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Abstract

Data on the safety of Janus kinase inhibitors (JAKis) in patients with renal impairment are lacking. This study aimed to
investigate the safety of JAKis compared to biological (b) DMARDs in patients with rheumatoid arthritis (RA) and renal
impairment. We used a multi-centre observational registry of patients with RA in Japan (the ANSWER cohort). We assessed
the drug retention rates of b/targeted synthetic DMARDs with different modes of action (tumour necrosis factor inhibitors
(TNFis), immunoglobulins fused with cytotoxic T-lymphocyte antigen (CTLA-4-Ig), interleukin-6 receptor inhibitors
(IL-6Ris), and JAKis) in patients with RA stratified by pre-treatment estimated glomerular filtration rate (¢GFR) levels.
The time to discontinuation of bDMARDs or JAKis was analysed using a multivariate Cox proportional hazards model
This study included 3775 patients, who were classified into three groups (the normal group (eGFR > 60 mL/min/1.73 m?):
2893 patients; CKDa group (eGFR 45-60 mL/min/1.73 m?): 551; and CKDb group (¢GFR <45 mL/min/1.73 m?): 331). In
the CKDb group, the 12-month drug retention rate due to adverse events (AE) was the lowest in patients treated with JAKi
(TNFi: 93.1%; IL-6Ri: 94.1%; CTLA-4-1g: 92.3%; JAKi: 75.1%). In the normal and CKDa groups, drug retention rates due
to AE were similar among patients treated with bDMARDs and JAKi. In contrast, drug retention rates due to inefficacy were
similar between bDMARDSs and JAKis in all groups. In the Cox-proportional model, in the CKDb group, TNFi, IL-6Ri, and
CTLA-4-1g showed lower incidence of drug discontinuation due to AE than JAKis (TNFi: hazard ratio =0.23 (95% confidence
interval 0.09-0.61), IL-6Ri: 0.34 (0.14-0.81), CTLA-4-Ig: 0.36 (0.15-0.89)). JAKis showed the lowest drug retention due
to AE in patients with moderate-to-severe and severe renal impairment (¢GFR <45 mL/min/1.73 m?). Physicians should
pay more attention to renal function when using JAKis than when using bDMARDs.
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Background

A decade ago, the first targeted synthetic disease-
modifying antirheumatic drug (tsDMARD), a Janus
kinase inhibitor (JAKi), was approved for the treatment
of rheumatoid arthritis (RA). In contrast, biological
DMARDs (bDMARDs) have a longer history of clinical
use in RA. The U.S. Food and Drug Administration
approved the first tumour necrosis factor inhibitor (TNFi)
to treat RA in 1999, the first cytotoxic T-lymphocyte-
associated protein 4 immunoglobulin (CTLA-4-Ig)
in 2005, and the first interleukin-6 receptor inhibitor
(IL-6Ris) in 2010. Currently, four JAKis are used for the
treatment of RA: tofacitinib (TOF), baricitinib (BAR),
upadacitinib (UPA), and filgotinib (FIL). In certain Asian
countries, peficitinib (PEF) is also used in RA clinical
practice. Although there have been several randomized
controlled trials (RCTs) and post-marketing surveillance,
evidence on the safety of JAKis is relatively lacking
compared to that on bDMARDs, owing to the shorter time
since the approval of JAKis [1-7].

Renal dysfunction is a common comorbidity that
is estimated to affect 10-20% of patients with RA
[8—10]. The causes of renal impairment include chronic
inflammation, ageing, comorbidities, and medications
used to treat RA [11]. Renal impairment limits the use of
certain DMARDs, including methotrexate, non-steroidal
anti-inflammatory drugs, and JAKis, in patients with
RA, mainly due to adverse events (AEs). For example,
cytopenia, an AE induced by methotrexate (MTX),
occurs more frequently in patients with renal impairment.
Therefore, careful attention to kidney function is crucial
when administering medications for anti-RA drug therapy.

Among the five classes of JAKi, TOF, BAR, UPA,
and FIL are mainly or partially excreted by the kidneys
[12-15]. BAR undergoes almost complete renal
excretion (approximately 75%) and may accumulate
within the bodies of patients with renal impairment
[13]. TOF also undergoes partial renal excretion
(approximately 30%), and the area under the plasma
concentration—time curve from time O to infinity (AUC
ing) Of this molecule is approximately 1.4-fold higher in
patients with moderate renal impairment than in healthy
volunteers (Supplementary Table S1) [12, 16, 17].
FIL is mainly excreted in the urine as the metabolite
(approximately > 80%) and AUC,,; is 1.4—1.7-fold higher
in patients with moderate renal impairment than healthy
individuals [14]. Thus, TOF, BAR, and FIL require dose
reduction in patients with impaired kidney function,
whereas BAR and FIL are contraindicated in patients with
severe kidney dysfunction. Although the renal elimination
rate of UPA is less than 20%, it has a 1.3-fold higher AUC
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¢ 1N patients with moderate renal impairment [15, 18].
Therefore, although dose reduction is not required, it is
recommended that UPA is cautiously used in patients
with severe renal impairment. PEF is predominantly
excreted in the faeces, and its mean urinary excretion rate
is approximately 10%. Considering PEF, the AUC;; value
is lower in patients with renal impairment than that in
healthy volunteers [19].

In randomized controlled trials, patients with moderate
renal impairment were excluded from the study population
(estimated glomerular filtration rate (¢GFR) < 60 mL/min for
TOF and eGFR or estimated creatinine clearance <40 mL/
min for BAR and FIL) [1, 2, 20]. Although some post-
marketing or cohort studies have reported the safety
data of JAKi as real-world evidence, there has been no
safety evidence focusing on patients with RA and kidney
dysfunction [5, 21, 22]. This retrospective multi-centre
study aimed to investigate the safety of JAKis compared
to bDMARD:s in patients with renal impairment in a real-
world setting.

Methods
Patients

The Kansai Consortium for Well-Being of Rheumatic
Disease Patients (ANSWER) cohort is a multi-centre
registry of patients with RA in the Kansai District of
Japan. Patients' data from nine institutes (Kyoto University,
Osaka University, Osaka Medical College, Kansai Medical
University, Kobe University, Nara Medical University, Osaka
Metropolitan University, Kindai University, and Osaka Red
Cross Hospital) were included [23-25]. Patient selection was
based on the decision of the attending physician, and data
were collected prospectively. The data for this cohort are
available from 2009 onwards; however, data between 2013
and 2023 were used for the current analysis because TOF
was approved in 2013.

The inclusion criteria were as follows: patients diagnosed
with RA according to the 2010 American College of
Rheumatology/European League Against Rheumatism
classification criteria [26] and initiated treatment with a
bDMARD or JAKi. Patients in whom PEF was initiated were
excluded, given that PEF is mainly metabolized in the liver
and AUC; in patients with renal impairment is even lower
than that of healthy individuals (Supplementary Table S1)
[19]. In the main analyses, given that the dosages of TOF,
BAR, and FIL need to be adjusted based on renal function,
we excluded patients with renal impairment in whom no
dose reduction was performed for these drugs in accordance
with the manufacturer’s recommendation to elucidate the
effect of renal impairment on JAKIi in the standard care of



Clinical and Experimental Medicine (2024) 24:.97

Page3of11 97

RA. In the sub-analysis, we compared patients treated with
TOF, BAR, and FIL with dose reduction and those without
dose reduction according to renal function to determine
whether dose reduction in patients with renal impairment is
reasonable in real-world clinical practice.

The following data were collected: baseline demographic
variables, such as age, sex, disease duration, titres of
rheumatoid factor and anti-cyclic citrullinated peptide
antibody, concomitant dosages and ratios of methotrexate
and prednisolone, disease activity scores, the number of
prior use of b/ts-DMARDs, and serum creatinine (SCr).

Patient stratification according to baseline eGFR

Patients were stratified according to their baseline eGFR. In
the primary analysis, eGFR was calculated using an equation
officially approved by the Japanese Society of Nephrology
(JSN) based on SCr [27]. For sensitivity analyses, we
calculated eGFR using the Japanese coefficient-modified
modification of diet in renal disease (MDRD) study equation
and the Japanese coefficient—-modified Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) study
equation [27].

JSN equation: 194 x (SCr)~19* x (Age)™*%7x 0.739 (if
female).

MDRD equation: 175 x (SCr)~!15% x (Age) % % 0.742
(if female), Japanese Coefficient 0.808.

CKD-EPI equation: 141 x min (SCr/k, 1)* X max (SCr/x,
1)71209% 0.993%¢ x 1.018 (if female) (where x is 0.9 for
males and 0.7 for females, a is —0.411 for males and —0.329
for females, min is the minimum of SCr/x or 1, and max is
the maximum of SCr/k or 1), Japanese coefficient 0.813,

Referring to the Kidney Disease Improving Global
Outcomes (KDIGO) 2012 CKD stage classification criteria,
patients were stratified into the following three groups:
‘normal’ (GFR category G1 and G2; eGFR > 60 mL/
min/1.73 m?), ‘CKDa’ (GFR category G3a; eGFR
45-60 mL/min/1.73 mz), and ‘CKDb’ (GFR category G3b,
G4, and G5; eGFR <45 mL/min/1.73 m?) [28].

Treatment groups, outcome measures,
and covariates

TNFis included infliximab, etanercept, adalimumab,
certolizumab-pegol, golimumab, and biosimilars. The
interleukin-6 receptor inhibitors (IL-6Ris) comprised
tocilizumab and sarilumab. The cytotoxic T-lymphocyte-
associated protein 4 immunoglobulin (CTLA-4-Ig) used
was abatacept, whereas JAKis included TOF, BAR, UPA,
and FIL.

As dose adjustment is not required for UPA even in
patients with renal impairment, we conducted sensitivity
analyses after removing UPA from the JAKi treatment

group. In these analyses, JAKis group included TOF, BAR,
and FIL with appropriate dose reduction in patients with
renal impairment.

The primary outcomes of interest were overall 12-month
drug retention rates and 12-month cause-specific retention
rates, owing to toxic AEs, both adjusted with potential
confounders. The 12-month drug retention rate due to
inefficacy was also assessed. The follow-up period was set
by considering the number of patients at risk, given that a
limited number of patients were treated with JAKi for more
than 12 months. Treating physicians were asked to adopt
the most appropriate reason for discontinuation from the
following five categories: remission, inefficacy, AE, other
reasons (e.g. patient preference or economic reasons), and
loss to follow-up [21]. Regarding the cause-specific retention
rate, we focused on the reasons for drug discontinuation due
to inefficacy and AEs after the initiation of bDMARD or
JAKi.

A priori confounders included age, RA disease duration,
use of methotrexate, use of glucocorticoids, and the number
of prior bDMARDs and JAKis.

Statistical analysis

Confounder-adjusted drug retention curves were generated
based on the stratified groups (normal, CKDa, and CKDb).
The time to discontinuation of bDMARDs or JAKis was
analysed using a multivariate Cox proportional hazards
model as a reference for JAKis to determine their safety
compared with each bDMARD. A priori confounders
included age, RA disease duration, use of methotrexate,
use of glucocorticoids, and the number of prior bDMARDs
and JAKis. All analyses were two-tailed, and statistical
significance was set at p <0.05. All analyses were performed
using R Statistical Software (v4.3.1; R Foundation for
Statistical Computing, Vienna, Austria).

Results

Patient characteristics stratified by kidney function
groups

This study included 3,775 patients with RA receiving
treatment with bDMARDs or JAKis (normal group, 2,893
patients; CKDa group, 551; CKDb group, 331) (Fig. 1). The
baseline patient characteristics of the three bDMARDs and
JAK:is in each kidney function group are shown in Table 1.
The proportion of the different JAKis in each group were
as follow: in the normal group, TOF 132 (28%), BAR 197
(43%), UPA 76 (17%), FIL 52 (11%); in the CKDa group,
TOF 28 (29%), BAR 27 (28%), UPA 29 (30%), FIL 12
(13%); in the CKDb group, TOF 11 (20%), BAR 10 (19%),
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Fig. 1 Flow diagram of patients
included in this study

Patients enrolled from
the ANSWER cohort database

N=4,626

Excluded:

Patients treated before

July, 2013 (n=829)

{ IFX (n=155), ETN (n=183),

TCZ (n=172), ADA (n=124),
ABT (n=116), GLM (n=78),

v CZP (n=3)
Patients treated after July, 2013
N=3,797
I
Stratification based on eGFR
CKDa CKDb
(60>eGFR245) (45>eGFR)
n=568 n=336
Excluded:
No dose reduction of
JAKi (TOF, BAR, FIL).
- CKDa (n=17)
Normal CKDa CKDb - CKDb (n=5)
(eGFR=60) (60>eGFR245) (45>eGFR)
n=2,893 n=551 n=331

UPA 23 (43%), FIL 10 (19%). In all groups, JAKis were
used less frequently in biologic-naive patients. Baseline
eGFR levels were higher in patients treated with JAKi in
the CKDb group.

Drug retention rates of TNFi, IL-6Ri, CTLA-4-1g,
and JAKi in each eGFR group

We generated confounder-adjusted drug retention curves
for bDMARD and JAKi in each kidney function group
(Fig. 2). Adjusted overall 12-month drug retention rates
are shown in Fig. 2A. In the CKDb group, the 12-month
overall drug retention rate was the lowest in patients
treated with JAKi, followed by those treated with TNFi,
CTLA-4-1g, and IL-6Ri (TNFi: 75.0%; IL-6Ri: 81.7%;
CTLA-4-Ig: 76.2%; JAKi: 52.3%). In the normal group,
patients treated with IL-6Ri showed the highest 12-month
overall drug retention rate, whereas in the CKDa group,
the four categories of DMARDs showed similar drug
retention rates. The adjusted 12-month drug retention rates
owing to AEs are shown in Fig. 2B. In the CKDb group,
the 12-month drug retention rate due to AEs was lowest in
patients treated with JAKi (TNFi: 93.1%; IL-6Ri: 94.1%;
CTLA-4-1g: 92.3%; JAKi: 75.1%). In the normal and
CKDa groups, drug retention rates due to AEs were similar
among patients treated with bDMARDs and JAKis. The
adjusted 12-month drug retention rates owing to inefficacy
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are shown in Fig. 2C. In the CKDa and CKDb groups,
patients treated with bDMARDs and JAKis showed similar
drug retention rates due to inefficacy.

The results of the multivariate Cox proportional hazards
regression analysis are presented in Table 2. In the CKDb
group, IL-6Ri and CTLA-4-Ig showed significantly lower
overall discontinuation rates than JAKi (IL-6Ri: hazard
ratio (HR) =0.46, 95% confidence interval (CI) 0.26-0.82;
CTLA-4-Ig: HR=0.54, 95% CI 0.30-0.97) and TNFi,
IL-6Ri, and CTLA-4-Ig showed lower incidence of
drug discontinuation due to AE than JAKi (TNFi: 0.23
(0.09-0.61), IL-6Ri: 0.34 (0.14-0.81), CTLA-4-Ig: 0.36
(0.15-0.89)).

Sensitivity analyses after removing UPA from the JAKi
treatment group showed similar findings (Supplementary
Fig. S1 and Supplementary Table S2). Renal-JAKis
(defined as TOF, BAR, and FIL) demonstrated lower drug
retention rates owing to AEs than bDMARDs in the CKDb
group.

For additional sensitivity analyses, drug retention
curves stratified by eGFR using the MDRD and CKD-EPI
equations showed similar results (Supplementary Figs. S2,
3). Histograms of eGFR calculated using the three formulas
are shown in Supplementary Fig. S4. In the normal and
CKDa groups, adjusted drug retention rates owing to AEs
were similar between bDMARDs and JAKi, whereas JAKi
showed a lower drug retention rate than bDMARD:Ss in the
CKDb group.



97

Page 5 of 11

97

(2024) 24

Clinical and Experimental Medicine

uostredwod dnoi3-enur Aq sem anfea g

S9IpOqQUUE [eUOTOOUOW N I-TIUR LA/ ‘T0IOB] pIojewnayl ,Jy ‘euojostupaid 794 ‘sSnip K1ojewiiejur-nue [eproro)s-uou
SQIVSN ‘dexonoyow X 74 ‘SI0NqIYul 9Seun|-snuef 1y y/ ‘sorpoqriue [euojoouowt 10)daoar g-1-nue 1379-77 ‘uoisudirodAy 77 ‘smIjouwr sajoqep g ‘uasnue 9AooydwA]-1, 91X0)01A0 Yim pasng
urngojSounul 87-¢y7LD ‘Xopul ANATIOR ISBISIP [BIIUI[D [W(7)D ‘STNIp dnewnayinue Juikjrpow-aseasip onayuks pajesie) Jo [ed130[01q SqY VI -SY/q ‘Apoqnue urajoid pajeul[[nn-nue yJoy

(JOD ueIpa| (%) U :dS F ues\

61°0 @z Tl  (%r0e) 8T  (%SL8)9¢  (%LYDTT ST0 STl (%98 ¥C  (%861)ST  (%0°TI) ¥T €00°0 %6000 (%8T1)SS  (%E£01) 0L (%0°L) 06 IH
€91°0 @y ¥  (%0TDTIT  (%881) 81 (%1°01) 6 6L5°0 (%19 € (%¥9) L %16 (%SY) 6 L6T°0 (%9°%) 1T (%SP) 1T (%1°9) s¢ (%€ Ty Na
€050 0TeorT 76091 (0TS00T (0TS0 €T ETO CTY080 (CTE€060 (CTH0O0T FT°€0)L0T1000> (STC0080 OTH00T (STH0)60 G1°€0) 80 OVH
(((XY4 61 (€9z (TTe (812 o1z ot (Tol1 yee (€T ((OXx4 (€Te
S6T°0 ‘6'8) €91 ‘6 EST YT T8I ‘0'6) 0T L8S'0 ‘001 8ET TOD O'ST ‘8°6) T'El ‘8°L) TET 2000 ‘L6 TST ‘80D LIT  0'01) 091 TSI vao
(%68) T¢ (%¥1) €1 (%0¢) 6T (%52) T (%LY) St (%ST1) 61 (%8¢) 8t (%10) T (%¥S) s+t »10) 66 (%£0) 9t  (%61) 6¥T pIg<
(%90) 1 (%¥72) T (%0¢) 6T (%82) ST (%80) LT (%22) 6T (%€2) 6T (%€¢€) $9 (%€£72) 901 (BN €L (%8D) L81  (%LT) S¥E pug
(%S1) 8 (%T9) LS (%0%) 8¢ (BLY) T (%S0 ¥T (%€9) 18 (%6€) 6t (BLY) €6 (%€2) 901 (%£9) s6T  (%6€) L9T  (%¥S) S69 IST
SAIVINGS?
/q snotadxd
100°0> 100°0> 100°0> Jo IaquInNy
100°0> (%€69) 7€ (%£8D 9T (BI'ED IS (%T8E) ¥E 6¥8°0 B1TH0S (%S9 09  (%T61)T9  (%S'LE) S6 100°0> (%S69) TLT  (%9°Sh) €17 (%6°LS) ¥6€  (%1°SS) OTL oSN SATVSN
(4540 BLe9) 6T BrTr)6e  (%6'LY) 9 (%87TS) LY €10°0 (%060) LY (%LTS)89 (%81 19 (%0°9¢) TL 100°0> BTYP) 20T (%Y TP) 861  (%9+h) €0€  (%6°1€) 11F asn ISd
6L°0 arvv 849 849 8% 9 990 ©1°9)8 (11°9) 8 017 8 (01 9) 8 9L0'0 (T1°9) 8 (T19) 8 (T1°9) 8 (T19) 01  (im/3w) XLIN
¥$8°0 %S8DOT (%L1 0T (6T TT  (BLYD) TCT 100°0> Brre) e (%TLO 8y (%T0E) 8¢ (%SSS) 11T 100°0> (%8L) 9T (%0°er) T0T  (%TTS) 8vE  (%T'69) T68 asn X LA
6500 B8'LL Ty (%888 6L  (%608)9L  (%LTL) ¥9 ¥00°0 (%6'08)9L  (%8°68) 601  (%8°€L)06 (%1°69) TET TOO0 (%06L) 6v€  (%1°€8) €8¢ (%8°SL) 10S  (%1°SL) TH6 aanrsod 1
€000 %9LL) 8  (%TH6) 18 (%£€8)SL  (%1°EL) LS 180°0 (%0'18)89  (%998) L6 (%6°SL) T8  (%9¥L) TET 900°0 (%¥T8) 82 (%998) vLE  (%L8L) 08F (%L'6L) Lg6 anisod VOV
(Trey @1 (X4 ©1¢ (€9¢ (L9s (6'95 (s'Ls (€68 (€06 (€766 (g6 (ugL 7/umu
T10°0 THOTOF ‘060 L9E  ‘€TDHSE  ‘T0E) 0'LE TLED ‘C6Y) SES 0°0S)8TS  ‘€0S) L'ES  ‘6°0S) T'HS 100°0> ‘0L €'8L 069 TSL  TILOT8  ‘€TLIT8 /) ¥AD2
(A) uonenp
9¥6°0 EIFYST  SEIFCST  9OTIFLYI ¥ TIFSPI CI00 80T FHEl I'6F000  STIFSTI 0'0TFL'6 1000> 6'6F0CI L'6F001 00IF86 S6F6'8 aseasi(q
(%678)
6£8°0 »96L) 7 (%0SLI69 (%09 €L (%8'6L) IL 1S0 (%5'98) €8 (%8'6L) €01 (%T08) 10T (%S°6L) 6ST 9260 (%T'€8) 08¢ (%8°18) T8¢ (%T'€8) 99§ 6901 ey ‘Xdg
9LE0 99F YL LLFOSL  TIIF6TIL ['8F8'€L €20°0 88F60L 6'8FS€EL T6FLIL  00TFCTOL 1000> 6EIFI6S  6TIFOV9  SPIFE6S  SSIFCS (X) @8y
(ys=u) (T6=u) (96=1) (68=u) (96=u) (621 =1) (9z1=1u) (00z=1) (LSy=u) (L9 =u) (089=u)  (68CT=U)
onpea-d oIve  SIPVILD RI9-T11 LINL  onpea-d DIVE  SIPVILD I9-T11 LINL  onpea-d DIVE  SIPVILD I9-T11 LINL

(1€€=N) (S¥>¥1D°) aaND

(1SS =N) (09> ¥AD°> S¥) eAMD

(€68T=N) (09 < Y4D?) [ewION

9Jel uonen[y Jeniowo[s pajewns? jusuwean-aid Aq paynens SQYVINGSYq YIm pajean sjuaned Jo sonsLIaoeIeyd duijaseq | ajqel

pringer

As



97 Page 6 of 11 Clinical and Experimental Medicine (2024) 24:97
(A) ————— IL-6Ri o CTLA4-lg ------- JAKi
100 1.00 1.00
0.75 0.75 - 075 - ]
0.50 + 0.50 + wl o _‘_ -
0.25 0.25 - 025 —
000 . . . 000 - . . . 000 . . ‘
0 4 8 12 0 4 8 12 0 4 8 12

Number at risk Number at risk

TNFi 1289 1043 872 757 TNFi 200 146 120 99 TNFi 89 74 64 55
IL6Ri 680 567 493 440 IL6Ri 126 97 81 66 IL6Ri 96 85 7 59
CTLA4lg 467 401 348 306 CTLA4lg 129 105 89 80 CTLA4lg 92 78 66 57
JAKi 457 354 295 244 JAKi 96 72 59 46 JAKi 54 37 25 14
(B) TNFi ----- IL-BRi oo CTLA4-lg -----:- JAKi
Normal CKDa
1.00 7 =~ o . 1.00 | =S o 1.00 4
......... . e
0.75 0.75 075
0.50 o 0.50 050
0.25 0.25 0.25
0.00 - 0.00 - J
r T T 1 r T T 1 0.00 r T T |
0 4 8 12 0 4 8 12 0 4 8 12
Number at risk Number at risk Number at risk
TNFi 1289 1043 872 757 TNFi 200 146 120 99 TNFi 89 74 64 55
IL6Ri 680 567 493 440 IL6Ri 126 97 81 66 L6Ri 96 85 7 59
CTLA4lg 467 401 348 306 CTLAdlg 129 105 89 80 CTLAdlg 92 78 66 57
JAKi 457 354 295 244 JAKi 96 72 59 46 JAKi 54 37 25 14
TNFi ----- IL-6Ri oo CTLA4-lg ------- JAKi
(C) Normal CKDa CKDb
1.00 1.00 4 1.00
0.75 0.75 0.75
0.50 0.50 4 0.50
0.25 0.25 0.25
0.00 - 0.00 - 0.00 -
r T T 1 r T T 1 r T T 1
0 4 8 12 0 4 8 12 0 4 8 12

Number at risk Number at risk

TNFi 1289 1043 872 757 TNFi 200 146
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The effect of TOF, BAR, and FIL dose reduction

Furthermore, we compared patients with renal impairment
who received reduced doses of TOF, BAR, or FIL and those
who received these drugs without dose reduction (Not
reduced, TOF 10 mg/day, BAR 4 mg/day, FIL 200 mg/day;
Reduced TOF 5 mg/day, BAR 2 mg/day, FIL 100 mg/day).
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Number at risk

120 99 TNFi 89 74 64 55
81 66 IL6Ri 96 85 71 59
89 80 CTLA4lg 92 78 66 57
59 46 JAKi 54 37 25 14

The baseline characteristics are described in the Supple-
mentary Table S3. We generated confounder-adjusted drug
retention curves owing to AEs (Supplementary Fig. S5). In
the CKDa group, there were no differences between patients
with and without reduced doses. In the CKDb group, the
12-month drug retention rate due to AEs was lower in
patients who received reduced doses than in those without



Clinical and Experimental Medicine (2024) 24:.97

Page7of11 97

«Fig.2 The adjusted 12-month drug retention rate curves. A Adjusted
overall drug retention rate curves for three categories of bDMARDs
and JAK inhibitors (tofacitinib, baricitinib, upadacitinib, and filgo-
tinib) in each eGFR group. The 12-month drug retention rates in the
normal group are as follows: TNFi versus IL-6Ri versus CTLA4-
Ig versus JAKi (%), 69.1 versus 79.7 versus 74.7 versus 74.4. In
the CKDa group, the 12-month drug retention rates are as follows:
TNFi versus IL-6Ri versus CTLA4-Ig versus JAKi (%), 72.9 versus
78.3 versus 77.1 versus 79.6. In the CKDb group, the 12-month drug
retention rates are as follows: TNFi versus IL-6Ri versus CTLA4-
Ig versus JAKi (%), 75.0 versus 81.7 versus 76.2 versus 52.3. B
Adjusted drug retention rate curves for toxic AEs in each eGFR
group. In the normal group, the 12 month drug retention rates are as
follows: TNFi versus IL-6Ri versus CTLA4-Ig versus JAKi (%): 91.9
versus 93.1 versus 93.9 versus 92.7. The 12-month drug retention
rates in the CKDa group are as follows: TNFi versus IL-6Ri versus
CTLA4-Ig versus JAKi (%): 93.7 versus 93.2 versus 93.8 versus 91.1.
In the CKDb group, the 12-month drug retention rates are as follows:
TNFi versus IL-6Ri versus CTLA4-Ig versus JAKi (%): 93.1 versus
94.1 versus 92.3 versus 75.1. C Adjusted drug retention rate curves
based on discontinuation due to the inefficacy in each eGFR group.
In the normal group, the 12-month drug retention rates are as follows:
TNFi versus IL-6Ri versus CTLA4-Ig versus JAKi (%), 77.5 versus
87.4 versus 80.6 versus 82.5. In the CKDa group, the 12-month drug
retention rates are as follows: TNFi versus IL-6Ri versus CTLA4-
Ig versus JAKi (%), 80.8 versus 85.0 versus 82.9 versus 88.9. In the
CKDb group, the 12-month drug retention rates are as follows: TNFi
versus IL-6Ri versus CTLA4-Ig versus JAKi (%), 80.7 versus 87.4
versus 84.3 versus 71.8. Abbreviations: AE adverse event, bDMARDs
biological disease-modifying antirheumatic drugs, CKD-EPI cyto-
toxic T-lymphocyte antigen, CTLA-4-Ig; eGFR estimated glomerular
filtration rate, DMARD:s disease-modifying antirheumatic drugs, /L-
6Ris interleukin-6 receptor inhibitors, JAKis Janus kinase inhibitors,
tsDMARD targeted synthetic disease-modifying antirheumatic drug,
TNF1Is tumour necrosis factor inhibitors

dose reduction (Not reduced: 51.1%; reduced: 80.5%). In the
Cox proportional hazards regression analysis, in the CKDb
group, patients who received a reduced dose had a lower
incidence of drug discontinuation due to AEs than those
without dose reduction, although the difference was not sta-
tistically significant (HR 0.15, 95% CI 0.016-1.38).

Discussion

In this study, we compared drug retention rates in patients
with RA stratified by baseline eGFR levels. Regarding drug
retention rates due to AE, JAKis showed a comparable
retention rate with bDMARDs in patients with eGFR
45-60 mL/min/1.73 m? while JAKis had a significantly
lower retention rate in patients with eGFR <45 mL/
min/1.73 m2. Regarding retention rates due to inefficacy,
JAK:is showed a similar retention rate to that of bDMARDs
in patients with kidney impairment.

From the viewpoint of pharmacokinetics, renal impairment
reduces the excretion rate of JAKi with renal excretion proper-
ties and sustains higher concentrations of JAKIi in the body.
Therefore, for certain JAKis, dose reduction is required in

patients with renal impairment [29]. In contrast, renal function
did not influence the excretion of b(DMARDs. Considering that
patients with eGFR <45 mL/min/1.73 m? who received JAKis
showed lower drug retention rates due to AE than those with
bDMARD:s, even though the dose was reduced as indicated,
drug concentrations of JAKis may increase and cause further
AE. Meanwhile, drug discontinuation rates due to AE were
comparable between JAKi and bDMARD:s in patients with
eGFR 45-60 mL/min/1.73 m?; therefore, the effect of renal
impairment on drug concentrations of JAKis may be small,
and drug concentrations may have not reached harmful levels.

The safety of different doses of JAKi was assessed in
Phase II clinical trials [30-35]. In these trials, some patients
received doses of JAKi that were higher than the approved
standard dose. Patients who received 10 mg TOF twice a day
showed a significantly higher rate of infection than those with
placebo, while those who received <5 mg TOF twice a day
had a similar rate of infection [31]. Regarding BAR, patients
who received 8 mg/day showed more treatment-emergent AE
than those who received lower doses [32, 33]. A similar dose-
dependent effect was observed in patients administered differ-
ent doses of UPA. Infection rates, although not serious, were
higher in patients who received higher doses of UPA [34,
35]. The results of Phase II clinical trials suggest that higher
concentrations of JAKis may increase AE rates.

A safety surveillance study comparing TOF with TNFi
was reported in patients with RA who were aged > 50 years
and had at least one cardiovascular risk factor [5]. The most
frequent AEs were infections. For serious infections, patients
who received 10 mg TOF twice a day showed more events
than those who received 5 mg TOF twice a day, and TOF
had a significantly higher HR than TNFi [36]. In patients
aged > 65 years, the HR of all infections and serious infec-
tions in patients receiving 10 mg TOF twice daily were higher
than those in patients aged 50—65 years old. Since patients
with eGFR < 60 mL/min/1.73 m? were excluded from the
study, these results were based on patients with normal renal
function. In our analysis, the ages of patients in the CKDa
and CKDb groups were similar, but the discontinuation rate
of JAKis compared to that of b(DMARDs increased only in
the CKDb group. Although age is associated with more AE,
including infections, impaired renal function may also be
associated with AE in JAKi compared with bDMARD:s.

In Phase II trials of JAKIi in patients with RA, drug effi-
cacy was shown to be equivalent between approved and
higher doses [30, 32, 35]. In our study, drug efficacy based
on drug retention rates was similar between bDMARDs and
JAKis in patients with renal impairment. These results imply
that the drug concentration of standard-dose JAKis is suf-
ficient in terms of efficacy, and no higher efficacy can be
expected even if the JAKi concentration is further increased.
Therefore, although the JAKi concentrations were expected
to be high in patients with renal impairment, the efficacy
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Table 2 Hazard ratios (HRs) for the time to discontinuation of
bDMARDs and JAK inhibitors (JAKi) (included tofacitinib, barici-
tinib, upadacitinib, and filgotinib) analysed with a multivariate Cox
proportional-hazards model

Events Normal eGFR Group
CKDa CKDb
Overall
JAKi (Ref) (Ref) (Ref)
TNFi 1.07 (0.90-1.26)  0.93 (0.62-1.41) 0.58 (0.33-1.02)
IL-6Ri 0.60 (0.50- 0.87 (0.56-1.34) 0.46 (0.26-0.82)**
0.73)%%%*
CTLA4-Ig 0.83 (0.68-1.02) 0.85(0.54-1.32) 0.54 (0.30-0.97)*
Adverse events
JAKi (Ref) (Ref) (Ref)
TNFi 0.90 (0.64-1.27)  0.53 (0.26-1.08) 0.23 (0.09-
0.61)%*%**
IL-6Ri 0.71 (0.49-1.03)  0.60 (0.28-1.26) 0.34 (0.14-0.81)*
CTLA4-Ig 0.75(0.50-1.12) 0.52 (0.24-1.11) 0.36 (0.15-0.89)*
Inefficacy
JAKi (Ref) (Ref) (Ref)
TNFi 1.06 (0.87-1.29) 1.18 (0.69-2.01) 0.91 (0.44-1.91)
IL-6Ri 0.55 (0.43- 1.07 (0.61-1.88) 0.57 (0.27-1.23)
0.69) %%

CTLA4-Ig 0091 (0.72-1.15) 1.06 (0.60-1.88) 0.70 (0.31-1.54)

Each eGFR group was categorized based on pre-treatment eGFR
calculated with the Japanese-specific formula based on serum
creatinine

Normal eGFR group: eGFR>60 (mL/min/1.73 m?), CKDa group:
60>eGFR >45 (mL/min/1.73 m?), CKDb group: 45>eGFR (mL/
min/1.73 m?)

CTLA4-Ig the immunoglobulin fused with cytotoxic T-lymphocyte
antigen, IL-6Ri anti-IL-6 receptor monoclonal antibodies, TNFi TNF
inhibitor

*p<0.05, **p <0.01, ***p <0.005

of JAKis was unchanged and was comparable to that of
bDMARD:s in this study.

This study had some limitations. First, the details of haz-
ardous AEs were not evaluated. The attending physicians
in our study selected the most suitable grounds for stopping
bDMARDs or JAKis from a list that included toxic AE, remis-
sion, inefficacy, and others; however, we did not record any
particular AE. These may have included drug eruptions, infec-
tions, and abnormalities in the laboratory results. Second, as
this was a retrospective study, the adjusted models may not have
considered additional confounding factors that could affect the
drug retention rate. Third, because of the small sample size and
lack of significant differences at baseline, we did not include
the disease activity index, anti-citrullinated peptide antibody,
and rheumatoid factor in the Cox proportional hazards models.
Fourth, the number of patients treated with JAKis was lower
than those treated with bDMARDs, which could lead to appar-
ently lower drug retention in this group. Fifth, we did not collect

@ Springer

data regarding heart failure, renal amyloidosis, and other comor-
bidities in our cohort. Therefore, there may be insufficient data
to identify the study population. Sixth, MTX doses in Japanese
patients were lower than those in other countries, and the rate of
MTX use may be lower than that in other countries in patients
with renal impairment; this could impact the drug-retention rate,
and therefore, we adjusted MTX use in our analyses.

Conclusions

To the best of our knowledge, this is the first study to
compare the drug retention rates of bDMARDs and JAKis
in patients with RA and pre-existing renal impairment.
Compared with bDMARDSs, physicians should pay attention
to renal function when using JAKis because the AE rate may
increase in patients with moderate-to-severe and severe renal
impairment (eGFR <45 mL/min/1.73 m?). Further studies
with larger sample sizes are required to assess the safety of
JAKis in patients with renal impairment.
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