is currently ongoing
(NCT02576574) (4). Combinations of ICIs as first-line
treatment have been also evaluated (5). However, the three
arms phase III randomized MYSTIC trial with durvalumab
and tremelimumab in first-line did not achieved its primary
endpoint to demonstrate significant improvement in PFS

7 Thorac Dis 2018;10(Suppl 13):S1516-51533



Journal of Thoracic Disease, Vol 10, Suppl 13 May 2018

compared to chemotherapy in patients with tumours
expressing PD-L1 of 25% or higher. Of note, combinations
of anti-CTLA-4 and anti-PD-1 in NSCLC patients have
reported increased incidence of grade 23 AE’s (5), so, the
ratio between efficacy/toxicity and dose of the ICIs need
to be considered when testing combinations (6). Finally,
combinations of chemotherapy and ICIs have also been
evaluated. In a recent phase II trial, upfront combination of
pembrolizumab, carboplatin and pemetrexed significantly
improved RR and PFS compared with standard of care
chemotherapy in advanced non-squamous NSCLC
patients irrespective of PD-L1 expression (7). Based on
these results, the combination received FDA accelerated
approval on 10" May 2017 contingent upon verification of
the clinical benefit in other confirmatory phase III trials:
the KEYNOTE-189 (NCT02578680) in non-squamous,
and the KEYNOTE-407 (NCT02775435) in squamous
NSCLC patients. It is worth mentioning that in squamous
NSCLC patients, the addition of ipilimumab to first-
line chemotherapy did not prolong OS compared with
chemotherapy alone (8).

In second-line treatment, four randomized phase 111
clinical trials have demonstrated a statistically significant
improvement in OS with nivolumab (9,10), pembrolizamab
(inclusion restricted to patients with at least 1% PD-L1
expression on tumor cells) (11), and atezolizumab (12)
compared to docetaxel. The magnitude of benefit with
pembrolizumab (11) and atezolizumab (12) was improved
among patients whose tumours overexpress PD-L1. Both,
the FDA and EMA have approved all three drugs in second-
line setting. In the absence of head-to-head comparisons
and similar biological activity as well as toxicity profile
(13,14), it is not possible to recommend one treatment
over another. Avelumab has also demonstrated clinical
activity and acceptable safety profile in a phase Ib trial
with previously treated advanced NSCLC patients (15). In
the phase III PACIFIC trial, maintenance treatment with
durvalumab for 1 year after chemo-radiotherapy in locally
advanced NSCLC significantly improved PFS, RR and
median time to death or development of distant metastases
compared with placebo (16). Based on these results,
durvalumab granted breakthrough therapy designation
by the FDA on 31" July 2017 to treat locally advanced
unresectable NSCLC patients after chemo-radiotherapy.
Finally, in the early stages, different ongoing clinical trials
are also evaluating the role of ICIs in the adjuvant setting
(i.e., NCT02486718, NCT02504372, NCT02273375)
or as induction (i.e., NCT02998528, NCT03081689,
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NCT02259621, NCT02994576, NCT02927301,
NCT02716038, NCT02818920, NCT03030131).

ICIs have been also tested in other thoracic malignancies
reporting preliminary activity like in malignant pleural
mesothelioma with pembrolizumab (17,18), nivolumab
(19,20), avelumab (21), tremelimumab (22), or the
combination of nivolumab and ipilimumab (20); in small
cell lung cancer (SCLC) with pembrolizumab (23,24),
atezolizumab (25), or nivolumab plus ipilimumab (26); and
in thymic epithelial tumours with pembrolizumab (27,28)
and avelumab (29). However, their role in the therapeutic
sequence for these malignancies remains to be defined.

The use of all these agents in different malignancies has
changed the toxicity landscape known by oncologists and new
spectra of immune related (ir-)AE’ has been reported. In this
review, we will summarize the incidence and management of
side effects related to ICIs focusing in NSCLC patients.

Incidence of immune-related systemic adverse
events in NSCLC patients and in specific clinical
conditions

In a phase I study of 129 treated NSCLC-patients possible
autoimmune-based events of any grade occurred in 41%
including skin, gastrointestinal (GI) and pulmonary events.
These ir-AE’s were mostly low grade and if high grade
manageable by discontinuation, immunosuppression
treatment (steroids) or hormone replacement (30). Recently,
a systematic review including 5,744 NSCLC patients from
23 studies treated with anti-PD-1 or anti-PD-L1 reported a
global incidence of AE’s of 64% (14% grade 23) with anti-
PD-1 and 66% (21% grade 23) with anti-PD-L1 agents,
respectively (13). Fatigue was the most common toxicity
reported. The incidence of ir-AE’s was of 16% (3% grade
23) in patients treated with an anti-PD-1 and 11% (6%
grade 23) in patients with an anti-PD-L1, with a light
increase risk of pneumonitis with anti-PD-1 inhibitors (13).
The incidence of ir-AE’s in NSCLC patients treated with
a combination of anti-PD-1 plus anti-CTLA-4 (5) or anti-
PD-1 plus chemotherapy (7) is higher; 30% (5% grade 23)
and 19% (4% grade 23), respectively (Tuble 1).

In general onset of ir-AE’s occur quite early, mostly within
weeks to 3 months after initiation of ICIs, and nearly all
organs can be affected (Figure I). In some cases, the onset of
ir-AE’s may be delayed up to 1 year after treatment initiation,
specially pulmonary and hepatic toxicity (Figure 2) (33).
Systemic ir-AE’s have been reported in 2.3% of patients,
mostly moderate (grade 2, 63%) (34).
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Figure 1 Spectrum of toxicity of ICIs (from Champiat ez 2/. with permission of Annals of Oncology). ICI, immune checkpoint inhibitor.

Elderly patients (265 years) represent most patients
diagnosed with cancer and deaths by age group, and an
increase is expected over the next decades (35). It is unclear
whether elderly might exert primary resistance or higher
risk of toxicity with immunotherapy, a phenomenon
that might be linked to the continuous and progressive
remodeling of immune functions with ageing, known as
immunosenescence (36), and age-associated decrease of
immune response (37). Indeed, in solid tumors, age beyond
65 is a risk factor for hyperprogressive disease on ICIs (38).
However this observation has not been proven by others
among NSCLC patients (39). Efficacy of ICI in elderly
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population is controversial. A meta-analysis reported similar
OS benefit with ICIs in both, younger and older patients
with a cut-off age of 65-70 years, with no survival benefit
in patients beyond 75 years with anti-PD-1 (40). In a recent
meta-analysis performed in NSCLC patients, the relative
treatment benefit with ICIs were similar according to age
<65 years (HR, 0.71) vs. 265 years (HR, 0.69); interaction
(P=0.74) (41). Similarly, using 65 years as the age cut-off, the
pooled HR with anti-PD(L)1 in NSCLC phase III clinical
trials showed a 34% death risk reduction in favor of ICIs
compared to chemotherapy (36). Elderly patients (270 years)
with squamous NSCLC treated with nivolumab from the
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Figure 2 Median time to onset immune-related adverse events for
different toxicities with ant-PD-1 (nivolumab) in NSCLC patients.
Circles represent medians; bars signify ranges. Inf. reaction, infusion

reaction or hypersensitivity; NSCLC, non-small cell lung cancer.

CheckMate 171 reported 46% of treatment related-AE’ and
5% of discontinuations due to AE’s (42). Toxicities were similar
to those of the overall population included in the study.

In a FDA subset analysis, toxicity (grade 3-5) with anti-
PD(L)1 seems similar between younger and older patients
with a cut-off point of 65 years. However, patients beyond
70 years presented more grade 3-5 AE’s than patients
<65 years (71.7% vs. 58.4%), along with higher AE’s leading
discontinuation (19.8% wvs. 14.4%) and immunosuppressive
needs (51.9% vs. 41.5%) (43). The ir-AE’s may be more
challenging in elderly population due to reduced functional
reserve and pre-existence of comorbidities. Nevertheless,
no dose adjustment for ICIs is recommended for elderly
patients with mild or moderate renal (i.e., 230 mL/min
creatinine clearance) or hepatic impairment (i.e., total
bilirubin 2 upper limit normal to 1.5 N). Also, cytochrome
P450 enzymes do not metabolize the currently approved
ICIs, so any enzymatic competition is not expected for
elderly patients treated with polypharmacy (44).

Most clinical trials exclude patients with baseline
autoimmune diseases, and rarely allow inclusion of those
with well-controlled non-steroid dependent autoimmune
diseases. In a retrospective cohort of 46 NSCLC patients
treated with ICIs and autoimmune disease, exacerbation
of any underlying autoimmune disease occurred in 17%
of patients. The overall ir-AE’s in this population was
26% (11% grade 3-4), similar to that reported in patients
without autoimmune disease at baseline (45). These
results may suggest the safety and efficacy of PD-(L)1
inhibitors as therapeutic strategies in NSCLC patients with
asymptomatic and controlled autoimmune diseases.

No clear data exist to guide decisions with regards
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retreatment with ICIs after the onset of an ir-AE’. This is
of relevance, as approximately 3% to 12% of patients will
discontinue treatment with anti-PD-1 due to ir-AE’s (46).
In a subset of retreated NSCLC patients after ir-AE’s,
half did not experience any recurrence, 24% and 26%
developed the same or a new toxicity and there was 5%
related mortality. Moreover, there were no differences
in OS between re-treated and no-re-challenged patients
suggesting a correlation between ir-AE’s development and
patients’ outcome (47). In melanoma patients, the onset of
ir-AFE’s correlate with the efficacy of ICIs (48), and recently,
among different cohorts of advanced NSCLC patients,
development of ir-AE’s was also significantly associated with
longer OS (49-51). However, more prospective research is
warranted to validate this correlation.

Whether dose of ICIs could have an impact in the late
ir-AE’s remains unknown. Recently, nivolumab (52) and
pembrolizumab (53) have adopted flat schedule in place of
the standard weight-adjusted dose in some clinical trials
and it has been selected as the standard dose in the first-line
setting with pembrolizumab (1). The FDA accepted
application for flat dose of nivolumab (480 mg Q4W) on
24 July 2017. However, there are some challenges regarding
flat dose strategy such as the economic impact for those
patients overdose (54), and whether the incidence, grade or
unexpected late systemic ir-AE’s will increase. Therefore,
close monitoring and long follow-up of these patients in
clinical trials is warranted.

Dysimmune toxicities: diagnosis, treatment and
follow-up

Clinical management and diagnosis of ir-AE’s is new and
expertise is still limited. These aspects emphasize the
importance of close collaboration between oncologist and
other specialists. Five principles of clinical management
of ir-AE’ have been recently proposed (44,55) and should
be applied in daily clinical practice (Figure 3): prevent,
anticipate, detect, treat, and monitor.

Mechanisms of toxicity remain to be defined and may
well be heterogeneous between patients even when the
same agent is used. Patterns of ir-AE’s differ according to
the immune checkpoint subtype, being colitis, hypophysitis
and rash more frequent with CTLA-4 monoclonal
antibodies, whereas pneumonitis, hypothyroidism,
arthralgia and vitiligo appear to be more common with
PD-1 monoclonal antibodies (46). Recently different
guidelines have been published for the management of

7 Thorac Dis 2018;10(Suppl 13):S1516-51533
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Figure 3 The five pillars of immunotherapy toxicity management (from Champiat et a/. with permission of Ann of Oncology).

toxicities from immunotherapy (55,56). Here, we aim to
summarize the spectrum of dysimmune toxicities (ir-AE’)
focusing on NSCLC patient, as well as specific management
recommendations, which have been summarized in Table 2.
In case of no clinical improvement after 3 to 5 days of
treatment initiation, upgrade treatment recommendations (55).
Main treatment for ir-AE’ is steroids. Tapering of steroids
should be performed very slow and careful, over 6 weeks or
more, to avoid relapses of ir-AE’s during steroid tapering
(56,57). Consider Pneumocystis prophylaxis in patients
receiving long-lasting steroids therapy.

Pneumonitis

The incidence, timing, clinical features and outcomes of
pulmonary ir-AEs are quite variable. Pneumonitis is an
uncommon but clinically serious and potential life-threating
adverse event. In a recent meta-analysis of 4,496 patients who
were treated in 20 trials of PD-1 inhibitors for melanoma,
NSCLC (5 studies), and renal cell carcinoma, the overall
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incidence of pneumonitis was 2.7% (0.8% grade 23) during
monotherapy and 6.6% during combination. The incidence
of pneumonitis all-grade was higher in NSCLC (4.1%
vs. 1.6%, P=0.002), as well as grade 23 (1.8% vs. 0.2%,
P<0.001) compared with melanoma. Pneumonitis was more
frequent in combination therapy than with monotherapy
(all-grade 6.6% vs. 1.6%, P<0.001; and grade 23 1.5%
vs. 0.2%, P=0.001) (58). In a recent retrospective analysis
incidence of pneumonitis was of 3.5% among 1,826 cancer
patients treated with ICIs. It occurred mainly in former- or
current-smokers, with grade 4 in 9.4% and up to 10% of
fatal pneumonitis (59). The onset of pneumonitis occurred
from 2.3-2.8 months after treatment initiation (57,59,60).
Onset tended to occur earlier in NSCLC patients compared
to melanoma (2.1 vs. 5.2 months, P=0.02) (59) or other
malignancies (60). Nowadays, any clear association between
PD-L1 expression and pulmonary toxicity remains elusive
and identification of risk factors have not been reported (59).

In a report of long-term safety phase I trial in NSCLC
treated with nivolumab, pneumonitis occurred in 7%

7 Thorac Dis 2018;10(Suppl 13):S1516-S1533
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Table 2 General management of immune-related adverse events caused by immune checkpoint inhibitors (55)

Severity CTCAE  Ambulatory vs. Corticosteroids Other immunosuppressive drugs ICI
grade inpatient care
1 Ambulatory Not recommended Not recommended Continue
2 Ambulatory Topical or systemic steroids oral Not recommended Suspended temporally*
0.5-1 mg/kg/day
3 Hospitalization Systemic steroids Oral or IV To be considered for patients with unresolved Suspend and discuss
1-2 mg/kg/day for 3 days then symptoms after 3-5 days of steroid course resumption based on risk/
reduce to 1 mg/kg/day Organ Specialist referral advised benefit ratio with patient
4 Hospitalization Systemic steroids iv methylprednisolone  To be considered for patients with unresolved Discontinue permanently
consider intensive 1-2 mg/kg/day for 3 days then reduce to  symptoms after 3-5 days of steroid course;
care unit 1 mg/kg/day organ specialist referral advised

*, outside skin or endocrine disorders where immunotherapy can be maintained. ICl, immune checkpoint inhibitors.

(9 of 129 patients), with three pneumonitis related deaths (30).
However, incidence reported from phase III clinical trials
with PD-1/PD-L1 inhibitors in NSCLC ranges from
2.6% to 5.8%, with grade 23 from 1% to 2.6%. Frequency
of fatal pneumonitis is low (0.3%) and discontinuation
due to pneumonitis ranges from 1.1% to 2.6% (1,2). In
a phase I trial, combination of nivolumab with platinum-
based chemotherapy as first-line treatment of advanced
NSCLC, pneumonitis was noted in 13% (7 of 56 patients)
of patients, including 7% (4 of 56) with grade 3 to 4, and was
the most common adverse event responsible for treatment
discontinuation [3 (5%) of 56] (61). Also, another phase I
trial combining of durvalumab and tremelimumab, reported
5% of drug-related pneumonitis, including four patients (4%)
with grade 3 events (32), similar to that of the combination of
nivolumab and ipilimumab in first-line treatment in advanced
NSCLC patients (5) (1able I). Also among SCLC patients,
incidence of pneumonitis is higher with combination of ICIs
compared with monotherapy (all grades: 4% vs. 2%, grade
23: 2% vs. 1%, respectively) (62). Combination of osimertinib
and durvalumab in EGFR-mutant NSCLC patients, reported
an incidence of 38%, which was much higher than would be
expected with either drug alone, including five patients (15%)
with grade 3—4 events (63).

In NSCLC patients, systematic review (13) and meta-
analysis (64) have reported that pneumonitis would be
more common with PD-1 inhibitors compared to PD-L1
inhibitors, and it was more common among treatment
naive patients (64). However, in a retrospective study of
915 patients (209 NSCLC) who were treated with PD-1/
PD-L1 inhibitors, the incidence of pneumonitis was 5%
in all tumors and 4.3% in NSCLC patients, greater with
CTLA4-inhibitors combinations than monotherapy (10%

vs. 3%, P<0.001); but no differences observed between
patients who were treated with PD-1 or PD-L1 inhibitors
(as monotherapy: 4% vs. 1% P=0.13; or in combination:
10% wvs. 5%, P=0.7) (57). Pneumonitis grade 23 was reported
in 27% of cases without differences in severity between
monotherapy or combination, and 86% of patients improved
or resolved with drug withholding and immunosuppression.
Among patients who underwent re-challenge after
resolution or improvement of pneumonitis grade 1-2,
recurrent pneumonitis occurred in 25% of cases (57).
In other series, the risk of recurrent pneumonitis increased
up to 33% (47), so, retreatment is feasible but should be
carefully individualized and patients carefully selected,
especially in those early responders who develop an ir-AE’s,
where retreatment does not clearly impact in outcome, and
retreatment may increase the risk of death (47).

Risk of pneumonitis seems to be irrespective of smoking
status, line of treatment; and chest radiation (57). Thoracic
radiotherapy at least 6 months prior to ICIs treatment is
an exclusion criteria in several clinical trials. However,
in a recent retrospective review of 90 NSCLC patients,
although pneumonitis was the most common ir-AEs (8.8%),
history of thoracic radiation did not increase the risk of
pneumonitis (11.5% vs. 8.3%, P=0.69), neither impact in
OS outcomes (5.8 vs. 8.1, P=0.11) (49). In the PACIFIC
trial (16), the risk of all grade pneumonitis with ICIs
maintenance was 34% and grade 23 in 3.4% of patients
(similar to those patients who received placebo). Lung
cancer patients with idiopathic interstitial pneumonia have
a higher risk of pneumonitis associated with anticancer
therapy. However, in a pilot trial with nivolumab no
concerns were observed in NSCLC patients with idiopathic
interstitial pneumonia (65). However, more evidence is
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needed to corroborate this observation.

Pneumonitis is a toxicity of variable onset [in NSCLC
patients can occur later than other ir-AE’s (33,57)], as well as in
clinical, radiological and pathological features (59,60). These
data, withstand the need of terminology standardization when
describing radiological findings during of ICIs treatment.
The commonly noted radiographic patterns of pneumonitis
on ICIs are: cryptogenic organizing pneumonia like
(COP-like), nonspecific interstitial pneumonia pattern,
and acute interstitial pneumonia/acute respiratory distress
syndrome pattern (66). COP-like appearance is more common
among NSCLC patients (57).

Management

In NSCLC patients, disease progression or infection should
always be ruled out. In general lung biopsy is recommended
if there is radiological or clinical doubt about the etiology
(disease, infection, toxicity) of pulmonary infiltrates.
Alternatively, depending on the radiological pattern on CT
scan, a bronchoscopy with bronchoalveolar lavage could be
appropriate, especially in case of pneumonitis grade 22 (56).
In case of no improvement to grade 2, high resolution CT
is recommended (56,57). In grade 3—4 pneumonitis without
improvement with steroids, additional immunosuppressive
strategies should be implemented (infliximab 5 mg/kg,
mycophenolate or cyclophosphamide).

Skin toxicity

Skin toxicity from IClIs, is an early ir-AE’s ranging from
rash or pruritus to vitiligo (67). Despite that incidence may
be underreported, skin AE’s are among the most common
ir-AE’s with ICIs (68,69). Serious skin toxicity is rare
(grade 23 is less than 4%) and does not require dose
reduction or treatment discontinuation. Rash and pruritus
are reported in 24% and 25-35%, respectively, of patients
treated with ipilimumab (68), in 9-10% of patients
treated with anti-PD-1 inhibitors (1,2,9-12), increasing to
15% and 25% with the anti-PD-1 and anti-CTLA-4 or
chemotherapy combination (5,7,32). Recently, atezolizumab
showed pruritus at 8% (<1% grade >3) (12). However,
avelumab only induced one case (1%) reported as psoriasis
in pretreated patients (4,15). There are no global differences
between anti-PD-1 and anti-PD-L1 inhibitors (13). Among
melanoma patients, the occurrence of vitiligo seems to be
related with a better overall response rate (67), but this has
not been reported among NSCLC patients. Other skin
toxicity have been rarely reported: liquenoid eruptions (70),
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bullous pemphigoid (71) and Grover disease (72).

Management

Treatment management according Tuble 2. The first
requirement in the skin toxicity management should be
to rule out any other skin toxicity aetiology, such as an
infection, drug interaction or another systemic disease (73).
A complete physical examination needs to be performed,
including mucosal areas for defining the body surface area
(BSA) affected by the toxicity; and a blood test with liver and
kidney function. Grade 1 and 2 rash are defined as macules/
papules covering <10% or 10-30% BSA with or without
symptoms (56). Treatment based on topical emollients, oral
antihistamines and/or topical mild strength topical steroids
is recommended with no immunotherapy interruption
required. For grade 3 skin toxicity (>30% BSA), referral
to the dermatologist and perform a skin biopsy should be
strongly considered in this situation. Grade 4 skin rash
is defined as: papulopustular rash associated with life-
threatening infection, Steven-Johnson syndrome, toxic
epidermal necrolysis and bullos dermatitis covering 230%
of BSA, requiring intensive care unit; and systemic steroids
are required according 7Tizble 2 and biopsy is mandatory (56).

Digestive toxicity

GI toxicity is well defined with anti-CTLA-4 inhibitors but
not with anti-PD-1 or combination strategies.

Diarrhoea (defined as an increase in the frequency of
stools) occurs in 20-32% of NSCLC patients treated with
immunotherapy combination strategies at any grade, with
a 11% grade 3—4 severe rate (5,7,32). Incidence decreases to
half with anti-PD-1/PD-L1 inhibitors (less than 4% grade >3)
(1,2,4,9-12,31). The median time from drug initiation to
symptom onset is 3 months (74), although colitis may even
occur several months after the last dose of ipilimumab (75).

Colitis is defined as a special immune-related GI AE’s,
defined as abdominal pain or imaging and/or endoscopic
evidence of colonic inflammation. Its frequency at any
grade is around 1-1.9% with pembrolizumab (1,11) and
atezolizumab (12), increasing the incidence with the anti-
PD-1 and CTLA-4 combinations to 3-12%, with a 5%
to 9% of grade >3 rate (5,7,32). While there is a positive
association between ipilimumab-induced colitis and
tumor regression or OS in melanoma patients (74,76), this
phenomenon has not been described in NSCLC patients,
neither ipilimumab nor anti-PD-1/PD-L1 inhibitors. Also,
in melanoma patients, the sequence of anti-PD-1 followed by
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ipilimumab, or the reverse did not predict GI toxicity (77).

Nausea is the second most frequent GI symptom, although
not always has been reported as ir-AE’s (78) described in about
9-22% of patients. There were no global differences according
to the drug chosen (79) and line of therapy but incidence of
severe nausea increased from <1% with monotherapy to 2-3%
with combinations (1,2,5,7,9-12,80).

Management

The main differential diagnoses of diarrhoea includes GI
infection and/or tumour-related symptoms (73). A blood
test including C-reactive protein and albumin levels should
be performed. A stool analyses for bacterial/viral pathogens,
parasites and Clostridium difficile toxin should be also ruled
out. An abdominal CT scan will establish the severity and
extension of the GI disease. Finally, a colonoscopy with
biopsy will confirm the diagnosis (56).

Grade 1 or 2 diarrhoea should be treated with oral
loperamide and fluid and electrolyte supplementation (56).
For toxicity beyond grade 2, treatment according Table 2.
If no response, stop steroids and start with a single or two
doses of infliximab (5 mg/kg) (74). Vedolizumab, integrin
monoclonal antibody against the intestinal T" lymphocytes,
has shown preliminary efficacy as an infliximab
alternative (81). Neither corticosteroids nor infliximab
appear to affect the overall response rate and survival of
patients treated with immunotherapy (76).

Renal toxicity

Renal dysfunction and urinary disorders are rare
ir-AE’s (82). Most common Incidence is low grade 1-2
reported up to ~2-3% in nivolumab and pembrolizumab
NSCLC-treated patients (1,2,9-11), and higher grades (23)
are occasional (<1%) and reversible in most cases upon
drug discontinuation and immune suppressive agents. As
observed with other tumors, in NSCLC the incidence of
renal ir-AE’s increases up to 8-11% with combinations of
ICIs, ipilimumab or tremelimumab with PD-1/PD-L1I,
as well as the rates of severe G 3-4 renal toxicity
(~3-5%) (5,32) (Table 1). Median time to onset of renal-
selected events is highly variable according to literature
(6 to 30 weeks) and median time to resolution is rapid as
compared to other ir-AEs ranging from 3 to 6 weeks (83).
In nivolumab second-line phase 3 trials (9,10), median
time to onset of all grade renal ir-AE’s was from 6 to
10 weeks. Half of the patients with documented
renal ir-AEs resolved toxicity and the majority did
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not require immune-modulating medication. Acute
tubule-interstitial nephritis and glomerulonephritis
characterized by a lymphocytic infiltrate are the
most common ir-AE’s damages (84). Recently a case
of glomerulonephritis mediated by anti-neutrophil
cytoplasmic antibody has been described in a thymic
epithelial tumor (TET) treated with pembrolizumab (85).
However, few cases of renal documented parenchymal
damage have been reported with ICIs in NSCLC trials
probably due to the lack of histologic confirmation, being
creatinine impairment the most commonly documented
event. Treatment with ICIs is currently explored in
combination with chemotherapy, such as in the phase
2 KEYNOTE-021 trial (7), which reported only 2 cases of
acute kidney injury in the combination arm with 10% mild
G 1-2 creatinine increase. However, it is difficult to discern
in NSCLC patients, whether this toxicity was attributable
to the ICI or to chemotherapy itself. Renal safety profile of
combination of ICIs and chemotherapy will be also assessed
in other ongoing phase III clinical trials (NCT02477826,
NCT02578680, NCT02657434).

Management

Renal dysfunction must be suspected in patients presenting
alterations in laboratory tests such as elevated serum
creatinine, alteration in serum electrolytes (hypokalemia,
hyponatremia) urinary sediment or proteinuria (55). For
proper identification, a complete baseline assessment of
renal function with biochemistry tests (sodium, potassium,
creatinine and urea) must be performed before every
infusion. Unlike endocrine and skin toxicities, renal toxicity
and function recovers back rapidly with the introduction
of proper hydration, immunosuppression and drug
discontinuation (56). This is important as any delay in
treating this complication could induce a permanent renal
injury. Treatment are based according recommendations in
Table 2 (56,83). Renal biopsy can be considered in grade 2
to 4, after discussion with the nephrologist, if clinical data is
misleading with other common causes of renal impairment
in NSCLC patients such as intravenous contrasts,
concomitant medications or hypertension, although
the level of evidence that supports this endorsement is
low (56,83).

Liver toxicity

In a recent meta-analyses of phase II/III trials of cancer
patients showed that CTLA-4 inhibitors unlike PD-1
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inhibitors are associated with a higher risk of all- and high-
grade hepatotoxicity (86). In NSCLC, incidence of all grades
and grade 23 liver toxicity rates do not differ that much
among different PD-1/PD-L1 inhibitors being 2-7.6%
and ~1%, respectively (4,9-12,15,31). However, nivolumab
in first-line setting (2) reported slightly higher all- and
high-grade hepatic toxicity, 12% and 3%, respectively. No
hepatotoxicity was reported with first-line pembrolizumab (1).
Combination strategies [PD-(L)1 plus CTL4 inhibitor or
chemotherapy] enhanced hepatic toxicity to 3-20% for
all grades and up to 9% for grade 23 (5,7,32). In SCLC,
combinations of ICIs compared to monotherapy also increase
risk of any grade and grade 23-hepatic toxicity. In the phase
I CheckMate 032 trial hepatotoxicity was slightly higher
with nivolumab plus ipilimumab compared to nivolumab
single agent (all grades, 12% vs. 6% and grade 3-4, 6% wvs.
2%, respectively), with one treatment related death due to
autoimmune hepatitis in the combination arm (26).

Immune-related hepatitis-like event normally involves
transaminases elevation but cholestatic forms with increased
bilirubin are uncommon (87). Recently, in an advanced
NSCLC patients treated with nivolumab has been reported
a novel form of cholangitic liver disease characterized by a
high prevalence of T-cell infiltrate in the portal tract (88).

Hepatitis can occur in broad range of time and recovery,
and as observed in kidney, usually occurs in 2-6 weeks (83).
In NSCLC patients, median time to onset of hepatitis of
1.9 weeks and the majority of patients resolved toxicity
within 8 weeks with appropriate treatment (10).

Management

Blood monitoring of gamma-glutamil-transpeptidase, alkaline
phosphatase, as well as transaminases and bilirubin may be
helpful to rule out liver toxicity and cholestatic liver disease
as it commonly presents as asymptomatic. Other causes of
viral infections such as Hepatitis A, B or C, autoimmune
diseases and specific-drugs must be rule out for differential
diagnose. Treatment recommendations are summarized in
Table 2 (56,83). Treatment resumption is not considered in
grade 4 toxicity and in grade 3 risk/benefit balance must be
carefully discussed according to some guidelines (55,56).
Liver biopsy might be deemed in refractory grade 3 or 4 liver
events (56,83). Cases of successful treatment in refractory
toxicities with mycophenolate mofetil 500-1,000 mg twice
daily or tacrolimus and anti-thymocyte globulin (ATG)
have been reported (89). Be advise that the use of infliximab
is contraindicated for potential hepatotoxic associated side
effects (56,83).
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Endocrine toxicity

Over 12% of patients receiving ipilimumab, nivolumab, and/or
pembrolizumab may develop an endocrine ir-AE (90).
In a recent meta-analysis (38 studies, N=7,551 patients),
the overall incidence of hypothyroidism was estimated
to be 6.6%, reaching 13.2% with combination therapy,
without differences in incidence between PD-1 and PD-L1
therapies. The overall incidence of hyperthyroidism was
2.9% and a statistically significant difference was observed
among the classes of immunotherapy, with increased risk
with anti-PD-1 than with PD-L1 inhibitors (OR, 5.36;
95% CI, 2.04-14.08; P=0.002) (91). Other endocrine
ir-AEs, such as hypophysitis had increased incidence with
combination therapy (6.4%) compared with monotherapy
(3.2% with CTLA-4 inhibitors; 0.4% with PD-1 inhibitors;
and less than 0.1%, PD-L1 inhibitors). However, despite its
rarity, usually are severe toxicities (grade 23) (91).

In NSCLC, the incidence of endocrine ir-AEs has been
described with the use of anti-PD-1/PD-L1 inhibitors (~1-
10%) and is increased with the use of CTLA-4/ anti-PD-1/
PDL-1 combination strategies (~11-23%) (92). In recurrent
advanced SCLC (62) the incidence of any grade and grade
3—4 endocrine toxicity was also significantly increased in the
combination cohort with respect nivolumab monotherapy (all
grades, 8% vs. 21% and grade 34, 0% vs. 3%, respectively).

Thyroid dysfunction is the most common type of
endocrine disorder in NSCLC with an incidence of ~1%
to 9%, with uncommon grade 3 toxicity (1,2,4,9-11,15,31).
Hypothyroidism is the most common event (~4-8%)
whereas hyperthyroidism and thyroiditis (Hashimoto’s
disease) are less frequently reported (~2-3%). Reversible
myxedema cases on nivolumab have also been reported (93).
Incidence of hypothyroidism increases to ~10% with
combinations (5,32), however, despite this increase, the
majority of these ir-AEs are easily manageable being the
majority mild grade 1-2 (Table 1). Also, increased risk
of endocrine ir-AE’s has been reported when ICI are
combined with chemotherapy (7) (1able 1). Hypothyroidism
is frequently preceded by an earlier and transient period
of asymptomatic hyperthyroidism induced by an acute
inflammation of the thyroid gland (94). Median time of
onset is not well established, but has been reported to be
~4-6 weeks in nivolumab second line trials (9,10).

In NSCLC, close monitoring of thyroid function
(blood tests for TSH, free T3, free T4 and anti-thyroid
antibodies) increases diagnosis of thyroid dysfunction
to 21% (94), incidence much higher to that observed in
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other series of NSCLC patients treated with anti-PD-1/
PD-L1 monotherapy which might reflect the undervalued
diagnose in clinical trials. Remarkably, OS was found
significantly longer in those patients who developed thyroid
dysfunction (median 40 vs. 14 months, HR 0.29; 95% CI
0.09-0.94; P=0.04) (94). Of note, the majority of patients
with pre-existing hypothyroidism (94) do not require dose
adjustments in thyroid hormone replacements, so medical
records of hypothyroidism does not seem to preclude the
use of immunotherapy supporting its safety use.

The incidence of hypophysitis in NSCLC patients
treated with anti-PD-1/PD-L1 is <1% (1,2,9-11) and it
does not seem to increase with the use of immunotherapy
combinations (5,32) (Tuable 1). Immune-induced diabetes
mellitus is also very uncommon event (<1%) and nor dose
schedules of PD-1 inhibitors [pembrolizumab 2 mg/kg vs.
10 mg/kg (1,11)] neither the use of combinations strategies
seem to increase its incidence [the only one case of G4
diabetes reported in the phase I nivolumab plus ipilimumab
trial was not described as immune-related AE (5)].

Primary adrenal insufficiency is also a sporadic event
(<1%) described with nivolumab, pembrolizumab and
avelumab (10,11,15). However, unlike both aforementioned
rare endocrine ir-AEs, namely hypophysitis and diabetes
mellitus, a trend to a higher incidence (~12%) was observed
in the higher cohort of nivolumab 3 mg/kg every 2 weeks
plus ipilimumab 1 mg/kg every 6 weeks (5). No predictive
markers of risk to develop endocrine toxicity have been
identified so far. Eosinophilia has been suggested as
a potential early indicator of adrenal insufficiency by
ipilimumab before the onset of symptoms (95).

Recently a case of NSCLC patient with no medical
records who displayed diabetic ketoacidosis after nivolumab
treatment, demonstrated the presence in blood of islet cell
diabetes autoantibodies before the initiation of nivolumab,
suggesting the potential utility of detecting pre-existing
autoantibodies to identify predisposed patients at higher
risk of developing immune-mediated diabetes (96).

Management

High index of suspicion and periodic measurement of
thyroid function tests (T'SH, free T3 and free T4) are
recommended (93), especially with the use of CTLA4
combinations (56). In case of PD-1/PDL-1 inhibitors
treatment, thyroid functions tests monitoring before every
infusion for the first 3 months and at least once a month
thereafter (every second cycle in the case of biweekly
administrations) is recommended (56).
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Measurement of anti-thyroid peroxidase (anti-TPO),
thyroglobulin or thyrotropin receptor antibodies might be
only required in those cases in which autoimmune disease
(Hashimoto’s or Grave’s disease) is suspected (56,83).

Treatment recommendations are summarized in Table 2.
Use of steroids is not frequent. Substitutive treatment with
thyroid hormone replacement (thyroxine 0.5-1.5 pg/kg) is
normally sufficient to recover symptoms and is usually long
lasting. In symptomatic hyperthyroidism, thyrotoxicosis,
the use of beta-blockers is recommended whereas the use of
carbimazole is exceptional and only recommended in cases
with anti-TSH receptor antibodies (56).

The autoimmune hypophysitis can overt symptoms
related to the pituitary-endocrine axis disruption, that is to
say an adrenal, gonadal and thyroid hormonal deficiency,
and only in rare cases can be associated to an inadequate
antidiuretic hormone (ADH) secretion leading to a central
diabetes insipidus (56,92). Symptoms and severity vary
according to the hormone insufficiency induced and have
been comprehensively reviewed elsewhere (92). Diagnose
must be done under clinical suspicious by assessing a panel
of blood tests for pituitary-axis (thyroid: TSH, T3, T4;
also: ACTH, IGF-1, Prolactin, cortisol, LH, FSH and
testosterone, estradiol in males and females, respectively) as
well as a pituitary magnetic resonance imaging (MRI) scan to
confirm diagnose and exclude hypophysis enlargement (56).
Treatment consists on initial replacement of hormone
deficiency with special advice for thyroid hormones.
Steroids treatment dose are reported in Table 2. Steroids
must continue once symptoms improve by tapering over
2-5 weeks to 5 mg along with proper hydrocortisone
substitution (25-40 mg/day) (56,83). After recovery of
toxicity, half of the patients will need permanent hormone
replacement and the vast majority will be unable to recover
from persistent adrenal insufficiency (56,92).

Although autoimmune DM associated with immunotherapy
is an extremely rare event, some cases present as life-
threatening ketoacidosis (96). Therefore, regular monitoring
blood glucose levels are recommended to early identify
the new onset of immune-mediated diabetes. Additionally,
for plasma testing for islet cells (ICA) or Glutamic Acid
Decarboxylase autoantibodies (GADA) as well as C-Peptide
might be needed to differentiate type 1 from type 2 diabetes.
"Treatment with insulin is mandatory and the used of cortisone
is not encouraged. As observed with other immune-mediated
endocrine toxicities, treatment with immunotherapy can
be resumed once symptoms are regulated with insulin
requirements (56).
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Less common toxicities
Cardiac toxicities

Cardiac events with immunotherapy remain an uncommon
toxicity <1%, but includes a wide spectrum of toxicities such
as myocarditis, pericarditis, arrhythmias, cardiomyopathy.
The incidence of cardiac toxicity is increased with
combination of ICIs including an anti-CTLA-4 (56,97).
Also, patients with history of malignant involvement of
pleural spaces could have higher risk of onset pleural
or pericardial effusion during treatment (98-100). The
incidence of myocarditis among NSCLC patients in phase
III clinical trials is 0.15% (101). Of note, among thymic
carcinoma patients treated with pembrolizumab, the
incidence of myocarditis was 5% and all patients required a
pacemaker (27). In recurrent SCLC, cardiomyopathy grade
4 was reported in 2% of cases with the combination of
nivolumab and ipilimumab without any case in nivolumab
monotherapy arm (62). It is unknown whether previous
thoracic radiotherapy or anthracycline treatment in thymic
carcinoma patients might explain the increased incidence of
this toxicity. In a phase II study combining pembrolizumab
and platinum pemetrexed, one patient (2%) presented
myocardial infarction (7). However, it is difficult to know
whether this toxicity is attributable to the ICIs, to the
platinum-agent or combination. Based on the low reported
frequencies, for patients of a history of cardiovascular event
a baseline electrocardiogram would be appropriate (101).

Management

Early consultation with a cardiologist is recommended
in case of suspicion. Administration of steroids and other
immunosuppressive agents in case of worsening and no
responses to steroids is recommended (56) (Table 2).

Neurologic events

Neurological adverse events associated with ICIs have
a diverse phenotype, and peripheral ir-AE’s outweighed
central ones in anti-PD1 cases (2.2:1 ratio) versus anti-
CTLA-4 (1.7:1 ratio). Interestingly, 75% of patients with
neurological ir-AE’s do not report other concurrent systemic
ir-AEs (102). Although rare, neurological ir-AE’s incidence
is increasing as anti-PD-1 therapies expand use to different
cancers. The time of onset is unpredictable, and evolution
may be rapid and life threatening. A very recently analysis
of 59 trials, with 9,208 patients reported an incidence of
3.8% in patients treated with CTLA-4 inhibitors, 6.1%
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with PD-1 inhibitors and 12% with the combination of
both drugs; the time to onset was from 6 to 13 weeks (56),
but some cases of delayed onset, between 31 and 76 weeks
after therapy initiation, have also been reported (102). In
other recent retrospective review, among 347 patients with
several tumours treated with pembrolizumab or nivolumab,
10 (2.9%) developed subacute onset of neurological
complications (2 of them adenocarcinoma NSCLC patients).
Neurological complications occurred after a median of
5.5 (range, 1-20) cycles of anti-PD-1 inhibitors (103).
Multiple ir-AE’s have been reported with PD-1 inhibitors
and CTLA-4 inhibitors, as monotherapy or in combination;
but most of them has been mainly linked to ipilimumab in
melanoma patients (9,10,97,102,104-106). These ir-AE’s
include polyneuropathy, facial nerve palsy, demyelination,
myasthenia gravis, Guillain-Barre syndrome, posterior
reversible leukoencephalopathy, transverse myelitis, enteric
neuropathy, encephalitis and aseptic meningitis (56).
With no specific symptomatology, and a large variety
of neurologic syndromes and severity, these events are
particularly difficult to diagnose, emphasizing the differential
diagnosis with tumor progression, neurologic primary event,
infection or metabolic event (9,10,97,102,104-106).

In advanced melanoma patients treated with nivolumab
with or without ipilimumab from 12 clinical trials, 35
patients (1%) presented with 43 neurologic ir-serious-AE’s.
The median time to onset was 45 days (range, 1-170) (107).
The median time for ir-AE’s resolution is 1 month (range,
2-809+ days). In 75% of cases symptomatology improves
and resolves after treatment discontinuation (102,107).
Among NSCLC patients, neurological ir-AE’s have not
been reported. However, peripheral neuropathy could be
misreported as consequence of chronic toxicity linked to
previous platinum-based chemotherapy. Most of the reported
ir-AE’s in NSCLC patients date is based on a very few
clinical cases, including very serious cases of encephalopathy
and myasthenia gravis-like, among others linked to
pembrolizumab and nivolumab, respectively (106,108).

Management

According to the severity of these events, the imaging and
complementary examination (nerve conduction studies,
electroencephalogram and or a lumbar puncture) should be
performed. If the ir-AE is considered severe, a consultation
with a neurologist is required, and higher dose of systemic
corticosteroids can be also recommended. The treatment
with intravenous immunoglobulin and plasmapheresis could
be considered. No specific surveillance is recommended for

7 Thorac Dis 2018;10(Suppl 13):S1516-51533



$1528

neurologic disorders beyond standard physical examination
at clinic visits (56).

Pancreatic events

Asymptomatic elevations of lipase and/or amylase are the
most common pancreatic ir-AE’s reported, not requiring
generally immunosuppressive therapy (82).

In NSCLC patients, the elevation of amylase levels has
been reported in CTLA-4 and/or PD-1/PD-L1 blockade
in 0.6-3% (1,5,9,11,80); however, in the majority of
patients did not meet diagnostic criteria of pancreatitis. No
pancreatic toxicity was observed with atezolizumab (12) or
nivolumab in non-squamous histology (10).

Management

Routine monitoring of pancreatic enzymes is not
recommended and any therapy is recommended for minor
asymptomatic elevations in these parameters (56). Globally,
if a patient presents symptoms of pancreatitis, amylase
and lipase should be measured, followed by imaging
studies (109). The systemic corticosteroids can be
recommended in serious pancreatic events according Tuble 2.

Hematological events

The hematological ir-AE’s are a very uncommon
event. However, very serious cases of lethal aplastic
anemia, autoimmune haemolytic anaemia or immune
thrombocytopenic purpura among others, have been
reported (56). A monocenter registry of immune-toxicity
recently reported that among 908 patients treated with
ICIs, 21 patients (2.3%) experienced systemic ir-AE’, being
the most frequent hematologic ir-AE the autoimmune
cytopenia (thrombocytopenia, 2 patients, 0.2%) (34).

Management

The appropriate strategy to treat the severe hematological
AE’s has not been yet established. The consultation with
an hematologist is strongly recommended and the systemic
corticosteroids and additionally other immunosuppressive
drugs should be carried out, according to the severity of
each event (56).

Eye events

The toxicity immune-related of the eyes occur in lower
than 1% of the patients treated with ICIs. In general, the
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eye ir-AE’s are divided in: ocular inflammation (peripheral
ulcerative keratitis, uveitis and Vogt-Koyanagi-Harada
syndrome, orbital inflammation, including thyroid-associated
orbitopathy and idiopathic orbital inflammation), and retinal
and choroid disease (choroid neovascularization) (56).

Management

The therapy depends on the severity of each event. Topical
corticosteroids are usually recommended if anterior
chamber inflammation, and systemic corticosteroid for
severe ocular or orbital inflammation. Intravitreal anti-
vascular endothelial growth factor (VEGF) is indicated for
choroid neovascularization (56).

Conclusions

Management of side effects related to ICIs among NSCLC
patients is extremely important, as these therapies have
changed treatment landscape of advanced NSCLC
and probably will be incorporated in other settings of
the disease. Based on lack of expertise of clinicians and
the broader spectrum of uncommon toxicities, a close
collaboration and multidisciplinary approach between
oncologists and other specialists is strongly recommended
to provide the best support and guidance for treatment.
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