Lung Cancer School 2022

Management of Steroid-Refractory Immune-
Related Adverse Events
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» Mechanism of immune-related adverse events (imAEs)
» Incidence and onset of imAEs for Immune check point inhibitors

» Management of steroid refractory imAEs

» Summary
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Chemotherapy, Targeted Therapy, and ICI Therapy Have Different MoAs
That May Lead to Different Toxicity Profiles

= Acts on rapidly dividing cells, including tumor cells and some normal cells

Chemotherapy

= Prevents or slows cell growth and division
Targeted Therapy = Targets proteins that regulate cell growth, division, and spread

= Helps the body’s own immune system fight cancer

* Modulates immune inhibitory mechanisms to reactivate antitumor immunity

|O Therapy

= By modulating the immune system, |O may be effective in a broad range of tumors,
independent of tumor histology or driver mutations

= However, |0 therapy may also affect normal, healthy cells
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Immune Checkpoint Inhibitors

Table 1 | Checkpoint inhibitor approved indications
Month/year of first Month/year of first

Drug FDA approval EMA approval Indications
CTLA-4 blockers
Ipilimumab March 2011 July 2011 Melanoma; renal cell carcinoma;

dMMR/MSI-H; colorectal cancer

PD-1 blockers

Pembrolizumab September 2014 July 2015 Melanoma; NSCLC; HNSCC; Hodgkin's lymphoma; bladder cancer;
dMMR/MSI-H; gastric cancer, cervical cancer, large B cell lymphoma,
hepatocellular carcinoma, Merkel cell carcinoma, renal cell carcinoma,
small cell lung cancer, esophageal cancer, endometrial cancer

Nivolumab December 2014 June 2015 Melanoma; NSCLC; renal cell carcinoma; Hodgkin’s lymphoma; head
and neck sguamous cell cancer; bladder cancer; dMMR/MSI-H:
colorectal cancer; hepatocellular carcinoma; small cell lung cancer

Cemiplimab September 2018 June 2019 Cutaneous squamous cell cancer
PD-L1 blockers
Atezolizumab May 2016 September 2017 Bladder cancer; NSCLC; breast cancer;
small cell lung cancer
Avelumab March 2017 September 2017 Merkel cell; bladder cancer; renal cell cancer
Durvalumab May 2017 September 2018 Bladder cancer; N5SCLC

FOA=United States Food and Drug Administration: EMA=European Medicines Agency

Chan KK, Bass AR. Autoimmune complications of immunotherapy: pathophysiology and management. Bmyj. 2020:369:m736.
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Immune Checkpoint Blockade and imAEs

IMAEs may occur when T cells attack healthy cells as a result of immune checkpoint blockade.

o Anticancer Immune Response 9 Immune Attack of Healthy Tissue _
Blockade of immune

rumor | - checkpoint pathways may
S cell Iysis Q "Q’:';’g;";“ release the inhibition of
antigens and death {:} [BYA the immune system and

@ WA LY Immune-mediated ! )
oo Q Q NN s damage reactivate the anticancer
S e I @ @ Immune response.
! MHC , help @@@ @@

30

y o
@ o This activation can also
@8 :

reduce self tolerance

outside the tumor, which

Clonal expansion ° 000000 may lead to an immune

and maturation % 000 attack on normal organ
Cytokines, such Inflammatory cells, and tissue function
aITe SR S (ie, |mAES)

Lymphatic tissue Nonlymphatic tissue

Ribas A. N Engl J Med. 2012:366(26).2517-2519;  Day D, Hansen AR. BioDrugs. 2016,30(6):5771-584.
Boutros C et al. Nat Rev Clin Oncol. 2016,13(8):473-486.
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Immune Checkpoint Blockade and imAEs
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Chan KK et al. pathophysiology and management. Bmy. 2020,369:m736; Lemiale et al. Ann Intensive Care. 20719:9:25.
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Immune-mediated Adverse Events (imAEs)

- Encephalitis Organ System (imAE) Signs and Symptoms
* Uveitis Fatigue : I’:?)T;rlxr;%'rté;athy
: ?f%f:ciayv'}?s?a'ﬂﬁ/or ‘ = -\\ . (s]uti,“am_B‘arfrlé syndrome LUNG (pneumonitis) Shortness of breath, fatigue, chills, weakness, cough, headache
R { 1 ® Subacute inflammatory
blepharitis b o/ hi ! ) : . . . )

« Episcleritis and/or scleritis ¢ = neuropathies GASTROINTESTINAL (colits) D|arrhe_a, ab_dommal pain, _nau_sea, crampmg, blood or mucus in stool, changes in bowel habits, fever,
* Retinitis 3 { H = abdominal distention, obstipation, constipation

A * Hypophysitis

s ——— * Thyroiditis . . . " ) ) - : :
e R * Adrenalitis LIVER (hepatitis) Jaundice of the skin or sclera, nausea, vomiting, abdominal pain, fatigue, dark urine, anorexia

* Pleuritis
* Sarcoid-like granulomatosis

|
Hepatitis J

* Myocarditis
* Pericarditis

Palpitations, weight loss or gain, fatigue, diarrhea/constipation, cold/heat intolerance, tremors, hair loss,
ENDOCRINE (thyroid, pituitary, adrenal glands, pancreas) — depression/anxiety, headache, vision changes, weakness, dizziness, confusion, high urine output,
anorexia, nausea, vomiting, abdominal pain

* Interstitial nephritis

®000GO Ve

* Pancreatitis KIDNEY (nephritis, kidney failure) Decreased urine output, blood in the urine, peripheral edema, anorexia
* Autoimmune diabetes
* Colitis L . . .
« Enteritis SKIN (rash, Stevens—Johnson syndrome) Rash, blistering, erythema, skin sloughing, purpura, epidermal or mucous membrane detachment
« Skin rash * Gastritis
* Pruritus \ CARDIAC (myocardiis, pericardits, arythmias) Shortness oflb_reath, chest pain, arrhythmia, pleural effusion, fatigue, palpitations, weakness, dizziness,
s glﬁ'élgg A nausea, vomiting
* Psoriasis : OCULAR (uveitis) Blurred vision, change in color vision, photophobia, distortion, blind spots or partial vision loss, visual field
‘ ftﬁ:ﬁ;’:?h"wn A : changes, double vision, tenderness, pain with eye movement, eyelid swelling, protrusion of the eyeball
Y/ * Anaemia . . .
» Neutropenia Confusion, altered behaviour, headache, seizures, short-term memory loss, depressed level of
2 2"2@{956 . Pﬁ; ggggfycmpe"'a CNS (encephalitis, neuropathy) consciousness, focal weakness, speech abnormality, numbness, tingling with or without pain,
5 Mryto;:::z microangiopathy sensory ataxia, hyporeflexia or areflexia
* Dermatomyositis * Acquired haemophilia
* Vasculitis

= ImAEs affecting the skin, endocrine system, Gl tract, and lungs are
most commonly encountered.

= More rarely, neurologic, ocular, cardiovascular, hematologic, and renal
ImAEs can occur.

Postow MA et al. N Engl J Med. 2018:378:158-68  Martins F et al. Nat Rev Clin Oncol. 2019:16:563-80; Daniels GA et al. Emerg Med J. 2079,36(6):369-377.
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Incidence of ImAEs for ICls and Combination Therapy

= Medline and Cochrane Reviews from

Table 2 | Incidence of organ specific autoimmune side effects from checkpoint inhibitors

i tcsion) . .

(Adapted with permission) 2000.1~2019.7, A large systematic review and
anti-CTLA-4 anti-PD-1 or PD-(L)1

;::LI::EE effect incidence incidence Combination incidence meta—analysis Of 35 randomized Controlled trials

All grades 25% (21-29) 15% (12-17) 34% (29-38) . . .

Grade =3 1% (0-1) 0% (0-2) 2% (1-4) including 16485 patients

Rash . . . .

All grades 23% (19-27) 10% (8-13) 41% (36-45) = Incidence of any IrAEs with anti-CTLA-4

Grade 23 1% (1-2) 0% (0-1) 5% (3-7) ) ) ) .

Colitis antibodies : 72%, high grade irAEs 24%

All grades 8% (6-10) 1% (1-2) 16% (10-25) ) . . . .

Grade =3 5% (4-6) 1% 0-1) 11% (6-19) = Incidence of any irAEs with anti-PD-1 or anti-

Elevated aspartate transaminase or alanine aminotransferase

All grades 5% (2-9) 5% (4-7) 19% (15-23) PD-L1 antibodies: 74%, high-grade irAEs, 14%

Grade =3 2% (1-4) 1% (1-2) 9% (6-12)

RO A : = Risk of fatal AEs : 0.3%-1.3%

All grades 3% (2-5) 8% (7-9) 15% (12-19)

Grade 23 0% (0-0) 0% (0-0) 0% (0-2) M HTL :

e = Colitis and hypophysitis : more frequent with

All grades 4% (2-7) 1% (0-1) - .

=ade =5 % (13) % (0-1) - anti-CTLA-4 treatment

Preumaonitis e - .

All grades 1% (0-2) 7% (0-6) - = thyroiditis and pneumonitis: more common with

Grade =3 1% (0-1) 19% (1-2) - .

Arthralgia anti-PD-(L)1 treatment

All grades 5% (3-9) 8% (7-11) 11% (8-14)

Grade 23 0% (0-1) 0% (0-0) 0% (0-2)

Chan KK, Bass AR. Bmyj. 2020;369:m736.
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Incidence of ImAEs for ICls and Combination Therapy
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Lemiale et al. Ann Intensive Care. 207199:25.
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Incidence of Any-grade imAEs for ICls and Combination Therapy
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Incidence of steroid-refractory imAEs for ICls
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Abstract

Introduction

The optimal management for immune-related adverse events [irAEsj in patients
who do not respond or become intolerant to steroids is unclear. Guidelines suggest

additional immunosuppressants on the basis of case reports and expert opinion.

Methods

We evaluated patients with lung cancers at Memorial Sloan Kettering Cancer Center

treated with immune checkpoint blockade from 2011 to 2020. Pharmacy records

were queried to 1dentify patients who received systemic steroids and an additional

Immunosuppressant (e.g., tumor necrosis factor-o inhibitor, mycophenolate

mofetil). Patient records were manually reviewed to evaluate baseline characteristics,

management, and outcomes.

Luo J et al. J Thorac Oncol. 2021,716:71759-64.



yMEZEA | I HETA- S

/ SEVERANCE | YONGIN SEVERANCE HOSPITAL

Incidence of steroid-refractory imAEs for ICls

Table 1. Baseline Patient Characteristics and Treatment
Details

Patients Results

Characteristics (N =51) Among 2750 patients with lung cancers treated with immune checkpoint blockade,

Median age [IQR], 64 [59-71 - . . . .

Sex. 1 (%? R el 51 (2%) received both steroids and an additional immunosuppressant for a severe
;;Tale ;: (5? irAE (tumor necrosis factor-a inhibitor (73%), mycophenolate mofetil (20%)). The

e (43) ce e L,

Cigarette smoking status, n (%) most common events were colitis 1‘33%\], pneumonitis llZO%\_I, hepatitis LlZ%ﬁ, and
Former or current 43 (84 e
- M (1(6)) neuromuscular (10%). At 90 days after the start of an additional

Lung cancer histology, n (%) immunosuppressant, 57% were improved from their irAE, 18% were unchanged,
Adenocarcinoma 36 (71) _ : - -
Nonadenocarcinoma 8 (16) and 25% were deceased. Improvement was more common in hepatitis (five of six)
Small cell lung cancer 7 (14)° e 7 N . ’ L

PD-L1 expression by TPS, n/N (%) and colitis (18 of 27) but less commeon 1n neuromuscular (one of five) and
?;f o ;:; ;3(2‘?? pneumonitis (3 of 10). Of the patients who died, 8 of 13 were attributable directly to
>50% 15/33 (45)° the irAE and 4 of 13 were related to toxicity from immunosuppression (three
Unknown or not applicable 18 . . . . .. . .

Line of therapy, n (%) infection-related deaths, one drug-induced liver injury leading to acute liver
1 or early stage 28 (55) fai Y

ailure).

2 13 (25) /
3 or higher 10 (20)

Past medical history, n (%) .
Autoimmune condition” 7 (14) CDHC]-US]-DHS
Previous thoracic radiation therapy 11 (22) . . . L

Treatment, n (%) Steroid-refractory or resistant irAEs events are rare. Although existing treatments
Anti-PD-(L)1 monotherapy 25 (49) . . .- s . . . .
Anti-PD-(L)14CTLA-4 combination 19 37) help patients with hepatitis and colitis, many patients with other irAEs remain
Anti-PD-(L)1-+chemotherapy 5 (10) refractory or experience toxicities from immunosuppression. A more precise
Anti-PD-(L)1+other (non-chemotherapy) 2 (4) +

aPercentages may not add up to 100 owing to rounding. understanding of the pathophysiology of specific irAEs is needed to guide

"Autoimmune condition incLuding [heriditiS n = 3), w‘nﬂammawry bowel - . A .

disease (n = 2), psoriasis (n = 2), reactive airways disease (n = 1), and type biologically-informed treatments for severe irAEs.

1 diabetes (n = 1).

IQR, interquartile range; PD-(L)1, programmed cell death protein (ligand) 1;

PD-L1, programmed death-ligand 1; TPS, tumor proportion score.

Luo J et al. J Thorac Oncol. 2021,716:71759-64.
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Steroid refractory or
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Luo J et al. J Thorac Oncol. 2021,716:1759-64.
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Steroid refractory or resistant irAEs

B overall infliximab MMF vedolizumab IVIG fecal transplant

irAE
neuror:n_u:cular i, | PY 0% n
= O ¢
Qs
pneumonitis 3Uh E'Sh 0%
n=10 O 10
% improved

\ hepatitis
- (N
colitis* *n =1 cyclosporin
n=27 67% 67% ) ® - did not improve,
5% n =1 adalimumab
— did not improve
** excluded n=1
had nephritis and

immune
thrombocytopenic ) ) improved with
purpura infliximab
n=2 50%

The proportion of patients who improved from their steroid refractory irAE at 90 days after the start

50%

of the second immunosuppressant grouped by type of irAE
Luo J et al. J Thorac Oncol. 2021,16:1759-64.
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Onset and Duration of imAEs

) , , CTLA-4 (ipilimumab) Colitis
ImAEs may occur at any time during treatment.

Liver toxicity

= Most imAEs will occur within the first few weeks or
months (median onset is usually 2-16 weeks) after

treatment initiation. /\ / —— Endocrinopathy

Toxicity grade
\\

» PD-1 inhibitors may have a slightly later onset £ R Tk b - | — s
compared with CTLA-4 inhibitors. b = _
PD-1/PD-L1 Monotherapies | Nephritis

= Qverall, ImAEs in patients receiving combination ICls
appear to have an earlier onset than the same imAEs
in those receiving monotherapies.

= Ppeumonitis

/\/ J \- ; = Median time onset of irAEs

10 12 14 >30

Toxicity grade

ieSh &) —@—

The pattern of onset may vary by organ system. Duration of treatment weeks) _ = Skin: 3 weeks
= Dermatologic imAEs commonly are the first to emerge. [ PD-1 + CTLA4 Combination | = Gl:7.1weeks
H /f\\ = Liver: 8.4 weeks
Occurrence of different imAEs can be simultaneous or can : A * Endocrine: 11.4 weeks
emerge one after another, and imAEs may persist beyond \ ' " Lungs: 9.4 weeks
cessation of treatment. —h, ‘;alm\?.}f{‘sf,._ — = Kidneys: 16.3 weeks
Duration of treatment (weeks)

Martins F et al. Nat Rev Clin Oncol. 2019:16:563-80. Chan KK, Bass AR. Bmy. 2020,369:m736.




MEgts | S EHETA- A

' SEVERANCE | YONGIN SEVERANCE HOSPITAL

Incidence and Severity of ImAEs

Frequency and timing of imAEs differ
between ICls, dosing schedule and

imAEs related to ICls may
present similarly to those
related to chemotherapy

(eg, diarrhea and colitis)

Most imAEs are reversible and

manageable but have the potential for
life-threatening or fatal outcomes.

regimen, and cancer type.

» PD-1/PD-L1 inhibitors may be » Because less-common toxicities may be )
associated with lower overall incidence life threatening and initial presentation but may[ have different
of ImAEs and lower incidence of may be mild, with nonspecific underlying causes and
Grade 23 imAEs compared with symptoms, prompt diagnosis and require different diagnostic
CTLA-4 inhibitors. treatment are required. procedures, workup,

» Combination therapy with 2 [Cls is * Risk of fatal AEs associated with and management.
associated with both earlier mAE onset therapy may be lower with ICls
and higher levels of immune-mediated (estimated incidence, 0.3%—1.3%)
toxicity than either one alone. than with conventional treatments.

Daniels GA et al. Emerg Med J. 2019:36(6):369-377; Martins F et al. Nat Rev Clin Oncol. 2019,716(9):563-580.
Sosa A et al. Ther Adv Med Oncol. 2018:70:17588359718764628.
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# Case 1 ImAEs, colitis after Pembrolizumab

= M/57
= NSCLC (Sqgcc), cT2N2MO 1A,
PD-L1 (sp263) 60%
= s/p neoadj CCRTx -> disease
progression with pericardial effusion
(2020.5), stage IV

= s/p 1513t pembrolizumab

<2021.5.25 sigmoidoscopy>
(2020.6.18 -2021.5.17) . EET{EE erythema +++, edema +++, exudate +++, mucoal
friability, hemorrhage, granularity 271 2 ¢
» 2021.5.24 G3 diarrhea, hematochezia » Imp: r/o immune related colitis, Bx at DC*2(A), SC*2(B),
Rectum*2(C)
= adm » Pathology: chronic colitis, active, CMV immunostaining result:
negative (#A,B); positive (#C)

Ref from Severance Hospital
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# Case 1 ImAEs, colitis after Pembrolizumab

» Patient progress

= Treatment

= Steroid: MP 62.5mg (1mg/kg) for 1 week - 31.25 (0.5mg/kg) for 1 week -> O|= po =

tapering (total 43 Al8) & St

= ZHLHF consult: CMV colitis Ol =5t ganciclovir 5mg/kg BID £ IV infusion 2-3F |X|:

ganciclovir 375mg bid for 2 weeks -> po Valganciclovir PO 900mg bid for 1 week

= A3F7|LHAE consult: mesalazine 1200mg 4T (4800mg) S1 + Pentasa suppo S1 X|&FX|

= Progress

= Symptom improved, Pembrolizumab stop, steroid stop (total 43 ALE)

= Mesalazine 4.8g + pentasa suppo X

Ref from Severance Hospital
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IMAEs: Gastrointestinal: Colitis - NCCN & ASCO

Mild *Loperamide or diphenoxylate/ atropine for 2-3 days;
i __, *<4bowelmovements __, Consider holding ?f no impmvement and not already done, obtain labs for
above baseline per day immunotherapy infectious workup
*No colitis symptoms »Close monitoring
*Hydration
Clinical symptoms: «If persistent or progressive symptoms, check lactoferrin/
Watery diarrhea, calprotectin. If positive, treat as G2; if negative and no .
cramping, urgency, Maderats infection, add mesalamine, cholestyramine Treat until symptoms
BRI el | *Stool evaluation o rule out *4-6 bowel movements : : improve to Grade <1
and mucus in the infectious etiology — — gﬁ\tfii :3;9;;2?“2” day then taper over <4-6
R eetuzl | =Infectious disease screenin VOIS SYmMproms : * Prednisone/methylprednisolone 1-2 mg/kg/day weeks
bowel movements. as clinically indicated : *Not nterfering with ADLs — Hold immunotherapy —— If no response in 2-3 days, continue steroids, and
Blood in the stools | consider adding infliximab or vedolizumab within 2 weeks
and/or fever should If G2-G4:
prompt a more +Consider abdominal/pelvic
thorough workup for CT with contrast | o Severe G3
infection and for other +Consider Gl consultation *>6 b9W9| movements above + « Discontinue ant-CTLA4 |
causes of Gl bleeding, . E%Ti?ignseyfnegtgﬁs * Hold ant—PD-1 or PD-L1 +Consider inpatient care for provision of
inclyding PUD a_nd «Interfering with ADLS supportive care GSE consider resuming
malignant bleeding M Hemodynamic instability, B |, =Methylprednisolone 1-2 mg/kg/day IV L. anti-PD-1 or PD-L1 once
hospitalization G4 «If no response in 1-2 days, continue steroids, symptoms have resolved
+Other serious complications Permanently discontinue strongly consider adding infliximab to <G1
4@— such as ischemic bowel, i immunoiherapy agem _ or vedolizumab
perforation, toxic mege-colon responsible for toxicity

NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Management of Immunotherapy-related Toxicities V.4.2027
Schneider BJ et al. J Clin Oncol. 2021;39(35):3978-3992; Daniels GA et al. Emerg Med J. 2019:36(6):369-377.
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IMAEs: Gastrointestinal: Colitis - ESMO

Clinical symptoms:
Diarrhea, colitis

Mild
— « <4 bowel movements
above baseline per day

Consider holding
_P .
immunotherapy

Moderate

* 4-5 bowel movements
above baseline per day or
abdominal pain or blood in
stool or nocturnal episodes
or nausea

— Withhold immunotherapy

Severe
— + =7 howel movements
above baseline per day

— Withhold immunotherapy

« Stool evaluation to rule out infectious etiology
— « Avoid large amounts of dietary fiber
and lactose

« Stool evaluation to rule out infectious etiology
« Consider abdominal x-ray
« Exclude steatorrhea
__, * Book sigmoidoscopy andjor colonoscopy
(£ biopsy)
« Contact patient every 72 hours
* Repeat baseline blood tests at
outpatient review

+ Requires hospitalization and isolation until
infection excluded
« Early surgical review if bleeding, pain
__, ordistension
+ Consider abdominal/pelvic CT; repeat
abdominal x-ray as indicated
+ Request sigmoidoscopy/colonoscopy

( biopsy)

_, * (Methyl)prednisolone IV 1-2 mg/kg |

Symptomatic treatment: oral
fluids, loperamide

'

Treat as Grade 2 if symptoms
persists for over 14 days
+

» Prednisolone 0.5-1 mg/kg
(non—enteric coated), or

= Consider oral budesonide if no
bloody diarrhea

'

Treat as Grade 3 if no improvement

_ » Other immunosuppressant options:
in 72 hours

» If no improvement in 72 hours;
- {Methyl)prednisolone 1V 1-2 mgrkg
4 mg first dose then

2 mg 30 minutes before each meal
and after each loose stool until
12 hours without diarrhea
{maximum dose loperamide
16 mg/day)

« Gastroenterology input

Haanen JBAG et al. Ann Oncol. 2017,28(suppl 4):iv119-ivi42
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IMAEs: Gastrointestinal: Colitis -SITC (society for immunotherapy of cancer)

» CBC, CMP, and fecal lactoferrin Stool ova and parasite, Clostridium difficile, and
CMV testing via PCR (if available)

If symptoms do not respond to
corticosteroid therapy within 3-5 days,
recur after tapering corticosteroid
therapy, or if there is severe ulcerafive

In addition to tests for G1:
«Fecal calprotectin
» Stool infectious analysis

Risk factors: . :g{;@ggwi% Prednisone 1 mg/kg/day® — presentation on Icplonoscopy:
. Patienis with gut microbiorne gnriched Clinical f persistent (25 days) symptoms: . g dogeg of mflngmag (25 mgékg) shoilld
in baciena of the phylum Firmicutes St «Flexible sigmoidoscopy andlor e :d m|n|slie|£efat , 2, and 6 weeks
s
disorders, particularly IBD pain, : l
nemalochezia If colitis symptoms persist after the
. . . second dose of infliximab treatment,
e (1% Grade 23) — » Temporariy wihhold [Cl the third dose should be held and:
T it (54l 2 N o < e deblang G
AL should be administered at 0, 2, an
+ Combination ICl: 16% (11% Grade 23) IV corticosteroids B wesks

Brahmer JR et al. J Immunother Cancer. 2021,9(6):e002435.
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# Case 2 ImAEs, hepatitis after Durvalumab

= M/78

= NSCLC (adeno), cT4N2MO 11IB

= EGFR wild, PD-L1 (sp263) : 20%

=  PHx: Chronic hepatitis B

= SRFA|Z prophylactic anti-viral (entecavir,
Baraclude®) 2021.4.1~

= s/p def CCRTx 55Gy/25Fx (2021.4.9-2021.5.14)

= st Durvalumab 2021.5.28

= 2021.6.4 mild fever, chill 2 A|d3t lab 4 AST/ALT
(589/645) &5 27122 adm

Ref from GangNam Severance Hospital
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# Case 2 ImAEs, hepatitis after Durvalumab
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Ref from GangNam Severance Hospital
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# Case 2 ImAEs, hepatitis after Durvalumab

» Patient progress

= Treatment

= Steroid: MP 100mg (1.5mg/kg) for 1 week - 80mg (1mg/kg) for 1 week -> 60mg for 1

week > O|= po Z tapering (total 65 AFE) & SE + septrin prophylaxis
= ASH7|LHDE consult: HBV DNA titer 11 (200) B viral flare up 7ted2 &2 HEHO|H, r/o
immune related hepatitis =50 steroid X| =, LFT f/u #11
= Progress
= Symptom improved, Durvalumab E&Et, steroid stop (steroid total 6 AIEE

= Anti viral (entecavir, Baraclude®) S X

Ref from GangNam Severance Hospital
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IMAEs: Gastrointestinal: Hepatitis-NCCN & ASCO

_, Mild F)on3|der sl » Assess transaminases and bilirubin with
« <3 xULN " |mmunoltherapy iz increased frequency
concerning lab trend
Moderate : * Monitor LFTs every 3-5 days
*Rule out viral etiology, disease-related T+ 35xULN —* Holdimmunotherapy = Consider prednisone 0.5-1 mg/kg/day
Hepatitis: hepaﬁc dysfuncﬁ_on, other dn_Jg—
Elevated :g;oed h'?ni[aammasg elevations » Initiate prednisone 1-2 mg/kg/day
transaminitis AT BHESOL : » Hepatology consultation
levated ALT = Limit/discontinue hepatotoxic P : gy :
(elev medications (assess acetaminophen, | —— _, Severe e B Con§|der. inpatient care _
and AST) dietary supplement, and alcohol use) » >5-20 x ULN « Monitor liver enzymes every 1-5 days depending upon
* Consider Gl evaluation _magnitude and rate of change
» Infliximab should not be used for hepatitis
« Initiate prednisone/methylprednisolone 1-2 mg/kg/day

Life-threatening __, Permanently discontinue = ~ If sterojd refractory or na improvement after 3 days,
« >20 x ULN immunotherapy consider adding MMF

* Hepatology consurtation
* Inpatient care

* Monitor liver enzymes daily

» Consider liver biopsy if no contraindications
» Infliximab should not be used for hepatitis

NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Management of Immunotherapy-related Toxicities V.4.2027
Schneider BJ et al. J Clin Oncol. 2021;39(35):3978-3992; Daniels GA et al. Emerg Med J. 2019:36(6):369-377.
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IMAEs: Gastrointestinal: Hepatitis-NCCN & ASCO

— Bilirubin 1-2 x ULN — Hold immunotherapy

* Rule out viral etiology, disease-related
hepatic dysfunction, other drug-induced
transaminase elevations

« Consider Gl/hepatology evaluation

« Limit or discontinue hepatotoxic medications
(assess acetaminophen, dietary supplements,
and alcohol use)

« Consider abdominal imaging for symptomatic
patients to rule out complications

Hepatitis:

Grade >1 transaminitis

(elevated AST and ALT) with elevated
bilirubin (unless Gilbert's syndrome)

Permanently discontinue

— Bilirubin 34 x ULN — .
immunotherapy

= Initiate prednisone/
methylprednisclone 1-2 mg/kg/day

= Consider inpatient care

=Monitor liver enzymes and LFTs every
2-3 days

*Hepatology consultation

- If steroid refractory or no improvement
after 3 days, consider adding MMF

* Infliximab should not be used

—

*Initiate prednisone/
methylprednisolone 1-2 mg/kg/day

*[npatient care

* Monitor liver enzymes daily

«Hepatology consultation

« If steroid refractory or no improvement
after 3 days, consider adding MMF

*nfliximab should not be used

NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Management of Immunotherapy-related Toxicities V.4.2027
Schneider BJ et al. J Clin Oncol. 20271,39(35):3978-3992, Daniels GA et al. Emerg Med J. 2079:36(6):369-377.



IMAEs: Gastrointestinal: Hepatitis - ESMO

— — ALT/AST >ULN-3 x ULN

— — ALT/AST 3-5x ULN

— — ALT/AST 5-20 x ULN

4@—» ALTIAST 20 x ULN

— Consider holding immunotherapy — [f >ULN-3 x ULN, repeat in 1 week

» Access LFTs, INR, and albumin every 3 days

» Perform liver screen
« Consider imaging for metastases/clot
« Screen for hepatotoxic medications

— Withhold immunotherapy

» [f clinical concern, consider admission
— « Access LFTs, INR, and albumin daily
* Perform ultrasound with Doppler

—* Cease immunotherapy

* Access LFTs, INR, albumin daily
* Perform ultrasound with Doppler
« Consider liver biopsy

* Hepatology consult

—* Permanently discontinue immunotherapy —*

— Start oral prednisolone 1 mglkg

« For ALT/AST <400 and normal
_, Dbilirubin/INR/albumin, oral
prednisolone 1 mg/kg
« For ALT/AST >400 or raised
bilirubin/INR/albumin, oral
prednisolone 2 mglkg

— (Methyl)prednisolone [V 2 mg/kg

Haanen JBAG et al. Ann Oncol. 2017,28(suppl 4):iv119-ivi42




HEgts | S EHETA- S

5% SEVERANCE | YONGIN SEVERANCE HOSPITAL

IMAEs: Gastrointestinal: Hepatitis - SITC

Clinical symptoms:
Often asymptomatic and

typically manifests as an
elevation in ALT and/or
AST serum levels

Incidence with ICls:

* PD-L1 inhibitors: 5% (1% Grade 23)

* CTLA-4-inhibitors: 9% (2% Grade 23)
+ Combination ICls: 19% (9% Grade 23)

LFTs should be checked
prior to each ICl infusion

» « |FTs should be rechecked weekly

» LFTs should be rechecked weekly
N ALT, AST, alkaline phosphatase, PT/INR,

serum bilirubin, iron studies, autoimmune
hepatitis panel®

+ALT, AST, alkaline phosphatase, PT/INR,

serum bilirubin, iron studies, autoimmune
hepalitis panel®

|, +Abdominal imaging should be considered if
the patient has pre-existing liver disease or if
there is concern of disease progression/
liver metastases

+LFTs should be rechecked every 1-2 days

» Prednisone 0.5-1 mg/kg/day |

(or equivalent)

Steroids should be
tapered over a period
of 4-6 weeks after LFTs
revert to Grade <1

—

» Methylprednisolone 1-2 mg/kg/day |

(or equivalent)

If ALT or AST results do not

improve to Grade <1 within

10-14 days of corticosteroid

initiation, or if liver toxicity

recurs after steroid taper:

*  Mycophenolate mofetil
1-2 g divided BID.

*  Other agents that could be
considered include
tacrolimus and ATG

If no improvement within

10-14 days:

« Consider liver biopsy and
possible CMV infection

Brahmer JR et al. J Immunother Cancer. 2021,9(6):e002435.
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Pulmonary: Pneumonitis

Clinical
symptoms:
Focal or diffuse
inflammation of
the lung
parenchyma
(typically
identified on CT
imaging).
Symptoms may
include dry
cough, shortness
of breath, fever,
chest pain, and
increased

oxygen
requirement!-2

» Asymptomatic

« Confined to <25% of
the lung parenchyma
or a single lobe

»Moderate pneumonitis
*New or
worsening symptoms

« Severe pneumonitis
*Involves all lobes of
the lung or >50% of
the lung parenchyma
»Limiting self-care ADLs
* Oxygen indicated

Life-threatening
respiratory compromise

NCCN & ASCO

—, Consider holding

immunotherapy

— Hold immunotherapy

., Permanently discontinue
immunotherapy

—

—_—

*Reassess H&P and pulse oximetry in 1-2 weeks
*Consider chest CT with contrast
- Consider repeat chest CT in 4-6 weeks or as clinically indicated if patient develops symptoms

» Consider pulmonary consultation

» Consider empiric broad-spectrum antibiotics® if infection has not been fully excluded
* Prednisone/methylprednisolone 1-2 mg/kg/day

» Monitor H&P and pulse oximetry every 37 days

»Treat as Grade 3 if no improvement after 48—72 hours

Minimally invasive evaluation:
« Consider infectious workup®
*Consider chest CT with contrast, repeat chest CT in 34 weeks

Invasive evaluation:
» Consider bronchoscopy with BAL? and consider transbronchial lung biopsy if clinically feasible

» Inpatient care

» Pulmonary and infectious disease consultation

» Consider empiric broad-spectrum antibiotics® if infection has not been fully excluded
» Methylprednisolone 1-2 mg/kg/day, after 48 hours re
* If no improvement after 48 hours, consider adding agy of the following: Inﬂlxlmab Smglkg IV,
second dose after 14 days as HCP deems necessary; mycophenolate mofetil 1-1.5 g BID,
then taper in consultation with pulmonary service; VG (total dosing should be 2 g/kg)®

Minimally invasive evaluation:
* Infectious workup®
» Consider cardiac evaluation to exclude cardiac causes for clinical presentation

Invasive evaluation:
*Bronchoscopy with BAL® if feasible to rule out infection and malignant lung infiltration
» Consider transbronchial lung biopsy if feasible and clinically indicated

NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Management of Immunotherapy-related Toxicities V.4.2027
Schneider BJ et al. J Clin Oncol. 2021;39(35):3978-3992; Daniels GA et al. Emerg Med J. 2019:36(6):369-377.
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Pulmonary: Pneumonitis

Clinical
symptoms:
Ground glass
change,
nonspecific
interstitial
pneumonia

— —

@_.

« Radiographic changes
only

» Ground glass
change, nonspecific
interstitial pneumonia

* Mild/moderate
new symptoms
» Dyspnea, cough,

chest pain

. _Consider holding
immunotherapy

— Hold immunotherapy

» Severe new symptoms

» New/worsening hypoxia

+ Life-threatening
difficulty in breathing
« ARDS

immunotherapy

ESMO

, Permanently discontinue

*Chest x-ray
e

*Consider infectious workup

«Qutpatient monitoring
*High-resolution CT and respiratory
review £ bronchoscopy and BAL
*Infectious workup
*Lung function tests, including TLCO
*Prescribe antibiotics if infection
is suspected

* Admit patient
*High-resolution CT and respiratory

) review £ bronchoscopy and BAL
*(Methyl)prednisolone 2—4 mg/kg/day IV [~

»Cover with empiric antibiotic
=Discuss escalation and ventilation

* Monitor symptoms every 2-3 days
* Repeat chest CT in 4 weeks or as clinically indicated

!

» Treat as Grade 2 or 34 if symptoms worsen

|

* If no evidence of infection or no improvement
with antibiotics in 48 hours, add prednisolone
1 mg/kg/day orally

+ Consider PCP prophylaxis

+ Wean oral steroids over 26 weeks

|

* Treat as Grade 3 if no improvement after 48 hours
of prednisolone
|

* Add infliximab 5 mgikg or MMF if concurrent _
hepatic toxicity m i
. . if
* Pneumocystis prophylaxis
« Continue with IV steroids with calcium and vitamin D
supplementation as per local guidelines
« Wean steroids over 28 weeks

concurrent hepatic toxicity
+ Continue with |V steroids, wean
as clinically indicated

Haanen JBAG et al. Ann Oncol. 2017,28(suppl 4):iv119-ivi42




Pulmonary: Pneumonitis

Radiologic Subtypes Representative Image Description
S « Referto specialst priorfo ogic Subtyp : 8 -
— autoimmunge D therapy for risk assessment
+ Consider PFTs «Discrete patchy or confluent consolidation
Cryptogenic organizing pneumonia-like with or without air bronchograms
= 9 . i i

. i il
« Patients with NSCLC or Clinical Suscecsd High-resolution chest CT P

RCC have higher risk of symptoms: WS ::E;ozilis * Ifnegative CT result, «Discrete focal areas of

ot (st 2 Dz : Seisns B Ground-glass opacities (n=10, 37%) increased attenuation

pngumonlt]s compared wit persistent | «Preserved bronchovascular markings

patients with melanoma cough, chest g
* Prior curative-intent pain, fever, *Increased interstitial markings

radiotherapy

+ Squamous tumor histology

» Active or former smokers

» Underlying lung condition
and asthma?

Incidence with ICls:

and hypoxia
(potentially
leading to
respiratory
failure)

SITC

Prednisone 1-2 mg/kg/day

—* (or equivalent) tapering over

4-6 weeks

Methylprednisolone 1-2

Interstitial (n=6, 22%)

Hypersensitivity (n=2, 7%)

MHZHA | 201|Hat A

VERANCE YONGIN SEVERANCE HOS[’lTAL

* Interlobular septal thickening

*Peribronchovascular infiltration,
subpleural reticulation

* Honeycomb pattem in severe
patient cases

« Centrilobular nodules
«Bronchiolitis-like appearance
« Tree-in-bud micronodularity

tapering over 4-6 weeks

* PD-L1 inhibitors: 4% (1% Grade 23)

* CTLA-4 inhibitors: 1% (1% Grade 23) Preumonitis not othenvise specified b ! *Mixture of nodular and other subtypes
» Combination ICls: 7% (2% Grade 23) (1=t 15%) P o *Not clearly fitting into other
o ¥ subtype classifications

r

Brahmer JR et al. J Immunother Cancer. 2021,9(6):e002435.
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ImAEs: Endocrinopathies: Adrenal, Pituitary, and Thyroid - NCCN & ASCO

Signs and Symptoms

* Headache
* \lisual changes

* Cold/heat intolerance

* Dry skin
» Constipation
* Weight gain/loss

Adrenal insufficiency

Hypophysitis

Hypothyroidism

Fatigue

Palpitations

* Insomnia

Frequent bowel movements
Nausea or vomiting

-

-

Asymptomatic; clinical or
diagnostic observations only;
intervention notindicated

Asymptomatic or mild symptoms;
clinical or diagnostic observations only;
intervention not indicated

Asymptomatic; clinical or diagnostic
observations only; intervention not indicated

Asymptomatic; clinical or diagnostic
observations only; intervention not indicated

Lightheadedness or
orthostasis or syncope

* Polyuria or polydipsia
Abdominal pain
» Nausea or vomiting

Moderate symptoms;
medical intervention indicated

Moderate; minimal, local, or noninvasive
intervention indicated:; limiting age
appropriate iADLs®
Symptomatic; thyroid suppression
therapy is indicated; limiting iADLs®
Symptomatic; thyroid replacement
therapy is indicated: limiting iADLs®

Monitoring

» Monitor TSH and FT4 for primary hypothyroidism and thyrotoxicosis
» Consider TSH receptor Ab testing if Graves’ disease is suspected

* Evaluate AM levels of ACTH and cortisol level, basic metabolic panel,
renin and aldosterone, ACTH stimulation test, infection, and adrenal
CT for metastasis or hemorrhage for primary adrenal insufficiency

» Evaluate ACTH and cortisol (AM), TSH, free T4, and electrolytes

for hypophysitis

Severe symptoms;
hospitalization indicated

Severe or medically significant but not
immediately life-threatening; hospitalization
or prolongation of hospitalization indicated:

disabling; self-care ADLs® limited

Severe symptoms; limiting
self-care ADLs*; hospitalization indicated

Severe symptoms; limiting self-care ADLs®;
hospitalization indicated

Life-threatening consequences;
urgent intervention indicated

Life-threatening consequences;
urgent intervention indicated

Life-threatening consequences;
urgent intervention indicated

Life-threatening consequences;
urgent intervention indicated




HEgts | S EHETA- S

SEVERANCE | YONGIN SEVERANCE HOSPITAL

Primary adrenal
insufficiency Rare diagnosis that is not
(high ACTH with usually associated with
low morning checkpoint immunotherapy

EalitEEl, ClEnE i = Recommend endocrine consultation
cosyntropin :

stimulation test)? if concerned
= Endocrine consultation
Hypophysitis = Treat with hormone replacement as indicated
: (symptoms - Evaluate: — Secondary adrenal insufficiency (low ACTH, low cortisol): Steroid
include headache, — Morning cortiscl and ACTH . . replacement, alert bracelet recommended, patient education
dizziness, _ TSH free T4 Hold immunotherapy until regarding stress doses
SR SR T — LH |1‘3H testosterone (men), estrogen | R e — Central hypothyroidism (low TSH, low free T4): Thyroid hormone
ElnLEEE a!ndfc_ir (pr;amenr.,)pausal women) , ?‘"F‘ _h_ormone replacement replacement, follow free T4 level for thyroid hormone dose titration
severe fatigue; . el A is initiated ’ .
patients may have = MRI brain £ contrast with pituitary/sellar cuts = If acute severe symptoms with concern for mass effect, may carefully
low BP, lethargy, if symptomatic® consider high-dose steroids
or confusion)’=
= Consider propranolol (10—20 mg every 4—6 hours for symptoms as
needed) or atenolol or metoprolol as needed
= Repeat TFTs in 46 weeks
- Low or suppressed TSH with high free T4/total ; _ - If reso!ved, no 'I'urthelr the_rap)..r for_‘ thyr010)(|093|3 o
- e T3 Continue immunotherapy — If persistent thyrotoxicosis, consider evaluation for Graves’ disease
Thyrotoxicosis’ o @anchl erder s eamendlElen if asymptomatic (usual duration of thyrotoxicosis from checkpoint immunotherapy is

4—6 weeks)
= Thyrotoxicosis often evolves to hypothyroidism (50%—90%) requiring
treatment with thyroid hormone replacement®

if symptomatic

TSH 4 to <10, patient asymptomatic,

— Continue immunotherapy — Continue to monitor TFTs
normal free T4

Asymptomatic/
Subclinical Monitor TSH, free T4 every 4-6 weeks TSH >10, normal free T4 — Continue immunotherapy — Consider levothyroxine
hypothyroidism'=

* Exclude recovery from thyrotoxicosis

= Thyroid hormone replacement

= Follow free T4 level for thyroid hormone
dose titration

Normal or low TSH, low free T4

NCCN Clinical Practice Guidelines in Oncology
o . . (NCCN Guidelines®) for Management of
= Consider endocrine consultation e
Clinical primary M T v e Conti . th _ B Initiate thyroid hormone supplementation /mmw?other apy-r ela teql Toxicities V.4.2021
v — - ontinue immunatherapy with levothyroxine Schneider BJ et al. J Clin Oncol.
= Exclude concomitant adrenal insufficiency 2021,;39(35):3978-399

hypothyroidism™®
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ImAEs: Nephritis - NCCN & ASCO

Mild . . » Follow urine protein/creatinine ratio every 3-7 days
— — + Creatinine 1.5-2 x above baseline — _Con5|der holdng _, 18 Consider nephrology consult if creafinine remains
* Increase of 20.3 mg/dL immunotherapy unchanged over 2 weeks
Elevta.tt?des!er:tm Moderate Hold » Follow urine protein/creatinine ratio every 3-7 days
creatinine/acute S ; - - : — + Nephrology consultation
kidney injury: : I;:ljtli:al;oontln:;;ephrofm; e immunotherapy . CoEsidec:grinal hiopsy if feasible prior to starting steroids
Azolgrr]ia, L ; onsl and dose acjustio * Prednisone 0.5-1 mg/kg/day if other causes are ruled out
| Cl'?a“f!'"eblll . Er:;dﬁepz;ﬂc; emaive * [f persistent G2 beyond 1 week, prednisone/methylprednisolone 1-2 mg/kg/day
: e'.t:h rg;ir::a?nl &l etiologies (recent [V contrast,
T medications, fluid status, UTI)
electrolyte balance, S Spot urine protein/creatinine ratioc | _ - , , L
_ ' » Follow urine protein/creatinine ratio every 3-7 days
and uring output « Nephrology consultation
change! Severe (G3) or life-threatening (G4) « Consider renal biopsy if feasible prior to starting steroids
> » Creatining >3 x above baseline or —» HOld —s * Consider inpatient care
>4.0 mgfdL; dialysis indicated immunotherapy * Prednisone/methylprednisolone 1-2 mg/kg/day
+ If kidney injury remains >G2 after 4-6 weeks, consider adding 1 of the
@ following: Azathioprine, cyclophosphamide (monthly), cyclosporine,

infliximab, mycophenolate

NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Management of Immunotherapy-related Toxicities V.4.2027
Schneider BJ et al. J Clin Oncol. 2021;39(35):3978-3992; Daniels GA et al. Emerg Med J. 2019:36(6):369-377.
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ImAEs: Dermatologic reactions-Bullous Dermatitis and SJS/TEN- NCCN &
ASCO

) __, Mild, asymptomatic __, Hold _, Treat affected areas with high-potency
Bullous « Blisters covering <10% BSA immunotherapy topical steroids
dermatitis
Characterized by :
inflammation of rgent aermatology consuitation, oderate + Prednisone/methylprednisolone 0.5-1 mg/kg/day unti esume immunotherapy
Urgent dermatol ltati Mod Hold Prednisone/methylprednisolone 0.5-1 mg/kg/day until R i the
e L if unavalable, considerskin - —— — * Blisters covering 10%-30%BSA ~ —_ symptoms improve to <G1 then taper over 4-6 weeks e ONCE Symptoms have
presence of biopsy and/or serum testing * Painful blisters, limiting iADLs Py * If no improvement after 3 days, consider adding rituximab resolved to <G1
bullae, which are
filled with fiuid"2
Severe
- EEEF 3 0, .
En?i'ﬁﬂ;g:rﬁ_gg:: lﬁzao 2SS « Prednisone/methylprednisolone 1-2 mg/kg/day until symptoms
Life-threatening improve to <G1 then taper over 4-6 weeks
T « G4: blisters covering >30% BSA; ] * If no improvement after 3 days, consider adding rituximab
associated with fluid or electrolyte or IVIG (1 glkg/day in divided doses) for 34 days
abnormalities; ICU care or burn Permanent (G3-4 bullous dermatitis)
unit indicated L, discont . + Consider IVIG (1g/kg/day in divided doses per package insert)
SCONNE > 43 4 days (SISTTEN)
m—. .Urgent (.iennatology.f oonsulltatlon; mmunotherapy * Urgent dermatology, ophthalmology, and urology consultation
if unavailable, consider skin biopsy

* Inpatient care required

NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Management of Immunotherapy-related Toxicities V.4.2027
Schneider BJ et al. J Clin Oncol. 2021;39(35):3978-3992; Daniels GA et al. Emerg Med J. 2019:36(6):369-377.
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# Case 3 ImAEs, polymyositis after Nivolumab

= M/82

NSCLC (Adenoca), stage IV, EGFR: wild 2018.3.22
ex-smoker (60A| quit, 1/2p*35yr)

1L Pemetrexed/cisplatin 2018.4-2018.6
Pemetrexed maintenance 2018.7 -2018.11
Disease progression

2L 1st~2nd nivolumab 2018.11.27 / 2018.12.13
2018.12.27 onset: General weakness

2019.1.3 adm: AST/ALT elevation, CK elevation

Imp : r/o polymyositis, r/o drug-induced hepatitis

Ref from Severance Hospital
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# Case 3 ImAEs, polymyositis after Nivolumab

800

700

600

500

400

300

200

100

197

AST/ALT

232

-\

9000

8000

7000

6000

5000

4000

3000

2000

1000

CK/TnT

8140

640

4726

421

2560
213

7 374

Ref from Severance Hospital




yMEZEA | I HETA- S

<% SEVERANCE | YONGIN SEVERANCE HOSPITAL

# Case 3 ImAEs, polymyositis after Nivolumab

» Patient progress

= Treatment

» Steroid: MP 500mg for 5 days - MP 62.5 mg (1mg/kg) for 3 weeks -> MP 31.25 (0.5mg/kg) for 3 weeks
> PL 20mg = PL 10mg = PL 5mg A& = tapering out (total 37H& AE)

= Brain MRI, EMG, NCV A|&H

» AMZAD} consult; immune-related polymyopathy, neuropathy imp 2 £ steroid treatment =11
polymyopatny, patny Imp

= Progress
= & 102M intubation > ventilator 32 M| extubation 2 re-intubation > weaning failure, 37/ & ¥ &*X|=
2 home ventilator X310} &7| 2 FH AT
= Nivolumab E7&Et, steroid L (total 37H 2 FE AHE)

= 2022.7 ¥ XY disease progression 274 210]| f/u

Ref from Severance Hospital



IMAEs: Musculoskeletal

=P Signs and Symptoms

* Inflammatory arthritis

— Joint pain, joint swelling: inflammatory symptoms: stiffness after inactivity, improvement
with heat

« Myalgia/myositis
— Marked discomfort sensation originating from a muscle or group of muscles (myalgia)
— Charactenized by inflammation and/or weakness involving the skeletal muscles (myositis)

* PMR/GCA

— Fatigue and/or muscle and joint pain (PMR)
— Headache, scalp tendemess, jaw claudication, visual symptoms (GCA)

Mild pain with inflammation, erythema,
or joint swelling

Mild pain

Polymyalgia-like syndrome Mild stiffness and pain

Moderate pain associated with signs of
inflammation, erythema, or joint swelling;
limiting IADLs?

Moderate pain associated with weakness;
pain limiting IADLs

Moderate stiffness and pain, limiting
age-appropriate IADLs

HEgts | S EHETA- S

¥’ SEVERANCE

Monitoring

« Monitor patients with inflammatory arthritis with serial rheumatologic
examinations, including inflammatory markers, every 4-6 weeks after
initiation of treatment

« Monitor patients with myositis for CK, ESR, CRP, and aldolase
if CK has not been elevated

+ Monitor patients with polymyalgia-like syndrome for ESR and CRP

Life-threatening consequences;
urgent intervention indicated

Severe stiffness and pain,
limiting self-care ADL (G3-4)

Severe pain associated with signs of
inflammation, erythema, or joint swelling;
imeversible joint damage;
disabling; limiting self-care ADLs®

Pain associated with severe weakness:;
limiting self-care ADLs

Severe stiffness and pain,
limiting self-care ADL (G3-4)

YONGIN SEVERANCE HOSPITAL
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IMAEs: Musculoskeletal- NCCN & ASCO

« NSAIDs®
« [f NSAIDs ineffective, consider low-dose
prednisone 10-20 mg/day x 2-4 weeks; if not

Mild Continue ‘ . |
(or only 1 joint involved) — immunotherapy S \mprqwng., freat ag moderatel .
« Consider intra-articular steroids in affected
joint(s), depending on joint location and
number involved
Inflammatory
aﬂhqt![s: Jo;lr_l I p_am’ » Consider rheumatology consultation
Joint SWetling, « Number of joints involved | _ : Monitor with serial rheumatologic
inflammetory + Functional assessmert L Moderate Consider holding , * Prednisone 0.5 mgkg/day x 2-3weeks 1, o orinations + ESR CRP every
symptoms: stiffness B R immunotherapy treat as severe if no improvement S e

after inactivity,

improvement . .
with heat' » Prednisone/methylprednisolone 1 mg/kg/day®

* [f no improvement by Week 1 or if unable to
taper steroids by Week 2, rheumatology

* ANA, anti-CCP, CRP, ESR, and RF

Incidence with ICls: T Hold or consultation for consideration of additional
1-7% «Limiting ADLs permanently DMARDs depending on clinical phenotype of
presence of J " I —* inflammatory arthritis. Options include
joint erosions infliximab, methotrexate, tocilizumab,

immunotherapy . . :
sulfasalazine, azathioprine, adalimumab,

etanercept, hydroxychloroquine

NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Management of Immunotherapy-related Toxicities V.4.2027
Schneider BJ et al. J Clin Oncol. 2021;39(35):3978-3992; Daniels GA et al. Emerg Med J. 2019:36(6):369-377.
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IMAEs: Musculoskeletal- NCCN & ASCO

*» Monitor serial aldolase/CK

— Mild pain Consider holding ___, SRS polymyalgia rheumatica/giant cell arteritis

Myalgia (marked ~Comprehensive metabolic panel immunotherapy » Pain treatment as indicated (eg, NSAIDs)
discompfort sensation [RENASENIRHNIGA .
T e »Check CK/aldolase a_and troponin levels
T T *Muscle strength testing
R (proximal muscles, including neck
B X flexors, and distal muscles)
(inflammation and/or 'A:E_‘ES: 2;:?;1;3' NEIVE . Consic_ler affected muscle MRI and EMG
weakness involving _E Iy t):e tant irAE: * Prednisone 1-2 mg/kg/day
the skeletal muscles)' Ve ui concomitan d" = i = Consider muscle biopsy, especially in severe or refractory cases
myasthenia gravis and myocardts B —— Hold = Monitor serial aldolase/CK until symptoms resolve or steroids discontinued
life-threatening immunotherapy * - Pain freatment as indicated _ -
Incidence with ICls: « Rheumatology consultation or neurology consultation for myositis
+ PD-L1 inhibitors: 1% = Consider IVIG 2 g/kg administered in divided doses per package insert
= CTLA-4 inhibitors: <1% = Plasmapheresis, infliximab, rituximab or biosimilar, or MMF may be
considered if refractory to steroids
M:\'fﬁl d symotoms of nain andlor stiffness Continue » Prednisone start dose 5-20 mg/day for 6 weeks,
- \irrzfiti ”pg ADLs - ' immunotherapy taper over 4-6 weeks
Polymyalgia rheumatica
- ESR Moderate/severe Hold = Prednisone 10-30 mg/day, taper over 612 weeks;
Polymvalaia * CRP « Pain and/or stiffness that limits —— . h longer taper may be required
rheuertiZa (%‘MR) » RF and anti-CCP instrumental or self-care ADLs TUCAEE R — Fno resolution, rheumatology consultation
= Consider temporal artery ultrasound + —
giant aﬂ;f::t i biopsy if visual symptoms/headache?
+ Consider ultrasound of shoulders » Prednisone 1 mg/kg!da;[ taper over 8-12 weeks®; ]
and/or hips if suspected PMR longer taper may be required
Hold » If visual symptoms, consider pulsed steroids
Giant cell arteritis e e ——  500-1000 mg methylprednisolone

» Consider methotrexate or tocilizumab
= Ophthalmology consultation
» Rheumatology consultation even in mild cases

NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Management of Immunotherapy-related Toxicities V.4.2027

Schneider BJ et al. J Clin Oncol. 2021,39(35).3978-3992
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IMAEs: Neurologic

Signs and Symptoms Monttoring

* Nyasthenia gravs * Aseptc menngs + Brain andlor spine MRl with and wihout contast
- Progressive or flictuating muscle weakness, generally proxmal o dstal, may - Headache, photophobia, and neck sffness, often afebrle + Lumbar punctre wih CSF andlyss
have bubar involvement? andlor respiratory muscl veakness” Dut may be febrie; there may be nauseaivomiting nluding gy
. | Mental stafus should b¢ nomal (distinguishes from encephaits) o
* Gullin-Bare (GBS ) » Nerve conduction studies and EMG
- Pogessie,mos oensymnetia musc vesoess i absentor* COCSpnals + Elctoncsghalogram o e out eizure ety

reduced deep tendon reflexes; may involve extremites, facial, respiatory, and - Confusion, altred behavior, headaches, seizures,

pulbar and oculomotor nerves; may hive dystegulation of autonomic nerves®  shortterm memory loss, depressed level of consciousness, neassd encephalopathy
focal Weakness, a0 speech abnomlty * Pulmonary function assessment (NIF and VC)

 Ferpeaeugely * Neurologic consultaton

_ et sy enonmotr e Sy et my e pir* 1SS myes:
or painless paresthesias or potentall ife-hreatening autonomic (e, - Acute or subacute weakness o sensory changes bilteraly,
myenteric plexus) dysfunction. Hypo- or areflexia. Isoleted sensory defictor ~ often with increased degp tendon reflxes
sensory pluslower motor nguron defict
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ImAEs: Neurologic-NCCN & ASCO

Myasthenia gravis: Progressive e * Inpatient care
ory ﬂuctuatinggmusclle wegkn%s antib_odi&e i_n blood (not needed Bl * Pyridostigmine 30 mg 3 x per day and gradually increase to maximum of 120 mg
generally proximal to distal. May for diagnosis) _ _ - —+ Moderate® discontinue orally_4 x per day as toleraledl and based on §ymptoms
have bulbar involvement (such as » Pulmonary function assessment with - munothera = Consider low-dose oral prednisone 20 mg daily.® Increase by 5 mg every
ptosis, extraocular movement NIF and VC Py 3-5 days to a target dose of 1 mg/kg/day but not more than 100 mg daily (steroid
abnormalities resulting in double » ESR, CRP, CPK, aldolase, and taper based on symptom improvement)
" . . antistriational antibodies for
vision, dysphagia, facial muscle e —— o
ol e ey resplratory_ » [frespiratory insufficiency or elevated ~ —
muscle weakness. May occur with e o
myositis and myocarditis. g - o
Respir:lory symplor!::s may require ECG, h'c_)ponln, and 'ITE for possible + Inpatient care (may need ICU-level monitoring)
evaluation to rule out pneumonitis conoon'!ﬂ:anl m!'_‘?ca'd'F's : = Methylpredni e ay (steroid taper based on symptom improvement)
(PR Y | © =G ith repeitive stmulation and NGS Sermanent - Inita
. « Neurology consultation ermanently - Jer ada 3 g/m? 2
overlapping symptoms ) iy : : | Severe® discontine Consider adding rituxima ( mg/m? weekly for 4 treapnenb or 500 mg/m
(ophthalmoplegia and Consider MRI brain and/or spine . every 2 weeks for 2 doses if refractory to plasmapheresis or IVIG
ascending weakness)' depending on symptoms to rule out Julultcotzi « Frequent pulmonary function assessment
CNS involvement by disease « Daily neurologic evaluation

» Avoid medications that can worsen myasthenia®®

* Inpatient care with access to ICU-level
monitoring

+ Neurology consultation

* MR of spine with or without contrast (rule out

Guillain-Barré syndrome (GBS):
Progressive, most often symmetrical
muscle weakness with absent or

* Inpatient care with capability of rapid transfer to
|CU-level monitoring
|- Start IVIG* or plasmapheresis ijaddition to

reduced deep tendon reflexes. May S o pulse-dose methylprednisolone 1 g/day for
involve extremities, facal, respiratory, et mmmﬁiom T oderal o seiere .Pnfgﬂ?ﬂfﬁfigf e i
and bulbar and oculomotor nerves. T - F t neurologic evaluation and pulmona
May have dysregulation of autonomic S e oo L e —— : !
y ySreg variants (GQ1b for Miller Fisher variant function monitoring

newi;gﬁ;:c:tzﬁ ;lithhz?m in e e » Monitor fo.rooncurrenF autonomic c!ysfunctiop
g « PFT (NIFVC) » Gabapentin, pregabalin, or duloxetin for pain

NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Management of Immunotherapy-related Toxicities V.4.2027
Schneider BJ et al. J Clin Oncol. 2021,39(35).3978-3992
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ImAEs: Cardiovascular: Myocarditis/Pericarditis — NCCN & ASCO

Suspected
myocarditis/pericarditis:
ventricular arhythmias/tachycardia,
heart failure, cardiogenic shock,
conduction abnormalities,
myositis/myasthenia gravis,?
pericardial effusion®!

Differential: myocardial
Infarction/acute coronary syndrome,
vasculitis, COVID-19

*|mmediate cardiology consultation
(preferably cardio-oncology)

*ECG (baseline and with any suspected CV AE)
* Telemetry monitoring (inpatient)/topical patch
monitor (outpatient)

*Echocardiogram

*Cardiac biomarkers (troponin [ or T, CK,

BNP or NTproBNP; lipid panel)*

*Inflammatory biomarkers
- Gonsider ESR, GRP. or others

«Cardiac MRI (if possible)’

«Consider cardiac cathetenzation and
myocardial biopsy in a specialized center if
myocarditis is suspected

*Consider viral titers (especially COVID-19)

. Perigarditislpericardial N Mangge as per usqg\ reoommeqdations
effusion « Consider myocarditis as a contributor

»Management is tailored to response and acuity of presentation

+High-dose steroids such as methylprednisolone pulse dosing 1 g/day IV
for 3-5 days

~ Switch to oral prednisone, then taper slowly over 4-6 weeks based on

Permanently clinical response and improvement of biomarkers
— discontinue — +f no improvement within 24 hours on steroids, consider adding other
immunotherapy potent immunosuppressive agents
~ Abatacept MMF, [VIG, alemtuzumab, inflximab (use with extreme
caution in patients with reduced LVEF), antithymocyte globulin
+|CU-level monitoring
» Temporary or permanent pacing as required

— Myocarditis

NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Management of Immunotherapy-related Toxicities V.4.2027

Schneider BJ et al. J Clin Oncol. 2021,39(35).3978-3992
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ImAEs: Hematologic-SITC

» Prednisone 1 mg/kg PO (or equivalent)

CBC with differential, blood smear evaluation, « Patients with severe thrombocytopenia:
— Thrombocytopenia — DIC labs (PT/PTT/fibrinogen/d-dimer), — VG 0.5 gkg/day (5 days) should be administered
and LDH in addition to steroids
-Rituximab may also be considered
— Neutropenia gggdv:;hgfgzﬁ'ﬂjg: : — Prednisone 1 mg/kg PO (or equivalent) with G-CSF
Clinical symptoms:
Hematologic toxicities take a large
number of forms, including cytopenias,
acquired coagulopathies, and
macrophage activation-related
conditions, among others : . o o « Additional immunosuppressive therapies beyond
’ — égta:slgggemla and pure red —_— ﬁggdv:;hgfz‘t;ﬁ:é,or:tlculocyle count, and ——  steroids should be used (g, cyclosporine)
« ATG may also be considered
Incidence with ICls:
*PD-L1 inhibitors: <1% . o + Prednisone 1 mglkg PO (or equivalent)
CBC with differential, reticulocyte count, blood . Dat . . .
— Hemolytic anemia ——— smear evaluation, direct antiglobulin test, and AL (O el At b

. do not respond to steroids:
LA B “IVIG 05 ghkgday (5 days) shouid be added

Brahmer JR et al. J Immunother Cancer. 2021,9(6):e002435.
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Management of fatal imAEs

Colitis i : Asepti":fi"n' ingitis Myocaditis

N

Consider ICU admission

| Rule out
Infection
Cancer progression

| Steroid i i ICU trial

(.:onS|dersecond MV | vasopfessor | RRT I ‘ ECLS
line of treatment 11 J 11

’ Plasma exchange ‘ Infliximab
’ i Cycdlophosphamide
mycophenolate mofetil

Immunoglobulins

Fig. 6 Management of the most frequent IrAEs in the ICU. ICU intensive care unit, MV mechanical ventilation, RRT renal replacement therapy, ECLS
extracorporeal life support

Lemiale et al. Ann Intensive Care. 2079:9:25.
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Before Beginning Therapy With ICls

General bloodwork
» CBC (with differential if indicated)
» Comprehensive metabolic panel

Dermatologic
» Examination of skin and mucosa if history of immune-related
skin disorder

Thyroid
» TSH, free T4

Adrenal/pituitary
« Consider serum cortisol (moming preferred) and thyroid function
as per previous slide

Pulmonary

» Oxygen saturation (resting and with ambulation)

» Consider PFTs with diffusion capacity for high-risk patients
(eg, interstitial lung disease on imaging, COPD, previous
suspected treatment-related lung toxicity)

Cardiovascular

» Consider baseline ECG

» Individualized assessment in consultation with cardiology
as indicated

Musculoskeletal
» Joint examination/functional assessment as needed
for patients with pre-existing disease

Repeat prior to each treatment or every 4 weeks
during immunotherapy, then in 6-12 weeks
or as indicated

Conduct/repeat as needed based on symptoms

Every 4-6 weeks during immunotherapy,
then follow up every 12 weeks as indicated

Repeat prior to each treatment or every 4 weeks
during immunotherapy, then follow up every
6-12 weeks as indicated

Repeat oxygen saturation
tests based on symptoms

Consider penodic testing for those
with abnormal baseline or symptoms

No routine monitoring needed if asymptomatic

HbA1c for elevated glucose

Monitor affected BSA and lesion type;
photographic documentation. Skin biopsy if indicated

Total T3 and free T4 if abnormal thyroid function suspected

LH, FSH, testosterone (men), estradiol (women), ACTH,
and serum cortisol

Chest CT with contrast to evaluate for pneumonitis, biopsy,
or bronchoscopy with BAL if needed to exclude other causes

Individualized follow-up in consultation with cardiology as indicated

Consider rheumatology referral. Depending
on clinical situation, consider CRP, ESR, or CPK

NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Management of Immunotherapy-related Toxicities V.4.2027
Schneider BJ et al. J Clin Oncol. 2021,39(35).3978-3992
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Summary

= |Cls are commonly associated with autoimmune toxicities, including high grade toxicity in up to
a half of patients and fatal toxicities in 0.3%-1.3%, depending on the ICl regimen

= Most AEs occur 2-9 weeks after ICl initiation, but AE can be seen as late as two years after

= Commonly affected organ systems: skin, gastrointestinal tract, lungs, and endocrine system

= Colitis and hypophysitis are more frequent with anti-CTLA-4 treatment, and thyroiditis and
pneumonitis are more common with anti-PD-(L)1 treatment

= Treatment of high-grade ICl related toxicity with high dose corticosteroids and early intervention
with a targeted biologic, other immunosuppressants could be helpful

= The management of imAEs is best accomplished with early recognition and team-based

approach between medical oncologists and medical subspecialists
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