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Abstract: Immunotherapy has become a lifeline in cancer treatment. However, increasingly reports of
programmed death-1 (PD-1) inhibitors have been linked to autoimmune disorders. We highlight two unique
cases that presented with skeletal weakness and resulted in fatalities after developing de novo myasthenia
gravis and myositis associated to immunotherapy treatment. Additionally, we describe the importance of
early symptoms recognition and prompt treatment in preventing prolonged functional impairments and
decreasing associated mortality. Patient 1: a 65-year-old male with a history of metastatic clear cell renal
cell cancer with metastasis to the lungs presented with unusual neck weakness, double vision, trouble
breathing, and symptoms of urinary incontinence after his 4™ cycle of nivolumab (480 mg every 4 weeks).
He had a positive fatigability test, diplopia, and proximal weakness in bilateral upper extremities with an
abnormal negative inspiratory force (INIF). Patient 2: a 83-year-old male with history of metastatic urothelial
carcinoma presented with generalized weakness, difficulty holding his head up and swallowing three days
after receiving the second cycle of immunotherapy treatment with nivolumab (480 mg every 4 weeks). He
had proximal muscle weakness but normal sensation, fatigability tests and reflexes, very abnormally high
creatine kinase (CK) greater than 4,000 ng/L, EMG results of myopathy and muscle biopsy showing focal
perimysial chronic inflammatory cell infiltrates. Patient 1 ultimately died due to acute hemorrhage while
patient 2 had a prolonged hospitalization and rehabilitation and ultimately discharged home with hospice.

Prompt symptom recognition and treatment can potentially prevent prolonged impairment and mortality

associated with cancer immunotherapy.
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Introduction

Opver the past couple of decades, anti-cancer drug research
has focused on the development of therapies that use a
patient’s immune system to treat cancer, and immunologists
have been working on identifying new ways to trigger
an anti-tumor immune response. The 2018 Nobel Prize
in Physiology or Medicine recognized the importance

of tumor immunology by recognizing Drs. Allison and
Honjo for their research on the T-lymphocyte-associated
protein 4 (CTLA-4) and programmed cell death protein
1 (PD-1) pathways, respectively (1). Targeted therapies
are now offered in many types of cancers with hope they
will work equally well if not better than chemotherapy,

as immunotherapy acts on specific molecular targets that
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are associated with cancer, deliberately chosen to interact
with their target and is cytostatic, blocking tumor cell
proliferation instead of cytotoxic, killing the tumor cells (2).

Under the umbrella of immunotherapy cancer
treatments there are several agents that utilize different
pathways to activate the immune system against cancer
cells, including cytokines and checkpoint inhibitors (CPIs).
CPIs increase antitumor T-cell responses and are being
used successfully in the treatment of several type of cancers.
The classification of CPIs is currently based on the three
checkpoint targets that can be blocked: PD-1, CTLA-4, and
programmed death-1 ligand 1 (PD-L1). PD-1 and CTLA-
4 are highly expressed on T cells, while PD-L1 is found
on tumor cells and antigen-presenting cells (3). Binding of
PD-1 to PD-L1 blocks T-cell mediated immune attack of
cancer cells. Monoclonal antibodies that target either PD-1
or PD-L1 can block this binding and enhance the immune
response against cancer cells (4).

Melanoma, non-small cell lung, kidney, bladder, head
and neck cancers, and Hodgkin lymphoma are among
the cancer types that CPIs have been shown to treat.
Specifically, IgG4-monoclonal antibodies that target PD-1
(nivolumab and pembrolizumab) have shown promise in
treating advanced cancers by dampening the PD-1/PD-L1
immuno-inhibitory events (5,6). However, CPIs are also
associated with immune attack toward normal cells, and can
promote autoimmunity. Recent literature cites inflammatory
effects related to immune-related adverse events (irAEs).
PD-1 inhibitors have been linked to autoimmune disorders
affecting either the central or peripheral nervous system,
with an estimated frequency of neurological autoimmunity
in PD-1 inhibitor treated patients 2.9-4.2% (5,7,8).

We report two cases seen by supportive care specialists
with de novo myasthenia gravis and myositis associated to the
use of nivolumab and their functional outcomes. These cases
describe the functional impact of the rapidly progressive
musculoskeletal weakness associated immunotherapy for the
treatment of cancer and demonstrate the course of treatment
and impact on the quality of life of these two patients.

We present the following article in accordance with the
CARE reporting checklist.

Case presentation
Patient 1

Clinical findings
A 65-year-old male with a history of metastatic clear cell
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renal cell cancer with metastasis to the lungs was in his usual
state of health until one week prior to admission. He had
received his 4" cycle of nivolumab (480 mg every 4 weeks)
with new addition of sitravatinib (120 mg po daily) and
noticed the next day, unusual neck weakness, with the
inability to hold up his head, double vision, trouble breathing
when laying down, and symptoms of urinary incontinence
(Figure 1A). On physical examination in the emergency
room, the fatigability test was positive for worsened ptosis,
limited adduction of the left eye with diplopia in 5 seconds
after sustained up-gaze, and proximal weakness in bilateral
upper extremities. His negative inspiratory force was
-40 emH,O0, and his vital capacity was 2.2 L. Manual
muscle testing revealed proximal and distal muscle weakness
of grades 4/5 and 5/5, respectively.

Diagnostic assessments

He was admitted to the intensive care unit (ICU) due to
concern of the onset of myasthenia gravis (MG) or possible
acute inflammatory demyelinating polyradiculoneuropathy
(AIDP). Labs revealed elevated levels of creatine kinase
(CK; 2,299 ng/L) and troponin T (1,351 ng/mL).
Nerve conduction study (NCS) with repetitive stimulation
and Electromyography (EMG) performed on day 2 of
hospitalization suggested post neuromuscular junction
(NMJ) seen in MG (Tables 1-3). Repetition stimuli testing
showed post exercise decrement with muscle fatigue
(Table 2). These findings were seen despite administration of
pyridostigmine. Additional lab work revealed the presence
of acetylcholine receptor antibodies (AChR-Abs), myositis
antibodies, and striated muscle antibodies.

Therapeutic interventions

On admission to the ICU, the patient was immediately
started on methylprednisolone (1 mg/kg/day) and
pyridostigmine (30 mg three times a day) and remained
on methylprednisolone, pyridostigmine, and intravenous
immunoglobulin (IVIG) for 5 days. He made improvements
in function and strength, his neck weakness resolved, and
CK levels continued to trend down. He was assessed and
continued with physical and occupational therapy sessions.

Follow-up and outcomes

After receiving the above treatment regimen, along with
physical and occupational therapy sessions, his functional
status improved. He had improvement in his ability to
transfer from minimal assistance to supervision level and
was ambulating 350 feet without an assistive device. He was
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Figure 1 Timeline events of patient 1 (A) and patient 2 (B).

Table 1 Patient 1 nerve conduction study

Nerve and site Latency Amplitude Conduction velocity F-wave latency
Motor conduction
Peroneal, B Absent Absent Absent Minimally prolonged
Extensor absent digitorum  Absent Absent Absent Minimally prolonged
brevis (EDB), B
Tibialis anterior (TA), L Mildly prolonged Normal Normal Minimally prolonged
Tibialis anterior (TA), R Mildly prolonged Low, (status post right ankle Normal Minimally prolonged
fusion) with no conduction block
Left median, L Mildly prolonged Normal Normal Minimally prolonged
Ulnar, L Mildly prolonged Normal Mild slowing in the Minimally prolonged
forearm segment
Sensory nerve conduction
Sural, B Absent Absent Absent
Superficial peroneal, B Absent Absent Absent
Median, L Moderately Moderately low Moderately slow
prolonged
Median, R Moderately Moderately low Moderately slow
prolonged
Ulnar, L Absent Absent Absent
Ulnar, R Normal Mildly reduced Moderately slow
Radial, L Normal Moderately reduced Moderately reduced
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Table 2 Patient 1 repetitive nerve stimulation study

Ng et al. Inmunotherapy related weakness

Type of stimuli 5 stimuli, at 2 hertz

7 stimuli, at 2 hertz

Muscle
Nasalis/facial Could not tolerate
Accessory nerve recording trapezius No decrement

Left peroneal nerve recording tibialis anterior No decrement

Post exercise decrement maximum 14%, corrected at 2.5 minutes

No incremental change

Table 3 Patient 1 electromyography (EMG) study

Insertional Positive Polyphasic
Muscle* ) ,I Fibrillation v Fasciculation Duration Amplitude yphasi Configuration Recruitment
activity sharp wave wave
ADM Normal None None None Normal Increased None Normal Moderately
reduced
Vastus femoris ~ Normal None None None Increased Increased None Normal Moderately
reduced
Tibialis anterior ~ Normal None None None Greatly Greatly None Normal Moderately
increased increased reduced

*Deltoid, biceps, triceps, lliopsoas muscles were tested and found to be normal.

deemed safe to go home with his family. Unfortunately,
prior to discharge home, on day 6 of acute hospitalization,
the patient complained of abdominal pain with hypotension.
He was transferred to the ICU after a computed
tomography (CT) scan of the abdomen/pelvis revealed
a large right pelvic hematoma measuring 15 cm. He
underwent emergent embolization of the right epigastric
artery and was intubated for the procedure. He was
extubated on day 7 in the ICU and failed attempts to wean
off the ventilator. He desaturated and became bradycardic
with a heart rate 20 beats per minute. The patient was
changed to comfort care, was taken off the ventilator, and
subsequently passed.

Patient 2

Clinical findings

A 83-year-old male with history of metastatic urothelial
carcinoma was receiving treatment with pegylated
interleukin- (IL-2) and nivolumab (480 mg every
4 weeks). Three days after receiving the second cycle of
immunotherapy, he became weak, with difficulty holding
his head up, difficulty swallowing, generalized weakness
and new hoarseness (Figure 1B). He reported his symptoms
were worse at the end of day. He denied any double vision.
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On admission, physical exam showed a frail appearing
man with dry mucous membranes and hoarse voice,
extraocular muscles were intact, and a midline tongue.
Sustained upgaze for 60 seconds was normal and did not
show signs of fatigability. Strength exam showed neck
flexion/extension graded 5/5, proximal muscle weakness
with deltoids graded 4+/5, iliopsoas 4+/5, otherwise
distally 5/5. There was no tenderness among his large
muscle groups and no fatigability with maximal exercise
of the deltoids with 10 repetitions. Reflexes were 1+
throughout, with downgoing toes. Sensation to touch and
proprioception were intact distally.

Diagnostic assessments

Admission labs were abnormal including CK greater than
4,000 ng/L and aldolase elevated at 55.6 U/L. A muscle
biopsy of the rectus femoris muscle showed focal perimysial
chronic inflammatory cell infiltrate (Figure 2). An EMG
performed on day 2 of hospitalization suggested generalized
myopathy with irritable features (fibrillations and positive
sharp waves), most likely a result of an inflammatory/
reactive process, but there was no definite evidence of a
neuromuscular transmission disorder (such as MG). Based
on laboratory reports, EMG, and muscle biopsy, he was
diagnosed with myositis.
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Figure 2 Skeletal muscle and fibroconnective tissue with focal
perimysial chronic inflammatory cell infiltrate (left rectus femoris).

Hematoxylin and Eosin (H&E) staining, 10x magnification.

Therapeutic interventions

He received methylprednisolone and plasma exchange
(PLEX) for 5 days. He showed improvement in strength,
and improved phonation without having to communicate
using the white board. However, that same night he
developed hypercapnic respiratory failure requiring
intubation.

He was diagnosed with MG based on positive AChR-
Abs, although repeated EMGs did not show evidence of
NM] dysfunction. He was diagnosed with myasthenic
crisis. Due to hypotensive shock, PLEX was discontinued
and instead received a repeat dose of IVIG with
significant clinical improvement and mechanic ventilation
discontinuation. In total, he received 2 rounds of PLEX
and 2 rounds of 5 days IVIG, tacrolimus, and steroids
throughout his hospitalization.

Follow-up and outcomes

Functionally, on admission, patient was at supervision level
(FIM 5) with bed mobility, transfers and gait 150 feet with
Assistive Device. He required total assist with eating and
moderate assist with lower body dressing (FIM 3). During
his 3-month hospitalization he had functional decline
despite physical and occupational therapy sessions, with
transfers and gait requiring max assist (FIM 2). He was
dependent with tube feeds (FIM 1) and lower body dressing
(FIM 1). Due to his functional and medical decline, and
evidence of progression of the disease, the patient went
home with hospice care. After 1 month under hospice care,
the patient died.

Discussion

We highlight two cases of skeletal weakness (de novo MG
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and myositis) related to cancer immunotherapy treatment.
In the first case, it should be noted that myasthenia does
not commonly include elevated CK and troponin levels,
but the confirmation of the MG diagnosis was made
through EMG findings for post NM]J dysfunction with
repetition stimuli showing post exercise decrement with
muscle fatigue and positive AChR-Abs. This demonstrates
that immunotherapy-induced skeletal muscle weakness
can present with multiple symptoms that could suggest
multiple diagnoses. It is important to carefully assess
patients for both muscle involvement (such as myositis)
and neuromuscular abnormality (such as MG). One of the
diagnostic challenges for clinicians is that these patients
might not present with a single diagnosis alone but could
possibly have a combination of presentations that may not
fit a traditional diagnosis.

More research into the frequency of irAEs is urgently
needed since immunotherapy is increasingly used in the
treatment of cancer. Zimmer et /. published a study with
496 patients being treated with anti-PD-1 therapy in which
there were a total of 242 irAEs in 138 patients (8). These
side effects included respiratory (17.3%), musculoskeletal
(15.2%), cardiac (3.6%), and hematological (0.7%) events.
In a review by Makarious et a/., MG was reported in 17
cases associated with anti-PD-1 inhibitor, seven cases with
nivolumab and 10 cases with pembrolizumab (9). Among
the seven reported cases of nivolumab-associated MG,
57.1% were de novo, 14.3% were exacerbations, and 28.5%
were exacerbations of subclinical disease. The mean onset
of symptoms was 5.14 weeks post initiation, with a 42.9%
mortality rate. All cases of nivolumab-associated MG
occurred within a relatively short time frame (2-9 weeks)
from drug initiation. In above cases reported here, weakness
occurred after the second and third cycles.

Although, cases of irAEs have been reported in the
literature, it has not been reported in great detail the patient
outcomes, prolonged morbidity, functional decline and
quality of life with prolonged hospitalization. Patient 1’
death was not directly due to MG crisis, but his inability to
wean from the ventilator could be attributed to the overall
weakness of his respiratory muscles. His overall morbidity
status was high and with acute blood loss event, he was
unable to recover. In patient 2, skeletal muscle weakness
from myositis related to immunotherapy resulted in a
prolonged hospitalization of greater than 2 months and
rehabilitation course, with the patient unable to return to
his prior level of independence. These examples show the
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vulnerability of the immunotherapy patient population
and how irAEs could lead to prolonged hospitalizations
and significant functional impairments and dependence on
caregivers.

This case series provides a different perspective to the
approach of immunotherapy induced musculoskeletal
weakness. It focused on the functional repercussion of
these side effects and how early interventions, including
evaluation by a multidisciplinary team, including
physiatrist, supportive care physician and physical and
occupational therapy participation can improve functional
outcomes. Limitations include the small number of
patients included as it makes it difficult to extrapolate the
results of the interventions. Additionally, these patients
were under the care of a comprehensive cancer center with
strong rehabilitation and supportive care services, with
resources that may not be widely available in the United
States.

Conclusions

With new treatment modalities emerging in the field of
immunotherapy for targeting malignancies, clinicians
must be aware of the importance of timing with treatment
and development of irAEs. Recognition of symptoms
and prompt treatment can potentially prevent prolonged
impairment, reduced quality of life and associated
mortality.
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