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Immune checkpoint inhibitors and diabetes mellitus
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[Abstract]Diabetes mellitus caused by immune checkpoint inhibitors is a rare type of immune-related adverse events in endocrinology.

However, this type of diabetes often begins with diabetic ketoacidosis, which is more dangerous. This article reviews the literatures on

immune checkpoint inhibitors—induced diabetes mellitus and its clinical manifestations and diagnosis and treatment strategies.
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Ji R (R B VRS T T AR IS T SR I I | A A A i
F 46 5] (immune checkpoint inhibitors , ICIs ) 5 & H 2 —
ICIs EEAUHE 2 28 — 2R ANMIREME T R A0 M AH G HT I -
4 (cytotoxic T lymphocyte associated antigen—4, CTLA-4) 1]
), H AT FE 2 A PR BB (ipilimumab ) B 8 78 R HLL
(tremelimumab)", CTLA-4 X T 40 M 7G Ak ELA TPk 35 1F
il 5 CD28 SEAHEL & BT-1 Rl B7-2 BLfk, #dil T 4
JL R 35 PR 5 — SR AR P M AE T 2 M4~ 1 (programmed cell
death—receptor—11,PD~1)/2 /5 4 FE. T~ Bt /4 -1 (programmed
cell death-ligand 1,PD-L1)#I5], PD-1 ZAR AT 7ENG LAY T
A 2k, 5 HECARPD-L1 SR P AT T e iR -2 (pro—
grammed death—ligand 2,PD-12) %54, i T 40 Motz | -4t
RO R e 520, H A e BESE [ 2 FIZ5 )4 B1LUR) (Food
and Drug Administration, FDA ) 1t #E £ A llf B A4 FH B9 PD-1
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BB AL G 4N iR TG BT (nivolumab) | P Bk 2R (pem—
brolizumab ) | ¢ & F1] 2. 41 (cemiplimab) , PD-1.1 BAST AL FE ]
R ER BT (atezolizumab) | FE X 4T (durvalumab ) | i) 2 65 FL
Pt (avelumab) & CTLA-4 BAHTHICABRGT, Gy ki 45 s 3
G B o N1 1 /= N R RER e e W Lo
SEIE ARAL A B RGN RS, FR R B8 A DA B
1 (immune—related adverse events,irAEs), HA & W42 211
AR MR R A HOR R (IR B 5 5 R, BRI 2 B B
PRI TERE /D W, . $E Barroso—Sousa R Z5H[1) 1 7% REc 45
R GG A A R0 | R R 14 R A AR 0.2% , 1E
PD-1 0 A A e

1 BRRR

A SCHE Pubmed 4l 2 H G817 “immune checkpoint
inhibitors AND diabetes mellitus”OR  “nivolumab OR pem-—
brolizumab OR cemiplimab OR atezolizumab OR durvalumab
OR avelumab OR ipilimumab OR tremelimumab AND diabetes
mellitus” 32 F 138 Ji SCHK, 24 A B9 SCHR G B A6 A5 40
7505 [ PR PR 114 75 Ao 191 38 ) Bl PR AL B
FBRERIR ARYESCCHR, IG5 84 R STk (137 #i)), WAL 1,
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R1 RERE RGNS EYER AR SRS RO R

L (O = 22 SO B 77 S %7

ik 2% %R I Kl E0 (amol-L) HbAle C-fik GADA [A-2A TAA 7nT8A ICA HLA
; H E 3]
Hzl%irsrlu pembrolizumab 52 7 23 REZFE DKA 38.60 83%  <0.01 pg/L (o) NR NR NR () NR
. . - p
C(:fl\[/;:ln nivolumab 34 2 4 3'31\,535@ DKA 41.07 7.1%  <0.10 ng/mL #) @) & () MR NHR
i s
Tzoulis nivolumab 56 3 NR /ML DKA 4700 82%  FIAE]  (+) NR NR NR (-) NR
Sl Jitifid
Zaied nivolumab 70 3 NR BAIE  DKA 4878 84% 040ngmL (-) NR NR NR NR NR
g5
Gunawan nivolumab il 52 3 NR WEEF DKA 20.80 77%  0.05 nmol/L. (=) (=) NR NR
i) il b (-)  NR
S lpl mumal
Changiz—=  nivolumab®l 42 3 347 HEAZEK DKA 4040  6.5% NR (<) (=) NR (=) MR NR
zadeh ipilimumab
i)
Martin- %6/ ipilimumab 54 3 NR MEZEE DKA NR NR NR (+) NR (=) NR (=) DRBI¥04,
Liberal JaH DQB1*0302
oo pembrolizumab (HLA A2 DR4
DQB)
Araujo nivolumab 73 2 NR /M DKA >55.60 72% 006 ngml. (+) NR (=) NR NR DRBI*03:01-
A1) il DQA1#05:01-
DOQB1*02:01;
DRB1*#04:01-
DQA1#03:01-
DQB1*03:02
Okamoto nivolumah 55 NR 12A BEZW S0, 3220 70% 100 ngmlL (=) (=) (=) (=) NR DRBI*04:05-
el i JRAE DQB1%04:01
Miyoshi nivolumab 66 6 17 BEAFE DKA 2950  73% 023ngmL (<) (-) NR () MR NHR
s
Lidge nivolumah 63 1 27d JE/NIAE DKA 7.2% NR NR NR NR NR NR
s 32.89 (+)
Munakata ~ nivolimab 72 6 NR  EHFEH &M 1811 73% NR (=) NR NR (=) (=) HLA-B*4002
o i
LeeZ5R nivolumab 67 1 2 JE/NIAE DKA 28.60 76% <0.10 ngml. (+) (=) NR (=) NR NR
Jitifés
Gauci nivolumab 73 3 64 ME R DKA 27.78 8.8% AR (+) (+) NR (+) NR NR
el
JeHlipilimumab 58 17 UE BEZE mmeE 2267 97% NR (+) NR NR NR (-) NR
Hansen
g i
pembrolizumah

Sakaguchi nivolumab 68 28 60/ WEERE DKA 17.40 8.2%  0.20 nmol/L.  (-) (=) (=) (=) (=) DRBI*09:01
A
#[5‘“

Chaegsn  Pembrolizumab ) p théﬁiﬂ@ FIEE 3422 63%  08lngmL (+) (+) (=) NR () NR
Jitidee
Venetsanaki nivolumah 71 o RN mimE 2617 78% <0.10ng/ml. (-) NR NR NR (-) NHR
el NR 104 i
% i
Teramoto nivolumab 63 8 NR BEZEW  DKA 36.72 89% 0.08ngmL (-) (-) (=) NR NR NR
@F[(’ﬁ]

Hughes G/l ipilimumab 55 NR S BEZHERW  DKA 29.56 6.9% <0.10ngmL (-) NR (=) NR (-) A2.1,DR4
Lglen) J&i i nivolumab

v 3 4
nivolumab 83 NR j}ﬂ ?ﬂig,ﬂiﬂﬂ DKA 19.44 7.7% <010 ng/ml, (+) NR ) NR ) A21,DR4
i
nivolumab 63 NR 40H B4R sEimeE 1372 82%  130ngmL  (+) NR  (+) NR  (+) A21,DR4
i s _ -
nivolumab 58 NR 1 /J\‘,E]Hﬂ DKA 41.61 97% <0.10 ng/ml. (+) NR (=) NR (-) A2.1
it
pembrolizumab 64  NR <1 B ZRE EIMEE, 3905 74% 050ngml (<) NR (=) NR (-) DR4
il T R AE
Sakurai nivolumah 68 7 98d  VFANMUE B, 2628 0 69% 024ngmL () (=) (=) (=) NR DRBI*09:01-

e T i f DQB1%03:03
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X FEOICISIA kA MR IR ik
Sk 254 B opuclc BE XM EBL (mmoll) HbAlc C-lk  GADA IA-2A IAA 7ZnT8A ICA HLA
Sothornwit  atezolizumab 52 5 24/ AN DKA 1840  79% <0.10ngmL (+) (=) NR NR NR  DR3-DQ2
£ Iitisia
Shiba SeH] nivolumab 80 NR 20d L A 35.50 7.7%  <0.01 ng/mL (+) NR NR HLA-DR4
R _ _
2o J5i il ipilimumab ARG Fiht: S
Villarreal nivolumabfl 66 NR 19d MO =i,  54.89 NR  060ngmL (+) (+) NR NR NR NR
A ; Ey
e ipilimumab e
de Filette  pembrolizumab 61 ~ NR  8J3] /M4l DKA 66.30 NR  002nmol/I. (+) (=) (=) NR (-) DRBI*04-
2Ep) itiges DQA1#03:01-
DOB1*03:02
Hofmann nivolumab 70 4 6ff Mg B fpE NR NR  <16.00 pmol/L (=) (=) NR NR NR NR
%Im
S ipilimumab 78 2 3/ M@ R DKA NR NR NR (+) (=) NR NR MR NR
Ji i nivolumab
JeH ipilimumab 58 1 3/ REFE  NR NR NR NR (#) (=) NR NR NR NR
JEH
pembrolizumah
S ipilimumab 40 NR 6/ NR NR NR NR NR NR NR NR NR NR NR
J&i H nivolumab
Yilmaz nivolumah 49 22 100MH B4IMUE DKA 4440 109% 008 mmol/. (=) NR (=) NR () NR
%IW
Lanzolla atezolizumab 60 4 11)# JE/NEE DKA 30.50 NR 0.70 ng/mL. (=) (=) NR NR NR DRB1*04,
e Jitifia DQB1*03
Maamari ~ pembrolizumab 47 1 <3 OBEME  DKA 29.06 64% 0.10ngmL (+) NR NR NR (-) NR
A PRV
H
Marchand nivolumah 55 9 5™ filiZ  DKA 27.70 82% <0.10nmol/. (=) (=) (=) (=) (=) NHR
A7 Mg
nivolumab 72 3 2MA EEKTHN EimAE 2500 114% 1.00mmol/. (=) (+) NR (=) NR NHR
Lk LR
durvalumab 69 13 1310A MR DKA 3100 74% <0.10nmol/l. (=) (=) NR (=) NR NHR
]
pembrolizumab 83 4 254N BEZFE sk 3300 94%  1.00mmol/. (=) (=) NR (=) NR NHR
pembrolizumab 65 12 854 BEZEE  DKA 3200 85% <0.10mmol/L (-) (=) NR (=) NR NHR
nivolumab® 65 5 3] MEEW DKA 4400 73% <0.10mmoll. (=) (=) NR (=) MR NHR
ipilimumab
Akturk nivolumab 62 1 5d MEER DKA 46.33 NR NR (+) (=) (=) (=) NR HLA-DR3/DQ2
Lzl (DRB*0301,
DQA*0501,
DOB*0201)
Kapke nivolumab 83 6 12/ LaEEs  DKA 23.67 74% 032ngml  (+) NR (=) NR (-) NHR
Zm RN
atezolizumab 63 9 24J4 JK#% DKA 450  7.8% 0.02ngml (+) NR (=) NR (=) DRBI*03,
bR DRB1#04,
DQB1*02,
DQB1*03,
DQA1*03,
DQA1*05
Smith-Cohn ~ pembrolizumab 67 9 3™ JHiEHE  DKA 2639 8.7% NR (#+) (=) NR (=) (=) NR
%lm
Mengibar durvalumab 1 NR 2t DKA 2317 84% 0.02ngmL (+) (+) NR NR NR NR
a5 % TR
Yamamoto nivolumab 77 6 NR 3 g2 EIEE 21.06 62% 592ngml  (-) (=) (=) (=) NR DRBI*09:01-
o, A4t A ey
4 OB1#03:03
Gl%?:}l]r pembrolizumab 78 1 34 W Z R DKA 44.00 69% 022nmol/. (+) (+) NR NR NR NHR
Tohi pembrolizumah 75 3 NR ¥ DKA 60.67  67%  kAE (=) NR NR NR DNR NR
Al R
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" Y OICIsR ORE MR R b
SCHk 254 o ME R0 ER (L) HbAlc C-Hk GADA TA-2A IAA 7ZnT8A ICA HLA
Bastin nivolumab 51 NR 241 AE/M4IME DKA 6800  8.0% <00l pgL  (+) (=) NR (=) NR DRBI*04:01,
pre e DOB1*03:02
i ¢ A~ mBE X . . - - -
nivolumab 71 NR 7 | H 4&14\?&]”@ lﬁljnf/;*; 44.00 13 7% 2.00 Hg/L ( ) ( ) NR ( ) NR DRBI*0402,
Iitid i /& DOB1*03:02
nivolumah 61 NR 24 AE/MIE DKA 77.80  93% 044 pgl. (=) (=) NR (=) NR DRBI*04:05,
Jitidi DQB1#03:02
Edahiro  pembrolizumab 61 8 NR JE/hMIEE DKA - 3178 84%  kAR®E  (-) NR  NR  NR NR NR
A i
Skorpen pembrolizumab 60 2 NR /N DKA 69.70  84% <7.00 pmol/. (=) (=) (=) NR NR NR
e s
Hatakeyama ~ nivolumab 60 36 491d d/MiIE &l 2311 91%  078ngml (=) (=) NR NR NR NR
A g
i < 7N B . _ _
i pembrolizumab 67 3 NR ﬂ%gﬂt DKA 2698 80% O05lmgnl (=) NR (-) (o ) R
Tassone nivolumab 42 4 10/ JE/MIE DKA 35.11 NR 0.20 ng/dL (#) (=) NR NR (-) NHR
e s
Matsuura nivolumab 78 3 40d BN I 2928 6.1%  <0.10 ng/ml.  (+) (=) NR (=) NR NHR
Ay i
Omodaka  4&H nivolumab 64 3 NR I g (-) (-)  NR
%95 A ipilimumab i 1972 67%  <0.02 ng/ml NR MR NR
Takahashi nivolumab 74 6 NR BEZE DKA 3172 8.0% NR (<) NR (=) NR NR NR
%I%]
Sum nivolumab® 75 3 NR MR EI, 3767 76%  030mgmL  (+) NR (=) NR (-) NR
ipilimumab i pRAE
Capi[ao nivolumab 74 NR 25d ﬂ:/J\ﬁHH@ DKA 58.89 8.7% 0.20 ng/mL (+) NR NR NR NR DRB1*04
A i
Kumagai nivolumab 73 11 220 AN EmAEE 3933 94%  097ngdl. (=) (=) (=) (=) NR DRBI*09:01-
) itisi DQBI1*03:03
Mizab pembrolizumab 58  NR 34 BAZER  DKA 3344 74% 0.0l nmol/. (=) (=) NR NR NR NR
Mellah
%I%]
Way%®  durvalumab 84 11 18Jf B DKA 2711 91% 040ngml  (+) NR NR NR MR NR
atezolizumab  NR 3 9 R EIBE 2106 82%  1.10ngmL  (+) NR NR NR  (-) NR
bR
Tsiogka ipilimumab 64 3 NR MM DKA 4167 6.1% <0.003 pmolmL (=) (=) (=) NR () NHR
%IZO]
Leonardi pembrolizumab 66 /Nl DKA 3533 7.6%  0.30 ng/mL (+#) NR (=) NR (-) NR
e 3 NR -
e Jitid
Matsumura nivolumab 68 3 NR e/ =i 1833 8.0%  3.16 ng/mL (=) (=) (=) NR NR A*24:02,
) s DRB1#09:01
Hickmott atezolizumab 57 5 NR IR DKA 2400  75%  0.65 ng/mL (=) NR NR NR  (-) DRBI*04,
Aoy R DRB4*01;
DQB1*03,
DOB1*03
TeloZ™  nivolumabfl 51 NR 45d  W4HM% DKA 4239  72% KA (<) (=) NR NR DNR NR
ipilimumab
LoweZ528 nivolumabfl 54 3 NR BEEE DKA NR NR  <0.10ngmlL (+) NR NR NR NR NHR
ipilimumab
Usui &g nivolumab 31 1 13d  d/hiie DKA 4128 64% <0.03ngmL (+) NR NR NR NR DRBI*04:05-
it DQB1#04:01
nivolumab 62 4 10/ AR/ s 1367 6.5% NR (<) NR NR NR NR DRBI*09:01-
Iitiea DQB1%#03:03
Thoreau  pembrolizumab 73 NR  26f] MM DKA NR 8.5% NR (<) (=) NR NR NR NR

’%‘FI%]
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. OISR KA ME R Ikl )
SCHk 254 BRI RH ER (L) HbAlc C-Ik GADA TA-2A TAA ZnT8A ICA HLA
Humayun Y& ipilimumab 55 9 NR BEZEM DKA 42.00 10.7% NR (=) NR NR NR  (-) NR
Sen JaH
pembrolizumab
Ohara nivolumah 70 1 2/ B b 1822 64%  650ngml. (=) (+) (=) (=) (=) DQBI*03:02,
L1 DQA103:01,
DPB1%02:02
Patel %% durvalumab 49 NR 3 A /MR DKA 20.10 78% 86.00 pmol/. (+) NR NR (=) (-) NR
htises
Okahata nivolumab 52 NR NR MM DKA 2233 78% 030ngmL (=) (=) (=) NR NR NHR
AEEJ100]
Bac%n‘;iier pembrolizumab 60 NR 100 e ZE DKA 27.00 NR NR NR NR NR NR NR NR
PattiZE  atezolizumab 70 3 NR JE/NL DKA - 56.39 NR NR (<) NR NR NR MR NR
i
Atkins avelumabfl 50 2 1A WEBIR4E DKA 1890  64% 63.00pmol/. (+) NR (=) NR NR NR
Sy utomilumab Mg
Ishikawa nivolumab 54 16 NR MEZM | 3222 7.0%  1.00ngmL (=) (=) NR NR NR DRBI¥0405,
200 DQB1%03:02
Aleksova  SEM ipilimumab 60 2 5 B EE DKA 2700 7.0% 5700 pmol/. (=) (=) NR NR NR NR
A JaH
pembrolizumab
Zena5¥ nivolumabfl 60 1 2 B EE DKA 46.00 7.5% NR (+#) (+#) NR NR (%) NR
ipilimumah
nivolumabfl 80 1 5] BEZR DKA 4840 NR NR (+) (=) NR NR (+) NR
ipilimumab
Alrifai pembrolizumah 69 4 NR e/ DKA - 5039 92% <0.10mgdl. (+) NR NR NR NR NR
el it
Hong pembrolizumab 76 3 11 fiffE  DKA 2739 104% 00lngmL (=) NR (=) NR NR NR
%[W]
atezolimmab 67 9 27/ JRiH  DKA 2944  98% 00lngmlL (=) NR NR NR NR NR
b R
pembrolizumah 78 1 44 MEEM DKA 2744 114% 00lngmL (+) NR (=) NR NR NR
pembrolizumab 65 7 214 JR4%  DKA 2839  58% 010ngmL (=) NR (=) NR NR NR
Abdullah nivolumab 68 2 NR MEEE DKA 3572 NR  010ngmL (-) (=) (=) NR NR NR
%{1051
Boyle pembrolizumab 56 NR 2240 H  B@EZW mIEE 3100 74% 71700 pmol/. (=) (=) NR NR NR NHR
g:j:[ub]
pembrolizumah 74 7 NR WHse/RA =ik,  24.60 NR  8800pmol/l. (=) (=) NR NR NR NHR
fus R AR
Shibayama avelumab 81 10 NR MmO /R4 g, 2683 7.5% 1.07ngml (=) (=) NR NR NR DRBI*09:01,
45001 JE AR DQOB1#03:03
ChiaZ'®  durvalumab® NR 2 NR UM DKA  30.60 NR NR NR NR NR NR NR NR
Presotto nivolumab 43 NR 124°A BEZEE mimbF  >1667  NR NR NR NR NR NR NR NR
A1)
Clotman pembrolizumab 73 2 8 M ZM DKA 30.00 71% 030 ngmlL (+) (=) (=) (=) (+) DQAI*0301-
e DOB1*0302/
DQA1#0301-
DOB1#0302
Stamatouli  nivolumab®,  66* NR 20/ BEZEE DKA* 3628 7.95%° NR offl sl NR - 2fi]  2ff
o) pembrolizumab (144 (16 1)
(14.4)

atezolizumab

(1140
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" S OICIsTR kA W R IR
Sk 251 o HE R0 B (L) HbAle C-fk  GADA IA-2A IAA ZnT8A ICA HLA
JE/NE A*02:01 13 il
JitisEa DR3 6 5] DR4
(4 fail) 16 1l (DR4~
DQS8 6 fi)
(Egailionla
(3 fiil)
FoAtu e
(6 1)
Magis  JoHl ipilimumab 41 2 8 HEAER  DKA 50.45 6.8% <0003nmol/. (=) (+) (=) NR NR DRBI*04:05,
L =] DQB1*#03:02
pembrolizumab
Jef ipilimumab 48 11 22f  BEAEE O DKA 3500 64% 0.03mmol/L (=) (=) NR  NR NR DRBI*03:01,
J5i F nivolumab DOQB1*#02:01
Jof ipilimumab 50 4 84 MERRE DKA 11,60  75% 02lnmol/L (=) (=) NR NR NR DRBI*03:01,
J&i F nivolumab DOB1*#02:01
nivolumab 48 13 26f B DKA 12.20 76% 008mmol/. (=) (+) (=) NR NR DRBI*04:01
nivolumabaf, 22 14 29/ BEER DKA 30.00 71% 0.15nmol/. (=) (=) NR NR NR NHR
ipilimumab
Larkins pembrolizumab® NR ~ NR NR LHIREE  NR NR NR NR NR NR NR NR NR NR
o RAH A
Yamazaki ipilimumab  NR NR NR REFE  NR NR NR NR NR  NR NR NR NR NR
i)
Boku nivolumabd  NR NR NR HISE  NR NR NR NR NR NR NR NR NR NR
g A
nivoluma®  NR  NR NR H/HE NR NR NR NR NR NR NR NR NR NR
R
Marchand nivolumab 62 34 18MH  RBEZE S 2490 11.4% NR NR NR NR NR NR NR
%;HIJ
Falcao nivolumab 57 16 2MH E4ME SmbE NR 10.5% NR NR NR NR NR NR NR
%I%\

TE : (=) FRIANE ; (+) FRBATE ; NR 2R BEARIE ; NHR 2R A8 GIM s a; 8835 B3 27 0 2 WPHE R RSP Y4505 0 66 %2 1CTs 51 PR
B FRE B ] 2 20 J&, DKA St 16 141, 35 8 58 3 1 F- 24 100 4 36.28 mmol/L, E-3 HbAle 4 7.95% ;b . 156201 7 i 2 Bk BT 5 o BRI & A 28k
0.5%(n=192) ;. B E Y H BT A (R B E R YD FIAEITAL, | BBEIRIR & 2N 11.1%(n=18)

2 KImHLE

BB AL P9 E W] CTLA—4 PD—1 PD-L1 %t ¥i%
F iR 22 1% (single nucleotide polymorphisms,SNP) 5 1 i
PRI B AR 4 Tang ST Z55—I5 Meta 4347, CTLA-4 %
Rl Z 251 15231775 (+49A/G) rs3087243 (CT60A/G) 5 1 7
5 BRI XU 55 A 56 | 155742909 (=3 18C/T) I JC B | AH &k
TEV AL 50HTH | rs231775 Fil 1s3087243 7E AR R (i 2% Al
SWESAEE) th e 2 1 Gt t2#0CHE . Chen MATT Li S4f
1155742909 5 WA 1 RS PRI ) PEAH G, PD-1 2
H Z A PERFFE T, 1s11568821 (PD1.3,7146G/A) 55122 A 178
PR AR S I3 SNP 7 ity M & % 22 A HERY I 5T R O
REIAIEPES M 1s2227981(PD1.5) (1s2227982(PD1.9) 5
ZR 1 TR BRI RURS: A7 B S AH DG S, — TG F H AR L3
TV PR AT S8 5% ,PD-1 1536084323 (PD1.1) 1535933396 .

1528532536 1535214377 1334819629 (PD12) 152227982 (PD19)
505 e HE A 5% 1 PD-11 B PD-1.2 #:[K SNP Hp (1 25 37 3
PRIk o PR AT 3R B8R S B I 35 25 51, Pizarro C ZENOBIFSE
B, PD-LI1 rs2297137 ,rs4143815 58 FIAHE 1 BVE FR % AH
5, Ho 1 BOBERRR B LT P PD-L1 KSR, e ARE
o PD-L1 rs4143815 [Al B 1 BUBE R i) 35 40 5G| #5447
154143815 C 457 A A AN TERE A8 1 ZR0BE R 9 XURS 341K
154143815 G/G JEFIBLRY 1 RO PR B kil B BT fe
PERREIE T C AR AL H I, H Al M I s #1 PD-12
FEF 2SS 1 OB ARG , RS> CTLA-4 PD-
1 .PD-L1 /Y SNP Y5 1 T4 RIS (1) 20 S8 AE DG , fH /3 42 SNP
S5 1CTs 5 MR M AT . [RIRE N 75
R SNP &5 1 BRI A IC P FEANTE 42— 3K,
AEREJHEARE R 55 (non—obese diabetic, NOD) 7]\ ERUA%E 760 5
FW5E PD-1/PD-L1 S BETE 1 BUBEFRGHIAER . Ansari MJ
SR E BT PD-1 8% PD-L1 1[5 S 1~10 R A HEHE NOD
/N B BUBE BRI T BHLIBT CTLA-4 XA 1 JE 3 i EPE NOD
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/INER T L U PR, BELBT PD—12 7 4% 2 vy ¥ 5 WL 52 51 9 R
J5 , PD-1 B PD-L1 BHLWTJ5 7T S BEHA o A i SR M J 15 52, O
H NOD /N B T 98 i TR 25 4 2 03 40 Al 26 1 T 3k PD-L1,
BJe PD-1 AT NOD /INERURZE 1 BUBE IR, IF B ey rh
BE M T 0 1 F B T 40 1 (T helper 1,Th1) 75 [a] “4
AE70S T} Guleria T Z5UF T T 4HEZ AR (T cell receptor, TCR)
BESEPR/NEURIFSETE B, BELBT PD-L1 AT 5:3 NOD /N EUA N
BN CD4*F1 CD8*T 4l 4%, Fife BT SF1AF 58 £ 01
PD-1/PD-L1 nl i TCR 3R sh 9 ZEA5 5, IR S N T
ANBRLIA L B, B0 T 4R -S54 2 IR 4B (dendritic cells, DC)
(AR E AR, 2 2E T 407Gk, DT 380 1 RO PRI 1 K 2
Fujisawa R ZE0S0%F H A< 1 BUBE RS B8 2 10 55 b |, JR 2540
JAlIl CD4*T A0 PD-1 FIKBEAI, PD-1 IG5 T B
P T AU G T RS AL, S BUR S B AIMREIR , X ELRTFSY
FWIBH KT PD-1/PD-L1 3 8% 51 2 T Ik U0 200 A o 32 38 Ol
WS B ANETTRES 5 1CIs AOCHI IR AY &

3 GERESIGIFEER MEEBSRSIBRS
FPREMEXF

HRA BTG 7400, 1CTs 51 A0E JR I 7E 3252 PD-1
TGRS 7 8 TR DL (FEE 96 i), Forh 11 Bl
A2 CTLA-4 MHIRINAYT . PD-L1 50 B 267 i A
FA 14 6,1 FIHA R BT4EE 5T R Utomilumab (CD137
WEhi) . CTLA-4 I 25677 5 1R AHE PRI 5 o 2 0L
H RGO 2 B0, 55 2 Bl EFEHEZ CTLA-4 RGBT
B2 T PD-1 #MHIRVATT . PD-1 5 CTLA-4 flIFIHE 5
BIT IR ARG A 9 4], X R N alR| L st A IE R Fgi
WRH o 1CIs IR TRTT AT 4 IOME B 14 5 A6 JXURS: , 4 i) G B
HL(1 mg/kg,3 JE/AR) FIFIC AT (3 me/ke,3 JEAK) AR
IPJE 1 RO PRI 0 & AR R h 1.5% , ARG HLT (3 mg/ke,
3 JARR) FIVEAR AT (1 mglkg, 3 AR BREIRIT IS 1 20K
PRI A R 2.7% 5 TN a R E BT B2 I8 7 (1 (83 1RYT
J& 1 BRI A A A H AT RORHE R (R 0.9%2),

JRE R A5 T, LU G R R Z UL (61 f]) , HUO=AE/ N
AT fili R (34 1)), nTBELS 1CTs £ Tk 2 R R A7
A, HET M NG M 2R Y irAEs 22 W] J2 15 77 76 AH ¢
Pk, BEE ICIs 15 W UE R K, 3K — [al 80 2315 3 T 4 1
A

4 lmRRIL IDHT R 2 BRY

M\ ICTs AR ARIAYT BB IR & 2 I (R 28 SRR, ek
5d, /N 22 N H  IRITITRR A 1~36 IR, TEAERERRI%G
A BB T B I ICTs AHSCHH PRI A B )4 712, Clotman
K ZEI%} 42 {5 835 0B T 43T, R MR TG TRTT 2112
TE PRI I F-2 1) ], 27 R B R B BT AR (glutamic acid decar—

boxylase antibody, GADA) B Ky 5 J& ,GADA BATEE A 9fl
X5 Z i Gauci ML ZEPHRIE—E (3 J& vs. 12.5 J&),

1CIs 753 (P PR e 2, 6 LI PR s FIAE B2 1 25 ( dia—
betic ketoacidosis, DKA)F25 (137 {51 F M1 89 ), FFL N
Al Xt R O s IR AETERE RN A ST
TRAY B DKA B R AT H S puikm 88 &>, T2
YHBYTA BB FECE . Rk 5 E AN R RO, B Y
A I R R T 02 25 ) 5 | AR 4k A T DKA,
ATHEA T IR RSN B i ST A3 4 DKA iz™, 430
151] 58 35S v MR (k) FAE 22 BRI TSR vh i, 1 491 3R
IRy i T B RS JR A Y IS TS R 11.6~77.8 mmol/L,
HEAL I 21 25 F (glycated hemoglobin, HbAlc) y& A 5.8% ~
13.7% , Z 88 C—IROK P RMREUR Z A T ik WA
IR e U8 37 N7 B =B O 15 o SR W
BRI AR T AR S, GADA BHYER WL (50/109) . 4 65
B AT T 2 I 2R B R B4 (protein tyrosine phos—
phatase antibody , IA=2A )& | HPE 16 4,39 #i B # AT T
5% & A SPUK (insulin autoantibody , IAA )R | FHAE: 3 4],
G354 29 Fi 35 B E I TREFZ 1A 8 BiAA (zine transporter
8 antibody,ZnT8A ) Fl g &% 4l ELHLAA (islet cell antibody,ICA)
Tz, BB R 3 AT 6 4, (EAT R, 3B
TE 1CTs FHOCHE PRI & 2 Hi sk ] BEAAAE H B HTiK . Gauci ML
SERRIE 1 8 AR Z g A BRTIR T 6 S
DKA,GADA [IA-2A ZnT8A A [ , XIFFiifyy 7 Sk dr 3 4~
H AT RS A T8, R BLIX 3 Fhpoid L& 2 T, i
X B[] AR B B B 3R K C-BRIGIEH . S0, a0
PPl R E ST AT LR A I 2645 . Lowe JR S5
B 1 A2 N JC TR LA BRI Hh
DKA 601 GADA PR, NTFUGRIARYY 1 BT GADA Rtk
Godwin JL SF@HE 1 452 20 sl A e B biif g7 v R M A
DKA R E K GADA TAA TA-2A B, M- 4R I67T 8 4
HT TAA R BIE,GADA TA-2A | ZnT8A N PHPYE, FE4NEF
JCEABTRI IR I 5 AT JE  TAA B BRSSP, T R
FWPUIE S B0 S0 RS B , 7E DKA &4 13 M JE
ZnT8A e hBIE . AT JC RS UESIIE IS IR B Sk
ICls 75| A DR AF O | Ansari MJ 25043 82 21 78 BT PD-1
S PD-L1 # NOD /N J6 i A B BTk P15 08 B 14 4
AT TR OGN . — 2/ NPT BP0 ) BB PR, 55— /)N
FUSEFAAETUARIA IR R R IR . DRI, o s W PR
B YU AT LM RIS BN 1 — S B0 8 b 5 Bk A 7 1
— R

BRAEAATERE bR 10 £ 3 it 12 fpijlea 00002000 THC e 1 45i)
[ S A7 JER R P PR (4 & T I e+ — 48 I IR R
J5i ) FNZE RS PR, HA 2 BUBEIR . A 7 BRI A
DK AR 4 {51 F 0y 2 I BEE-523697 Magis Q 254 iH PD-1
PRI AT A2 i O R R 2 BB PR R Y IR (EL 5
BUAEAE 2 TRUBE P 2 75 2 TCTs FH SSBE PRI 114 6 DR 25 4 7%
WFE,
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Stamatouli AM Z5P2HZSEA 32%0) 1CTs AH K PR R B 2
i 7 kA0 ( 50) VA T /K SF- TH 8 , 1 4 R TS CT B2 J A
AR AR AR AR B 7 B R SRR A1 230 ) BE AZ 45
(NG PRI X 4 3] £ 38 1A T I g LA 28 KT | 45 R 4
TEIE N . Stamatouli AM FF2HA R RS o 4HAEITASZ 5
M , Marchand L ZE58%} 6 4] 1CIs AHIEHH IR IE B # AU RAR S5
WIIREHHAT T PEAIRFSE A 2 5 & MR PRI (fulminant di-
abetes, FD ) HE A it ) Sk T8, 2 f91) £ 38 200 98 7 2 1 g -
1 AP BAR (He 1 154 FD) 2 4] FD S E 7EIR &4 50
(mixed meal test, MMT) H i g U 2R SO0 FAIG T 2Kb PR s
A o AN B HRAR 15310 I R A 15 32 3 ) 5 2 — A5 A
5%, AT A B e R R A AR RS X IR S B A, 1%
6 Bl ERF AR CT I & B bk sl 12 1k A 46 IO AiE 42, i JE
WEIR I . 3 9 FD HE TR IR S A m R ARG A 184 o,
2 9 FD B3 it AR ARG/ (EARTE RIS, T A iR
FERE TR RARAA B4/, Marchand L AEFSPA 0 B R 1A
RNSHRIRIAA 5, S5 RPEiRIT I . X 3 BRI
TN BB S AR RIR IRE , M T 2L b A e S A
WRIZEIE .

VR —Fh 22 st 4% PR SR BP0 , 1 BRUBE DRI 1) 3 1% o)
JEPE S 02T 6p21 et fA b G A 1 41 BT R (human
leukocyte antigen, HLA) 1 2855Iy BE D 22 A0 AR OCR, ifF5%
FM HEEE HLA 20 U0 DRB1#03:01-DQA1#05:01-DQB1#02:
01(f&F% DR3) DRB1*04:0102040508-DQA1#03:01-DQB1%*03:
02/04 ( 2% DQB1*02; faj # DR4) DRB1*0405-DQB1*0401 ,
DRB1*0802-D(QB1*0302 DRB1*0901-D(QB1*0303 . DPB1*02:
02 . DPB1#03:01 %45 1 AUHH JR 5 A5G , Horhr DRB1#0405-
DQB1*0401 7£ H A ABEZR &M 1 BRI e Lo 55
A CHLA T 26 5E P A%24:02 A*02:01 B*39:06 . B*18:01 |
C*05:01 WFRILE 1 BUBERI A ICHER, 1l HLA B*4002,
C*0803 7E H A AFFAR &M 1 RUBE bR T S 4 o), e
ICIs JRYT IO B H, 349 FB 3 vl R 1) L 3 i3 AU HILA 3%
T SCHLRIZ IR B AR EZ 1CTs 16T e EEOME R 1 XU 7]
fERE m , HEAT HLA S PRI sl Bh = B 0 oo XUBGS: £ 3
DA AT RE B RS2 B st A 7 100

AR A T A2 2H 29 (World Health Organization, WHO) i
A58 FMEDRIF o3 B R FR A2 A6 a5 T okl 70 5 330 A PR
99 I U AR RIS TR B 5 24005 RS VR PR 2R (LI A
B R, A8 LR 20 1 A 8 B (F T 908 B0 200 M 905 42 34
TR EURE B AN AR I R 12 R T AR DR 1 SR L
il , AT F I 5 2R 4 e = |3 b5 1 J50H BRI Y 2 A pL
FAR S, LR R A | RUBEIRIN . Ik, K28k
HRPRFIZZE PR AE R 1 SO X T . 340, A B et
NG IV 2248 Je B AR RS W th 1CTs BIRE R B UL A
Ko 2 35 py g s DJE Bt g i SR Hh B R T 44!
UG PO 25 4 D s AR L e 9o = I AR RS T A A
AR LA R I, A 5 AR RS 4 ELARIL ] o AT
& AR 1) TN RS2 S AE A B 7 7™ T A J ) AT

JrEL, 1CIs R WAl 5 R 2 N 3 B B e 2i G 1R, 1
BRI A 1 BUFRR  Addison R RIFEAR S, 75 1 1R N 1
RUBEPRIP B 1 RR R S5 T g iR A IR AR Th g il . R
ICTs 75 S A o 5 B & vk 1 BOBE PRI A AR Bl 2 b, 4 DKA
KA, C-ACFBAR S MM A E]  HbA e TH A & 3
Wi Z AR e B A O ) oA o AE e b 1 78
WE PRI £ P A B (R 1CTs 51 & AR PR Hh BH 2R
VUDAR A A o BUAN PR 1 RUBRIRIG H , nT A 98 %R
t0 B P (A M L U R A ks ) AR R ) R, H de
Filette IMK 56 1 5 RGERIB B A 52% 00 835 H
NI B CHCA i A HE )

25 LR ICTs 175 S AR PRS2, fF REE , JBE 5 B
NIRRT F805 | & /12 DKA (0 XU 8 | DR I v i85
WEATAG SRR PRI B DKA I RIS #, 2RI R b
PN 257 1CTs YT I R A R 7 A Wl
AL B S AR UETT I A R e, 3 1 N i bl 2
TR HETE HbA L IO 7 B w5 ot B4 195 10 77 7 el 0 17
W, % TR B B Uik, B e ETT GADA BRI, S
GADA SBAME, WIAT TA2 F1 Zn'T8 FriRAyAam

5 aTrShE

B T RO IR LA B Al SR SRR AE | PRI Y
HXT TR B AR R IR 1 AR PR A S0 b B, H
HSCHRA A 30 M5 LAt i b RS , e 25 BB & 3R
J7 (18 P R ZR AL ify T ) , AR PR SR . 3C
R L DKA B B9 8 (43 BIERT7 J5 58, B LA DK B
By R TEAIRIRYT , o 27 BRI PRI 5 5 U145 R e 5 2R
SRACIRYT , 2RO BRI i n] AR A B F B R
DKA ZAER, X TZ 2B i T MU LA ], sl ) i
i [z F R ) 22 7 5T (continuous subcutaneous insulin infusion,
CSIN AL FIE Fyr sk i AL, Li S SR8 1 f &7 B
DKA J5 ] CS MALEIRYT , Bt e el B H 200 T4
(multiple daily injection, MDI) 5 &5 2 ¥A 7, I0LBH 45 1 R 4F .
Godwin JL S52Hf5E 1 B CS TR B (A S
SR b DR B A A TR 5 2R A X LA K S B T A
By ZRIGYT . BRI, KB IR X T 1CTs 175 & AW s 2
—FT AR IS s B B DKA B 208 5 S A 7
K TR 2R S MARY T W EUEWT A . H A 43
PIh i T A S0 T A SR TR v 2 B S o P R B R
SRALIRY TR MR ACES, TR JR ST, 2808 K
JBe 5 ZIAYT {5 Hansen B AFSHIE 1 0 FBA ORI 2R 5505
Hh L UM EL GADA PR R bR R 78 R0 i 45 FH SR L
I URIE R RGBS, 25 I IUWE KA H R B RT3 2 S 8 T
Ko 54 d JEfs By 28 A 2 JE IR BE T i 7E 400620 d
55 d.81 d RAEMFEVLINL C BRIIFEIEHILRFIN , R RIR
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KATEAE TR R B AIIHE . Marchand L W HE 1 41
RRE BGTIR YT R R S s B 3 AR
fEHIT BREZIRYT . TEIX 2 I R 2 L RS
A5 IR ZRIG)T X2 5 B A ThRelR i A
KM R EREST

XPTREAEAR 2 BRI Y 8 Alrifai T SFPHA 7T LA
FHIBE S 20 IR B 245 097 SR8 1CIs AHSCHE BRI , LA TR
JBR i ZHCHT IRl Scrk 1 IREA: 2 BUBE PRI SR AEEE 20
TR BRBAHTIRIT IS B DKA |, 78 MBS v 1 i R 4 1E
DKA J& JF U6 e & 28 31 AL 36 97,15 > H JR HbALe 135w
(8.7%) , UM —HXUIK, 1 4~ A J& HbAle FEE 7.7%, #A1-
T EBEILFE B K 2 (sodium—glucose cotransporter—2,SGLT-2)
TR AT AR 23440 DKA & AR B KUK, 1 5] 2 ZR0HE PR (8 %
TEAE AR A HGTARY YIS L DKA, T& RS 2 d B 1
TR A0 DI AT BEINTE DKA (&, Lee S SFFRA N 42
32 1CIs JG7T Y 2 BORR AR R 10 i e i SGLT-2 il 551
BIXF ICIs 10975 1k ) S e M AR U 2546 J5 nws e , 1 1] i
B TS K HAIIAY Y, MU % AT, Marchand L
SR R Rk 2 R T DA e B FR I XU
WEMEYGE — BZEYT

F A 4 1122 0l TS B iR Wi i 1CTs AR SCHE PR
R ReaE s 20 (IR T, AU &2 2R YT . XU
BB SR I ANREIRR S B AN F DB , BCHE e AN HERA B
J TR FH THRYT 1CTs SR IBERE™, SC T2 E5H ICIs
VRIT R AN R RN GO 1 9 (TCRER e IR R 45
23 MR >8.9 mmol/L; JGHRE 8l 1 AR PR B IE e ) i ml
kLA ] 1CIs 097, JF R UIRET SE AT S0 S R A P Al . 45
i —2 N T 25 1CTs B E RS il R aree, H
HiT i 0T P 1CTs TR Y775 R BRI AE T I

ICIs VAT T S0bE PRI AR L 25 1, o3 2% e
1| BUOBEIRIE 3 2% 28 Ve | OB DR S8 5 1 PG iz i
AN A PRI A RN AR 3 o, (ELR H AT R
H T A A i R I QAR R B 1 A A R IR E A
DDA DR 1 P S B [ REURE 2 52 M 3 i A e L PR 2R
PRt , 7 B R A TR B 7, W) il B & HbAle 284k
T3A X IR A T TR B R R R R 2 R A e R
HRE IR,

25 LRI TCTs YR Y7 BT sonl iR 1 R — sl i s i e
i, AR T 25 DR IR RS AU IR (B AL 2 5
RN | BIBEPRIGI N2, HRTHIZIRHEAR S IR R 1
RUBEDRAGHER T B8 e BOBCR T RO\ HBIPR UEF AR, B2,
HBIRZR TR A Rt — R ARG
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