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Abstract

Objective: The goal of this study was to investigate the relationship between positive insulin au-
toantibodies and islet function in patients with checkpoint inhibitor-related diabetes mellitus who
were treated with PD-1 inhibitors. Methods: A retrospective study was conducted regarding five
patients with checkpoint inhibitor-related diabetes mellitus. The data have been reviewed by the
Ethics Committee of our hospital. These patients were treated in the Department of Endocrinology
and Metabolism in the Affiliated Hospital of Qingdao University from September 2018 to February
2021. The data collected included sex, age, survival, body mass index (BMI), tumor type, immuno-
suppressive agent type, onset cycle, insulin-related antibodies, insulin and c-peptide levels. After
searching the existing Chinese and English literature databases (CNKI, Wanfang, VIP, PubMed, Web
of Science) for additional case reports containing statistical data on insulin-related antibody and
C-peptide levels (i.e., islet function), we divided patients into two groups: the insulin antibody-positive
group (22 cases) and the insulin antibody-negative group (23 cases). The differences between groups
were tested using the chi-square test, Fisher’s exact test, and the Whitney U test. Results: We did not
find an association between insulin-related antibodies and islet function (p > 0.05). Due to a single
statistic being < 1, the results of the Fisher’s test were p = 0.233, p > 0.05. We also did not find a
difference in the c-peptide levels between the antibody-positive group and the antibody-negative
group with Mann-Whitney U test result of p > 0.05. Conclusions: There was no significant correla-
tion between islet-associated antibody levels and islet function in patients with checkpoint inhi-
bitor-related diabetes mellitus.
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1. 5|15

AR, B R TR MR R, R PR e iy H a2 B s 1] Horh, i d
I 7)(immune checkpoint inhibitors, ICPis). #HfIEEPE T 4Ha$)5-4 (cytotoxic T lymphocyte antigen-4,
CTLA-4)). FEFFHIET 521K (programmed death receptor, PD-1)F1FEFHEFET-HLAA-L1 (programmed death
ligand-1, PD-L1))s& N ) 2 MHuiE[2]. S8T0, BEE ICPis M ARk S, & Fh B S S s I K
SERIFRIE IEEHE 0. IX L 5 & M I RAEFRCA A R AN B F 44 (immune-related adverse events, irAEs),
A AR ZA RS, KA S5AW RGN, GO S e mAig. B8 0mEEFREL .
H B G B AN G e e VERE RO [3] [4]0 S 25 s 4] 77 AH DG4 4 PR 93 (Checkpoint inhibitor-related
diabetes mellitus, CPI-DM)s& i1 ICPis 5% H & R MERE PRI, 257 WO 70 WAAH G AN R SR [5] .
CPI-DM AR H 218 0.2%~0.9% [6].

PD-1 2&7E T 408 L3Rk 24k, AT# A EC/R PD-L1 1 PD-L2 ¥#i&. 24 PD-1 5 PD-L1 4541,
RN T 40 S A IFAE B B et T 4HM0 K35 [7]. X BT AT, FRAE S N2 1 7 b ke
VR[] — SR 3 i 2655 R O B RTBGE PD-1 $MHR AR HI R kR S v T 4 SN, AT
WRE ARG e RS0 [8]. PRI, G ILRE R ICPis, FRATATLARHWT PD-1 &4, HHEGE T 40 R 500 R
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YHMI[9]. SRT, 4 PD-1 A B BT, ANSCHE e 40 M )4 S Ve T A A7 3%, — S8 | S Wik T 40 (i
I 1 JR B A0 B T AR REAZIE[10]. W& B & R SPE CD4 1 CD8™ T 4 ik 3958, {2 sk 40 i A7
U 1 3 &K (type T interferon, IFN-T) [11]. R PRFEIX T (tumor necrosis factor, TNF)F1 (4 41 ffi /22 (in-
terleukin-2, IL-2) [12][1) 55 IX4E H B G 40 M B e S 4, 5251 & CPI-DM [13],

HAT, 2R S N 1 S A S BH 2 1 58 5 A28 PD-1 BofA 5 T8 5 I A ik B Dy e vy, RLAFF
FEMATERE[6] [12]0 AL TERRFBLH PD-1 JUARIGTT 0 5 BIAS [F] s 535 7 R 4= CPI-DM 15 . A
T B S ThAE 5 B S PAZ R R, AR 2015~2020 R 3E S HHE)FE(CNKI, Wanfang data, VIP,
PubMed, Web of Science) 1 # 3 ARG AT 1 SCHR 1T, e 4453 1 57 4 &5 @it 57 4 CPI-DM
SRR S B S U B DI RE R A G2t T DATE Af s DB i) 2B, HR IR 24 .

2. fRBlRE

M 2018 £ 9 HE 2021 £ 2 H, BANTKIT 5 HIZ PD-1 HidkiGI7 )G K CPI-DM )45, % 1~% 3 &
T FEESMEER .

Table 1. Case overview 1

= 1. mAHE
. Survival and cause a Immune checkpoint  Onset .
Coding Sex Age of death BMI Tumor type inhibitor cycle Coding
1 M 77 Survived 20,83 Non-small cell carcinoma Carrilizumab ~ Cycle8 1
of lung
2 F 59 Death. Died of tumor 2334 Small cell carcinoma of Letter dilizumab  Cycle 7 )
recurrence lung
3 M 69 Survived 15.81  Squamous-cell carcinoma Triplezumab Cycle 6 3
4 M 68 De.ath. Dled. of 2076 Non-small cell carcinoma Carrilizumab Cycle 1 4
respiratory failure of lung
5 F 33 Survived 3765 ~ Malignant neoplasm of Triplezumab ~ Cycled4 5
breast
“Body Mass Index.
Table 2. Case overview
= 2. mhHE
Fasting C peptide 2 hours C Fasting INS* 2 hours INS ar{gilgé?ézs(srﬁgiie Glycated
. (ng/ml) (reference peptide (ng/ml) (UIU/ml) (ulU/ml) b hemoglobin (%)
Coding range GADA” <30
range 1.1~4.4  (reference range (reference range (reference range [U/ml. IAA® < 20 (reference range
ng/ml) 1.1~4.4 ng/ml) 2.6~24.9 ng/ml) 2.6~24.9 ng/ml) I’U/ml) 4.0%~6.0%)
GADA 7.73
1 <0.02 <0.02 <0.4 <0.4 IAA 2,51 9.3
GADA 1.00
2 0.53 0.81 6.63 5.21 IAA 21.92 9
GADA > 280
3 0.19 0.26 1.66 0.98 IAA 734 7.9
GADA 7.16
4 0.74 0.5 Unmeasured Unmeasured TAA 16.32 8.4
GADA 6.56
5 <0.02 <0.02 <0.4 <0.4 TIAA 2.00 7.5

Insulin; *Glutamate decarboxylase antibody; “Insulin autoantibody.
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Table 3. Blood glucose monitoring, initial symptoms and concomitant symptoms

3. MPERSA . AIAREIR R FERERER

Fasting blood Random blood

gluco;eeg;renol/L) (m%:l 1:)017533 at Hyperosmolar Hyperosmolar ~ Combined with
Coding administration  onset (reference First symptom hyperglycemia hyperglycemia other autoimmune
(reference range range < 11.1 at onset at onset diseases
3.9~6.1 mmol/L) mmol/L)
Immune related
polydipsia, Dizziness a thyroiditis, 1Mmune
1 5.37 49.82 and headache Y Y related dermatitis,
immune related
myocarditis
Lethargy, slow
response, dizziness,
2 4.54 42.61 headache and limb Y Y None
convulsions
3 5.6 21.81 p"lydlp“ﬁ) Zfd weight Y N None
Immune associated
Chest tightness, b hypophysitis and
4 8.98 19.7 suffocation with fever N N interstitial
pneumonia
Dizziness, nausea,
vomiting, obvious Immune associated
3 317 48.46 dry, polydipsia and Y Y thyroiditis
polyuria
*Yes; "No.

CPI-DM 8 3N ™ 5 5 0% G 715 R B AE BR 1 #:(DKA) o K 2 HUE B AR5 — ORI 3B R H 3
B IRE, {HCLER A DKA Mt mipiss 510, 7 5 L EH, 4 % HBE DKA (80%), Hh—%4
A B B LR A E(20%) . CPI-DM & Iy — i DA ey TS FIAECRE A4 I 20 25 1 (HbA 1¢) /K- 9 RF-AIE
Ak, A 1 BERPI(TIDM)AE L, A2 5 4838 1 K-8 19.7~49.82 mmol/l, ~F¥IfLHE A 36.48
mmol/l, FELIMLZLE H(HbALC)E 7.5%~9.5% A3, V2418 8.4%, SHAY 1 BUNEIRBAHLL, I
K241 + 11.8 mmol/)#i iR . B3 5 fEH PD-1 ST S 1697 HiAA T JA R B o s A o, B
FES— IRRPEIRITHI(2020 4 11 A 9 H)IKEKPIES . 4 PD-1 HUkIGIT 5, 7 4 YO8 R eE, 25
R, BMELERINET | A, e EEEE AN, (21 G, S ATH 4 2021 451 H 18 H)
5 8 RABEAITI, ISk ot MK ik I PR S IR o IR T 2 48.62 mmol/1, BE AL AT 25 I (HbA 1 c)
T2 7.5%, M8 CBEAIEESS 2 h C ik < 0.02 ng/ml, & IFEERR . 72— WA B SR KR
SER, WMZRAMZIR, (FRFREM. 5 S AMBEYI4E R EoR, BERYER RS 2097, AR
BED R, B 2 G 2 IS M K T4 16.34 mmol/l. [RI, XFT4252 ICPis Y r &, & 1 xt
SRR R IR B A 5, BN RN RAEME L RGER, Wk®. Sk, Bl IXrkEE
AN, KB . B2, CPI-DM AEJRy—Fl Py 43 i DG E BORE SRR N 5| e B8 2 A0, J@ i S 70, 58
4 A] DAz CPI-DM f6 S AR anRERE, H AT E M 4G CPI-DM FE T il iiE . £ AT 5 41 838,
2 BIBFET o 2 SERESET MR E K, 4 5 BEILT IR, 5 CPI-DM 75K [F ik, CPI-DM
AJE PD-1 IR0y T (I FH 28R 5, {HTE DKA f77E I RAR Jadas il UE, 72 RL7E R B 3 IA T 1 2Rtk I
PRFF SRR T M AR BT S22 V0T« R, BRANRERE S —1L irAEs UAELE, {H ICPis 175582 iR i
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ANATEGER VR TT T
3. Wig

YE R —FENAE G G, CPI-DM WIiZWbrdEdn T WR B 2 2 n0 bs 2%, HHZE
HILLAF =itz —, MRS HA CPI-DM: 1) SRR RIGREIR(H 2R, 2. 2R, EEE S|
FEC PR v U « R ST R AR L BE LB T > 11.1 mmol/l B At 2 A FL; 2) 2SI > 7.0
mmol/l, 3) FIIR 75 g fi &G A > 11.1 mmol/l [14]. A SCHRIERT S BIR G AT B, B 1 5154,
2 WA AP LE 2538 40 T IR JEH  o 4 5 B sy 2 BOREIRE 7 4. UpEE s R4F, C KN
1B . 2020 4F 12 B, BEBECWONA ISR .. FFEETai =1, BESE C KA 2.2 IU/ml, #
J& 2 /NBF C KA 4.4 TU/ml. 18 K PD-1 Hiik 51 RS 5 S e e AT R B AR5, S HAR
BRINRERMBE A o . B AR IS, KIRS IR, 8 C BN 0.74 TU/mL, 7ERIIN
B MRS O T IR AR R B Thae s, T LLACKHBFTEREE 22U IRm R Eat B, AT
CPI-DM. UtAh, 2 5 H A I 2 1 1 i 3 /KT CE ke 56 N TR B 35 IRk, XA BB AN B B 1E St
I3 NP JR 55 T RE o« C JIKIRI /K AT DL BE G b S B 262 R B 5 Dy B o DAL, AT AT 5 4 BB 1EE ) PD-1
PUATRYT AR S AR T A IR 5 3 v . AR R B TR VEAS, 5 BIESE C IR, FRER Thags
¥, SZFF CPI-DM WL .

H#iT, %+ CPI-DM [ &S5 WL 1% 75 IR IR AIE 72  Ansari [ 1518257 1 B ICPis S T JEAE R FR 995 (nonobese
diabetic, NOD)/N i 51 A2 ) CPI-DM #E7Y, FIAN[E] ICPis B W 528 388 B 5K 375 & 0 PR i SUIMERE NOD /)N SR
PRI, B ZAESZ TSR I 1 A F) 10 FK), PD-1/PD-L1 #5147 KNI, REEAESZEN
AR AR M T, CTLA-4 HIHFUAERE L SEm =4 . IIESE CTLA-4 fifk
A NS T 20 S S A A O S5 /E L, 10 PD-1/PD-L1 @B AE A A i Ji % A2 T 4 it 6
WTER . %4 m] DL S| T MRS . X —@ AT, sl rl 58-S 350 & [ Bk T 40 5
FEFIRE , 5l B R A0 AR AR R FR R 8 D) e 7™ R S . XA S E T AR Rt . HRTEIAE
RICHRAESE T1X— 5. 7E Clotma Zuil# 42 Bl [6], 34 #ilHz52 PD-1 #5167, 3 #l#:5% PD-L1
HHIFEIT 4 BIEE S H PD-1 F1 CTLA-4 $IFVEYT, 1 51K WARIE . /£ Quandt [16]HS 5[] 27 %1 CPI-DM
B, 14 BIFERZ )y CPI-DM I 4232 PD-1 IR B 2535, R 34232 PD-L1 HI| 7] 5 2436 7 Bk
HIEIT. BET, HA 2 GURERB LT & B CTLA-4 #5512 r). Bk, AR GaZe At 25 sS4 7 nr g 5
FURFE R WiZ 1) CPI-DM, {8 H] PD-1 Gkl 5 vl s 51 42 B S G M pE R o

AR, ADEMERBIERATN 5 L& T, 2 SRERBE A STAEIAAMYE, 3 5EFNRER
IR B TR (GADA ) BH P o X A3 FRATVAR R0 T8 J5R 55 AH SG AR 5 Gy Ao 25 sl 790 5 A2 1) 1 S S e 1 W PR 2
(e AFIE BRI OCEL . 7EARZ MRS 25 H S PRI GADA. TAA FIEEFEIZ 5 8 (ZnT8)H, GADA =& H
AT T2 TIDM S )2 B feid, o2 fe Uk i e i AR HUA . Usui [17]% 3 PD-1/PD-L1 Hidk N
] CPI-DM 955 22 [ (i 1] ] f 5 GADA #H5%. Gauci [18]33F— 3 32 #ix— %P 24 4l CPI-DM J45] of
A 13 BES R PUARIM: . GADA A& Awit [R12)4 1CPis A 5 3 Ji, GADA Bt &3 &
129 12.5 Ji o B R R 0% T G2l 750 5 1 62 (149 P 23 AF DR AN R SRS IR SR IR B 3] 1 31X AN (7] R
SIS E A S YRR B L, PUARI Y CPI-DM H R I a4, B ThAEZE, DKA Kk EHE .
SR, EMLEE H & )&t NOD /NS, Ansari [ 158U S 2= B S HU4KT- 508 IR AW T 5. 8 FHWT
7 PD-1/PD-L1 @85, ABATRIN 1 /N AR N BRI S ARG, I e/ BRAE B = TR B 0L T R
WEPRIA, T 53— e N BRI T BRI K FE M PR o Stamatouli [19]118 &8, 7E 25 41 CPI-DM &
FHR A 10 BUONPURBATE . tAh, EF R i0)T E PRI R K42 CPI-DM 5% . Marchand [20]
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BT 6 ZHEE, RIWAE | 4EE IAA JukrtE, X5 Ansari FIBF7E 2.

IX 2 PR SR A S [V 55 - Chang [3]1%F 22 4] CPI-DM H3 C IKFNFUARKF 1R 55 & IR, 343 CP1-DM
BAFTE ICPis YRYTHIRIAATENR & B S PRI YE, A0 BFEIRIT 5 MU . it —D ik
EE H Sk CPI-DM B R B Thae TRER SR, AT 2015 F 1 H 1 HAE 2021 91 1 H
P 4h3L 57 i) CPI-DM o455 (BLHE A SR 5 1 5 Bl B3, BT 78 7 %%

4. 753

BABEREE T 57 Gl HIRAHEMNFFHRENBE, BAFET 45 GlBFOTOR . XL+
A5 HHUA KT B S A o AR 52 5 2 AR BT (GADA B TAA) R TR BATE, f i a4 A 4L,
MRS THRE(EI 2 C K. i ARSI AR, FisE U2 C kB {3
FEHBAE . 9 7 MG, RIS I C IRRT 1E % FIREI<0.1 ng/ml (51 S0 12 Dy e 3¢
. 7 4 GURRERB)RIZE 5 GURBIHERH) SR T RA G5 R.

Table 4. C-peptide levels in antibody-positive cases

= 4. FUAPRMEER C BRIk

Fasting C-peptide Reference range of fasting

Coding Source literature (ng/ml) C-peptide (ng/ml) Positive antibody
1 Mellati ez al., 2015 [21] <0.1 1.0~71 GAD+
2 Hughes et al., 2015 [22] <0.1 1.1~4.4 GAD+
3 Hughes et al., 2015 [22] 1.3 1.1~4.4 GAD+, ICA+*, TAA+
4 Hughes et al., 2015 [22] <0.1 1.1~4.4 GAD+
5 Hansen et al., 2016 [23] 2.4 1.1~4.4 GAD+
6 Chae et al., 2017 [24] 0.81 0.9~3.85 GAD+, IAA+
7 Lowe et al., 2016 [25] <0.1 Unknown GAD+
8 Hofmann et al., 2016 [26] Low Unknown GAD+
9 Hofmann et al., 2016 [26] Low Unknown GAD+
10 Alhusseini and Samantray, 2017 [27] Undetectable Unknown GAD+, IAA+
11 Godwin et al., 2017 [28] <0.1 0.8~3.85 GAD+
12 Usui et al., 2017 [17] <0.03 >0.03 GAD+
13 Alzenaidi et al., 2017 [29] 0.2 0.9~5.5 GAD+
14 Leonardi et al., 2017 [30] 0.3 1.1~4.4 GAD+
15 Gauci et al., 2017 [31] 0 0.5 GAD+, ZnT8A+
16 Kapke et al., 2017 [32] 0.32 1.1~4.4 GAD+
17 Kapke et al., 2017 [32] 0.02 1.1~4.4 GAD+
18 Aratjo, et al. 2017 [33] 0.06 <0.1 GAD+
19 Clotman et al., 2018 [6] 0.3 0.8~3.1 GAD+, ICA+
20 Fillette et al., 2019 [34] 0.02 0.29~0.99 GAD+
21 Code 2 0.53 1.1~4.4 TAA+
22 Code 3 0.19 1.1~4.4 GADA+

slet cell antibody; ®ZnT-8 Polyclonal Antibody.
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Table 5. C-peptide levels in antibody-negative cases

= 5. fUATATEERY C BRIk

Coding

1

[ IR e L, I ~ N VS B (S

]

10
11
12
13
14
15
16
17
18
19
20
21
22
23

Source literature

Gaudy et al., 2015 [35]
Mellati e t Al, 2015 [21]
Hughes et al., 2015 [22]
Thoreau et al., 2017 [36]
Miyoshi et al., 2016 [37]
Okamoto et al., 2016 [38]

Aleksova et al., 2016 [39]
Hofmann et al., 2016 [26]
Shah et al., 2016 [40]

Farrell et al., 2017 [41]
Ishikawa et al., 2017 [42]

Zaied et al., 2018 [13]

Zeng et al., 2019 [43]

Cheng et al., 2018 [44]

Hickmott, et al. 2017 [45]
Gu et al. 2020 [46]
Wang et al., 2021 [47]
He et al., 2020 [48]
Liet al., 2018 [49]
Wu et al., 2021 [50]
Code 1
Code 4
Code 5

Fasting c-peptide
(ng/ml)

Undetectable
0.3
0.5
0.08
0.23
<0.1
0.015
0.004
0.81
Undetectable
<0.1
0.4
<0.01
<0.01
0.65
Undetectable
0.2
0.01
0.51
0.07
<0.02
0.74
<0.02

Reference range of fasting
c-peptide (ng/ml)

Unknown
1.0~7.1
1.1~4.4

Unknown

0.8.~2.3
0.61~2.09
0.08~0.64
0.038~0.226

Unknown

Unknown

0.8.~2.5

1.1~4.4
0.78~1.89
0.37~1.47

Unknown

Unknown
1.1~5.0

0.78.~5.79
1.1~4.4

0.78~5.19
1.1~4.4
1.1~4.4
1.1~4.4

B, BAMBRGNE S ZAH U R 5 1 R ThRe 2 R A R, p>0.05. 2 x 2 RANE 6. M
RHRIAI, BT A0 < DEFEAFRF, Fisher MR T A&, ZHEKW ¥ =2.188, p>0.05, &X
WESE T RRATHIMB . DR, FRATTIA 9 B 3 A DS PU A BH 1 5 R &5 Th R 2 A1 A KBk . O T iE— 3D IRiiE IR
TR B, FA 148 AN ST RE S () R A4S 56 (Mann-Whitney u K656 K IAIE PIANEE A BT A (19 A B2 1]
SERAFAEATATZ R o M2 C ACERIIA 2B C IRKSFE/NT 0.1 ng/ml B, ANEHUAIKF A4, C kK
SERRIEA 00 FATRIN C KA B4 2 R7(p = 0.906), IXIESE T HATHIER .

(R, 22 E e A i 1) P B S R T B2 I, POAR AR I o B . SR, BEE I IR (R HERS
FHVEPUAREEAL VB . Bet)iE e, SWiE, RIEUEMESUARI AT RE MRS . X5 Usui MWL —501.
Rk, BATNAIES B GPidoK TS5 B KRt AR S ZEEE RERR. EUTHSWRFEEZ
T B8 M A ARG DU PR B[R] B A G o DRI A0 b LA Y TCPis 10 58 v i J ik & 22 A B
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Table 6. Effects of antibody levels on islet function

3R 6. PUiRIKFXIIR B ThRERI AT

Islet function

Total
Poor Good
Positive 20 2 22
Antibody level
Negative 23 0 23
Total 43 2 45
5. #5ig

BH ICPis 51 S (1) S A S PR A& — b 20 WAE /50 FE S ) S A OGN RS BN [ 14 S 2 4
HANHFGIEER CPI-DM IR AEFAF . PD-1 G5 i # F tk CTLA-4 B AR 5[ & CPI-DM.

VERN—F BAR G VR, PR B M2 — AN OB el fE. R, 0 B D PR AR IE A e & 3¢
FHORHUMAR S e &5 T RE AT O o AT AT FEAESE, HUARRHTE S CPI-DM 3% 9 &% D e B IC T B A G .
EALT R 5 MR I B2 W B 2 998 A s TR) B DG o AR B, AGI BH 1 R

T IRA T T AR ML I B B DI I £5 18, (B IRIRATE NS 15 %8, 65T H ATt 50K°F,
HA 5 FEmmmBsEE ShiEk, L IAA Al GADA & K. AR, — SR m Pk ] fere
PD-1/PD-L1 & ZH RIEMERH, MM FE CPI-DM HIR Az . IR LE AR T S oA (1 1t — D ik 7 45 2
k. R, fEE SRR T, VP2 LB LR R LIIED I B piik, EIFAERTE JLELE 15 2 200
BIR N 1 BUEIR . B HAA SRS 1) HLA R A, B R PR T e S EUR R R B 4558
DRI, — S A BH 1 AT REAN S B PR 99 R BT IR PR B o B AR IR R JE R ANERAE - 4h, 7EHT
PD-1 HUiRiGITH, BUA i s F40 nT REBE & B 0 I R A2, H2 BT 3RAT TSR 2 1 bk B2 45 AN [
ARePAR . X THEY DM SEIOF FORIE LIRS A, X AR I CPI-DM & A: i B B AL 77
EP

Kt, %I CPI-DM &%, T /RS DReds vy, wIERTIS [a) oy tH B B SRRtk o o 3O e e s
PREFAV S R 1), B Wb B I 22 5633 J S AR S LA 1 W

SE K
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