ImmunoTargets and Therapy Dove

REVIEW

Safety of checkpoint inhibitors for cancer
treatment: strategies for patient monitoring and
management of immune-mediated adverse events

Marianne Davies'-3
Emily A Duffield?

'Yale School of Nursing,
’Department of Medical Oncology,
Yale Comprehensive Cancer Center,
3Department of Nursing, Smilow
Cancer Hospital at Yale-New Haven
Hospital, New Haven, CT, USA

Video abstract

Point your SmartPhone at the code above. If you have a
QR code reader the video abstract will appear. Or use:
http://youtu.be/QtChTQdx(Cc

Correspondence: Marianne Davies
Yale School of Nursing, Acute Care &
DNP Division, PO Box 27399, West
Haven, CT 06516-0972, USA

Tel +1 203 737 1497

Fax +1 203 737 4480

Email marianne.davies@yale.edu

This article was published in the following Dove Press journal:
ImmunoTargets and Therapy

24 August 2017
Number of times this article has been viewed

Abstract: Immune checkpoint inhibitors (ICPIs), in the form of monoclonal antibodies against
CTLA-4, PD-1, and PD-L1, have dramatically changed the treatment approach in several
advanced cancers. Due to their mechanism of action, these novel agents are associated with
a unique spectrum of immune-mediated adverse events (imAEs), with a safety profile that
indicates they are better tolerated than traditional chemotherapeutic agents. This article aims
to provide education on the current knowledge about imAEs associated with ICPI treatment,
including strategies and tools for the prompt identification, evaluation, and optimal management
of these events. The identification and management of imAEs are reviewed based on published
literature, labeling guidelines, and the authors’ personal experience with patients. The imAE
safety profiles of ICPIs vary, depending on the specific antibody and the type of cancer being
treated. Although most imAEs are mild and easily managed, early identification and proactive
treatment are essential actions serving both to reduce the risk of developing severe imAEs and
to maximize the potential for patients to receive the benefits of ongoing ICPI treatment. As a
primary point of contact for patients undergoing oncology treatment, nurses play a critical role
in identifying imAEs, educating patients about the importance of timely reporting of potentially
relevant symptoms, and assisting in the treatment and follow-up of patients who develop imAEs
while on ICPI therapy.

Keywords: immune-mediated adverse event, checkpoint inhibitor, immunotherapy, CTLA-4,
PD-1, PD-L1

Introduction
Harnessing the power of a patient’s immune system to attack cancer cells has become
areality. In recent years, immune checkpoint inhibitors (ICPIs) have emerged as a new
class of drugs capable of augmenting the body’s immune response against several dif-
ferent tumor types.'' ICPIs approved by the US Food and Drug Administration (FDA)
include monoclonal antibodies against CTLA-4 (ipilimumab??), PD-1 (nivolumab,?
pembrolizumab?!), and, most recently, PD-L1 (atezolizumab,? avelumab,? and dur-
valumab?’). Additional indications are being explored for approved agents, 34 and
other ICPIs are in late-stage development, including a new anti-CTLA-4 antibody
(tremelimumab; Table 1).3° Furthermore, combination anti-CTLA-4 and anti-PD-L1
antibody therapy (ipilimumab + nivolumab) was recently added to the National Com-
prehensive Cancer Network Guidelines as a second-line treatment for small cell lung
cancer,* and many combinations are in development.

ICPIs are monoclonal antibodies targeting CTLA-4, PD-1, or PD-L1, checkpoint
proteins known to prevent excessive immune response. ICPIs can influence the body’s
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immune response against tumor cells by revitalizing sup-  activation checkpoint pathways, acting at different stages
pressed immune cells, hence promoting an antitumor immune

response. CTLA-4 and PD-1/PD-L1 are nonredundant T-cell

of the antitumor immune response. CTLA-4 is primarily
involved in the early stages of T-cell activation within the

Table | ICPIs approved or in late-stage development®

Agent Tumor type ORR (%) | Approved (dose)/stage of development
Anti-CTLA-4 monotherapy
Ipilimumab Melanoma — unresectable or metastatic (IL+) | 1220 Approved? (3 mg/kg q3w, up to four doses)
Melanoma with pathologic involvement of regional lymph nodes | 49%< Approved? (10 mg/kg q3w, up to four doses,
— adjuvant then ql2w up to 3 years)
Anti-PD-1 monotherapy
Nivolumab Melanoma — unresectable or IL | BRAF wt 343 Approved?® (240 mg q2w)
metastatic’ BRAF wt and BRAF mut+ | 402
2L+ 32%
NSCLC — metastatic (2L) Squamous 20%
Nonsquamous 1923
Renal cell carcinoma — advanced (2L) 22%
Urothelial carcinoma — locally advanced or metastatic (2L or IL | 20%
after neoadjuvant/adjuvant chemotherapy)®
HNSCC — recurrent or metastatic (2L) 132 Approved?® (3 mg/kg q2w)
Classical Hodgkin lymphoma — | 2L, after HSCT and 66%
relapsed or refractory brentuximab vedotin therapy®
4L+, including prior HSCTe 693
Glioblastoma - Phase Ill: CheckMate 143 (NCT02017717)
HCC — advanced (IL) - Phase Ill: CheckMate 459 (NCT02576509)
Gastric cancer and gastroesophageal junction cancer — - Phase Ill: NCT02267343
unresectable advanced or recurrent
SCLC — relapsed (2L) - Phase lll: CheckMate 331 (NCT02481830)
Pembrolizumab® | Melanoma — unresectable or IL 33 Approved® (2 mg/kg q3w)
metastatic Ipilimumab-refractory 21
NSCLC (PD-LI+) — metastatic | IL, PD-LI+ (high levels) 452 Approved? (200 mg q3w)
2L, PD-LI1+ 182
HNSCC - recurrent or metastatic (2L)¢ 162
Urothelial carcinoma — locally IL if cisplatin-ineligible® 29%
advanced or metastatic 2L or IL after necadjuvant/ 1L
adjuvant chemotherapy
Classical Hodgkin lymphoma — relapsed or refractory, regardless | 69%* Approved?!'% (200 mg q3w [adults];
of prior HSCT or brentuximab vedotin therapy (4L+)® 2 mg/kg [up to 200 mg] q3w [pediatrics])
MSI-H or dMMR solid tumor — unresectable or metastatic (2L+) | 40%*
with no satisfactory alternative treatment options®
MSI-H or dMMR CRC - unresectable or metastatic (2L+, after | 36**
treatment with fluoropyrimidine, oxaliplatin, and irinotecan)®
TNBC — metastatic (2L and 3L) - Phase Ill: KEYNOTE-119 (NCT02555657)
Gastric/gastroesophageal junction adenocarcinoma — - Phase Ill: KEYNOTE-061 (NCT02370498)
unresectable, locally advanced, or metastatic (2L)
Anti-PD-L| monotherapy
Atezolizumab Urothelial carcinoma — locally IL if cisplatin-ineligible 24% Approved® (1200 mg q3w)
advanced or metastatic 2L or IL after neocadjuvant/ 152
adjuvant chemotherapy®
NSCLC — metastatic (2L) 1413-15%
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Table | (Continued)

Agent Tumor type ORR (%) | Approved (dose)/stage of development
Avelumab Merkel cell carcinoma — metastatic® 33% Approved® (10 mg/kg q2w)
Urothelial carcinoma — locally advanced or metastatic (2L or IL | 13%
after neoadjuvant/adjuvant chemotherapy)®
Gastric or gastroesophageal cancer — unresectable, locally - Phase IlI: JAVELIN Gastric 300 (NCT02625623)
advanced, or metastatic (3L)
NSCLC (PD-LI+) — locally advanced or metastatic (2L) - Phase IlIl: JAVELIN Lung 200 (NCT02395172)
Ovarian cancer — platinum resistant/refractory (2—4L) - Phase IlI: JAVELIN Ovarian 200 (NCT02580058)
Durvalumab Urothelial carcinoma — locally advanced or metastatic (2L or IL | 17 Approved? (10 mg/kg q2w)
after neoadjuvant/adjuvant chemotherapy)®
Urothelial carcinoma — unresectable (1L) - Phase Ill: DANUBE (NCT02516241)
NSCLC — unresectable Stage Ill, locally advanced, or metastatic | — Phase lll: PACIFIC (NCT02125461), MYSTIC
(1L and 3L) (NCT02453282), ARCTIC (NCT02352948)
HNSCC — recurrent/metastatic (IL and 2L) - Phase Ill: KESTREL (NCT02551 159), EAGLE
(NCT02369874); FDA fast-track designation'®
Combination anti-CTLA-4 + anti-PD-1/PD-L|
Nivolumab + Melanoma — unresectable or BRAF wt 61'% Approved? (nivolumab | mg/kg + ipilimumab
ipilimumab metastatic (IL+)° BRAF wt and BRAF mut+ | 50% 3 mg/kg q3w for four doses, then nivolumab
240 mg q2w)
SCLC — extensive-stage disease (2L) - Phase Ill: CheckMate 451 (NCT02538666);
NCCN recommendation®
NSCLC — advanced (IL or recurrent) - Phase Ill: CheckMate 227 (NCT02477826)
Glioblastoma - Phase Ill: CheckMate 143 (NCT02017717)
Durvalumab + | NSCLC — locally advanced or metastatic (IL and 3L) - Phase Ill: MYSTIC (NCT02453282), ARCTIC
tremelimumab2 (NCT02352948)
HNSCC — recurrent/metastatic (1L and 2L) - Phase Ill: KESTREL (NCT02551159), EAGLE
(NCT02369874)
Urothelial carcinoma — unresectable (1L) - Phase Ill: DANUBE (NCT02516241)

Notes: Late-stage development refers to Phase Ill sponsored studies that expect to have primary results on or before Q1 2018 in tumor types different from those in which
the agents are already approved. *Best overall response rate. “‘Recurrence-free survival rate. ‘Accelerated approval for BRAF V600 mutation-positive unresectable/metastatic
melanoma; continued approval may be contingent on confirmatory trials. “Accelerated approval; continued approval may be contingent on confirmatory trials. Pembrolizumab
is also approved in combination with pemetrexed and carboplatin as IL treatment for metastatic nonsquamous NSCLC (ORR, 55%).2¢Tremelimumab is an anti-CTLA-4

monoclonal antibody currently in late-stage studies in combination with durvalumab.

Abbreviations: IL, first line; 2L, second line; 3L, third line; 4L, fourth line; CRC, colorectal cancer; dMMR, mismatch repair-deficient; HCC, hepatocellular carcinoma; HNSCC, head
and neck squamous cell carcinoma; HSCT, hematopoietic stem cell transplant; ICPls, immune checkpoint inhibitors; MSI-H, microsatellite instability-high cancer; NSCLC, non-small cell
lung cancer; ORR, objective response rate; q2w, every 2 weeks; q3w, every 3 weeks; ql2w, every 12 weeks; SCLC, small cell lung cancer; TNBC, triple-negative breast cancer; wt, wild

type; mut, mutant; —, not available.

lymph node, whereas the PD-1/PD-L1 pathway acts at late
stages of the antitumor immune response within the tumor
microenvironment. Therefore, targeting both checkpoints
provides the potential for additive or synergistic effects.>-3

ICPIs have improved the prognosis for patients with
advanced melanoma,>***2 non-small cell lung cancer
(NSCLC),5!1:13.1621:43.44 reng] cell carcinoma,’ urothelial
carcinoma,’!31320 Hodgkin’s lymphoma,'**> head and neck
squamous cell carcinoma,*>'? Merkel cell carcinoma,'* and
microsatellite instability — high or mismatch repair-deficient
cancer.' Given the current success of ICPIs in an increasingly
wide range of tumor types, the approved indications for ICPIs
are expected to increase. In fact, ICPIs have shown promising
efficacy in clinical studies in many other cancer types includ-
ing small cell lung cancer,! hepatic cancer,*® triple-negative

breast cancer,?® ovarian cancer,* colorectal cancer,* gastric
cancer,” and glioblastoma.*

Due to their novel mechanism of action, ICPIs are asso-
ciated with a spectrum of immune-mediated adverse events
(imAEs) that differ from the typical adverse events seen with
chemotherapeutic agents.*’*® By inhibiting the checkpoints
for T-cell activation, ICPIs can cause the patient’s immune
system to recognize and attack tumor cells. However, this
deregulation of the immune system may also lead to immune-
mediated toxicities, which can mimic a broad range of
autoimmune conditions.* By understanding the signs and
symptoms of these unique adverse events, oncology nurses
will be better equipped to educate, monitor, and manage
cancer patients receiving ICPIs. This article reviews the
imAE profile of anti-CTLA-4 and anti-PD-1/PD-L1 anti-
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bodies, including an approach for monitoring patients and
managing the imAEs associated with this new and growing
therapeutic class.

Dosing of ICPIs

Dosage recommendations for ICPIs include both weight-
based and fixed doses (Table 1).22?7 Although imAE risk
appears to be greater with the higher dose of anti-CTLA-4
therapy (ipilimumab 10 mg/kg) than with the lower dose
(ipilimumab 3 mg/kg),” a similar dose effect on toxicity has
not been observed in clinical studies of the currently mar-
keted anti-PD-1 antibodies (nivolumab, pembrolizumab).%-
Available safety data are based on registration studies that
included varying dosing regimens for pembrolizumab (2 mg/
kg or 10 mg/kg every 2 or 3 weeks)* and weight-based dos-
ing for nivolumab (3 mg/kg), which was the recommended
dose until September 2016 when a 240 mg fixed dose was
deemed to provide a similar drug exposure.?>* Clinical reg-
istration studies of anti-PD-L1 antibodies utilized the current
recommended doses (atezolizumab 1200 mg,” avelumab
10 mg/kg,? and durvalumab 10 mg/kg?’). Combination anti-
CTLA-4 and anti-PD-1 therapy is currently dosed as same-
day ipilimumab (3 mg/kg) followed by nivolumab (1 mg/
kg) every 3 weeks for four doses, followed by nivolumab
(240 mg) every 2 weeks thereafter.”® As this combination
regimen is associated with greater toxicity than ICPI mono-
therapy,?? 2 alternative dosing strategies are being evaluated
in clinical studies with the objective of improving the safety/
efficacy profile, including lower-dose anti-CTLA-4 antibod-
ies in combination with anti-PD-1/anti-PD-L1 antibodies
(nivolumab + ipilimumab,* pembrolizumab + ipilimumab,
durvalumab + tremelimumab®®). Unlike chemotherapy where
it is typical to dose-reduce patients to manage toxicities, the
only dose modifications currently allowed with ICPIs are to
either delay or discontinue therapy. Therefore, establishing
the optimal dosing regimen of checkpoint inhibitors is very
important.

imAEs

Typically, imAEs associated with ICPI treatment are low
grade and manageable when identified promptly and treated
properly.””# In clinical studies reporting the overall rate of
imAEs, imAEs occurred in up to 90% of patients receiving
ICPI monotherapy (Table 2).47:%:10.16-18.2039.4043.59.60 However,
the incidence of high-grade (Grade =3) imAEs in these stud-
ies was generally much lower, especially with anti-PD-1 or
PD-L1 antibodies. Notably, Grade >3 imAEs were reported
to occur more frequently in patients receiving anti-CTLA-4

monotherapy (ipilimumab, 15-42%)*°3°4° than in those
receiving anti-PD-1 (8%, nivolumab;* 5-10%, pembro-
lizumab!'%?%) or anti-PD-L1 (5-7%, atezolizumab;”!'” 2%,
durvalumab;> 1-2%, avelumab'®®') monotherapy, and the
highest rate of Grade >3 imAEs was reported with combi-
nation anti-CTLA-4 and anti-PD-1 therapy (ipilimumab +
nivolumab, 40—45%).*° The skin and gastrointestinal tract are
the most common sites for imAEs with any of the approved
ICPIs, either in monotherapy or in combination, although any
organ system can be affected (Table 3).” In this section, we
highlight the five most common organ systems affected by
imAEs in patients treated with ICPIs: dermatologic, gastro-
intestinal, endocrine, hepatic, and pulmonary. Less common
but clinically important manifestations of imAEs are also
briefly reviewed (renal, pancreatic, ocular, musculoskeletal,
neurological, cardiovascular, and hematological toxicities).

Dermatologic

Rash and pruritus are the most common dermatologi-
cal adverse events observed in patients receiving ICPI
therapy, occurring more frequently with anti-CTLA-4
therapy (ipilimumab: 3 mg/kg [rash, 15-30%; pruritus,
24-35%];4%%42 10 mg/kg [rash, 34%; pruritus, 40%]*’) than
with anti-PD-1 (nivolumab/pembrolizumab: rash, 4-22%;
pruritus, 2—23%)>46:11.15.1641-43.505162 o anti-PD-L 1 treatment
(atezolizumab/avelumab/durvalumab: rash, 1-7%; pruritus,
1-11%).7:1013.17:59-61 Skin toxicities are typically low grade,
often presenting as erythematous macules/papules/plaques
on the trunk or extremities with or without pruritus during the
early weeks of treatment (Figure 1).%763 Dermatologic toxici-
ties have been observed more often in patients receiving ICPIs
for melanoma than for NSCLC (Table 2).246911.13.16:41-43.50.51.65.66
Vitiligo may occur more frequently in patients receiving anti-
PD-1 antibodies (nivolumab/pembrolizumab, 7-11%) than
with anti-CTLA-4 therapy (ipilimumab, 2-4%).%*? Grade
3/4 skin imAEs are rare, although cases of Stevens—Johnson
syndrome and toxic epidermal necrolysis have been reported
in patients receiving anti-CTLA-4 (ipilimumab)?**’ or anti-
PD-1 treatments (nivolumab/pembrolizumab).?>¢’

Gastrointestinal

Diarrhea is the most common gastrointestinal adverse
event, occurring in 23-41% of patients treated with anti-
CTLA-4 (ipilimumab: 3 mg/kg, 23-35%; 10 mg/kg,
41%),49394042 719% of patients treated with anti-PD-1
antibodies (nivolumab, 8—19%;*611:1341.62 pembrolizumab,
7—16%>16:42:43:5051) '9_15% of patients receiving anti-PD-L1
therapy (atezolizumab, 7—15%;"!317# avelumab, <1-9%;'%¢!

54 submit your manuscript

Dove

ImmunoTargets and Therapy 2017:6


www.dovepress.com
www.dovepress.com
www.dovepress.com

Checkpoint inhibitors: monitoring and management of imAEs

Dove

"BWIOUIDIED [BI[3Y304N ‘D L492Uu.d 3un| |[93 |[ews-uou ‘) TDSN ‘Pa3iodau 10U YN ‘SIUSAD 3SIIAPE PaIBIPAW-IUNWWI ‘STYWI UONEBIISIUIWPY SnuQ PU. poo4 ‘Y4 ‘@Seulwesuel) a1elledse ‘| Gy ‘DSBUIWESUERI] SUIUB(E ‘] Ty SUOIJRIARIGQY
'S0 JO/pUE BaYJJRIC, ‘| SPEBJD) SpN|dUl 30U s30(,*S/BW (] qewn|aAe Jo /8w ] qewnfeAdnp Jo 3w 07| qewnzijozaly, Sw oz qewnzijoiquiad Jo
31/8w ¢ qewn|oAlN;s ‘Sw 00T | qewnzijozay, ‘38w | qewnjoalu + 38w ¢ qewnwipd), 8/8w -7 qewnzijoiquiad Jo 38w ¢ qewun|oAN, ‘38w o] qewnwipd), 88w ¢ qewnuwiid, [eAoadde yQ4 SN 03 P9| 3BY3 S[BLI [BIOAIY, :SOION

dN AN N dN dN N 1> 1> AN AN N N [4 S dN dN % ‘d180j04naN
1-0 1-0 1-1> | N N I=1> [l | | € 1-0 [l AN N 0 [4 % ‘[euay
1>-0 | (4] T [4 14 ol 9-€ (4l 01-9 1-0 [l AN 1> 1>-0 4 spiuownaug
|N AN | 14 AN AN |N N (4l 11=4 1-0 [4 N N 1>-0 4 1\
o ‘Adeuowng
| (4l 1> | 1-0 | 1> 1> C C 1-0 | I 91 0 1-0 snnedoy
N | AN N C 14 1>-0 T 11-8 978l 1-0 1 0 6—C pasea.oul 1y
1> 1-1> AN N [4 14 1-0 € L9 74 1-0 1 S (114 1-0 6—1 pasea.oul | Sy
| C 4 4 AN dN 0 4 61—¢€l €-0¢€ ol 9-€ I 174 0 6~V [\
% onedaH
UN 1> 0 1> 4N 1> 1-0 1-0 NIV N >0 I=1> N N N N snyjj[pw sa19qelq
0 | 1>-0 I—-1> N N 1> 1-1> | q | | N N 0 [4 Aduspiynsul [eusupy
N 1> 1> I N ¥N -1> I-1> 4 £1-8 -0 I S 8l = 1T snisAydodA
AN N AN N AN N N AN N N AN N N N 4 4 wsteaimidodAH
0 Sl 0 T 0 I >0 81 I ol 0 ST N YN 0 I wsiplodAyiadAH
>0 9-¢ 0 11-9 1> 4 >0 6+ >0 L1-§1 >0 6—C 1> 6 0 €1-C wsiploaAyodAy
dN N 1> il N N dN AN q 1€-0€ 1-0 vi—L 6 8¢ T SI-8 [\
% ‘@ulidopugj
1-0 | = =1 1> | I=1> (4l €1-8 81—l [4all ol | 8 9l 6—C 71-8 snioD
1>-0 > ) . . . 0 ¥1-8 01-6 b 0 61—C ol 14 11-9 S€-8C eayLuelg
N N 4 6 N N | 8 0C-S|I 6—9% (4l 0Tl 9l 9% Z1-8 LE-6T [\
% ‘[eUNSIUI0IISED)
1> | 0 076 dN AN 0 11-T (4l o—€¢€ 1-0 (444 4 oy 1>-0 SET snalinug
I=1> Yaudl | L N N 1> 11-9 € €8T 1-0 (444 | 143 0 0E-61 ysey
| | | Ll AN N 0 6 6—9 €/-6S > 6T S €9 o} €9 1\
9% *d130j03BWIRQ
1453 nv vI€ nv 1453 nv 1453 [\ 1453 nv vI€ nv vI€ nv 1453 [\ speso
ozzob"V11D se'eval~V 11D
19-sszszeu 1 1-Ad seorsr'sisl"Ad  wszasl 1T"Ad  seoserorrnicoe-Ad svol-Ad-13ue wisw e |~Ad -hue -pBue
-huy -huy -huy -hpuy + p-V1LO-Buy -huy asop-y3iH 3sop-pJepuelg
’/’n 91OSN rwoueR |y SJUDAD ISIDAPY

«S[E11 [BD1UI> uonessISsd DM PUe ‘DTDOSN ‘BwourBw Ul s3ywi diy1dads-uesio jo Aousnbauy 7 ajqe L

55

submit your manuscript

ImmunoTargets and Therapy 2017:6

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Davies and Duffield

(panunuop)

| 9peIDS 01
9Aj0saJ swoldwAs uaym || Sulwnsad JapIsuoD)
a3ueJ-plw Ul ]

ureaurew o3 uisop auow.oy Juawade|dad asnlpy
01< HSL § uswade|da. suow.ioy reniu)|
wsiploJAyzodAH

swoldwiAs 2.49A3S .10} JUSWSSEUBW [EJIP3|]
wsiploJAyriadAH

swoldwAs a3eueyy

d&-uldDI PIOH ¥—T 9p&ID

IdDI ®nuRuoy 1| spels

(qeuwnxijur

‘89) juessauddnsounwiwi [eUORIPpPE J9pISUCT)
:Aio1depey

€ 9peun) Joj se 3uliadel Aq pamoj|o} ploJis 1ieIS
|dD1 @nuBRUodsIp Apusueuliad f apeln)

uyldDI

BuUIWINSD.J JSPISUOD PUE $HI9M 9—}, JIAO ISOP
ploJais Jade) ‘ss3| U0 | SPEIL) 01 SIA[OSAI Jywl §
Aep/3/8W 070" SdIW 3-1e3S

prigldDl PIOH “€ 9p&ID

s(3usjeainba

Jo Aep/3y/8w 0'z—0’| duosiupa.ad) asop ploaals
8unJeas JopIsuUOd j'sAep G< Sunse| JI 40 JuLINda §|
ryys | OPBAD [BUN D] PIOH T 9pRID

€ 9pe.D) Joj se Suliadel Aq pamoj|o} ploJsis 1ielg
|dD] NURUOISIp ApUsueuLIdd f SpeID)

woldDlI

3uIWINSa. JSPISUOD PUE SHIIM 9—} ISAO ISOP
ploJals Jade) ‘ss9| U0 | SpEIL) 01 SIA|OSAI Jywl §|
Aep/B1/3W 0'T-0'] SdIN 43S

1dOI

ploy ‘uonewenbsap yum Jo snoLiss J| i opeID

Qv a4ed-yjas Suniwin

UONUSAIIIUY [BdIPaW

1uadun Jo uonezijelidsoy Suliinbay
Suiusaresuya-al| ‘swoadwAs ausnsg
H—€ aprID

UOIIUSAJIRIUI [BIIPBW

Jo juswade|dau suowoy Sulinbay
snewoldwig

7 aprID

snewoldwAsy

:| aprID

uoneiopad Sujusreaayi-aji
 9peID)

Pa1e2IpuUl UOIUSAJISIUI [EDIpaW ‘sudis
[eauoariad ‘ured [euiwoOpge 949A3S
S7AV Ym SdouaUaIRI|

SANOY < SPIN} Al

au||aseq J9A0 Aep/s|00ls /<

g 9peID

92UaJ3IIUI Y OU ‘|00ls

ul poojq ‘ured [eujwopge YaMm sIj0D
pa3esipul sunoy > spinjy Al
aUI|95Bq JBAO S|00IS 9—

7 aprID

snewoldwAsy

3UI[9SBQq JIAO S|OOIS >

:| apeaD

saouanbasuod Suiualeaayl-aj
s7QV 24ed-jes suwi

3nsuod A3ojouridopuy
(suluouahyropoiria)
€1 ‘(uixouhip) |
994 ‘HS :AJorBl0qE]

Adodsouojor

Adodsopug

:8unsan Auorewyuo)
1Jnsuod A30|0J31Ud0.135B0)
ueds | D [euUlWOpqQy
punose.|n [eulwopqy
:3unsa onsoudelq
(uonoasyul o)

a|PUip wnipLisoy pue $30
(uonewwreyur or) DM
1104 9|dwres [001s puag
dIWD Pue DgD :Aioreioge]
|OO1S JO SWN|OA

pue Aduanbauy sulwuslag

Asdoiq

upys :3unsa) Alojewayuod)
3Insuod A3oj0rewiag
DgD :Aioreioqer]

9due.I9|OIU| P|Od/IBDH
sso| JreH

uonednsuod eaylieiq

93eJ 143y ISMO]S/I9ISE
Suneams pasea.ou|

andney

Jolaeyag/poow ul sadueyd
Plod/10y Suljaay4

ured/sso| 3y3IoAA

susis [eauoiliad
9dusuBUodY|

|003s Ul poo|q 40 shodN||
andino Awoiso ui aseaudu|
usaned jamoq ul a3uryD
Suidwea

ured [euiwopqy

sysodsp prousydr
sisoiduods [ewJapid]y
sare.|yul jiydoursog

wsiploJAyrodAH
SIIPIoJAY |
wsiplodAyraadAH

sna||
sisdes uoneJopad
uoneJopad |
SIASES dIWaYdS|
snLIIsSeD
Supiwop

BIsNEN|
snjjod0J3Iug

D
BayIEIq

sisjoJdau
Jewapida d1xo |
SWOJIpULs

(p1o44Aya) suridopug

[eunsalulO.ISED)

,Weaud SNIINIT ||eda. uoneipey suopesadN [edQ uosuyof-suaaaig
ploaais Aduarod sjesspouw 1uels ‘BulAl| A|iep BaJe ddeNSs APOq JO %0ES aunsodxa ung sJ21s1|q ‘Buijad upjg (umjs ‘arey) o3iIA
YIIM S2UDJI31UI 4O X99M | < 0} sisisiad ysed §| p—¢ opedn) uondead Snuqg UO[IE.IO|OISIP UDIS ynow AiQq
syleq [eawIeo ‘sassaudwod pjod ‘dulwelsiyiue smNI4F SIIeWISP I2BIUOD) sa8ueypd 40|03 JreH BwWaYIAIT
[eJO ‘WeaUd Yd3I-UE ‘Weatd plo.ais [edidol uelg Ba.E 22B)INS APOQq JO %OES SISA0D snIn|RD smnag smnag
pold Dl @NURUOD Z—| dpeID :7—| 9peID ano a|ny yseu Jejndedojnoeyy ysey s130j01eWIR Qg
juswaSeuely J8ulpein uonenjeAy swoydwig Jvw] uedio

SJVYWI jo Juswaeurw pue uonenjeAy § ajqe |

ImmunoTargets and Therapy 2017:6

submit your manuscript

56

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Checkpoint inhibitors: monitoring and management of imAEs

Dove

(panunuop)

(Insjow a1ejousydodAw
‘89) juessauddnsounwiwi [euonippe Japisuor)
UdJINJ3U/AI010RIY

7 ?pein

sisougelp wJyuod

Joj paisi| se Jades yum Aep/3y/Bw 7—| SdIW NN X €< uignaiiq 03 Asdoiq JaAl| JapisuoD auLn yJeq
¢sldD] @nunuodsIp Apusuew.iad y—¢ apedo [e303 Jo/puB NN X §< LTV 40 1SV 3nsuod A3ojoreda Suisiniqg ‘Buipas|g
10S)99M 9—}, J9AO padade plouals Jalye JusWILd.) p—¢ 9peID) 3|nsuod A80]|0J33uUd0.35B0) ao1punef
3ulwNSaJ JIPISUOD ‘| SpE.L) 0] SIA|OSAJ JyWl §| N1N X €-§'|< uiqnijiq [e3od PUNOSEIN USAIT uoneapAyag
Aep /358w 0'|—5°0 SdIAl 49PISUOD  Jo/pue NN X §> 01 X £< 1TV 40 ISV :uonen[eAs sisoudelq ured ONY
(>]9am Jad x¢ ‘39) s1nsau Alojeaoqe| JOUO| 17 9prID |sued uonen3eod ‘sAep ¢ 1JOJWODSIp |eUIWOpPQE Sn3eA
32ldDI PIOH T PPBID NN X §°| 03 NN < ulgnJijiq [e303 Jo A49A3 (uign.ijiq 323.1p pue J9A%4 snieday
suones|paw dixoloreday doig /PUE NN X € 03 NN < 17V 40 1SV [2303 STV L1V ‘1SV) a1nadde paseaudag uignJijiq pa1eAd|g
|dD] @nunuoy) :| apel :| aprID) SaWAzZuUa JaAl| :AuojeIOqET] BasNeN| 1V/1SV Pa3eAs|q onedsy
3jnsuod £3ojoulidopug
HL1DV Mo
‘losna0d Mo| :Aduspdiynsul
[eua.upe A1epuodag
HLDV udy
‘losn0d Mo| :Aduapdiynsul
[eudupe Adewiid
Asuspiynsul [eus.pe
11p/8r £> |osnJod we §|
suo.sisople
193 uone|nwnis
uldDI uido.nuksod ‘H1 DV
SuwnNsaJ JBPISUOD PUE SHIIM 9—, JOAO ISOP ‘|OSIUOD S|9AS| DUOWLIOH
p104a3s Jade) ‘ss3| U0 | SPEIL) 01 SSA|OSAU Jywl §| snijeus.py
pl0.23s jo Suisop ssa.3s 10} JuswaJinbay Suiusresayr-ay 3jnsuod A3ojouludopug eIWa4|30dAyY ‘sso| 3ydrem
(auswade|dad suow.oy 1QV a4ed-yas Suniwi Aseanaid yam uredq Jo 1y ‘swordwis [eunsaiulo.nsed
awnayl| aJinbau Aew) uons|dau suow.oH UOIUSAIIUI [BDIpaW ueds AJeainigd an3ea ‘uoisuajodAy
snieuaIpy 3uagun Jo uonezijeyidsoy 3ulainbay uonen[ead snsoudelq ‘asie[ew ‘angney snIRUSIPY
uona|dad suowoH swoldwAs 249A95 sisdas o4 03 saun3jnd BIXaJoue
SISLID [eud.pe p—€ 9peID)  poO|q pue DGO :AJojeloqe] ‘eluwiosul ‘poouw 3|Iqe| ‘sso|
OS|[E JI PIO210D [BJBUIW YIIM S|\ A] OSOP SS.13§ snewoldwis SU0.19150153) ‘UID0IAXO AJowsw ‘suopeurdn|jey
pSIsAydodAH 17 9prID ‘HAV ‘undejoud ‘H7 ‘HS4 ‘UOISNJUOD ‘SSIUMBOM SISLID [BURIPY
IdDI PIOH :—T 2peiD snewoldwAsy ‘HLDV :S|9A9] duow.ioH ‘an3ney ‘sayoepeay ‘sasueyd Aouapiynsul [eus.py (sixe
|dD] @nhunuoy) :| apein :| aprID :siusAydodAH [ensia :sisAydodAH snisAydodAH VdH) @uloopug
juswaseuely J8ulpeln uoienjeAy swoydwig Jvyw uedio

(panunuop) € ajqe L

57

submit your manuscript

ImmunoTargets and Therapy 2017:6

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Davies and Duffield

(panunuo))

€~ dpeID .oy se uades yum Aep/B/8w 7—| SdIW N1N X §<
waldD| ®NURUOISIP ApUSUBWLIS i} SpRID  9peID) B9Y.1018918
S[99M 9—f JSA0 pauades plo.Sls US. JUSWIRS.D NN X §—t< Adoosopug Jopo Jo “j|nq
Suiwinsa. JBPISUOD ‘| SPEIL) 01 SIA|OSAI Jywl §| g 9peID 3nsuod A3ojousiudonisesy  ‘Adouanbauy [ools ul aseaudu| smyjjpw
Aep/83/8W 0'1-50 SdIW NN X T-§°| asedn uedxs |5 Suniwop $919qelp | adA|
nzsldD] PIOH :£— apeID ‘7 aprID punose.a|n JneaJduey easneN sneaduRy
Apoom 1se3] 38 $3|NSaJ AI0IBIOGE| JOIUO N1N X §'1-N1N < sedr 9502n|3 poojq ‘s|oAd)| ased)| ured [eulwopqe ONY asedy|
1dD| @nunuod :| apeJn :| apeID pue asejAwe :Al1ojeloqe] onewoldwAse aq Aepy pue asejAwe paeAs|] JnesJsduey
€
apeJo) Joj paisi| se Jader yum Aep/35/8w 7—| SdIN
|dDI @hunuodsip Apusuew.Iad :f, 9peID)
S99M 9— JSA0 padadel ploJals ISy JuSUIES.] Suiuaeauyr-ay
BuIwNsaJ JBPISUOD ‘| SPEID) 01 SIA|OSAJ JyWl §| ‘} opeID) Surjloms apjuy
Aep/3>/3w 7—| o1 aseaudul  p/Bw ('p< JO BUIBSE]Q X £< SUIUNBIID auwin ul pooig aJn|rej [euay
Juswanoaduwi ou Ji ‘Aep/3y/Bw 0'| -0 SAIN '€ opeun auLin Jep/Apno|D Aduapiynsul [eusy
sAep £—7 AJ9A3 BUIUIEAID WINJSS JOIUOL auIjaseq DAOQE X €7 dUIUNEBIID) Asdoiq |euay andino sulin paseaudaq Aypedoaydau
139ldD] PIOH :€-T 9peaD 7 aprID punose.|n [euay sisawg yI]-sndn| Jenuswo|n
uonelpAH aulaseq < 0'g—§'| dulunead 3jnsuod A3ojouydaN BIsNeU anJeA sniiydsu
s3nup oixoroaydau e pjoH  “Ip/8w £ Q< PIseaJdul [9A3] dUIUNEDID) sISA[eULIN ‘BUIUNEAJD  BUIUIEIID WINJIS Ul 3SEIIDU| SnojeWwo|NUEID)
|dD] @nuuoy) :| dpein) :| apeID) wnuss :AiojeloqeT snewoldwAse usyo sniiydau [ennsasiu| [euay
(qewnajur s1dd
‘89) juessauddnsounwwi [eUORIPPE J9pISUOCD) Asdoiq yum Adodsoyduoug
:Aio1deapey pa3edipul uedss |5
7 9prJD) Joj pais|| se 4adey ‘papasu uonuaAJUl JUSSIN Sulus1eaIYI-3y :sopsousel(
11 Aep/3y/3w $—7 01 Suiseauoul Aep/35/8w 7—| SN eixodAy 8uiuasiom 4o maN 9seasIp snodau| sadueyd oiydea3oipey
|dDI @NURUODSIp APUSUBWLIRY H—¢ SpeID) s1ay  A3ojouowind [euonusAisau| ured 3s3y>
»S99M 9— JaA0 paJader plousas Jalje JusWIRS aJed-49s 3uniwi| swoldwAs a49A9g 3jnsuoD syuswia.inbau
Suiwinsa. JIPISUOD ‘BUI|SEG 01 SIA|OSAL JyWl §| H—€ aprID uoisnys [eanald ua3Axo pasea.ou|
Bulionuow Ajreq Pa3EDIpUl UOIIUSAIRIUI [BDIPD|] wsljoquid Aseuowng eIxodAH
Aep/3y/8w 7—| SdIN s7Qy [eauswnaisul peauds oniSueydwAi uonJaxa
321dD| PIOH :T 9pe4D Sunjwy| ‘swoidwiAs s1e19pow-03-piijy asned snopdau| 1B (283.q JO SSAULIOYS aseasIp
sAep g~ AJ1aA3 Joauoly ‘7 9prID ano s|ny 159 1B U3B3.q JO SSIULIOYS 3un| 9y|1j-p1od.es
N¥4d “43|eyut ploJsis SUOIBAJSSqO dIsoudelp Jo [ed1uld DgD :Auoreioqer] eIpJedAyoel/esudAyde | spuownaug
‘NYd ‘49zi|ngau jouaangje uoddns uadAxQ snewoldwAsy uone|INque Yaim pue SuIzeaypan 3ui3ewr uo
1dDI 8uipjoy Japisuo?) | apetn) :| aped 1594 3B uonedmes uaBAxQ y3nod> Aug  senidedo sse|8 punouo Aseuowng
juswaseuely J8ulpeln uoijenjeAy swoydwig Jvw uedio

(panunuod) € sjqe L

ImmunoTargets and Therapy 2017:6

submit your manuscript

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Checkpoint inhibitors: monitoring and management of imAEs

Dove

(ponunuon)

7 9peJD) Joy sk uader yum Aep/35/8w 7—| S
1dD] @nunuodsIp ApUsuewLId i€ dpeJo)

wldD] BulWINSaJ JSPISUOD pUE $99M 9—f JIAO
9sOp ploJ33s Jade) ‘| SpEID) O SIA[OSAU TV §|
Aep/8/8W 0'1-50 SdIW

32ldDI PIOH ‘T dP&ID

|dDI @hunuo?) :| spedn)

€ apeun) Joj se uadey yum Aep/3y/B8w 7—| SdIW
1dD] @NuRUOodSIp AJUsUBWLIR] }, SpEJID)

wldDlI

SulWNSaJ J3PISUOD PUE SHIIM 9—} JDAO ISOP
ploJals Jadel ‘| aped) 03 SDA|OSAJ Jywl §|
Aep/83/8W 0'1-50 SdIW

AdDI PIOH :€ 3peiD

Qv a4ed-jas Suniwi| 3uijqesip
‘o3ewep ul0| 9|qISIaARLI
3u0[ 4o BWIAYIAID ‘UOIBWIWEUI YIIM
pa3erdosse ujed S43A3S ISHIIYIIY
1Qy 24>

-Jj9s Suniwy| ‘ured susAss BIZRIYLIY
:g opeI)

1av

[eauswinaasul Suniwiy ‘3uljdms aulol Jo

1l|oMms

‘BWBYIAID ‘UoIBWIWEJUL JO SUSIS YIIM
pajerdosse ured s1eJ9poW SRLIYLIY
7Qy [euswnaasul

Suniwi| ‘ured s1esapow :eIS[EIYIY

7 9peI

3uyjjams urol Jo ‘ewayakid
‘uonewiwejjul Ym ured pliw snIYIY
ured pjiw eideayily

:| apea

SS9UPUI|qQ JO UONEB.IO)ID
} oprID)

sn1Anued Jo Joluaisod
aJed-jj9s Suniwi| swoldwiAg

:g apeID

3ynsuod s1padoyuQ
3nsuod A3ojo1eWNaYY

suiol Jo

uonouw jo agueu pases.ddq

ewayakia uiof
Suijems auiof
ayoe uiol pji

eADUN[UOD pa1dalu|
anss 3jos snojewayiAig

'I3[eAly

eI3eayly

SIIISLIE ||93 JuelD)
onewnayJ eifjeAwAi|od
sndn| snojewayifig
SRLIYIY

UonEWWElUI JeINISN|y [e39[>so[nasn}y

uonewwejul [BIqIQ

|dD| 8uipjoy Japisuod SIISAN JOLIRIUY uonewwepuy| snieydalg
sdo.p 94s plousisodnuod |esido | 1Ay 3uniwi| swoadwiAg sake AuQg S|
x3ldD| dNuUnRUOD 17 apeln 17 aprID SUDOP [eNsIA nounfuo)
sdoup a4s Suneolqgn swoldwiAs pjiw Jo snewoldwAsy 3jnsuod A3ojoweyaydo Ajnoe paseaudag sniIa|sidy
|dD] @nunuoy :| apes :| apeaD uond3ul IN0 3Ny saka A1arem ‘Aysn ‘|njureq SRIvAN JeIndO
juswdSeuely J8ulpedn uoienjeAy swoydwig Jvw| ueduo

(panunuop) € ajqe L

59

submit your manuscript

ImmunoTargets and Therapy 2017:6

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Davies and Duffield

(ponunuop)

AJeSS9I9U SB UONUDAISIUI [BIIPD\]
7 9peJD) 10y se

saouanbasuod Suiuaresayi-ay

y 9peID)
194 38 Urey

Jadey yam uajeainba suosiupaud Aep/SyBw 4—g saouanbasuod 213ojo1sAyd ured ajasn|y
|dD] @nNunuodsIp Apuauew.sd }—¢ apeln) Yam snipJedtaad onewoldwiAs an3ney
wldD| SUlWINSa. JSPISUOD PUE S}99M G—f JSAO i€ oprID) 3Jnsuod A3ojolpJeD) swykyd
9sop ploJais Jadey ‘| apedo) 03 saajosad Jywl | (ured 3sayd ‘39) snipJedtsad onewolrdwiAs 24B3Y JO |yl eay [ewJouqe/pidey
judeAInba suosiupaud Aep/3y/8w 7—| ‘g 9pein /YD Jo | BWOPS AIWDUIXD JOMOT
pa31edIpUl SB uonUIAIRIUI [edIpaly  (qnJ ‘89) s3uipuy jedisAyd Jo 3 spgng we.golpJedoyd] uonualad pinj4 uolsnya [elpJesluad
3old Dl PIOH T 2peID snewoldwAsy 5D3 eaudsig SIPJBdOAL
1dDI PIOH | @pe4D :| apea dNg ‘uluodo.a :Aioreloqen ured 3say> snIpJedLIag SeIpJeD)
Adeaay Juesssuddnsounwiwi saJnzIag
[BUORIPPE JSPISUOD ‘SUISIOM §| suoneupn|ieH
PSS L1 ATEN Sa1NIIP AIoW||
,T 9peJo) Joj se uader yam Aep 358w 7—| SdIW ssauldas|g
]dD] JO UONBNUIIUODSIP JUSUBWLIRY H—§ SPEID) saouanbasuod Suluayeauyl-aj uolsnyuo’) SIPAW SSsUdASUR |
vusS9OM EN=SITER ayoepeaH Ayzedounau dria3ug
9— J9A0 paJadel ploJsis U3y JuUsWIRS. Suniwi| swoldwAs 949A9s 19s5UO-MIN| 4SD @3enjeas SS2UYIIS XIBN Ayredojeydsdus
3ulWNSaJ JSPISUOD ‘| SpEUD) 01 SIA|OSAJ Jywil J| p—€ 9peID) 03 aunidund JequinT (Buipasy 9|qISJ9AS. 10142150 d
Aep/33/8Ww 0'1-5°0 SdIW s7@y [eauswnaasu; Suiwi| 3jnsuod A3ojounaN ‘Buissaup ‘Bunim) sysel sniduiusw
30ldD| PIOH :T 9peID swoldwiAs a1eIopow 19sU0-MaN| aseasip [eaduluawoids| Ajrep Suiwuopiad Aynoyig  ankdoydwi| Jo ondesy
7 9peI) ‘siseIseIdW uedq Supjjem Lynoypq awoupufs
saunseaw A194eg swoldwiAs pjiw Jo dnewordwisy ‘uondajul “YAD 1IN0 I[Ny ssauquinN duueg—ure||ing
AdD] @hunuo? :| apedn :| apeID) ure.q Jo [y SS9UdBAM [BNSnu eidjeanaN s180j04naN
juswaSeuely J8ulpein uonenjeAy swoydwig Jvw] ueduo

(panunuod) € sjqeL

submit your manuscript

60

ImmunoTargets and Therapy 2017:6

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

monitoring and management of imAEs

Checkpoint inhibitors

Dove

"JUNOD |33 POO|q AUYM ‘DGAA ‘lew.ou jo nwi| 4addn ‘NN ouow.oy Sunenwins-plodAyl ‘Hs 1 ‘“Jueapenb

J9ddn 3y311 ‘DONY N0 9N ‘074 (papIdU SB ‘NYd ‘s39[3R|d U4 {53593 UondUNy Areuow|nd ‘s | 44 D3nINAsu| JaduRD) [euoneN ‘|DN ‘BuiSewl sdurUOSa. dBUSEW ‘[Y|A SUojosiupaIdiAYIsW ‘S| ‘[eW.Iou JO Wil JSMO| ‘NT] ‘Suowioy duiziuiean)
‘H {SNOUSAB.IUI ‘A] “JUSAD 3SJIAPE PalBIPaW-auUNWWI ‘Jywl Ldonqiyul aulodypayd sunwuwi ‘|| ‘uiqojSoway ‘[SH ‘feunsaiulonsed ‘|5 duowioy unenwns-a|d1||o} ‘HS4 ‘WeJSoIpJed041299 ‘DI ‘UONEINSEOD JBINJSBABIUI PIIBUILISSSIP
D1 3USPIdIE IBINISBAOC.IGRIDD ‘WYAD ‘Aydesdowol paziiaandwod ‘] D piny [euidsouqausd ‘4D (AIABISUSS pue 2umnd ‘gD {aued dljoqelsw SAIsusya4dwod ‘YD unod poojq 239|dwod ‘gD opndad cnauniieu urelq (NG ‘Oseulwesuel
aediedse ‘| Sy 2unod [iydoainau 2Injosqe ‘HNY ‘OSeulWesuel) duluele ‘| Ty asereydsoyd aulfex|e YTy 2USAS 3SIAPE ‘Jy ‘BUlAl| A|IEp JO SANIANDE ‘Y ‘dUoW.Ioy dnaJNIpRUE ‘HAY ‘duow.ioy 31do.J103114030uUsIpE ‘H ] DY SUOIIeIAIqqY
'3UI|3seq 01 SAA|OSAJ JyWI T dpeID JI |[dD| dwnsad ‘(qewn|oAlu) oAlpdQ Jo4 ‘7 SpeID) 01

SOA|OSA JyWI H—¢ SPBID UBYM splo.ads Buliader uiSaq ‘Aoats | Jo4 ‘sauljaping [euonminsul Jad se swoidwAs 3ea.a ((qewnjoAiu) oalpdQ pue (qewnuwijidl) AOAJS ) 104, "SWOIPUAS 3.11eg—Ule|[IND) 10 SIABIS BIUSUISBAW/OWO.IPUAS diusy3seAw
Joy a3e1idoudde se uonusAlul [eDIpSW asn ((Aep/3y/8w 7—| ‘SdIA) SPIOJ21S YIMm 3ea.3 pue siijeydadus Jo spiduiusw ape.d Aue Joj snupuodsip Apusuew.ad :(qewnzijozaie) bLausds | 404, g SpeID JI (qRWN|9AR) OIDUSARY JO ‘(qRWNZI|0Za3e)
briusds ‘(qewnzijoiquiad) epnaikey) ‘(qewn|oalu) oAlpdO anunuodsip Apuauewadd, Adesays d1waisAs 3uliinbaa Jo $y29Mm 7 ulyaim splodals 01 Suipuodsad Jou | 9peUS) Jo 7Z dpedD) i (qewnuwijidi) AOAUS A SNUNUOISIP APUBUBWLIRG, *|S
9pEUD) O SDA|OSAU SN)I|[W $313GEIp | 9dA1 JI JUSWIEBAIL SWINSAU ‘SM|jaW s13qelp | 9dA) $— apeJD) J0o} (qewn|eAlnp) 1zuyw| p|oH,, "duosiupa.d |edo Aep/3w (|S 01 padnpa. SPI0JaISOD[I0D PUE $H39M 7| UIYIM |S SPRIL) 01 SIA|OS Jywl
95U0 JusWIEa.] SUINSaJ JIPISUOD pue (qewnzijozale) bliausda] ploy ‘uoneas|s asedi| 4o asejAwe wWNJas  9peJd 404, "€ 4O T dpeJD) udJIndaJ Ji (qewn|oAlu) oAlpdQ Jo (qewnzijouquiad) epnaakay| anunuodsiq ‘spneatdued ¢ apeds) oy
(qewnuwijid) AoAds § SNURUOISIP APUSUBWLISY, ‘sRLIYdaU € SpeID) 4oy (qewnjealnp) 1Izuywi Jo ‘(qewnzijoiquiad) epnaakay| (qewnwiidi) AOAIS A SNURUODSIP A3USUBWLIDG, “UIqNI|Iq [2303 NN X §S 40 1 TV/1SY NN X 85 Y3IM € SpeID) Ji ploH
*p 9peJD J1 4O uIqNUI|Iq [8302 NN X §< 40 | TV/1SV NTN X 8< YIIM € 9peD) JI (QEWN[BAINP) IZULJW] SNURUODSIP Apuauew.Idd;, (qewnwipidi) AoAua A 4o} aAocJdwi 1591 uondUNy J3A] Ji 4o (qewn|oAlu) oAlpdQ 1oy 7 apeJs) o1 saroadwi Jy ji Jader
uidag, ‘snisAydodAy 4 speasy 4oy snunuodsip Apusuew.ad :(qewnzijozaie) bliausds ] Jo4, se1yredouridopus 7 Spe.s) 10j SUOIEIYIPOW SSOP PIPUSWILIOIS. OU :(GRWIN|SAR) OIDUSARY 104 WsIPIoJAYIISdAY Jo wsiploaAyiodAy oy suonesyipow
9SOp PapUBWIWIOIAI Ou :(qewn|oAlu) oAlpdQ 104, ‘wsipiodAylodAy apead-|le pue wsipioJAyluadAy 7 apedn) jo sased ul panunuod aq Aew (qewnzijoiquwiad) epnaikay), ‘Aep Jad jusjeAinba uo suosiupaid Byj/Bw ]S Yyam pa|jo.Jauod si pue
$$9| O | SpBJD) 03 SIA|OSDJ JyWI USYM JUSWIBDII SWNS3 :(qewnzijozale) bliausds ] Jo4,, 3usuindad si Jywi ¢ apedo) Ji (qeWn|9AR) OIDUSARG SNURUODSIP AJUSUBWLISY, "J\yWI [BUSSIUI0IISES € SPE.ID) 40} (qRWN|BAIND) IZULW| SNURUOISIP
Apusuew.ad, -anunuodsip Apusuew.ad :(qewnjoaiu + qewnwiidi) oAlpdQ + AoAds A uoneuiquiod Jo (qewnuifid) AOAID A 404 "INJ3. IO ‘USIOM HjPam |< 3sisdad swoadwiAs yi 3usjeAinba Jo suosiupaud Aep/3y/8w g srenul :(qewnwijidi)
AoAus ) J04,"Aep Jad Jus[eAINbs 1o suosiupa.d Sw (|> 01 padnpa. USSQ SBY SSOP PIOJSISONIOD PUR |S SPEIL) O3 SIA|OSDI Jy/WI USYM JUSWIBDII SWINSA (qewn[eAINp) 1zuyw) Jo4, "Aep J4ad Jus[eAnbs o suosiupauad Sw S Yam syeam 7|
UIYJIM | SPEID) 0) dA|0S3 J0u saop (salyredouridopud Bulpn|axa) Jywi € 40 7 dped) udlsistad Aue Ji 10 sundaJd Jywi § dpeun) Aue ji anunuodsip Apuauewsad :(qewnzijoiquad) epnaikay) Jo4s Aep 4ad juajeainba uo suosiupaud 8%/8w §/s
YIIM PI||03UOD S| PUE SSI| IO | SPB.ID) O SSA[OS. Jy/WI USYM JUSWIBDI) Swnsal (qewnuijidi) AOAIS A 104, "$)P9M 9| UIYIIM 954N0d 3sOP-anoy 919|dwiod 03 Jo Aep uad JusfeAinbs Jo suosiupaad 3w G /S 01 suosiupaad 9onpad 031 9|qeun
10 $pam 92 sasisiad Jywi 7 aped i anunuodsip Apusuew.ad (qewnwijidi) AOAIS A 404, HP9M |< 10} T dpEID H |dD] PIOY :(qRWN[BAINP) IZUYW| J04, TV YIM S2U9I93Ul 10 oM |< sasisiad yi (Aep/By/Bw ' |—G'0) PIOJI9IS JIWISAS [edo
J9pISUOD ‘Ysed 7 apedD Ji |dD] Ploy :(qewnuwijidi) AOAIS A 104, (A SIUSAT 9SISAPY 10} BLISIID) ASOjOUIWIS | UOWWOD) [DN UO paseq 3ulpean), -9dusliadxa [ed1ul|d SIOYINE PUR ¢ o0, SWYILIOS|E JusWaSeurw paysiignd uo paseg, :s930N

¢WW/000°'52> 31d
pa1ed1pUl UORUBAIRIUI 3N
tsaousnbasuod Sulusiesayi-ay| ;ISH
fWW/005> DNV
} opeID)
¢WW/000°'S7-00005> 3Id
P2 08> 18H
¢Ww/00S—0001> DNV
€ 9peJD) 404 se Jadel Yam SpIo.Ials JO uoneniu| :g apeID
|dD1 NURUOISIp ApUsueuLIdd f dpeID) <WW/00005-000°S/> Ad
w| ®PRID 03 P2 0'8-001> I1BH v elydowsay painboy
SOA|OS. J\/WI 9OUO SHI9M 9—f JoAO Jaded yaim <Ww/0001-00S 1> 3uipasig BlWBUY
ploJals jJo uoneniul JapIsuod ‘quswaAoidwi ou j| 7 9peI Suisinag eluadoakooquioay |
Ajgso|> Jonuol WwW/000°s/-NT11> 3Id 3nsuod A3ojoreWiaH CLETREREN] eluadoifouey
#sldD| PIOH ‘€ 9peID P 001-NT1> 1BH i@ no 3y vaudsig eluadoanaN
Suriouow aso|D Ww/00S |-NTT> DNV uond3ul IN0 3Ny SSOUBIAA eise|de |[90 pay
1dDI @nunuo) :7—| spel :| aprID 29D Jouuoly an3ney eluadoik) d180|03eWRH
juswaSeuely J8ulpeln uonenjeAy swoydwig Jvw| ueduo

(panunuod) € ajqeL

6l

submit your manuscript

6

ImmunoTargets and Therapy 2017

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Davies and Duffield

Dove

n=76 22d
11-14d
Dermatologic? n=118 sem
n=171 )
18d
n=92
n=62 1.4-17m
1.1m
n= ;24 53m
n =
Gl° n=48 16m
n =107
n= 9 24m
n=26 24m
n=18
Endocrine n=21 25m
Al n =132 21-22m
n=12 aom
Hypophysitis n=17 27
n=36 om
n=20 43 m
Adrenal n=21 30m
insufficiency n=8 25m
n=171 29m
n =237 21
Hypothyroidism |, = gg Am
n =56
n =98¢ 28m
n=10 1.4m
n =54 1.5m
. g n =96
Hyperthyroidism n=34 23d
n=14 28m
n =98¢ 14m
n=9
n=73 14-20m
n=35 3.3m
Hepatic® : : ;? 21m
n=16
— 3.2m
: - 12 1.7m
n=61 35m
n=94
1.6
Pulmonary’ n=25 m
n=44
n=21 25m
n=32 1.8m
n=23 46m
Renal® n=9
n=9 27m
Pancreatic =17 44m
(T1DM) =6 25m
. h n=9
Neurologic n=1 72m
=1 1.7m
0 1 2 3 4 5 6 7 8 9 10 1
Months
Anti-CTLA-4 Anti-PD-1 Anti-CTLA-4 + Anti-PD-1 Anti-PD-L1
Ipilimumab 3 mg/kg Nivolumab Nivolumab + Ipilimumab Atezolizumab Durvalumab
Ipilimumab 10 mg/kg Pembrolizumab Avelumab
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pembrolizumab studies. "Neuropathy in ipilimumab studies and encephalitis in nivolumab and nivolumab + ipilimumab studies.
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durvalumab, 2%°°), and 44-45% of patients receiving
combination anti-CTLA-4 and anti-PD-1 therapy with
ipilimumab and nivolumab.*® Colitis has been observed in
7-16% of patients receiving anti-CTLA-4 therapy (ipilim-
umab: 3 mg/kg, 7-12%;*°3%4 10 mg/kg, 16%*), 1-3% of
patients treated with anti-PD-1/PD-L1 antibodies (1% for
nivolumab,*%114162 atezolizumab,”'>!7* and durvalumab;>
avelumab, 2%;2 pembrolizumab, 1-3%?!6:18.204243) " and
12—18% of patients treated with combination anti-CTLA-4
and anti-PD-1 therapy (ipilimumab + nivolumab).*’
Rates of Grade 3/4 diarrhea or colitis are low (<4%) in
patients receiving anti-PD-1 or anti-PD-L1 monother-
apy’2‘4,6,7,10,|1,13,15—17,2(141«44,50,51,59,60,62 but tend tO be hlghel‘ in
patients treated with anti-CTLA-4 monotherapy (ipilimumab,
2—-11%)*9394942 or combination anti-CTLA-4 and anti-PD-1
therapy with nivolumab and ipilimumab (8-13%).*° The
median onset of immune-mediated diarrhea and/or colitis
ranges from 21 days to 5.3 months in patients treated with
ICPIs in clinical registration studies (Figure 1).22-7 Deaths
from intestinal perforation from colitis have been reported at
very low rates (<1%) in anti-CTLA-4 monotherapy studies
at both 3 mg/kg and 10 mg/kg doses.?>*

Endocrine
Autoimmune endocrinopathies (predominantly Grade 1
or 2) have been reported in patients treated with ICPIs in
clinical studies, including hypothyroidism, hyperthyroid-
ism, thyroiditis, hypophysitis (pituitary inflammation), and
adrenal insufficiency.?>?’ Rates of all-grade endocrinopathies
are generally low in patients receiving anti-PD-1/PD-L1
monotherapy, with <10% of patients experiencing each
individual endocrinopathy.?*?’ Higher rates are reported
in patients treated with anti-CTLA-4 therapy either as
monotherapy (ipilimumab 3 mg/kg, 8-15%;*** ipilimumab
10 mg/kg, 38%*) or in combination with anti-PD-1 therapy
(ipilimumab + nivolumab, 30-31%*°). Rates of Grade 3/4
endocrinopathies are generally low in patients receiving ICPI
monotherapy (anti-CTLA-4: ipilimumab 3 mg/kg, 1.8%;%
anti-PD-1/PD-L1: nivolumab, pembrolizumab, atezolizumab,
avelumab, or durvalumab, <1%*?*?” for each individual
endocrinopathy); however, higher rates have been reported
with high-dose anti-CTLA-4 (ipilimumab 10 mg/kg, 8%)*
and combination anti-CTLA-4 and anti-PD-1 (ipilimumab +
nivolumab, 5%).*° Most cases of immune-mediated hypothy-
roidism can be adequately treated with hormone replacement,
and ICPI therapy can be continued.

Hypophysitis and thyroid dysfunction are the most
common endocrine imAEs associated with ICPI treatment.
Hypophysitis (median onset 2—5 months;*?*%7 Figure 1)

rarely occurred in patients treated with anti-PD-1 or anti-
PD-L1 monotherapy in clinical studies (<1% for nivolumab,
pembrolizumab, atezolizumab, or durvalumab),>2>%" but has
been observed in 2—7% of patients receiving anti-CTLA-4
therapy (ipilimumab) at the 3 mg/kg dose*** and 18% of
patients receiving the 10 mg/kg dose,* and in 8-13% of
patients treated with combination anti-CTLA-4 and anti-
PD-1 therapy (ipilimumab + nivolumab).** The vast majority
of patients who experience Grade =2 hypophysitis fail to
recover pituitary function and require lifelong hormone
replacement therapy.?>°’%® Adrenal insufficiency can arise
secondary to hypopituitarism (<1%, anti-PD-1 monotherapy
[nivolumab]® or anti-PD-L1 monotherapy [atezolizumab,*
avelumab,?® durvalumab?’]; 5%, combination anti-CTLA-4
and anti-PD-1 [ipilimumab + nivolumab]?), typically mani-
festing as dehydration, hypotension, hyponatremia, and/or
hyperkalemia similar to sepsis syndrome.®

Hypothyroidism has been reported in 9% of patients
treated with anti-PD-1 (nivolumab or pembrolizumab)**
or high-dose anti-CTLA-4 monotherapy (ipilimumab
10 mg/kg),* in 2—-13% of patients receiving standard-dose
anti-CTLA-4 monotherapy (ipilimumab 3 mg/kg),**¥* in
4-5% of patients treated with anti-PD-L1 antibodies (atezoli-
zumab, 4%;% avelumab, 5%;?® durvalumab, 6%?’), and in
15-17% of patients receiving combination anti-CTLA-4 and
anti-PD-1 therapy (ipilimumab + nivolumab).*® In clinical
registration studies, the median onset of hypothyroidism
ranged from 1 to 5 months,”*’ sometimes following a brief
period of hyperthyroidism (Figure 1). Hypothyroidism does
not resolve for most patients, resulting in the potential need
for long-term hormone supplementation.*?7477° Hyperthy-
roidism, which is less common than hypothyroidism, resolves
in the vast majority of patients.”

Hepatic

Hepatotoxicity, including hepatitis and elevated alanine
transaminase (ALT)/aspartate transaminase (AST), has been
documented in patients treated with ICPIs.”8 In patients
treated with anti-CTLA-4 therapy, the rate of hepatic adverse
events ranged from 4% to 9% (ipilimumab 3 mg/kg)**3°
to 25% (ipilimumab 10 mg/kg),*® with Grade 3/4 events
occurring in 0% to 2% to 11%, respectively. Hepatotoxicity
occurred in 2—6% (0—3% Grade 3/4) of the patients treated
with anti-PD-1 monotherapy (nivolumab)*&!1:134162 and in
30-32% (13—-19% Grade 3/4) of the patients receiving com-
bination anti-CTLA-4 and anti-PD-1 therapy (ipilimumab +
nivolumab).*’ Immune-mediated hepatitis, reported in <2%
of patients treated with ICPI monotherapy?27* (exclud-
ing ipilimumab 10 mg/kg dose, 15%),? typically presents
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at 1-3 months and resolves with steroid treatment in most
patients (Figure 1).22%7 Although rare, fatal cases of immune-
mediated hepatitis have occurred with ICPI monotherapy
(0.2%, ipilimumab 3 mg/kg;** 0.1%, avelumab;* 0.5%,
durvalumab®’). Elevated ALT/AST with concomitant elevated
bilirubin may indicate a more serious hepatic injury.’>”

Pulmonary

Immune-mediated pneumonitis is a rare but potentially seri-
ous adverse event, occurring in <1% of patients treated with
anti-CTLA-4 antibodies (ipilimumab 3 mg/kg or 10 mg/
kg doses),” in 1-3% of those receiving anti-PD-1/PD-L1
(nivolumab, pembrolizumab, or atezolizumab, 3%;*%
avelumab, 1%;% durvalumab, 0.5%?7), and in 6% of those
receiving combination anti-CTLA-4 and anti-PD-1 therapy
(ipilimumab + nivolumab).* Immune-mediated pneumonitis
has been reported more frequently in patients receiving anti-
PD-1 therapy (nivolumab or pembrolizumab) for NSCLC
(3-6%)511:164350 than for melanoma (1-2%; Table 2),2441:42.62.66
Pneumonitis has a median onset ranging from 2 months to
4 months (Figure 1).2-%7

Rare adverse events

A wide array of additional imAEs has been observed at low
rates (<2%) in patients receiving ICPI monotherapy across
other organ systems, including renal, pancreatic, ocular, mus-
culoskeletal, neurological, cardiovascular, and hematologic
toxicities (Table 3).22?7 In general, rates of these imAEs are
similar or slightly higher in patients receiving combination
anti-CTLA-4 and anti-PD-1 antibodies.?

Renal

Immune-mediated nephritis has been observed at low rates
in patients receiving anti-CTLA-4 therapy (ipilimumab,
<1%),?? anti-PD-1 antibodies (nivolumab, 1.2%;?* pembroli-
zumab, <0.3%2*), anti-PD-L1 antibodies (avelumab, 0.1%;>
durvalumab, <1%?7), and combination anti-CTLA-4 and anti-
PD-1 therapy (ipilimumab + nivolumab; 2.2%).2* The onset of
renal imAEs typically occurs earlier with anti-CTLA-4 therapy
(2-3 months) than with anti-PD-1 antibodies (3—10 months).™

Pancreatic

Pancreatic toxicities reported in clinical studies with ICPIs
include elevated amylase/lipase, pancreatitis, and type 1 dia-
betes mellitus. Pancreatitis was observed in <1% of patients
receiving ICPI monotherapy?2¢ (excluding anti-CTLA-4
therapy with ipilimumab 10 mg/kg, 1.3%)% or combina-
tion anti-CTLA-4 and anti-PD-1 therapy (ipilimumab +
nivolumab).” Type 1 diabetes mellitus has occurred at low

rates in clinical trials of patients receiving anti-PD-1 antibod-
ies (nivolumab, 0.9%; pembrolizumab, 0.2%)*?* and anti-
PD-L1 antibodies (atezolizumab, avelumab, durvalumab,
<0.3%),>?7 and in 1.5% of patients treated with combina-
tion anti-CTLA-4 and anti-PD-1 therapy (ipilimumab +
nivolumab).? Although diabetes mellitus was not observed
in clinical trials of anti-CTLA-4 monotherapy (ipilimumab),?
areport has described a case of diabetes insipidus associated
with anti-CTLA-4 monotherapy (ipilimumab).”

Ocular
Ocular imAEs have been reported at very low rates in clinical

22-27

studies of ICPI monotherapy**~’ or combination anti-CTLA-4
and anti-PD-1 therapy (ipilimumab + nivolumab).? Ocular
imAEs included uveitis, keratitis, iritis, scleritis, episcleritis,

and conjunctivitis, occurring in <1% of patients.”>?’

Musculoskeletal

Musculoskeletal imAEs have been reported at low rates in
ICPI clinical studies, including polymyalgia rheumatica
(<1%), myositis (£1%), and arthritis (<2%).2224262" Although
inflammatory arthritis has been reported with ICPI treat-
ment in case series,’®”” the rate of this adverse event remains
unclear due to inconsistent reporting of inflammatory arthritis
in ICPI clinical studies.”

Neurologic

A wide array of neurologic imAEs has been associated
with ICPI treatment, including Guillain—Barre syndrome,
myasthenia gravis, encephalitis, motor dysfunction, men-
ingitis, demyelination, neuropathy, and nerve paresis. In
clinical trials, these neurologic imAEs occurred in <1%
of patients.?>?” A recent case series, however, noted a 14%
incidence of neurologic toxicities in patients treated with
combination anti-CTLA-4 and anti-PD-1 therapy (ipilim-
umab + nivolumab).”

Cardiovascular

Cardiovascular imAEs occurred in <1% of patients treated
with ICPIs in clinical studies, including myocarditis, peri-
carditis, vasculitis, and heart failure.??2*2627 Case reports
and case series have also documented pericardial effusion,
cardiomyopathy, and myocardial fibrosis and suggest that
patients with preexisting cardiac pathology may be more
susceptible to cardiovascular imAEs with ICPI therapy.3%#!

Hematologic
Hematologic imAEs, including hemolytic anemia and throm-
bocytopenic purpura, occurred in <1% of patients treated
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with ICPIs in clinical studies.?>?*?%?” Case reports have found
hematologic imAEs in patients receiving anti-CTLA-4 or
anti-PD-1 monotherapy, as well as combination anti-CTLA-4
and anti-PD-1 therapy (ipilimumab + nivolumab).3* %3

Monitoring and evaluations of

patients receiving ICPIs

Prior to initiating treatment and periodically thereafter, the
following laboratory parameters should be assessed: com-
plete blood count, comprehensive metabolic panel (including
kidney, liver, pancreatic, and thyroid function tests), and
baseline oxygen saturation (including a “walking oxygen
saturation” test to facilitate detection of a decrease in oxy-
gen saturation levels that might warrant further diagnostic
imaging).?> "% Assessment and documentation of baseline
symptoms (Table 3) will allow providers to identify even
subtle changes in the patient’s status that might represent an
early manifestation of an imAE. In addition, oncology nurses
could engage in follow-up telephone calls with patients taking
ICPIs.¥ If specific organ toxicity is suspected, careful evalua-
tion strategies, subspecialty consults, and specialized testing
(eg, imaging, bronchoscopy, and colonoscopy) may help
rule out other possible causes of dysfunction and delineate
the extent of the toxicity to determine optimal management
strategies. The National Cancer Institute Common Termi-
nology Criteria for Adverse Events v4.0% should be used
to grade baseline symptoms as well as any new symptoms
because evaluation and management change according to
this grading. Detailed information on evaluation strategies
is provided in Table 3.

Understanding the typical time of onset for the various
imAEs can be helpful, but it is important to note that the
range can be quite broad (Figure 1). Due to the variable
onset of imAEs, it is critical to conduct ongoing assessment
of symptoms during and after treatment. Patient assessment
forms can be built into the electronic medical record (EMR)
to capture and communicate potential imAEs.

Special considerations for patients with

preexisting autoimmune disease

Although patients with preexisting autoimmune conditions
were largely excluded from clinical trials, recent retrospec-
tive studies suggest that, with close monitoring, ICPIs can
be safely and effectively used in this population.®*° Of the
52 patients with preexisting autoimmune disease included in
a recent retrospective study, the objective response rate with
anti-PD-1 (nivolumab or pembrolizumab) therapy was 33%,
with 38% of patients experiencing a flare of their underlying

autoimmune condition at a median of 38 days from the first
dose of ICPL.” The flares were generally mild, with only two
patients permanently discontinuing ICPI treatment due to
the flare of their autoimmune disorder.”® Four patients per-
manently discontinued ICPI therapy due to the emergence of
imAEs.” Due to the potentially higher risk of side effects and
exacerbation of the underlying condition in patients with a
history of an autoimmune disease, significant caution should
be exercised when considering these patients for treatment
with ICPIs. Dosing should occur only after a frank discus-
sion between the health care provider and the patient about
the nature of the potential risks and benefits of such therapy.

Management of immune-mediated
toxicities

For the current FDA-approved ICPIs, clinicians should follow
published guidelines for the management of imAEs.>"3891-97
These imAE algorithms vary based on the type and grade
of toxicity, with some Grade 3 imAEs managed by holding
therapy and others by permanent discontinuation of ICPI
(Table 3). Depending on the organ system involved and the
specific ICPI, some mild-to-moderate imAEs can be man-
aged symptomatically, with the patient remaining on ICPIs,
while others require the ICPI dose be held and treatment with
corticosteroids until the imAE resolves to Grade 1 (Table 3).
In patients with more severe (Grade 3/4 or prolonged Grade
2) imAEs, ICPIs are typically discontinued while imAEs
are managed with corticosteroids or, if needed, other immu-
nosuppressant agents such as infliximab or mycophenolate
(Table 3).57389197 The occurrence of an imAE, regardless of
the need for immunosuppressant therapy, does not appear
to impact the efficacy of ICPI treatment.®*® Because ICPI
treatment is relatively new, physicians and nurses may find
printed materials from product companies,?>*"* publications
outlining imAE management,”’*%*>7 and online algorithm
tools®63-961% helpful in determining optimal imAE manage-
ment strategies for their patients (Table 4). Daily communica-
tion with the patient (in person or by phone) can help track
the status of an imAE and may reduce the risk of mild imAEs
escalating to more serious events.®’

Patients receiving corticosteroid treatment for an imAE
should be closely monitored. For mild imAEs, low doses of
steroids are normally utilized (methylprednisolone [MPS]
0.5-1.0 mg/kg/day intravenously or oral prednisone equiva-
lent), while more severe imAEs require higher steroid doses
(MPS 1-4 mg/kg/day intravenously or oral prednisone equiv-
alent).’”891-97 Patients with severe imAEs may require hospi-
talization, particularly if they are hemodynamically unstable.
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Table 4 ICPI imAE management resources

Resource

URL

Print/online

Immune-mediated adverse reactions management
guide for Yervoy™

Immune-mediated adverse reactions management
guide for Opdivo monotherapy and Opdivo +
Yervoy®

Opdivo safety tool'®

A guide to monitoring patients during treatment with

Keytruda®
A nurse’s guide to Keytruda®
Tecentriq adverse event management brochure®

The clinicians’ guide to managing immune-related
adverse events: an interactive algorithm tool®
Yervoy Risk Evaluation Mitigation Survey®'

Imfinzi Immune-Mediated Adverse Events
Management Handbook®’

Lighthouse'®

Published literature

Ipilimumab and its toxicities: a multidisciplinary
approach?”

Management of immune-related adverse events and
kinetics of response with ipilimumab®

Management of adverse events following treatment
with anti-programmed death-| agents®®

Prescribing information

Yervoy (prescribing information)?

Opdivo (prescribing information)?

Keytruda (prescribing information)?

Tecentriq (prescribing information)?

Bavencio (prescribing information)?

Imfinzi (prescribing information)*

www.hcp.yervoy.com/servlet/servlet.FileDownload?file=00Pi000000TUzayEAD

www.opdivohcp.com/servlet/servlet.FileDownload?file=00Pi000000kLoKcEAK

www.opdivosafetytool.com/#/signs-symptoms-management-imars
www.keytruda.com/static/pdf/adverse-reaction-management-tool.pdf

www.keytruda.com/static/pdf/nurse-guide-to-treatment-monitoring.pdf
www.tecentriq.com/content/dam/gene/tecentriq/Tecentriq-Adverse-Event-Management-
Brochure.pdf

www.clinicaloptions.com/immuneaetool

www.fda.gov/downloads/drugs/drugsafety/
postmarketdrugsafetyinformationforpatientsandproviders/ucm249435.pdf
www.imfinzi.com/content/dam/website-services/us/423-durva0-com/resources/imAE_
management_handbook.pdf

www lighthouseprogram.com

www.ncbi.nlm.nih.gov/pubmed/23774827
www.ncbi.nim.nih.gov/pubmed/226 14989

www.ncbi.nlm.nih.gov/pubmed/27401894

https://packageinserts.bms.com/pi/pi_yervoy.pdf
https://packageinserts.bms.com/pi/pi_opdivo.pdf
www.merck.com/product/usa/pi_circulars/k/keytruda/keytruda_pi.pdf
www.gene.com/download/pdf/tecentriq_prescribing.pdf
www.bavencio.com/en_US/document/Prescribing-Information.pdf
www.azpicentral.com/imfinzi/imfinzi.pdf

Abbreviations: ICPl, immune checkpoint inhibitor; imAE, immune-mediated adverse event.

In patients with serious imAEs, MPS is typically adminis-
tered intravenously until the toxicity is stable, after which the
patient can be transitioned to oral prednisone.””*#*'%7 Once
the imAE has resolved to Grade 1 per clinical assessment,
steroids should be tapered slowly over approximately 1 month
or longer, as tapering steroids too quickly may result in a flare
of the imAE. Patients should be monitored weekly during
and immediately following the steroid tapering. Often ICPIs
can be resumed once the imAE has resolved or stabilized to
Grade 1.57%8917 In some cases, patients may need to remain
on physiologic doses of prednisone (<10 mg) to stabilize
imAEs at Grade 1.>"? Patients on prolonged corticosteroid
treatment (>20 mg prednisone equivalent daily for 4 weeks)
may require supportive therapy with a proton pump inhibi-
tor and/or antibiotic prophylaxis.’®!”! In those patients who
require long-term steroid use, evaluation by an endocrinolo-
gist is recommended, as additional management such as bone
density monitoring may be necessary to evaluate the risk

of steroid-induced osteoporosis and diabetes and the need
for calcium/vitamin D, repletion.'”” In general, if a patient
requires >10 mg/day of prednisone equivalent for >12 weeks
or if there is a persistent Grade 2 or 3 imAE for >12 weeks,
then ICPI should be permanently discontinued.’”*#9%7 The
diagnosis and management of three sample patients with dif-
ferent imAEs are shown in Figure 2, including rash, colitis,
and adrenal insufficiency.

Education of patients, caregivers,
and health care providers on the
signs and symptoms of immune-

mediated toxicities

Most moderate and severe immune-mediated toxicities,
if detected and treated early, can be managed effectively
with oral or intravenous steroids; in rare steroid-refractory
cases, other immunomodulatory agents (eg, infliximab or
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Case 1: Rash

68-year-old female presents 4 weeks

after starting ICPI, with:

* New-onset rash (initially on arms, treated with
topical steroid cream) increased in distribution to
chest, neck, scalp, back, and legs

« Significant pruritus causing discomfort, lack of
rest, and inability to carry out daily activities

54-year-old female presents 4 weeks
after starting ICPI combination
therapy® with:

« >6 diarrhea episodes per day

« Abdominal cramping/pain and occasional
incontinence of stool

Case 3: Adrenal Insufficiency

63-year-old male presents 6 months
after starting ICPI with:

* Mild headache

« Severe fatigue

* Nausea (for 5 days)

Initial evaluation

Initial evaluation

Initial evaluation

* Physical examination
— Macularpapular and macularpustular rash
covering >30% body surface area

« Dermatology consult
« Skin biopsy

Diagnosis: Grade 3 rash; hold ICPI and
initiate systemic and topical treatments

« Oral steroids (prednisone 60 mg/day), topical
corticosteroid cream BID, and corticosteroid
shampoo daily

« Antibiotic prophylaxis and PPI while on
oral prednisone

« For pruritus, initiate oral antihistamines
(diphenhydramine HCI or hydroxyzine HCI) or
tricyclic antidepressant (doxepin HCI)

* Reassess after 2 weeks

« Consider changes from baseline evaluations
— 1 formed BM/day to 6+ loose stools; creatinine
increase from 0.9 to 1.3 mg/dL
« Rule out other potential causes (eg, infection)
— Consider potential contacts with sick
individuals; stool cultures to test for
Clostridium difficile
« Initiate supportive inpatient intervention
(eg, hydration, bland diet, loperamide)
* Request Gl consult
— Test for colitis with CT scan; if not definitive,
proceed with colonoscopy

Diagnosis: Grade 3 colitis®; hold ICPI and
initiate systemic treatment

« Methylprednisolone IV (1-2 mg/kg/day)
« Antibiotic prophylaxis and PPI while on prednisone

« Strongly consider endocrinopathy: evaluate for
hypothyroidism and adrenal insufficiency by
blood test

Reference
Range

Laboratory

Test Value

Cortisol (am) 7.0-25 pg/mL 1.4

ACTH 10-60 pg/mL 3

TSH 0.3-4.2mlU/mL 2.3
Free T4 0.8-1.8 ng/dL 1.6
Total T3 80-200 ng/dL 120

Diagnosis: adrenal insufficiency per laboratory
results; hold ICPI

« Initiate hormone repletion + oral prednisone

— If rash worsens or remains Grade 3, consider
hospitalization for IV corticosteroids;
permanently discontinue ICPI

« If refractory, consider adding an additional
immunomodulating agent (eg, infliximab V)

(10 mg/BID)

« Antibiotic prophylaxis and PPI while on
oral prednisone

— If rash improves, taper steroids over 4-6 weeks

Once symptoms resolve to < Grade 1, switch
to oral steroids (eg, prednisone 60 mg/day)

» Request endocrine consult
« If symptoms resolve within 1 week, taper

Once symptoms resolve to < Grade 1,
resume ICPI

» Maintain a physiologic dose of oral prednisone
(5 mg/day)

« Continue antibiotic prophylaxis and PPI while
on prednisone

on prednisone

Figure 2 Sample imAE case management.

« Taper oral steroids slowly over 4-6 weeks
— Observe patient for flare reaction during tapering

« Continue antibiotic prophylaxis and PPI while

« Consider resuming ICPI combination therapy
when symptoms resolve to baseline; in some
cases, the decision may be to discontinue
ipilimumab and treat with nivolumab monotherapy

prednisone to 10 mg/day after 2 weeks or per
endocrinologist’'s recommendations

Once symptoms resolve to < Grade 1,
resume ICPI

« Explain “sick day rules” to patient (ie, need to
increase prednisone when sick and then taper
back to maintenance dose)

Notes: *Cases based on fictitious patients. ®lpilimumab + nivolumab. ‘Permanently discontinue ICPI therapy in patients with Grade 4 colitis.
Abbreviations: ACTH, adrenocorticotropic hormone; BID, twice daily; BM, bowel movement; CT, computerized tomography; Gl, gastrointestinal; HCI, hydrochloride;
ICPI, immune checkpoint inhibitor; imAE, immune-mediated adverse event; |V, intravenous; PPI, protein pump inhibitor; TSH, thyroid-stimulating hormone.

mycophenolate mofetil) may be used.’”® It is critical that
oncology nurses and physicians treating patients receiving
ICPIs familiarize themselves with the signs and symptoms
of serious imAEs (Table 3).

Patient and caregiver education

A sound patient management approach includes comprehen-
sive education of patients and caregivers about how to rec-
ognize and report suspected symptoms of immune-mediated
toxicities. Nurses are frequently the first and primary contact
for patients throughout treatment. They can prepare patients
with the knowledge to identify the signs and symptoms of
imAEs and can highlight the importance of reporting symp-
toms immediately. Incorporating a multimodal approach
to education, including printed materials, online education
modules, or educational group sessions, can support patient
education and understanding. Where available, patients may
benefit from live group education or videos. Toxicity check-

lists (available from product companies) may assist patients
in recognizing imAE symptoms. Companies’ websites
offer online educational resources specifically designed for
patients and caregivers. Most importantly, patients should be
instructed to call their doctor’s office if they experience any
new, worsening, or otherwise concerning symptoms (even
when mild) to maximize early recognition of imAEs.

Education of other health care providers

As the use of ICPIs becomes ubiquitous across multiple dif-
ferent cancer diagnoses, it is imperative that all health care
providers are informed regarding the potential for imAEs in
patients being treated with these agents. Several modalities are
available to assist other health care providers identify imAEs
in this unique group of patients. Patient immunotherapy drug
“wallet safety cards” can be a useful tool to alert other pro-
viders to be aware of potential imAEs associated with ICPlIs,
particularly during urgent visits. Health care professionals can
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call the phone number provided on the patient wallet safety
card and benefit from peer discussion with the oncology team
regarding symptoms, evaluation, and appropriate manage-
ment. All staff members involved in the telephone triage
process who might receive incoming patient phone calls must
be educated in the use of the guidelines and in communication
and documentation of imAEs. The EMR may also serve as
a mechanism to alert other care providers that the patient is
receiving immunotherapy. Specific alert mechanisms may be
incorporated, such as an alert banner on the chart or a caution
alert if a provider attempts to enter an order for an immune-
modulating agent. A system alert can be sent to the primary
oncology team if the patient presents to the emergency room,
is hospitalized, or is evaluated by another discipline.

Conclusion

Nurses play a critical role in identifying imAEs, educat-
ing patients about the importance of the timely reporting of
potential imAE symptoms, and assisting in the management
and follow-up of patients who develop imAEs while on ICPI
therapy. ICPIs are associated with a unique safety profile,
characterized by fewer and more tolerable side effects than
chemotherapeutic drugs. With additional indications, combina-
tion regimens, and late-stage drugs on the horizon, the clinical
use of ICPIs is expected to increase. Although most imAEs are
mild and easily managed, to ensure optimal patient outcomes,
imAEs must be promptly identified and treated to reduce the
risk of developing severe imAEs and increase the likelihood that
the patient continues to receive the benefits of [CPI treatment.

Acknowledgments

The authors wish to thank Jennifer Nepo, MS, and Francesca
Balordi, PhD, of The Lockwood Group (Stamford, Connecti-
cut, USA) for providing medical writing support, which was
according to Good Publication Practice (GPP3) guidelines and
funded by AstraZeneca plc (Wilmington, Delaware, USA).

Disclosure
The authors report no conflicts of interest in this work.

References

1. Diaz L, Marabelle A, Delord J-P, et al. Pembrolizumab therapy for
microsatellite instability high (MSI-H) colorectal cancer (CRC) and
non-CRC [abstract and poster at ASCO 2017 Annual Meeting]. J Clin
Oncol. 2017;35(Suppl):abstr3071.

2. Ribas A, Puzanov I, Dummer R, et al. Pembrolizumab versus
investigator-choice chemotherapy for ipilimumab-refractory mela-
noma (KEYNOTE-002): a randomised, controlled, phase 2 trial. Lancet
Oncol. 2015;16(8):908-918.

20.

. Seiwert TY, Burtness B, Mehra R, et al. Safety and clinical activity

of pembrolizumab for treatment of recurrent or metastatic squamous
cell carcinoma of the head and neck (KEYNOTE-012): an open-label,
multicentre, phase 1b trial. Lancet Oncol. 2016;17(7):956-965.

. Larkin J, Chiarion-Sileni V, Gonzalez R, et al. Combined nivolumab

and ipilimumab or monotherapy in untreated melanoma. N Engl J
Med. 2015;373(1):23-34.

. Motzer RJ, Escudier B, McDermott DF, et al. Nivolumab versus

everolimus in advanced renal-cell carcinoma. N Engl J Med.
2015;373(19):1803—-1813.

. Brahmer J, Reckamp KL, Baas P, et al. Nivolumab versus docetaxel

in advanced squamous-cell non-small-cell lung cancer. N Engl J Med.
2015;373(2):123-135.

. Rosenberg JE, Hoffman-Censits J, Powles T, et al. Atezolizumab in

patients with locally advanced and metastatic urothelial carcinoma
who have progressed following treatment with platinum-based
chemotherapy: a single-arm, multicentre, phase 2 trial. Lancet.
2016;387(10031):1909-1920.

. Massard C, Gordon MS, Sharma S, et al. Safety and efficacy of

durvalumab (MEDI4736), an anti-programmed cell death ligand-1
immune checkpoint inhibitor, in patients with advanced urothelial
bladder cancer. J Clin Oncol. 2016;34(26):3119-3125.

. Hodi FS, Chesney J, Pavlick AC, et al. Combined nivolumab and

ipilimumab versus ipilimumab alone in patients with advanced mela-
noma: 2-year overall survival outcomes in a multicentre, randomised,
controlled, phase 2 trial. Lancet Oncol. 2016;17(11):1558—1568.

. Kaufman HL, Russell J, Hamid O, et al. Avelumab in patients

with chemotherapy-refractory metastatic Merkel cell carcinoma: a
multicentre, single-group, open-label, phase 2 trial. Lancet Oncol.
2016;17(10):1374-1385.

. Borghaei H, Paz-Ares L, Horn L, et al. Nivolumab versus docetaxel

in advanced nonsquamous non-small-cell lung cancer. N Engl J Med.
2015;373(17):1627-1639.

. Ferris RL, Blumenschein G Jr, Fayette J, et al. Nivolumab for recur-

rent squamous-cell carcinoma of the head and neck. N Engl J Med.
2016;375(19):1856-1867.

. Rittmeyer A, Barlesi F, Waterkamp D, et al. Atezolizumab versus

docetaxel in patients with previously treated non-small-cell lung cancer
(OAK): a phase 3, open-label, multicentre randomised controlled trial.
Lancet. 2017;389(10066):255-265.

. Younes A, Santoro A, Shipp M, et al. Nivolumab for classical Hodgkin’s

lymphoma after failure of both autologous stem-cell transplantation
and brentuximab vedotin: a multicentre, multicohort, single-arm phase
2 trial. Lancet Oncol. 2016;17(9):1283-1294.

. Sharma P, Retz M, Siefker-Radtke A, et al. Nivolumab in metastatic

urothelial carcinoma after platinum therapy (CheckMate 275): a mul-
ticentre, single-arm, phase 2 trial. Lancet Oncol.2017;18(3):312-322.

. Reck M, Rodriguez-Abreu D, Robinson AG, et al. Pembrolizumab

versus chemotherapy for PD-L1-positive non-small-cell lung cancer.
N Engl J Med. 2016;375(19):1823-1833.

. Balar AV, Galsky MD, Rosenberg JE, et al; IMvigor210 Study Group.

Atezolizumab as first-line treatment in cisplatin-ineligible patients with
locally advanced and metastatic urothelial carcinoma: a single-arm,
multicentre, phase 2 trial. Lancet. 2017;389(10064):67-76.

. Balar A, Castellano D, O’Donnell P, et al. Pembrolizumab as first-

line therapy in cisplatin-ineligible advanced urothelial cancer: results
from the total KEYNOTE-052 study population [abstract and poster
presented at ASCO 2017 Genitourinary Cancers Symposium]. J Clin
Oncol. 2017;35(Suppl 6S):abstr284.

. Apolo AB, Infante JR, Balmanoukian A, et al. Avelumab, an anti-

programmed death-ligand 1 antibody, in patients with refractory
metastatic urothelial carcinoma: results from a multicenter, Phase Ib
Study. J Clin Oncol. 2017;35(19):2117-2124.

Bellmunt J, de Wit R, Vaughn DJ, et al; KEYNOTE-045 Investiga-
tors. Pembrolizumab as second-line therapy for advanced urothelial
carcinoma. N Engl J Med. 2017;376(11):1015-1026.

68 submit your manuscript

Dove

ImmunoTargets and Therapy 2017:6


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Checkpoint inhibitors: monitoring and management of imAEs

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Langer CJ, Gadgeel SM, Borghaei H, et al; KEYNOTE-021 investiga-
tors. Carboplatin and pemetrexed with or without pembrolizumab for
advanced, non-squamous non-small-cell lung cancer: a randomised,
phase 2 cohort of the open-label KEYNOTE-021 study. Lancet Oncol.
2016;17(11):1497-1508.

Bristol-Myers Squibb Company. Yervoy® (ipilimumab) injection [pre-
scribing information]. Princeton, NJ: Bristol-Myers Squibb Company;
2017.

Bristol-Myers Squibb Company. Opdivo®™ (nivolumab) injection [pre-
scribing information]. Princeton, NJ: Bristol-Myers Squibb Company;
2017.

Merck & Company Inc. Keytruda® (pembrolizumab) for injection
[prescribing information]. Whitehouse Station, NJ: Merck & Co., Inc;
2017.

Genentech Inc. Tecentriq® (atezolizumab) injection [prescribing
information]. South San Francisco, CA: Genentech, Inc.; 2017.
EMD Serono Inc. Bavencio® (avelumab) injection, for intravenous
use [prescribing information]. Rockland, MD: EMD Serono, Inc. and
Pfizer, Inc.; 2017.

AstraZeneca Pharmaceuticals LP. Imfinzi™ (durvalumab) injection,
for intravenous use [prescribing information]. Wilmington, DE:
AstraZeneca Pharmaceuticals LP; 2017.

Nanda R, Chow LQ, Dees EC, et al. Pembrolizumab in patients with
advanced triple-negative breast cancer: phase Ib KEYNOTE-012 study.
J Clin Oncol. 2016;34(21):2460-2467.

Muro K, Chung HC, Shankaran V, et al. Pembrolizumab for patients
with PD-L1-positive advanced gastric cancer (KEYNOTE-012): a mul-
ticentre, open-label, phase 1b trial. Lancet Oncol. 2016;17(6):717-726.
Reardon DA, Sampson JH, Sahebjam S, et al. Safety and activity of
nivolumab (nivo) monotherapy and nivo in combination with ipilim-
umab (ipi) in recurrent glioblastoma (GBM): updated results from
checkmate-143 [abstract and poster presented at ASCO 2016 Annual
Meeting]. J Clin Oncol. 2016;34(15 Suppl):abstr2014.

Antonia SJ, Lopez-Martin JA, Bendell J, et al. Nivolumab alone
and nivolumab plus ipilimumab in recurrent small-cell lung cancer
(CheckMate 032): a multicentre, open-label, phase 1/2 trial. Lancet
Oncol. 2016;17(7):883-895.

Hamanishi J, Mandai M, Ikeda T, et al. Safety and antitumor activity
of anti-PD-1 antibody, nivolumab, in patients with platinum-resistant
ovarian cancer. J Clin Oncol. 2015;33(34):4015-4022.

Melero I, Sangro B, Yau T, et al. Nivolumab dose escalation and
expansion in patients with advanced hepatocellular carcinoma (HCC):
the CheckMate 040 study [abstract, poster, and slides presented at
ASCO 2017 Gastrointestinal Cancers Symposium]. J Clin Oncol.
2017;35(Suppl 4s):abstr226.

Pfizer. Avelumab in previously untreated patients with epithelial
ovarian cancer (JAVELIN OVARIAN 100); 2016. Available from:
https://clinicaltrials.gov/ct2/show/NCT02718417. NLM identifier:
NCTO02718417. Accessed April 10, 2017.

Ribas A, Hanson DC, Noe DA, et al. Tremelimumab (CP-675,206),
a cytotoxic T lymphocyte associated antigen 4 blocking monoclonal
antibody in clinical development for patients with cancer. Oncologist.
2007;12(7):873-883.

National Comprehensive Cancer Network. Small Cell Lung Cancer
(v3.2017);2017. Available from: https://www.nccn.org/professionals/
physician_gls/pdf/scle.pdf. Accessed March 15, 2017.

Pardoll DM. The blockade of immune checkpoints in cancer immu-
notherapy. Nat Rev Cancer. 2012;12(4):252-264.

McDermott DE, Atkins MB. PD-1 as a potential target in cancer therapy.
Cancer Med. 2013;2(5):662—673.

Hodi FS, O’Day SJ, McDermott DF, et al. Improved survival with
ipilimumab in patients with metastatic melanoma. N Engl J Med.
2010;363(8):711-723.

Eggermont AM, Chiarion-Sileni V, Grob JJ, et al. Adjuvant ipilimumab
versus placebo after complete resection of high-risk stage IIl melanoma
(EORTC 18071): a randomised, double-blind, phase 3 trial. Lancet
Oncol. 2015;16(5):522-530.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

Robert C, Long GV, Brady B, et al. Nivolumab in previously
untreated melanoma without BRAF mutation. N Engl J Med.
2015;372(4):320-330.

Robert C, Schachter J, Long GV, et al; KEYNOTE-006 Investigators.
Pembrolizumab versus ipilimumab in advanced melanoma. N Engl J
Med. 2015;372(26):2521-2532.

Herbst RS, Baas P, Kim DW, et al. Pembrolizumab versus docetaxel
for previously treated, PD-L1-positive, advanced non-small-cell lung
cancer (KEYNOTE-010): a randomised controlled trial. Lancet.
2016;387(10027):1540—-1550.

Fehrenbacher L, Spira A, Ballinger M, et al; KEYNOTE-006
Investigators. Atezolizumab versus docetaxel for patients with
previously treated non-small-cell lung cancer (POPLAR): a mul-
ticentre, open-label, phase 2 randomised controlled trial. Lancet.
2016;387(10030):1837-1846.

Moskowitz C, Zinzani P, Fanale M, et al. Pembrolizumab in relapsed/
refractory classical Hodgkin lymphoma: primary end point analysis
of the Phase 2 Keynote-087 Study [presented at ASH 58th Annual
Meeting, Dec 3-6; San Diego, CA]. Blood. 2016;128(22):abstr1107.
Le DT, Uram JN, Wang H, et al. PD-1 blockade in tumors with
mismatch-repair deficiency. N Engl J Med. 2015;372(26):2509-2520.
Postow MA, Callahan MK, Wolchok JD. Immune checkpoint blockade
in cancer therapy. J Clin Oncol. 2015;33(17):1974-1982.

Kumar V, Chaudhary N, Garg M, Floudas CS, Soni P, Chandra AB.
Current diagnosis and management of immune related adverse events
(irAEs) induced by immune checkpoint inhibitor therapy. Front Phar-
macol. 2017;8:49.

Abdel-Wahab N, Shah M, Suarez-Almazor ME. Adverse events asso-
ciated with immune checkpoint blockade in patients with cancer: a
systematic review of case reports. PLoS One. 2016;11(7):¢0160221.
Garon EB, Rizvi NA, Hui R, et al; KEYNOTE-001 Investigators.
Pembrolizumab for the treatment of non-small-cell lung cancer.
N Engl J Med. 2015;372(21):2018-2028.

Robert C, Ribas A, Wolchok JD, et al. Anti-programmed-death-
receptor-1 treatment with pembrolizumab in ipilimumab-refractory
advanced melanoma: a randomised dose-comparison cohort of a phase
1 trial. Lancet. 2014;384(9948):1109-1117.

Topalian SL, Hodi FS, Brahmer JR, et al. Safety, activity, and
immune correlates of anti-PD-1 antibody in cancer. N Engl J Med.
2012;366(26):2443-2454.

US Food and Drug Administration [webpage on the Internet]. Modifica-
tion of the Dosing Regimen for Nivolumab; 2016. Available from: www.
fda.gov/Drugs/InformationOnDrugs/ApprovedDrugs/ucm520871.
htm. Accessed March 24, 2017.

Hellmann MD, Rizvi NA, Goldman JW, et al. Nivolumab plus ipilim-
umab as first-line treatment for advanced non-small-cell lung cancer
(CheckMate 012): results of an open-label, phase 1, multicohort study.
Lancet Oncol. 2017;18(1):31-41.

Long G, Atkinson V, Cebon J, et al. Pembrolizumab (pembro) plus ipi-
limumab (ipi) for advanced melanoma: results of the KEYNOTE-029
expansion cohort [abstract and slide presentation at ASCO 2016].
J Clin Oncol. 2016;34(Suppl):abstr9506.

Rizvi N, Barlesi F, Brahmer J, et al. Phase III, randomized, open-label
study of durvalumab (MEDI4736) in combination with tremelimumab
or durvalumab alone versus platinum-based chemotherapy in first-line
treatment of patients with advanced/metastatic NSCLC: MYSTIC.
J Immunother Cancer. 2015;3(Suppl 2):P171.

Weber JS, Kahler KC, Hauschild A. Management of immune-related
adverse events and kinetics of response with ipilimumab. J Clin Oncol.
2012;30(21):2691-2697.

Weber JS, Postow M, Lao CD, Schadendorf D. Management of adverse
events following treatment with anti-programmed death-1 agents.
Oncologist. 2016;21(10):1230-1240.

Powles T, O’Donnell PH, Massard C, et al. Updated efficacy and
tolerability of durvalumab in locally advanced or metastatic urothelial
carcinoma [abstract and poster presented at ASCO 2017 Genitourinary
Cancers Symposium]. J Clin Oncol. 2017;35(6 Suppl):abstr286.

ImmunoTargets and Therapy 2017:6

submit your manuscript

69

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com
https://www.nccn.org/professionals/physician_gls/pdf/sclc.pdf
https://www.nccn.org/professionals/physician_gls/pdf/sclc.pdf

Davies and Duffield

Dove

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Patel M, Ellerton J, Infante J, Agrawal M. Avelumab in patients with
metastatic urothelial carcinoma: pooled results from two cohorts of
the phase 1b JAVELIN Solid Tumor trial [abstract and poster presented
at ASCO 2017 Genitourinary Cancers Symposium]. J Clin Oncol.
2017;(Suppl 6):abstr330.

Apolo A, Ellerton J, Infante J, et al. Updated efficacy and safety of
avelumab in metastatic urothelial carcinoma (mUC): pooled analysis
from 2 cohorts of the phase 1b Javelin solid tumor study [abstract
and slide presentation at ASCO 2017 Annual Meeting]. J Clin Oncol.
2017;35(Suppl):abstr4528.

Weber JS, D’Angelo SP, Minor D, et al. Nivolumab versus chemo-
therapy in patients with advanced melanoma who progressed after
anti-CTLA-4 treatment (CheckMate 037): a randomised, controlled,
open-label, phase 3 trial. Lancet Oncol. 2015;16(4):375-384.
Belum VR, Benhuri B, Postow MA, et al. Characterisation and man-
agement of dermatologic adverse events to agents targeting the PD-1
receptor. Eur J Cancer. 2016;60:12-25.

Thebeau M, Rubin K, Hofmann M, Grimm J, Weinstein A, Choi JN.
Management of skin adverse events associated with immune check-
point inhibitors in patients with melanoma: a nursing perspective.
J Am Assoc Nurse Pract. 2017;29(5):294-303.

Weber JS, Hodi FS, Wolchok JD, et al. Safety profile of nivolumab
monotherapy: a pooled analysis of patients with advanced melanoma.
J Clin Oncol. 2017;35(7):785-792.

Day D, Khoja L, Chen TW-W, Siu LL, Hansen AR. Tumor- and class-
specific patterns of immune-related adverse events (irAEs) of immune
checkpoint inhibitors (ICIs): a systematic review (SR) [abstract and
poster presented at 2016 ASCO Annual Meeting]. J Clin Oncol.
2016;34(15 Suppl):abstr3065.

Goldinger SM, Stieger P, Meier B, et al. Cytotoxic cutaneous
adverse drug reactions during anti-PD-1 therapy. Clin Cancer Res.
2016;22(16):4023-4029.

Postow MA [webpage on the Internet]. ASCO Educational Book: Man-
aging Immune Checkpoint-Blocking Antibody Side Effects; 2015. Avail-
able from: http://meetinglibrary.asco.org/content/115000076-156.
Accessed April 10, 2017.

Villadolid J, Amin A. Immune checkpoint inhibitors in clinical practice:
update on management of immune-related toxicities. Trans! Lung
Cancer Res. 2015;4(5):560-575.

Byun DJ, Wolchok JD, Rosenberg LM, Girotra M. Cancer immuno-
therapy — immune checkpoint blockade and associated endocrinopa-
thies. Nat Rev Endocrinol. 2017;13(4):195-207.

Michot JM, Bigenwald C, Champiat S, et al. Immune-related adverse
events with immune checkpoint blockade: a comprehensive review.
Eur J Cancer. 2016;54:139-148.

Reuben A. Hy’s law. Hepatology. 2004;39(2):574-578.

Bjornsson E. Drug-induced liver injury: Hy’s rule revisited. Clin
Pharmacol Ther. 2006;79(6):521-528.

Wanchoo R, Karam S, Uppal NN, et al; Cancer and Kidney Interna-
tional Network Workgroup on Immune Checkpoint Inhibitors. Adverse
renal effects of immune checkpoint inhibitors: a narrative review. Am
J Nephrol. 2017;45(2):160—169.

Dillard T, Yedinak CG, Alumkal J, Fleseriu M. Anti-CTLA-4 anti-
body therapy associated autoimmune hypophysitis: serious immune
related adverse events across a spectrum of cancer subtypes. Pituitary.
2010;13(1):29-38.

Calabrese C, Kirchner E, Kontzias K, Velcheti V, Calabrese LH. Rheu-
matic immune-related adverse events of checkpoint therapy for cancer:
case series of a new nosological entity. RMD Open. 2017;3(1):e000412.
Cappelli LC, Gutierrez AK, Baer AN, et al. Inflammatory arthritis and
sicca syndrome induced by nivolumab and ipilimumab. Ann Rheum
Dis. 2017;76(1):43-50.

Cappelli LC, Naidoo J, Bingham CO 3rd, Shah AA. Inflammatory
arthritis due to immune checkpoint inhibitors: challenges in diagnosis
and treatment. Immunotherapy. 2017;9(1):5-8.

Spain L, Walls G, Julve M, et al. Neurotoxicity from immune-check-
point inhibition in the treatment of melanoma: a single centre experi-
ence and review of the literature. Ann Oncol. 2017;28(2):377-385.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Yun S, Vincelette ND, Mansour I, Hariri D, Motamed S. Late onset
ipilimumab-induced pericarditis and pericardial effusion: a rare but life
threatening complication. Case Rep Oncol Med. 2015;2015:794842.
Heinzerling L, Ott PA, Hodi FS, et al. Cardiotoxicity associated with
CTLA4 and PD1 blocking immunotherapy. J Immunother Cancer.
2016;4:50.

Ahmad S, Lewis M, Corrie P, Iddawela M. Ipilimumab-induced
thrombocytopenia in a patient with metastatic melanoma. J Oncol
Pharm Pract. 2012;18(2):287-292.

Palla AR, Kennedy D, Mosharraf H, Doll D. Autoimmune hemolytic
anemia as a complication of nivolumab therapy. Case Rep Oncol.
2016;9(3):691-697.

Nair R, Gheith S, Nair SG. Immunotherapy-associated hemolytic ane-
mia with pure red-cell aplasia. N Engl J Med.2016;374(11):1096-1097.
Shiuan E, Beckermann KE, Ozgun A, et al. Thrombocytopenia in
patients with melanoma receiving immune checkpoint inhibitor
therapy. J Immunother Cancer. 2017;5:8.

Weber JS [webpage on the Internet]. The Clinicians’ Guide to Manag-
ing Immune-Related Adverse Events: An Interactive Algorithm Tool,
2016. Available from: http://www.clinicaloptions.com/Oncology/
Treatment%20Updates/Immune%20Related%20AEs/Algorithm%20
Tool/Interactive_Algorithm_Tool.aspx. Accessed December 1, 2016.
Ledezma B, Heng A. Real-world impact of education: treating patients
with ipilimumab in a community practice setting. Cancer Manag Res.
2014;6:5-14.

National Cancer Institute. Common Terminology Criteria for Adverse
Events (v4.0); 2010. Available from: https://evs.nci.nih.gov/ftpl/
CTCAE/CTCAE_4.03_2010-06-14_QuickReference_8.5x11.pdf.
Accessed March 15, 2017.

Johnson DB, Sullivan RJ, Ott PA, et al. Ipilimumab therapy in patients
with advanced melanoma and preexisting autoimmune disorders.
JAMA Oncol. 2016;2(2):234-240.

Menzies AM, Johnson DB, Ramanujam S, et al. Anti-PD-1 therapy
in patients with advanced melanoma and preexisting autoim-
mune disorders or major toxicity with ipilimumab. Ann Oncol.
2017;28(2):368-376.

US Food and Drug Administration. Yervoy™ (ipilimumab) Risk Evalu-
ation and Mitigation Strategy (REMS); 2012. Available from: http://
www.fda.gov/downloads/drugs/drugsafety/postmarketdrugsafetyin-
formationforpatientsandproviders/ucm249435.pdf. Accessed October
1, 2016.

Fecher LA, Agarwala SS, Hodi FS, Weber JS. Ipilimumab and its
toxicities: a multidisciplinary approach. Oncologist. 2013;18(6):
733-743.

Merck & Company Inc. 4 Guide to Monitoring Patients during Treatment
with Keytruda; 2017. Available from: https://www.keytruda.com/static/
pdf/adverse-reaction-management-tool.pdf. Accessed March 29, 2017.
Bristol-Myers Squibb. Yervoy Immune-Mediated Adverse Reactions
Management Guide; 2015. Available from: http://www.hcp.yervoy.
com/servlet/servlet.FileDownload?file=00Pi000000TUzayEAD.
Accessed March 24, 2017.

Bristol-Myers Squibb. Opdivo Immune-Mediated Adverse Reactions
Management Guide; 2017. Available from: http://www.opdivohcp.
com/servlet/servlet.FileDownload?file=00Pi000000kLoKcEAK.
Accessed March 24, 2017.

Genentech Inc. Managing Select Tecentriq Immune-Related Adverse
Events; 2016. Available from: www.tecentriq.com/content/dam/
gene/tecentrig/Tecentrig-Adverse-Event-Management-Brochure.pdf.
Accessed December 8, 2016.

AstraZeneca Pharmaceuticals LP. Imfinzi Adverse Events Management
Handbook; 2017. Available from: https://www.imfinzi.com/content/
dam/website-services/us/434-imfinzi-com/hcp/pdf/imAE_manage-
ment_handbook.pdf. Accessed July 13, 2017.

Horvat TZ, Adel NG, Dang TO, et al. Immune-related adverse events,
need for systemic immunosuppression, and effects on survival and
time to treatment failure in patients with melanoma treated with ipi-
limumab at memorial Sloan Kettering Cancer Center. J Clin Oncol.
2015;33(28):3193-3198.

70

submit your manuscript

Dove

ImmunoTargets and Therapy 2017:6


www.dovepress.com
www.dovepress.com
www.dovepress.com
http://www.clinicaloptions.com/Oncology/Treatment%20Updates/Immune%20Related%20AEs/Algorithm%20Tool/Interactive_Algorithm_Tool.aspx
http://www.clinicaloptions.com/Oncology/Treatment%20Updates/Immune%20Related%20AEs/Algorithm%20Tool/Interactive_Algorithm_Tool.aspx
http://www.clinicaloptions.com/Oncology/Treatment%20Updates/Immune%20Related%20AEs/Algorithm%20Tool/Interactive_Algorithm_Tool.aspx
https://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03_2010-06-14_QuickReference_8.5x11.pdf
https://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03_2010-06-14_QuickReference_8.5x11.pdf
https://www.keytruda.com/static/pdf/adverse-reaction-management-tool.pdf
https://www.keytruda.com/static/pdf/adverse-reaction-management-tool.pdf
http://www.hcp.yervoy.com/servlet/servlet.FileDownload?file=00Pi000000TUzayEAD
http://www.hcp.yervoy.com/servlet/servlet.FileDownload?file=00Pi000000TUzayEAD
http://www.opdivohcp.com/servlet/servlet.FileDownload?file=00Pi000000kLoKcEAK
http://www.opdivohcp.com/servlet/servlet.FileDownload?file=00Pi000000kLoKcEAK
www.tecentriq.com/content/dam/gene/tecentriq/Tecentriq-Adverse-Event-Management-Brochure.pdf
www.tecentriq.com/content/dam/gene/tecentriq/Tecentriq-Adverse-Event-Management-Brochure.pdf
https://www.imfinzi.com/content/dam/website-services/us/434-imfinzi-com/hcp/pdf/imAE_management_handbook.pdf
https://www.imfinzi.com/content/dam/website-services/us/434-imfinzi-com/hcp/pdf/imAE_management_handbook.pdf
https://www.imfinzi.com/content/dam/website-services/us/434-imfinzi-com/hcp/pdf/imAE_management_handbook.pdf

Dove

Checkpoint inhibitors: monitoring and management of imAEs

99.

100.

101.

102.

Merck & Company Inc. A Nurse's Guide to Keytruda; 2016. Available
from: https://www.keytruda.com/static/pdf/nurse-guide-to-treatment-
monitoring.pdf. Accessed March 17, 2017.

Bristol-Myers Squibb [webpage on the Internet]. The Opdivo Safety
Tool; 2016. Available from: https://www.opdivosafetytool.com/#/
superhome. Accessed March 17, 2017.

Luke JJ, Ott PA. PD-1 pathway inhibitors: the next generation of immu-
notherapy for advanced melanoma. Oncotarget. 2015;6(6):3479-3492.
Briot K, Cortet B, Roux C, et al; Bone Section of the French Society
for Rheumatology (SFR) and Osteoporosis Research and Information
Group (GRIO). 2014 update of recommendations on the prevention
and treatment of glucocorticoid-induced osteoporosis. Joint Bone
Spine. 2014;81(6):493-501.

ImmunoTargets and Therapy

Publish your work in this journal

ImmunoTargets and Therapy is an international, peer-reviewed open access journal
focusing on the immunological basis of diseases, potential targets for immune
based therapy and treatment protocols employed to improve patient management.
Basic immunology and physiology of the immune system in health, and disease
will be also covered. In addition, the journal will focus on the impact of manage-

103.

104.

105.

106.

FDA approves Merck’s Keytruda® (pembrolizumab) for adult and
pediatric patients with classical Hodgkin lymphoma (cHL) refractory
to treatment, or who have relapsed after three or more prior lines of
therapy [press release]; 2017.

US FDA accepts first biologics license application for AstraZeneca’s
durvalumab in bladder cancer [press release]; 2016.

Postow MA, Chesney J, Pavlick AC, et al. Nivolumab and ipilim-
umab versus ipilimumab in untreated melanoma. N Engl J Med.
2015;372(21):2006-2017.

AstraZeneca Pharmaceuticals LP [homepage on the Internet]. Light-
house Program; 2017. Available from: https://www.lighthouseprogram.
com/. Accessed May 3, 2017.

Dove

ment programs and new therapeutic agents and protocols on patient perspectives
such as quality of life, adherence and satisfaction. The manuscript management
system is completely online and includes a very quick and fair peer-review system,
which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read
real quotes from published authors.

Submit your manuscript here: http://www.dovepress.com/immunotargets-and-therapy-journal

ImmunoTargets and Therapy 2017:6

submit your manuscript

Dove

71


www.dovepress.com
www.dovepress.com
www.dovepress.com
https://www.opdivosafetytool.com/#/superhome
https://www.opdivosafetytool.com/#/superhome
https://www.lighthouseprogram.com/
https://www.lighthouseprogram.com/

	ScreenPosition
	NumRef_1
	Ref_Start
	REF_1
	newREF_1
	NumRef_2
	REF_2
	newREF_2
	NumRef_3
	REF_3
	newREF_3
	NumRef_4
	REF_4
	newREF_4
	NumRef_5
	REF_5
	newREF_5
	NumRef_6
	REF_6
	newREF_6
	NumRef_7
	REF_7
	newREF_7
	NumRef_8
	REF_8
	newREF_8
	NumRef_9
	REF_9
	newREF_9
	NumRef_10
	REF_10
	newREF_10
	NumRef_11
	REF_11
	newREF_11
	NumRef_12
	REF_12
	newREF_12
	NumRef_13
	REF_13
	newREF_13
	NumRef_14
	REF_14
	newREF_14
	NumRef_15
	REF_15
	newREF_15
	NumRef_16
	REF_16
	newREF_16
	NumRef_17
	REF_17
	newREF_17
	NumRef_18
	REF_18
	newREF_18
	NumRef_19
	REF_19
	newREF_19
	NumRef_20
	REF_20
	newREF_20
	NumRef_21
	REF_21
	newREF_21
	_ENREF_22
	NumRef_22
	REF_22
	newREF_22
	_ENREF_23
	NumRef_23
	REF_23
	newREF_23
	_ENREF_24
	NumRef_24
	REF_24
	newREF_24
	_ENREF_25
	NumRef_25
	REF_25
	newREF_25
	_ENREF_26
	NumRef_26
	REF_26
	newREF_26
	_ENREF_27
	NumRef_27
	REF_27
	newREF_27
	NumRef_28
	REF_28
	newREF_28
	NumRef_29
	REF_29
	newREF_29
	NumRef_30
	REF_30
	newREF_30
	NumRef_31
	REF_31
	newREF_31
	NumRef_32
	REF_32
	newREF_32
	NumRef_33
	REF_33
	newREF_33
	_ENREF_34
	NumRef_34
	REF_34
	newREF_34
	NumRef_35
	REF_35
	newREF_35
	_ENREF_36
	NumRef_36
	REF_36
	newREF_36
	NumRef_37
	REF_37
	newREF_37
	NumRef_38
	REF_38
	newREF_38
	NumRef_39
	REF_39
	newREF_39
	NumRef_40
	REF_40
	newREF_40
	NumRef_41
	REF_41
	newREF_41
	NumRef_42
	REF_42
	newREF_42
	NumRef_43
	REF_43
	newREF_43
	NumRef_44
	REF_44
	newREF_44
	NumRef_45
	REF_45
	newREF_45
	NumRef_46
	REF_46
	newREF_46
	NumRef_47
	REF_47
	newREF_47
	NumRef_48
	REF_48
	newREF_48
	NumRef_49
	REF_49
	newREF_49
	NumRef_50
	REF_50
	newREF_50
	NumRef_51
	REF_51
	newREF_51
	NumRef_52
	REF_52
	newREF_52
	_ENREF_53
	NumRef_53
	REF_53
	newREF_53
	NumRef_54
	REF_54
	newREF_54
	NumRef_55
	REF_55
	newREF_55
	NumRef_56
	REF_56
	newREF_56
	NumRef_57
	REF_57
	newREF_57
	NumRef_58
	REF_58
	newREF_58
	NumRef_59
	REF_59
	newREF_59
	NumRef_60
	REF_60
	newREF_60
	NumRef_61
	REF_61
	newREF_61
	NumRef_62
	REF_62
	newREF_62
	NumRef_63
	REF_63
	newREF_63
	NumRef_64
	REF_64
	newREF_64
	NumRef_65
	REF_65
	newREF_65
	NumRef_66
	REF_66
	newREF_66
	NumRef_67
	REF_67
	newREF_67
	_ENREF_68
	NumRef_68
	REF_68
	newREF_68
	NumRef_69
	REF_69
	newREF_69
	NumRef_70
	REF_70
	newREF_70
	NumRef_71
	REF_71
	newREF_71
	NumRef_72
	REF_72
	newREF_72
	NumRef_73
	REF_73
	newREF_73
	NumRef_74
	REF_74
	newREF_74
	NumRef_75
	REF_75
	newREF_75
	NumRef_76
	REF_76
	newREF_76
	NumRef_77
	REF_77
	newREF_77
	NumRef_78
	REF_78
	newREF_78
	NumRef_79
	REF_79
	newREF_79
	NumRef_80
	REF_80
	newREF_80
	NumRef_81
	REF_81
	newREF_81
	NumRef_82
	REF_82
	newREF_82
	NumRef_83
	REF_83
	newREF_83
	NumRef_84
	REF_84
	newREF_84
	NumRef_85
	REF_85
	newREF_85
	_ENREF_86
	NumRef_86
	REF_86
	newREF_86
	NumRef_87
	REF_87
	newREF_87
	_ENREF_88
	NumRef_88
	REF_88
	newREF_88
	NumRef_89
	REF_89
	newREF_89
	NumRef_90
	REF_90
	newREF_90
	_ENREF_91
	NumRef_91
	REF_91
	newREF_91
	NumRef_92
	REF_92
	newREF_92
	_ENREF_93
	NumRef_93
	REF_93
	newREF_93
	_ENREF_94
	NumRef_94
	REF_94
	newREF_94
	_ENREF_95
	NumRef_95
	REF_95
	newREF_95
	_ENREF_96
	NumRef_96
	REF_96
	newREF_96
	_ENREF_97
	NumRef_97
	REF_97
	newREF_97
	NumRef_98
	REF_98
	newREF_98
	_ENREF_99
	NumRef_99
	REF_99
	newREF_99
	_ENREF_100
	NumRef_100
	REF_100
	newREF_100
	NumRef_101
	REF_101
	newREF_101
	NumRef_102
	REF_102
	newREF_102
	_ENREF_103
	NumRef_103
	REF_103
	newREF_103

	Publication Info 4: 
	Nimber of times reviewed 4: 


