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ABSTRACT

Background: We strived to evaluate the status of nivolumab use and associated factors on the clinical efficacy of the drug.
Methods: The study was retrospectively conducted in patients who had been administered nivolumab at least once at the cancer
center of Seoul National University Hospital from June 2015 to April 2017. Data were collected from electronic medical records, A
medication—use evaluation was performed based on the American Society of Health—System Pharmacists mediation—use
guidelines, Results: Sixty—six of the 74 patients (89.2%) showed indications approved for nivolumab use by the Korean Ministry of
Food and Drug Safety (MFDS; n=55) or the US Food and Drug Administration (FDA; n=11). Approximately 73.0% of the patients were
administered the approved dose of 3 mg/kg but 257% were administered an unapproved fixed dose of 100 mg. The overall
response rate was 21.7%, and the response rate of non—small cell lung cancer patients, who accounted for the largest number of
indications, was 18.8%. Adverse reactions were found in 90.1% of the patients and were mostly mild (86%). The expression of
programmed death—ligand 1 (PD-L1) was analyzed as a factor affecting treatment response (p=0,028, odds ratio [OR]=11,331),
Conclusion: PD—L1 expression was found to affect treatment response, However, caution is required while using an unapproved
dosage and in the absence of monitoring for effectiveness and safety. Therefore, an effective protocol or instruction manual for the
proper use of nivolumab should be considered,

KEY WORDS: Nivolumab, programmed death—ligand 1, drug evaluation criteria, immune—oncology therapy, immune—checkpoint
blockade

H 39X S (immune-oncology therapy)y= Q1A ) Al Hol S44F9] X|5ol| SR8t o, i 7249 44
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H A EH 9ke) A8l &7 ATEY) 53] nivolumabe] PD-
L1 Zd oo} dagle] AR 4= Sloke A& AR 571
o 71ejske F23F 2910t} A%t PD-1 inhibitore] w9
TEAFA(immune-checkpoint  blockade)o] SHAIEATE So]
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Nivolumab A8l th3} 7}7]5(drug evaluation criteriay>
19943 v]=H - 2kALS] ] (American Journal of Health-System
Pharmacy)l] 3£ % “Criteria for Drug Use Evaluation”2- 7]
o2 3IHH0 Ao AL F71E S §FAS Hrt
silom, 852 Il B H|= FDA s7HAkeks 36k
oh 112 Bodgake 3 mg/kegdt 20163 99 TS Food and
Drug Administration (FDA)oIA] 240 mge] 1802 3
7o) MAE IR He5d tEide F oA S B
T AgeE ket RS Tk WE =R
A B FHARE 7Rl wet rkekaiar,
Common Terminology Criteria for Adverse Events v. 4.03& T
2 533313k Nivolumabs: @50 & Fojdl 3 A2 1Y
gk oSS FHREo R Aoaiglon, 7IE] Sl
Bolle TS5 101 W} Sl= A gollwt Fakeel =3
stk Aot~ 37 Fell Wit nivolumab Fo
S FZE|F2H|Ro| =0 Fo7} sl thE gt HRlo]
e A= AYsltt. FEFAR QI3 A W=
nivolumab £ 2 HARFAE 7|1HRZ el Fo &
DA WskE vEo R FEEE HrieloH, Ak
71AA7} Aol FEA] = Aolls S5 10149
s e 7A9Rk ol duhgol] Attt X ENk-S o
Fof o]& computed tomography (CT), positron emission
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tomography (PET), chest X-ray (CXR) 5 3’JA}k
AT 827} 574 7hA F 71A A o] ws}, A whe-S
TAR B7RRE W8-S St A8 HR8- partial response
H7le 74 k=l g response’} Ackal B olsln). Fof
7F $5d A= HINeEEE 28Rk R FRjstaL, of
EF7t FREA B2 Ao Be= 7P FH2dl Bk
-2 AT X 5RRH7} glo] FEF7F TRE A
$Hge 2 Woiac

H A5 IR BRero] we) oislste] At
#HE vJe ¥ro] Aol Rysle] #E|A} o]Ld
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4] 2] 91¢135] (institutional review board, IRB)Z5HE <
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SHEAME 7L ] A WE-EE HUIsIHaL, Hi
+FERE JeERAT. X|54HEgo) wel partial response®
B71E 3Ex}(responsew)®} stable disease = progression
disease® H7}E #A}H(no responser)Z U7o] t-teste} chi-
square tests ©|-&3lo] 7 o] xfo|E EAIEIAT A 5HES
of IS v A} B4 Wl EA4A folgE 0277k
 HFES IHEOR o, oY EX|AE 3|74
(multivariate logistic regressionyS AAISIHT. A&7 4]
2 IBM SPSS Statistics ver. 232 ©]-8-3}% 1L, p-valueZ} 0.05
v|Rk ol SAH o2 frefstrhal AT

17z}

AT} 2

ZF AT 74H o2 AT el AlLE k= gl
Aom, B 3 7EA] o)) ks Feke STt AT
BAIA o]A7IA] F® nivolumab?] F T34 2843,
T Fof S 388, A2 Fol S 13], Ho) Fojsid
= 1732 ZAFEATH(Table 1). 7FF B H|E=S AX|5H=
cancer type= non-small cell lung cancer (NSCLC)®]%].2.H
(67.5%), $kA}o] -2 A7} thE 712 % o] H stage
IV (91.9%)2] T2 nivolumabS S 97 A 94.6%2] 2}
7} sPta A2 28Rk 7150] o, ATt 5 3189
kA= nivolumab¥} F-A] ol 318+ Q A7} F-o = T}

org xmy Bl
&7t M8F
FUE7HE el F3ke] 557, WS FDA 233l 1190]
Agreidet. 223 89S hepatocellular carcinoma 19,
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Table 1. Baseline characteristics (N=74)

Characteristics Number (%)
Median age, yrs +S.D (range) 61.8+11.69 (27-83)
Male 57 (77)
ECOG Performance status
0 7 (9.5)
1 50 (67.5)
>2 17 (23)
Cancer type
Non-small cell lung cancer 50 (67.6)
Melanoma (BRAF Vé00E wild type) 5 (6.8)
Renal cell carcinoma 5 (6.8)
HNSsCC!) 3 (4.1)
Urothelial carcinoma 2 (2.7)
Hodgkin lymphoma 1 (1.3
Lymphoma, others? 2 (27)
Hepatocellular carcinoma 1(1.3)
Ovarian cancer 1(1.3)
Small cell lung cancer 1 (1.3)
MUQ3 3 (4.1)
Cancer stage IV 68 (91.9)
Prior chemotherapy regimens
0 4 (5.4)
1 17 (23)
2 30 (40.5)
>3 23 (31.1)
Nivolumab+chemotherapy 3 (4.1)

ifosphamide, methotrexate, etoposide, prednisolone (IMEP)
ifosphamide, carboplatin, etoposide (ICE)
gemcitabine, carboplatin (GC)
Prior radiotherapy 31 (41.9)
PDL-1 expression? 27 (36.5)

1) HNSCC, head and neck squamous cell carcinoma

2) DLBCL, PMBCL

3) MOU, metastasis of unknown origin

4) Programmed death-ligand 1 tumor proportion score (TPS2 1%)

diffuse large B-cell lymphoma 19, primary mediastinal large
B-cell lymphoma 17, NSCLC 1%, ovarian cancer 1%, MOU
3ol

7o AMSE R 54O AT T 3mge] S
ARESIATL, 240 mg 1g85F0 2 AL8-3F $Ex]= hepatocellular
carcinoma AR 3714850 opERE FAIG ] E3HE| Tt
EolsA= A5 I 3 mge] 517HE o] obd 100 mge] 11
AeFoE AREE AP} 1992 AT 25.7%= A
At B RAFo R A oH, 100 mg -8

o7 Fof | fAje] HA| FopR s8R vl
w3t 54.8% (range 37.9%~67.5%)} &) At} F7+4
& 25 A0 2 ARSH FAPT} 387 (51.4%) 0= At
], 350k AR A} 19%(25.7%), 45- A 0.2 ARS3l
T} 2% (2.7%)0 = Al sgEt. ATFEAHT
A 13 o o] FATAS AT 5§l Bk 157
(20.3%)°100F. Fo¥ge S|7 ATl wet Bt uidEA,
A st kel BEE AR 60 Bt BHAT
AL, o) B Al Al 2853t

FoNE X 2EE

Nivolumab Fof 2 279] Sxjol|x] 7 zge] 7]
o] IR} FhlrleRFe R AHZolE Fo & Xg7}
Z 8% 349} rheumatoid factor7} 43¢ 3217} Aich. &2
+ nivolumab 13 ¥4 ¥ nivolumab-induced systemic
inflammation®l] <13+ SIR|ZZ2%0] AN 2L} supportive
care2} 3| nivolumab FHE X459 11, B8 24Tk

HZF2-0 pivolumabe ©@E0 2 T3 719 2] Shx}ol| Ayt
Hrrslact. tldEAte] 90.1%elA F2hg-o] Yehgor, 7
0] 86%°]IL Grade 3 o)d9] F5o] 14%tt. RIHEA
WASH10%01d) oldibgo 2= fever (21.1%), dyspnea
(16.9%, >Gr 3; 4.2%), sputum (12.7%), skin rash (12.7%,
>Grade 3; 1.4%), nausea (11.3%), cough (11.3%)°.2 YEP:
ok 10% W|9ke] o4 5 Grade 3 o]39] 55 o)/ dihg-
edema (173), ileus (173), diarrhea (173), mucositis (1) | At} 5=
PHEFFe 27108 Fo F IEd3do] Yepo, o=
FokS FushA| ettt

] HYAoPHkE o R V1EH 63 A T 1HS
autoimmune anemia= ITE| QAT FZE|FTAHZo|E X8
£ A o} Wuoldukgo g FrkeR] ekt Hen)
TNo)dRE-8-© 2= pneumonitis7} 371, uveitis 171, autoimmune
skin lesion 174, psoriasis 1710]H, &+ ZA}ol|A] pneumonitise}
psoriasis”} EA|ol] YERTE. o] F 27 ] x= Agto] 28]
o] X587t FHE A, 38 A= X 5HEE0] /ot WA
i 7o) guhg-o] Wi © 2 X g7} ke ATk

=2 A7 A9 AR F F71H G e
Fetieon, o] T I 7158 ke Fof Mol ti Ak
2.7%, o o] % 24 3%l AT B7} H AT} oF= Fof o] %
Foll tigk EUE o] & 13 o] FofA)A] ke Al 4
o] AU}, o] oFS FAZ gAte] 10% ool A AT 9
HAREX] o2 hyperglycemia (26.8%, >Gr 3; 8.5%),
alkaline phosphatase “3%(21.1%, >Gr 3; 2.8%), anemia
(19.7%, >Gr 3; 5.6%), aspartate transaminase *3<5(16.9%,
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Table 2. Nivolumab use evaluation (N=74)

—L
ChE

Evaluation criteria

Case Acceptable rate (%)

1. Establish responsibility_ indication
Domestic approval

Locally advanced, metastatic
non-small cell lung cancer

Unresectable or metastatic
melanoma

U.S FDA approval except domestic
approval

Advanced renal cell carcinoma
Classical hodgkin lymphoma
Recurrent, Metastatic HNSCC
Metastatic urothelial carcinoma

66

89.2%

50

2. Details related to use
Precautions

Identification of autoimmune
disease and chronic, recurrent
autoimmune disease history

2) Dosage and administration

@ 3 mg/kg administered as an

infravenous infusion over 60 minutes

@ 240 mg administered as an

infravenous infusion over 60 minutes

3) Dose interval
Every 2 weeks
4) Duration
Disease progression
Unacceptable toxicity
5) Monitoring

@ Pre-treatment evaluation

Liver function tests, serum creatinine

levels,
Thyroid functions

@ Post-treatment evaluation

Liver function tests, serum creatinine

levels,
Blood glucose
Thyroid functions

54

38

45

74

74

70
18

100%

73.0%

51.4%

97.8%
100%

100%

2.7%

100%

94.6%
24.3%

3. Adverse reactions
1) Withhold dose
Grade 2 pneumonitis
Crade 2-3 diarrhea or colitis
AST or ALT >3-5 x ULNZ
total bilirubin >1.5-3 x ULN
Grade 3 hyperglycemia
Serum creatinine >1.5-6 xULN
Grade 3 rash

Other Grade 3 adverse reaction,
first occurrence

100%
100%
100%

66.7%

100%

88.2%

< A o)l A Nivolumab AF8-37}} X) 2244 7ol v )= Q&AL /91

2) Permanently discontinue

Grade 3-4 pneumonitis 2 100%

Grade 4 diarrhea or colifis.

AST or ALT >5 xULN 1 100%

total bilirubin >3 xXULN 3 75%

Serum creatinine >6 xULN - -

Grade 4 rash 1 100%

octonlsonencel S 100%
3) No dose modifications

Hypothyroidism or hyperthyroidism - -
4) Immune-mediated reaction 5 83.3%
4. Treatment effectiveness 72 97.3%
1) Radiologic diagnosis of CT, PET, @
Chest X-ray
2) Diagnosis based on clinical 10
response

1) Unresectable or metastatic melanoma, advanced renal cell carci-
noma, metastatic non-small cell lung cancer, locally advanced or
metastatic urothelial carcinoma

2) ULN, upper limit of normal

>Gr 3; 1.4%), alanine transaminase 2] %45(14%, >Gr 3; 0%),
hyperbilirubinemia (11.3%, >Gr 3; 5.6%)°.2 UEFL

X2HS
AA8A}e] 83.8%914 CT, PET, CXR 5 9733814 Ase
lEro 2 X\ gukso] WrlElon, BrFs e B 6 1t

Ao 2 33| Fo] & grlele 7497t dutE o]t ARk 2

ZFe] kg 2 Fo A performancedl] W} 13 Fo 3t
& FAARE AR5 A8 BrPt o] Fol B9-& 16310]
2t} NivolumabS =0 &2 A3} 8k} 719 = w837}
7} o]F01 7 3kxl= 699 0] 2. response rate 21.7%0] 0
t}. 359 2] #x}7} radiologic 21T 5-3) progression disease
2 grl=Ele] X871 SYEAAL, clinical responses BIEO 2
progression disease= %78 k27| 9 0] AT} 0] F 472 7|A]
Zg}o] o3}, 21-2 performance®] A3}, 1%-2 hyperbilirubinemia
2 ZF0E9on 258 X7 F APEEISIth Progression disease®
YA ot X5E FUS = WY HA ol wE

SO F 39, pneumocystis jirovecii pneumonia infection 179,

or
y

radiotherapy-induced pneumonitis 1%, hypercalcemia 192
2 ZAol A gkt &, 14 2] 3kx17} chemo-holiday=
A=k} ogle] Foslol FARel Ak A
B4 F VY B 58 AASHE NSCLC 84 5 A 2uks
o] HWrtH A= 48H O E BT TEOF nivolumabs Fo
319101, 18.8%9] response rateS LFEFH TR Table 3).
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Table 3. Treatment response by cancer type

Table 5. Multivariate analysis of factor affecting response

All cancer (n=69) NSCLC (n=48)

No. of patients (%) No. of patients (%)
Partial response 15 (21.7%) 9 (18.8%)
Stable disease 10 (14.5%) 7 (14.6%)
Progression disease 44 (63.8%) 32 (66.7%)
Continue treatment 18 (26.1%) 13 (27.1%)
Discontinuous treatment 51 (73.9%) 35 (72.9%)

X|=2HE30| FE2 0|xl= Xt
87} o] Folxl 69 9] S O E nivolumab ]
F9 responseS YER+= -2 K(partial response)} responseE- L
ERR] 9= 21 |(stable disease or progression disease)®] F T2

2 1Pro] AR G vAE A4S B F

Table 4. Comparison of factors affecting treatment response
(n=69)

Response No Response 1)
No. of patients (%) No. of patients (%)p value
N 15 (21.7) 54 (78.3)
Mean agexSD 64.5 (£12.38) 61.2 (£10.6) 0.306
Male (%) 1 (73.3) 42 (77.8) 0718
Dose 0.061
3 mg/kg 8 (53.3) 42 (77.8)
100 mg 7 (46.7) 12 (22.2)
ps? 0.186
0 3 (20) 3 (5.6)
1 8 (53.3) 38 (70.4)
2-3 4 (26.7) 13 (24.1)
Stage V 0.304
Y, 13 (86.7) 51 (94.4)
o~ 2 (13.3) 3 (5.4)
Liver metastasis 0.053
Yes 1 (6.7) 17 (31.5)
No 14 (93.3) 37 (68.5)
PD-L1 expression 0.031*
Positive 10 (66.7) 15 (27.8)
Negative 1 (6.7) 17 (31.5)
Not evaluation 4 (26.7) 22 (40.7)
No. of Prior chemotherapy 0.542
0 0 (0) 4 (7.4)
1 4 (26.7) 12 (22.2)
>2 11 (73.3) 38 (70.4)
Prior Radiotherapy 0.518
Yes 5 (33.3) 23 (42.6)
No 10 (66.7) 31(57.4)

1) Statistical significance test was done by t-test and chi-square test.
2) ECOG performance status

Factord Unadjusted OR value Adjusted OR value
95% cy P @9z c) P
PD-LI 11.333 ] 16.151 )
expression  (1.294-99.232) 0.028 (1.602-162.875) 0018
3.062 4954
Dose  hoo210070) 008 (09nanessy 002

@ For multivariate analysis, factors with p <0.2
"P<0.05

o] froJgt ato] & Hole 1A= PD-L19] "ol iel o

2 BEAEATHp=0.031) (Table 4). sk EAX] G-)8ks
0.2 "Rl AE QIAEQ1 &5, YL, o] o
B 787 PD-L1 28 oRE Fugko g 3lo] tpHEk 24
2E IAENS Stk 1 23 PD-L1 Zdoje}, g-afo]
AEHRE Holed] JEFs vAe IRE FAEAT F <
2} F PD-L1YE 57} o2 o]0 oH, PD-L1o] W=
S 735 wrdo] QhE S 749l Hls) 2=H] 16.1519HF ]
Hgo] Z7}8tdth(p=0.018, adjusted OR=16.151, 95%
CI=1.602-162.875) (Table 5) .

tru

nE Y e

Nivolumabe #%9] programmed cell death protein-1
inhibitor= %—/\}Xﬂ/‘ﬂlo] pembrolizumab (Keytruda®)ol] H]3)

ok Agel S7lE wskow, gl ity QAATE
5l 7]EH§ Lﬁi A82IE HofFal o). AAE ol 2
gJ]o] 1 o]} Aelst x| gHbHo] gl dsxlolA )7} &

ol =R Fe ‘4‘ QAT daE IAHZ AR
A He AE7} glon, B AF T 11%2] Skxjol|A] 37}
o] AREEA. F7FE S0 ofd 100 mg
NGO 2 ALEHE FA7} 25.7%e] dFEFAT o= 2012
d New England Journal of Medicined] ¥3X¥ advanced
cancer SHALS Ao 2 3 AA2l4 clinical activity”} 1 mg/
kg ©]/de] &Fol|l A AFE S-S Barst Aol <A AL
2 1QIth Nivolumabe] &2l g} 201630) 2t &2t
AT 1 mgkg o] &FoNA efficacys ERHH, Zh
10 mg/kgZFA] Wedo] lal, 53] high-immunogenic tumor
typel 2 F-F5+= melanoma®} renal cell carcinoma (RCC) ol
A= 1 mg/kge] &30A A58HE 7|HEE 5 Aok W)
g-o] WhE Q). SFA|YF less-immunogenic tumor typel 2
5= NSCLCY 45 AT B 3 mg/kg®] &) B asitt
E A%E =530 £ 713004 100 mge 2 ARSE 199
9] 3] & HIAE= 1.14 mgkeollA 2.02 mg/kge] ST},
100 mgS Fojuke- 199 o] ek A EH K117, 57.9%),
FEAEDZ (4, 21.1%), L 2T A (25, 10.5%) 12

o



AFETE Y A A Nivolumab AHE- 718} X 54 7ol H] A& &7} /93

I FESH27E, 10.5%) o]tk & Aol A e BE At A
1 mg/kgode] -&Fo] ARE Ao g2 AE =] gttt
= A3 2219 AF5} AHglo]l 100 mg (1 vial)S &7 0
2 H83t AL efficacylths 117}e] HlF kRS HAd
o] Hlg- 0 F A3l Q18] AAAH SHS AF o= e
SiFe] AAolgal AZET B ATllA EFo] X 5RES
A= GRS BAsIoH TAFCE o3 At =&
=] eIkt

F2-8-0] FF 2 TS5 nivolumabs ©EO 2 AMEgH o
2 YA} fAkeIAl BT BAYEE Fak-o) 86%7}
AEoF ol AEAA & G TA Lok 53] Al
ZHoPdukg-& & 5959] fAfollxut vERdal, AA|E Hurh
oPIREEo R QIS X 5T 390l EHSIT. AR A
Kol 2] ggot A71H1 AR A] As= A ul7fo) 3yt
& B ARG th3k 2| &2Q1 A7} B e st

D219 W8l F hyperglycemiaZ} 26.8%2] SkAjell A 1}
EltEd], AAE glucose levelo] 23 RUE Y 5 A] ¢ke 3t
A% 4o] A oM, Fof F7Iviet wijH SA8HA] o= 79
T Bol AARE vt ¢ £ AoR oAH)t. Thyroid
functions®l] T3+ H7= X8 A3} X8 Zof For 2
UHH alof sk= 7ol E7staL, Fo A 2.7%2] g2t
o] A{RF TSHe} T47} S =tk TSHE HIA 2] Adso] 7
78(9.6%)°] Sl Al EPHATE, o] A Fof o]F 24.3%°]
gl M RUER © FX|o|BE UARE o|Hth B Bol
vebd 7Fs/dol Atk ©]21gk nivolumab®] WEH|o) e 1+
715 Asks B X, FA7 ISR, Al 18 S o]
Ao] 7FsshH, olelgh FARge ik BUE o] & o A4
sHA| o] Fol Aok & 3o & W7t Hyponatremia®] 73-9- 2
ARIEE= Z o} AA] Grade 301de] F2180] 7.1%S x|}
= o] 58 7 3t} 2017 American Society of Clinical
Oncology Annual meeting®l] A% 3,357 2] NSCLC3AE
o2 3 Z8k& ATt hyponatremiaS $HA}2] survival
of] J3FS F= risk factor® B7Fskar, H st Gy} HE L
2 e = stk 'o

Aol dukgo g HekE 53} Fxs F=E T2
Zo|=2 X853k, o] T 32| A= nivolumab Fofo]
Z = A Th Pneumonitis®] 73-$-= prednisolone 20 mgs- 25+
S ARSE & A &S Rkele] TEERT Uveits,
autoimmune skin lesion- topical steroidE AFE-3}$1 1L, psoriasis
7} Yehd BRl= pneumonitis7} 5= methylprednisolone
40 mg & 25§ AFE-SF 5 etanercept (TNFo, TNFR inhibitor)
2 W7t X 53teith. Aguizioldukol tigk X5e A
Aok

Nivolumabs @50 =% ARESE 82} 5 X|8¥k3o] 7} &
312} 69 9] response rate 21.7%S3TF A7 67.5%S

N

22| 8= NSCLC #4219 response rate 18.8%3tF NSCLC
S hFo 2 3 it 34 72 CheckMate017 2 17
9} CheckMate057 Yol A response rateo] 212} 20%, 19%A3}
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