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Abstract

Emerging immunotherapy agents, such as 
immune checkpoint inhibitors, have shown 
remarkable promise in the treatment of vari-
ous malignancies. These drugs selectively tar-
get different steps in the immune response 
cascade to upregulate the body’s normal 
response to cancer. Due to the novelty of these 
therapeutic agents, their toxicity profile is less 
well understood.

Meta-analysis results reveal that the overall 
prevalence of oral mucositis, stomatitis, and 
xerostomia is lower with checkpoint inhibitors 
compared to conventional chemotherapy, and 
head and neck radiation therapy. However, the 
widespread use of immunotherapy reveals 
new oral mucosal barrier adverse events, 
including bullous pemphigoid, mucous mem-
brane pemphigoid, and lichenoid mucositis. 
Audiovestibular dysfunction can occur from 
autoimmune-mediated pathways of immuno-
therapy (adoptive cell) with limited treatment 
options. Such auditory complications can lead 
to speech recognition deficits and sensorineu-
ral hearing loss. Ocular toxicities are among 

the most common adverse events resulting 
from the use of these agents. The majority of 
ocular immune-related adverse events (irAEs) 
are mild, low-grade, non-sight threatening, 
such as blurred vision, conjunctivitis, and ocu-
lar surface disease. Serious and sight-
threatening events, including corneal 
perforation, optic neuropathy, and retinal vas-
cular occlusion, can occur but are infrequent. 
In this chapter, we review the current evidence 
on the clinical manifestations of oral, audio-
vestibular, and ocular immune-related adverse 
events (i.e., irAEs).
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Emerging immunotherapeutic agents, including 
immune checkpoint inhibitors targeting cytotoxic 
T-lymphocyte-associated protein 4 (CTLA-4), 
programmed cell death protein 1 (PD-1), and pro-
grammed cell death protein ligand 1 (PD-L1), 
have revolutionized cancer treatment. The first 
immune checkpoint inhibitor (ipilimumab), an 
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anti-CTLA-4, was approved in 2011. Since then, 
the U.S. Food and Drug Administration (FDA) has 
approved more than half a dozen immune check-
point inhibitors to treat various malignancies. 
These agents are part of a broader class of chemo-
therapy agents termed immunotherapy, which 
selectively target different steps in the immune 
response cascade to upregulate the body’s normal 
response to cancer. While the effects of traditional 
chemotherapy are well known, the toxicity profile 
of emerging immune therapies is not fully eluci-
dated. They have been associated with atypical 
side effects labeled collectively as immune-related 
adverse events (irAEs).

Many of these events are related to the same 
immunologic mechanisms responsible for their 
therapeutic effects. Among the hypothesized 
mechanism is a breakdown of peripheral toler-
ance and induction of organ specific inflamma-
tory process leading to immune dysregulation. 
Ocular toxicities are among the more common 
adverse events resulting from these agents with a 
large spectrum in type and severity [1, 2]. Other 
common irAEs include dermatologic, endocrine, 
gastrointestinal, hematologic, renal, and neuro-
logic manifestations of disease. Less understood, 
perhaps owing to its rarity are audiovestibular 
irAEs. Similarly, severe oral adverse events are 
limited to a few case reports.

�Immunotherapy and Oral Toxicities

Mucositis and xerostomia are two of the most 
common oral toxicities encountered with sys-
temic chemotherapy, radiation therapy to the 
head and neck, and hematopoietic stem cell 
transplantation (HSCT) [3–5]. The term oral 
mucositis (OM) refers to ulcerative and erythem-
atous lesions resulting from cytotoxic chemo-
therapy/radiation therapy-induced mucosal 
injury [6]. OM is an acute regimen-limiting com-
plication of cancer therapy as the lesions are 
often painful and lead to compromised nutrition, 
oral hygiene, and risk for local and systemic 
infections [3]. The exact pathophysiology of 
mucositis is not known but is believed to be a 
result of a complex series of biological cellular 

events in the submucosal epithelium and connec-
tive tissue, which precede epithelial damage [4, 
7]. The incidence of oral mucositis/stomatitis, 
irrespective of severity, has been reported to 
range from 59.4% to 100% in head and neck can-
cer patients receiving radiation/chemotherapy, 
between 70% and 86.6% in HSCT patients, and 
14.4–81.3% in patients receiving chemotherapy 
for solid tumors [8].

Xerostomia, which is the subjective sensation 
of dry mouth, is an acute but persistent oral toxic-
ity of external radiation therapy to the head and 
neck resulting from reduced secretory capacity of 
damaged salivary glands [9, 10]. Patients with 
reduced salivary secretions have an increased risk 
of oral infections, carious lesions of teeth, oral 
mucosal discomfort/pain, declined oral function-
ing and nutritional state, and an overall poorer 
quality of life [10]. During radiation therapy, 
xerostomia has been reported to affect 93% of 
treated individuals with a slight decrease to 
85.3% prevalence 2 years postradiation therapy 
[10]. Chemotherapy-induced xerostomia has 
been shown to be much less severe and often 
reversible at the end of the treatment [11].

�Prevalence of Mucositis 
and Xerostomia 
with Immunotherapy: 
A Meta-Analysis

A systematic review and meta-analysis of 
immunotherapy-based clinical trials registered 
on clinicaltrials.gov reporting prevalence of 
mucositis and xerostomia was carried out. A sys-
tematic search was conducted on February 2, 
2019, and data were extracted from all com-
pleted trials (Phases 1, 2, and 3) with reported 
adverse events data. Oral toxicity data, irrespec-
tive of toxicity grading, primary tumor, or drug 
dosage, were extracted from study arms with 
administration of a single immunotherapy drug. 
All adverse events from combination therapies, 
including chemotherapy, radiation, stem cell 
transplantation, and other immunotherapy 
agents, were excluded. The proportion of each 
oral morbidity along with the 95% confidence 
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intervals (CIs) was plotted using forest plots. A 
fixed continuity correction of 0.5 was added to 
studies where the proportions were 0% or 100% 
[12]. The studies’ heterogeneity was assessed 
using the I2 statistic which measures the percent-
age of total variation that is due to heterogeneity 
rather than chance. If a statistically significant 
percentage of the total variation was found to be 
due to heterogeneity, then the combined propor-
tion from the studies in the meta-analysis was 
estimated using a random effects model in which 
each study was weighted equally. Detailed meth-
odology and interpretation are published else-
where [13, 14].

A total of 20 clinical trials (Table 17.1) were 
identified, which reported immunotherapy-
associated oral toxicities including mucositis, 
stomatitis, xerostomia, and rare oral adverse 
events such as dysgeusia, dysphagia, decreased 
appetite, oropharyngeal or oral pain/discomfort, 
cheilitis, osteomyelitis, oral candidiasis, and 
other oral infections. Nine studies reported OM 
with a weighted prevalence of 5% (95% confi-
dence interval: 2–8%; Fig. 17.1). A higher OM 
prevalence (10%) was noted with CTLA-4 com-
pared to PD-1 (6%) and PD-L1 (4%) inhibitors. 
Twelve studies reported stomatitis as a separate 
entity and yielded a weighted prevalence of 3% 
(95% confidence interval: 2–4%; Fig.  17.2). 
PD-1 inhibitors showed a higher prevalence of 
stomatitis (6%) compared to CTLA-4 (2%) and 
PD-L1 (3%) inhibitors. Similarly, a higher pro-
portion of individuals taking PD-1 inhibitors had 
xerostomia (11%) compared to CTLA-4 (2%) 
and PD-L1 (5%) inhibitors. The overall weighted 
pooled prevalence of xerostomia was estimated 
to be 5% (95% confidence interval: 3–7%) based 
on 10 clinical trials (Fig. 17.3).

�Other Immunotherapy-Related Oral 
Adverse Events: Case Reports

Owosho et  al. reported on a 52-year-old male 
with a history of stage IV, metastatic melanoma 
of unknown primary with metastases to the left 
iliac region and pancreatic head, who developed 
osteonecrosis of the right mandible following 

administration of ipilimumab at 3 mg/kg intrave-
nous (230  mg) every 3  weeks for a total of 4 
doses [15]. The patient presented with a gingival 
swelling on the lingual aspect of the right man-
dibular molars following administration of the 
second dose of ipilimumab. On clinical examina-
tion, the patient had localized bleeding on prob-
ing, mild discomfort, and a small amount of 
purulent discharge from the gingival sulcus.

Cases with lichenoid reaction involving the 
oral mucosa, bullous pemphigoid, and mucous 
membrane pemphigoid cases have been 
reported. Naidoo et  al. reported 2 cases of 
patients who developed bullous pemphigoid 
blisters in the oral cavity [16]. An 80-year-old 
male previously treated with ipilimumab (3 mg/
kg) for metastatic melanoma was treated with 
second-line nivolumab every 2  weeks. After 
several dermal lesions, he developed erosions 
and vesicles on the buccal mucosa after 26 doses 
of nivolumab. Bullous pemphigoid ELISA was 
positive, and the oral lesions were treated with 
oral tacrolimus ointment and dexamethasone 
swish/spit, while nivolumab was withheld. 
Another 78-year-old female with metastatic 
melanoma, treated with first-line ipilimumab 
(3  mg/kg) with no previous adverse events, 
developed bullous pemphigoid on her buccal 
mucosa after a year of durvalumab as second-
line therapy. Resolution was achieved with topi-
cal steroids alone.

Jour et al. reported another case of a 63-year-
old male with a history of recurrent metastatic 
squamous cell carcinoma of the tongue who was 
initiated on treatment with nivolumab after pro-
gression on the previous radiation, chemother-
apy, and erlotinib (150 mg) treatment [17]. The 
patient developed mucosal blisters that supported 
a finding of bullous pemphigoid on clinical, his-
tologic, direct immunofluorescence, and immu-
nohistochemistry. Initial management included 
withholding nivolumab treatment and initiation 
of topical corticosteroid cream with moderate 
resolution. Patient developed new oral erosions 
once he was rechallenged with nivolumab after 
21  days. Complete resolution of lesions was 
achieved with oral prednisolone (10 mg) and ces-
sation of nivolumab.

17  Immune-Related Oral, Otologic, and Ocular Adverse Events
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Table 17.1  Summary of included trials

NCT number Immunotherapy Title Malignancy
Trial 
phase

Anti-PD-1 checkpoint inhibitors
NCT02007070 Pembrolizumab Study of pembrolizumab (MK-3475) in 

participants with advanced non-small 
cell lung cancer (MK-3475-025/
KEYNOTE-025)

Non-small cell lung 
cancer

Phase 1

NCT02179918 Pembrolizumab A study of 4-1BB agonist PF-05082566 
plus PD-1 inhibitor MK-3475 in patients 
with solid tumors (B1641003/
KEYNOTE-0036)

Advanced solid tumors Phase 1

NCT02180061 Pembrolizumab Study of pembrolizumab (MK-3475) in 
participants with advanced melanoma 
(MK-3475-041/KEYNOTE-041)

Melanoma Phase 1

NCT00441337 Nivolumab A study of MDX-1106 in patients with 
selected refractory or relapsed 
malignancies

Non-small-cell lung, 
malignant melanoma, 
colorectal, renal, 
prostate cancer

Phase 1

Anti-CTLA-4 checkpoint inhibitors
NCT00920907 Ipilimumab Comparison of Ipilimumab 

manufactured by two different processes 
in participants with advanced melanoma

Advanced melanoma Phase 1

NCT01820754 Ipilimumab Evaluation of circulating T cells and 
tumor infiltrating lymphocytes (TILs) 
during/after Presurgery chemotherapy in 
non-small cell lung cancer (NSCLC)

Non-small cell lung 
cancer

Phase 2

NCT01990859 Ipilimumab Phase 2 study of ipilimumab in Japanese 
advanced melanoma patients

Melanoma Phase 2

NCT00162123 Ipilimumab A companion study for patients enrolled 
in prior/parent Ipilimumab studies

Melanoma Phase 2

NCT00094653 Ipilimumab MDX-010 antibody, MDX-1379 
melanoma vaccine, or MDX-010/
MDX-1379 combination treatment for 
patients with unresectable or metastatic 
melanoma

Unresectable or 
metastatic melanoma

Phase 3

NCT01585987 Ipilimumab An efficacy study in gastric and 
gastroesophageal junction cancer 
comparing Ipilimumab versus standard 
of care immediately following first-line 
chemotherapy

Locally advanced 
(unresectable) or 
metastatic 
adenocarcinoma of the 
gastric and gastro-
esophageal junction

Phase 2

NCT00623766 Ipilimumab Evaluation of tumor response to 
ipilimumab in the treatment of 
melanoma with brain metastases

Melanoma Phase 2

NCT00796991 Ipilimumab Drug–drug interaction—3 arm—
carboplatin/paclitaxel, dacarbazine

Advanced melanoma Phase 1

NCT01057810 Ipilimumab Phase 3 study of immunotherapy to treat 
advanced prostate cancer

Prostate cancer Phase 3

NCT00323882 Ipilimumab Study of MDX-010 in patients with 
metastatic hormone-refractory prostate 
cancer

Metastatic prostate 
cancer

Phase 
1|phase 
2

(continued)

A. Srivastava et al.



299

Zumelzu et al. reported a case of mild mucous 
membrane pemphigoid in an 83-year-old patient 
after administration of pembrolizumab therapy 
for metastatic melanoma [18]. The patient devel-
oped erosions and blisters 6 months after discon-
tinuation of the pembrolizumab therapy that was 
administered for 10 months. Complete remission 
of the oral lesions was achieved with minimal 
doxycycline therapy.

Schaberg et al. reported a case of a 69-year-
old male with history of metastatic urothelial car-
cinoma refractory to multiple lines of 
chemotherapy who was started on PD-L1 inhibi-
tor therapy [19]. After 11 weeks of treatment, the 
patient developed a burning sensation on the 
tongue, gingiva, and buccal mucosa. Intraoral 
examination showed symmetric reticulated thin 
white plaques consistent with Wickham’s striae, 
histopathologically confirmed as lichenoid 

mucositis with pseudoepitheliomatous hyperpla-
sia and reactive spongiosis. No other contributing 
factors to a lichenoid reaction could be found. 
Symptomatic improvement was achieved with a 
dexamethasone elixir swish and spit.

�Immunotherapy and Hearing Loss

Hearing loss is a well-known consequence of 
cancer treatment. Both radiation therapy and cer-
tain chemotherapeutic agents have demonstrated 
the ability to injure a patient’s native inner ear 
function. Radiation, in the setting of treatment of 
head and neck malignancies, is known to damage 
both the inner ear and cause middle ear dysfunc-
tion—resulting in both sensorineural and con-
ductive hearing loss, respectively. Traditional 
chemotherapy modalities, such as carboplatin 

Table 17.1  (continued)

NCT number Immunotherapy Title Malignancy
Trial 
phase

Anti-PD-L1 checkpoint inhibitors
NCT02008227 Atezolizumab A study of atezolizumab compared with 

docetaxel in participants with locally 
advanced or metastatic non-small cell 
lung cancer who have failed platinum-
containing therapy

Non-squamous 
non-small cell lung 
cancer

Phase 3

NCT02031458 Atezolizumab A study of atezolizumab in participants 
with programmed death-ligand 1 
(PD-L1) positive locally advanced or 
metastatic non-small cell lung cancer

Non-small cell lung 
cancer

Phase 2

NCT02302807 Atezolizumab A study of atezolizumab compared with 
chemotherapy in participants with 
locally advanced or metastatic urothelial 
bladder cancer [IMvigor211]

Bladder cancer Phase 3

NCT01846416 Atezolizumab A study of atezolizumab in participants 
with programmed death-ligand 1 
(PD-L1) positive locally advanced or 
metastatic non-small cell lung cancer 
(NSCLC) [FIR]

Non-small cell lung 
cancer

Phase 2

NCT01903993 Atezolizumab A randomized phase 2 study of 
atezolizumab (an engineered anti-PD-L1 
antibody) compared with docetaxel in 
participants with locally advanced or 
metastatic non-small cell lung cancer 
who have failed platinum 
therapy–“POPLAR”

Non-small cell lung 
cancer

Phase 2

NCT02558894 Durvalumab Phase II study of MEDI4736 
monotherapy or in combinations with 
tremelimumab in metastatic pancreatic 
ductal carcinoma

Metastatic pancreatic 
ductal adenocarcinoma

Phase 2
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and cisplatin, also have well-known and well-
studied ototoxicity profiles.

�Adoptive Cell Immunotherapy

Autoimmune-mediated complications leading to 
audiovestibular dysfunction has been previously 
described in adoptive cell immunotherapy (ACI). 
In 2009, Johnson and colleagues reported on a 
series of 36 patients undergoing adoptive cell 
immunotherapy for metastatic melanoma [20]. 
Highly reactive T-cell receptors (TCRs) with 
high anti-melanoma/melanocyte activity were 
identified via screening of human or murine lym-
phocytes. Genes encoding these TCRs were then 
implanted into retroviral vectors and amplified 
ex  vivo prior to transfusion into recipients. All 
patients underwent baseline audiogram evalua-

tion. While tumor regression was seen in 30% 
and 19% of human and mouse TCR, respectively, 
audiometric evaluations demonstrated hearing 
loss in 10 of 20 patients. This began approxi-
mately 1 week following initiation of therapy and 
was postulated to be related to an inflammatory 
cytokine surge detected in patients beginning 
3–6  days following transfusion. Of those with 
hearing loss, 70% underwent intratympanic ste-
roid injection with all patients experiencing 
improvement. Overall, 25% of patients undergo-
ing therapy developed dizziness related to inner 
ear dysfunction.

Similarly, Seaman and colleagues reported on 
their experience with 32 patients undergoing ACI 
with TCRs targeting either gp-100 or MART-1 
for metastatic melanoma [21]. All patients under-
went pre-intervention audiogram testing for 
baseline hearing levels. Seventeen of 32 patients 

Fig. 17.1  Forrest plot for meta-analysis of prevalence of oral mucositis
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(53%) showed hearing loss, manifesting an aver-
age of 9.5  days following initiation of therapy. 
Three patients reported dizziness.

In both of the above studies, the proposed 
mechanism of audiovestibular dysfunction 
involved aberrant cross reactivity of TCRs to the 
melanocytes within the stria vascularis of the inner 
ear. The stria vascularis, a thin, vascularized tissue 
bed, forms the inner sidewall of the cochlea. It cre-
ates and maintains endocochlear ion gradients to 
provide the electrochemical basis of hearing. 
Melanocytes, or intermediate cells as they are 
known in the stria vascularis, are essential con-
tributors to the maintenance of this gradient [22]. 
Intermediate cells maintain the potassium ion rich 
milieu of the endolymph within the scala media of 
the cochlea. It is the electrochemical gradient 
between the potassium rich endolymph and the 

potassium poor perilymph within the cochlea that 
creates the endocochlear potential. This potential 
is produced by the hair cells in response to the 
mechanical displacement of the basilar membrane 
[23]. Absence or dysfunction of stria melanocytes 
results in sensorineural hearing loss (SNHL). The 
most common form of non-syndromic, congenital 
sensorineural hearing loss involves genetic muta-
tions coding for connexin-26, a gap junction pro-
tein essential to intermediate cells’ ability to 
recirculate potassium ions [24]. Multiple syn-
dromic causes of congenital hearing loss affect the 
function of intermediate cells including Tietz 
Albinism-Deafness Syndrome [25], Craniofacial-
deafness-hand syndrome [26, 27], and 
Waardenburg syndrome [28, 29]. The essential 
role played by the intermediate cells in hearing 
supports the hypothesis that their dysfunction or 

Fig. 17.2  Forrest plot for meta-analysis of prevalence of stomatitis

17  Immune-Related Oral, Otologic, and Ocular Adverse Events



302

destruction is the underlying cause of hearing loss 
following ACI.

�Vogt-Koyanagi-Harada Syndrome

Melanocyte destruction within the inner ear has 
an autoimmune analog in Vogt-Koyanagi-Harada 
(VKH) syndrome. VHK is a constellation of 
symptoms including bilateral posterior uveitis, 
vitiligo, central nervous system deficits, and sen-
sorineural hearing loss. This is thought to be T 
cell-mediated autoimmune destruction of mela-
nocytes [30]. This condition is more frequently 
seen in patients with darker skin tone, women, 
and those aged 20–50 years old. Aggressive treat-
ment with corticosteroids or immunomodulators 
is the preferred treatment for this disease. Those 
with uveitis may require intravitreous steroid 

injection. In the above cases of hearing loss 
related to adoptive immune therapy, multiple 
patients also experienced rash, gastrointestinal 
upset, and changes in visual acuity.

�Case Reports

Immune-related adverse events have been 
reported with the use of ICIs. However, hearing 
loss appears to be rare and limited to sporadic 
case reports and to individual patients within 
larger cohorts of patients with reported irAEs. No 
clinical trials have evaluated the impact of ICIs 
on hearing. Only one animal study looked at the 
impact of anti-PD-1 therapy on a murine animal 
model [31]. In this study, hearing thresholds were 
largely unaffected in the group that received 
immunotherapy alone. When the anti-PD-1 agent 

Fig. 17.3  Forrest plot for meta-analysis of prevalence of xerostomia
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was added to cisplatin, it resulted in minor wors-
ening of hearing compared to the group receiving 
cisplatin alone.

�Case #1
Zibelman et al. reported on an 82-year-old man 
with metastatic mucosal melanoma who under-
went initial treatment with ipilimumab (3  mg/
kg), a CTLA-4 inhibitor, before switching to 
pembrolizumab, a PD-1 inhibitor (2 mg/kg every 
3  weeks), due to disease progression [32]. 
Following his second dose of pembrolizumab, 
the patient noted bilateral hearing loss.

Audiometry confirmed a mild to moderately–
severe symmetric sensorineural hearing loss 
(SNHL) with word recognition scores (WRSs) of 
48% and 44% in the right and left ears, respec-
tively. The patient had not experienced any epi-
sodes of meningitis, taken ototoxic chemotherapy 
agents, or experienced any other obvious etiology 
for his hearing loss. He underwent intratympanic 
dexamethasone injections (10  mg/mL), 6 injec-
tions on the right and 4 on the left and subjectively 
noted complete recovery of his hearing. 
Postinjection audiogram showed recovery of low-
frequency hearing thresholds but still with moder-
ate-to-severe SNHL in the higher frequencies. His 
word recognition scores improved to 88% and 
84%. He continued his pembrolizumab therapy 
and had no further audiovestibular symptoms.

�Case #2
Diamantopoulos et  al. reported a case of an 
81-year-old woman with stage IIIb (T2aN1bM0) 
cutaneous melanoma who presented 8  months 
after her initial diagnosis with metastatic lesions 
to the skin of her left breast and axillary lymph 
nodes [33]. Imaging showed an additional meta-
static pulmonary lesion. She was started on 
encorafenib 300  mg daily, and binimetinib at 
45 mg twice daily as part of a phase III clinical 
trial.

Six months after initiation of therapy, the 
patient experienced a 10-day course of head-
aches, light sensitivity, and worsening visual acu-
ity. She underwent a detailed ophthalmological 
exam, which revealed bilateral panuveitis. In 
addition to her ocular symptoms, the patient also 

experienced bilateral sudden hearing loss with 
elevation of pure tone thresholds to 60 dB in the 
right and 40  dB in the left consistent with an 
asymmetric bilateral SNHL. The patient did not 
have a pre-intervention audiogram for compari-
son. Other causes of sudden onset SNHL, includ-
ing infectious and autoimmune etiologies, were 
excluded based on testing.

Encorafenib and binimetinib were both imme-
diately discontinued, and the patient was started 
on 64 mg of methylprednisolone daily for 7 days 
along with dexamethasone eye drops. Her vision 
gradually improved; however, no data are given 
regarding resolution of her hearing loss.

�Case #3
Tampio et  al. reported a case of a 67-year-old 
man with a history of sarcoidosis with widely 
metastatic melanoma [34]. Testing revealed 
BRAF and PDL-1 markers and it was decided to 
proceed with nivolumab monotherapy with a 
plan for 12  cycles of 240  mg administration. 
Approximately 2  months after starting therapy, 
the patient presented to the emergency depart-
ment for bilateral light sensitivity. He was seen 
the following week in the Ophthalmology Clinic 
and was noted to have findings consistent with 
intraocular inflammation. Concern for an autoim-
mune reaction to his current immunotherapy 
regimen led to a cessation of ICI therapy and ini-
tiation of corticosteroid eye drops.

Approximately 2 weeks after the above events, 
the patient noticed bilateral ear fullness, subjec-
tive hearing loss, and brief episodes of vertigo 
with head movement. Audiogram showed a bilat-
eral mild to severe sloping, high-frequency 
SNHL with word recognition scores of 100% 
bilaterally. Because of the bilateral sudden SNHL 
and bilateral panuveitis, this presentation was felt 
to be part of broader, ICI agent-induced autoim-
mune reaction, and a 60  mg daily prednisone 
burst was initiated and tapered over 5 weeks. The 
patient had received 4 cycles of nivolumab, and 
repeat MRI and PET/CT at this time showed res-
olution of neoplastic disease. At 6 weeks follow-
up, the patient noted completely resolved ocular 
symptoms and improved hearing. Repeat audio-
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gram at the 4 months follow-up showed normal-
ization of the speech reception thresholds.

�Immunotherapy and Ocular Toxicity

The majority of described ocular irAEs are mild, 
low-grade, non-sight threatening, such as blurred 
vision, conjunctivitis, and ocular surface disease 
(dry eye). Serious and sight threating events such 
as corneal perforation, optic neuropathy, and reti-
nal vascular occlusion can occur but are infre-
quent. Knowledge and awareness of ocular side 
effects is imperative to guide the proper treatment 
plan. A multidisciplinary approach between the 
medical and ocular oncologist is essential in the 
identification and management of these events 
[1, 35, 36].

Fu et al. conducted a study of ocular toxicities 
associated with all FDA approved oncologic 
immune therapies through March 2015. The 
review included 32 independent reports that met 
the inclusion criteria. The severity of ocular 
events was graded according to common termi-
nology criteria for adverse events (CTCAE) 
grade (Version 4.0). The study concluded that the 
most commonly reported events were conjuncti-
vitis and blurred vision; reported in nine (19.6%) 
and ten (21.7%) agents of the total reviewed. 
Imatinib was found to have the highest incidence 
of grade 3 or higher toxicity. Overall imatinib and 
crizotinib had the highest incidence of any ocular 
events. Acute serious and sight threating ocular 
events were rare, and accounted for <1% includ-
ing retinal vascular occlusion, retinal pigment 
epithelial detachment, corneal ulceration and 
perforation, and blindness. Devastating vision-
threatening ocular irAEs were reported with only 
five classes of agents (10.9%): EGFR inhibitors 
(erlotinib and gefitinib), MEK inhibitors (tra-
metinib), V600E mutated BRAF inhibitors 
(vemurafenib), anti-CTLA4 inhibitors (ipilim-
umab), and targeted antibodies [37–43].

Abdel-Rahman et al. conducted a systematic 
review to assess the incidence of ocular irAEs. 
Eleven prospective trials were analyzed included 
one trial for ipilimumab and tremelimumab, three 
for nivolumab, five for pembrolizumab, and one 

comparing pembrolizumab to ipilimumab. The 
incidence of uveitis ranged from 0.3% to 6%, 
whereas the incidence of dry eyes ranged from 
1.2% to 24.2%. Among the four randomized 
studies comparing immune checkpoint inhibitors 
agents versus nonimmune checkpoint inhibitors, 
the pooled analysis for odds ratio of all grade is 
3.40 [95% CI: 1.32–8.71; P  =  0.01]. This sug-
gests that these toxicities are more common with 
immune checkpoint inhibitors compared to con-
trol [44–46].

Antoun et al. conducted a systematic review to 
evaluate ocular and orbital irAEs of checkpoint 
inhibitors. They suggested that irAEs may occur 
as early as 1  week after initial dose with the 
median occurrence of 2 months after initiation of 
therapy. Common ocular events included periph-
eral ulcerative keratitis (PUK), uveitis, and Vogt-
Koyanagi-Harada (VKH) syndrome. Peripheral 
ulcerative keratitis, severe peripheral infiltration, 
and ulceration were reported with ipilimumab. In 
addition uveitis has been reported with nivolumab 
and bilateral uveitis and papillitis with pembroli-
zumab. Vogt-Koyanagi-Harada syndrome has 
been reported in one case with combination of 
ipilimumab and anti-PD1 inhibitors [47, 48].

Bitton et al. reviewed 745 patients from a sin-
gle center and national registry between June 
2014 and March 2018, identifying patients with 
moderate-to-severe ocular toxicity following 
anti-PD-L1 administration. Dry eye was the first 
and most frequently reported event. In total, three 
patients had moderate-to-severe ocular events, 
with an overall prevalence of 0.4% and an inci-
dence of 0.7 per 1000 patient-months of treat-
ment. In addition to the cases reported through 
the national registry, five presented with intraoc-
ular inflammation, two with ocular surface dis-
ease, and one with orbital myopathy; five (62.5%) 
developed exophthalmos [49].

Fang et al. looked at the association between 
immune checkpoint inhibitors and ophthalmic 
adverse effects using data from U.S.  FDA’s 
Adverse Events Reporting System (FAERS) 
database from 2003 to 2018. The study identified 
113 ocular events including dry eye, uveitis, ocu-
lar myasthenia, and “eye inflammation.” 
Nivolumab showed the highest number of ocular 
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events. It also had the highest association with 
ocular myasthenia followed by pembrolizumab. 
Atezolizumab had the highest association with 
“eye inflammation,” while ipilimumab had the 
highest association with uveitis. Nivolumab was 
also associated with these two toxicities. No 
cases were reported for other checkpoint inhibi-
tors including avelumab, cemiplimab, and dur-
valumab [36, 40, 50].

�Management

Many mild ocular toxicities are managed with 
topical corticosteroids and/or lubrication. Severe 
side effects may require systemic corticosteroids 
and/or termination of the drug. The decision 
regarding continuation or withdrawal of treat-
ment should be evaluated on a case-by-case basis, 
depending on the severity of toxicity and the 
response to treatment. Detailed recommenda-
tions with clinical practice guidelines based on 
evidence from a rigorous systematic review, pub-
lished medical literature and expert consensus for 
management of ocular (irAEs) have been recently 
published. In general immunotherapy should be 
continued with close monitoring for grade 1 tox-
icities, with few exceptions. Therapy may be held 
or reduced for grade 2 toxicities. For grade 3 tox-
icities or above, treatment should be held and 
high-dose corticosteroids considered. 
Rechallenge can be considered with extreme pre-
caution after a grade 3 toxicity. Permanent dis-
continuation should be considered in all grade 4 
cases [51–54].

�Summary

Immune-based cancer therapy has revolution-
ized the treatment of various malignancies. 
Clinicians should be familiar with likely adverse 
events associated with immune therapies. 
Ocular toxicities are among the most common 
adverse events resulting from the use of these 
agents. The majority are mild, and not sight 
threating; however, serious events can occur and 
lead to blindness. Acute visual changes always 

necessitate an immediate ophthalmologic 
assessment.

The overall prevalence of commonly encoun-
tered oral toxicities, including oral mucositis, 
stomatitis, and xerostomia, was found to be 
lower with checkpoint inhibitors compared to 
conventional chemotherapy and head and neck 
radiation therapy. However, the widespread use 
of immunotherapy reveals new oral mucosal bar-
rier adverse events, including bullous pemphi-
goid, mucous membrane pemphigoid, and 
lichenoid mucositis. Auditory and vestibular 
dysfunctions have also been reported in patients 
treated with immunotherapy directed toward 
melanocytes.

A multidisciplinary approach with good com-
munication is crucial for prompt referral and 
management of such complications. At present, 
there is a lack of standardized surveillance guide-
lines for all patients potentially at risk. 
Establishing an ophthalmic, otolaryngology and 
audiology, and oral surveillance protocol with 
baseline screening is ideal. The specific fre-
quency and exam parameters may be dependent 
on the agent and its toxicity profile.

Further research is needed to establish preva-
lence/incidence of immunotherapy-induced oral, 
ocular, and audiovestibular toxicities as well as 
their pathophysiology and management.
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