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A B S T R A C T

Background. Inflammation signaled by Janus kinases (JAKs)
promotes progression of diabetic kidney disease (DKD).
Baricitinib is an oral, reversible, selective inhibitor of JAK1 and
JAK2. This study tested the efficacy of baricitinib versus placebo
on albuminuria in adults with Type 2 diabetes at high risk for
progressive DKD.
Methods. In this Phase 2, double-blind, dose-ranging study,
participants were randomized 1:1:1:1:1 to receive placebo or
baricitinib (0.75 mg daily; 0.75 mg twice daily; 1.5 mg daily; or
4 mg daily), for 24 weeks followed by 4–8 weeks of washout.
Results. Participants (N¼ 129) were 6369.1 (mean6standard
deviation) years of age, 27.1% (35/129) women and 11.6%
(15/129) African-American race. Baseline hemoglobin A1c
(HbA1c) was 7.361% and estimated glomerular filtration rate
was 45.0612.1 mL/min/1.73 m2 with first morning urine
albumin–creatinine ratio (UACR) of 820 (407–1632) (median;
interquartile range) mg/g. Baricitinib, 4 mg daily, decreased
morning UACR by 41% at Week 24 compared with placebo
(ratio to baseline 0.59, 95% confidence interval 0.38–0.93,
P¼ 0.022). UACR was decreased at Weeks 12 and 24 and after
4–8 weeks of washout. Baricitinib 4 mg decreased inflammatory
biomarkers over 24 weeks (urine C–X–C motif chemokine 10
and urine C–C motif ligand 2, plasma soluble tumor necrosis

factor receptors 1 and 2, intercellular adhesion molecule 1 and
serum amyloid A). The only adverse event rate that differed
between groups was anemia at 32.0% (8/25) for baricitinib 4 mg
daily versus 3.7% (1/27) for placebo.
Conclusions. Baricitinib decreased albuminuria in participants
with Type 2 diabetes and DKD. Further research is required to
determine if baricitinib reduces DKD progression.

Keywords: albuminuria, biomarkers, diabetic nephropathy,
estimated glomerular filtration rate, JAK inhibition

I N T R O D U C T I O N

Diabetic kidney disease (DKD) is the most common cause of
chronic kidney disease worldwide, and current treatments fail
to prevent progression to end-stage renal disease (ESRD) in
many cases [1–6]. In the year 2014, it was estimated that over
29 million people, or 9.3% of the US population, had diabetes
[7]. Approximately 40% of people with Type 2 diabetes develop
DKD, and DKD prevalence has increased due to an increase in
the total number of people living with diabetes [8–13]. Overall,
diabetes accounts for nearly half of all ESRD cases in the USA
and most cases of DKD occur in Type 2 diabetes [8–12, 14].
Renin–angiotensin system inhibition by angiotensin-converting
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enzyme (ACE) inhibition or angiotensin II receptor blocking
(ARB) agents is the prevailing standard of care, but this treat-
ment approach leaves substantial residual risk for progressive
DKD [15–18]. Recent clinical cardiovascular outcome trials of
newer antihyperglycemic agents, the sodium–glucose cotrans-
porter 2 (SGLT-2) inhibitors and glucagon-like peptide-1
(GLP-1) receptor agonists, have provided evidence that these
agents can reduce albuminuria and loss of kidney function.
However, kidney outcomes were secondary and remain to be
confirmed among patients with DKD at high risk for progres-
sion [19–24].

DKD is characterized by sustained inflammation that pro-
motes and directs much of the chronic injury process [25]. One
of the major pathways that transduce inflammatory signals in
DKD is the Janus kinase-Signal Transducer and Activator of
Transcription (JAK-STAT) pathway. The JAK-STAT pathway
transmits signals from extracellular ligands, including many
cytokines and chemokines as well as growth factors and hor-
mones, directly to the nucleus to induce a variety of cellular
responses [26]. While many of these responses are best charac-
terized in lymphoid cells, they have also been reported in intrin-
sic kidney cells such as podocytes [27], mesangial cells [28] and
tubular cells [27]. Gene and protein expression studies of kid-
ney biopsies from people with early- and late-stage DKD have
shown increased activation and expression of the JAK-STAT
signaling pathway across the spectrum of DKD [27, 29]. In par-
ticular, increased expression and activity of JAK1 and
JAK2 appear to promote DKD development and progression
[30–32]. Moreover, studies have suggested interactions between
JAK-STAT and angiotensin signaling, including evidence for
activating JAK2 [33].

Baricitinib is an oral, small-molecule inhibitor of the JAK
family of protein tyrosine kinases that selectively inhibits JAK1
and JAK2, and has demonstrated clinical efficacy in chronic
inflammatory conditions such as rheumatoid arthritis [34–37].
Based on the evidence that JAK-STAT activation is central to
DKD pathogenesis, this study was conducted to test the efficacy
of baricitinib in participants at high risk for DKD progression
defined by persistent macroalbuminuria despite ACE inhibitor
or ARB therapy. The aim of the study was to evaluate the effect
of baricitinib on albuminuria in participants with Type 2 diabe-
tes and DKD.

M A T E R I A L S A N D M E T H O D S

Study participants

Participants were�18 years old and had Type 2 diabetes
treated with one or more antihyperglycemic agents.
Participants also received either an ACE inhibitor or an ARB in
a DKD-therapeutic dose for at least 3 months preceding study
entry. Doses of antihyperglycemic agents, ACE inhibitors, ARB
or other antihypertensive medicines were stable for at least the
preceding 4 weeks. Participants had an estimated glomerular fil-
tration rate (eGFR) of 25–70 mL/min/1.73 m2 and documented
history of severely increased albuminuria [macroalbuminuria,
urine albumin–creatinine ratio (UACR)>300 mg/g and
<5000 mg/g]. Main exclusion criteria included systolic blood

pressure >150 mmHg or diastolic blood pressure >90 mmHg;
hemoglobin<10.0 g/dL; hemoglobin A1c (HbA1c) level>10%;
history of diabetic ketoacidosis; previous kidney transplant;
non-DKD; major surgical procedure within 8 weeks of study
entry; prior treatment with a JAK inhibitor; active or latent
infection or immunosuppression.

Study design

This was a randomized, placebo-controlled, double-blind,
parallel-group, dose-ranging, Phase 2 trial conducted at 40 sites
in Japan, Mexico and the USA, including Puerto Rico
(ClinicalTrials.gov identifier NCT01683409). The study design
included a 4-week screening period, a 24-week treatment period
and a 4- to 8-week washout period (Supplementary data, Figure
S3). A sample size of 250 participants (50 per treatment arm)
was estimated to provide 82% power for detecting a 35%
decrease in UACR compared with placebo, assuming a 5% sig-
nificance level and one-sided test. At the time of study design,
the estimate for the prevalence of macroalbuminuria was>30%
for people with Type 2 diabetes and DKD. Due to study recruit-
ment challenges, enrollment was closed at approximately half
the planned number. However, blinded reassessment of the pri-
mary outcome indicated that a statistically significant between-
group difference could still be detected with a smaller sample
size.

The study was conducted in accordance with the
Declaration of Helsinki, the International Conference on
Harmonization, and local laws and regulations. The study pro-
tocol and informed consent forms were approved by institu-
tional review boards or ethics review boards for each site. All
participants provided written informed consent.

Intervention

Eligible participants were randomized 1:1:1:1:1 to placebo or
to a baricitinib dose group determined by a computer-
generated random sequence using an interactive voice-response
system. Participants in each baricitinib dose group were strati-
fied according to their baseline eGFR into high (50–70 mL/min/
1.73 m2) and low (25 to <50 mL/min/1.73 m2) eGFR strata
[Chronic Kidney Disease Epidemiology Collaboration (CKD-
EPI) equation] but were analyzed by assigned treatment arm.
For the high eGFR stratum, baricitinib dose groups were
0.75 mg once daily, 0.75 mg twice daily, 1.5 mg once daily or
4 mg once daily. For the low eGFR stratum, baricitinib dose
groups were 0.5 mg once daily, 0.5 mg twice daily, 1 mg once
daily or 2.75 mg once daily. Dose adjustments for the lower
eGFR groups were chosen based on existing pharmacokinetic
data held by the study sponsor (Eli Lilly and Company). The
study drug was administered as three tablets in the morning
and one tablet in the evening for all participants. Study treat-
ment continued for 24 weeks, followed by a 4- to 8-week wash-
out period. Laboratory tests, vital signs and other safety
assessments were performed at scheduled visits. As an opera-
tional definition for significant anemia, research sites were
given specific instructions to interrupt baricitinib dosing if
hemoglobin fell below <9 g/dL. The incidence and severity of
adverse events were recorded at each visit.
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Study outcomes

The primary outcome was the change from baseline to
24 weeks in UACR in the first morning urine sample (any bari-
citinib dose versus placebo). Secondary outcomes included: 12-
week change from baseline in first morning UACR; 24-week
change from baseline in 24-h UACR; 24-h total urine albumin
excretion; 24-h urine protein and urine protein–creatinine
ratio; serum cystatin C-derived eGFR; creatinine clearance and
inflammatory biomarkers [urinary C–X–C motif chemokine 10
(CXCL10; also known as interferon gamma-induced protein,
IP-10) and chemokine (C–C motif) ligand 2 (CCL2; also known
as monocyte chemotactic protein-1, MCP-1); plasma soluble
tumor necrosis factor receptors 1 and 2 (sTNFR1 and sTNFR2),
serum amyloid A (SAA), vascular cell adhesion marker 1
(VCAM1) and intracellular adhesion marker 1 (ICAM1)].
Serum and urine creatinine levels were measured using the Jaffé
method. Results are presented based on eGFR strata, i.e. partici-
pants who received an adjusted dose for low eGFR are reported
with the higher eGFR group who did not receive an adjusted
dose. For example, 2.75 mg daily and 4 mg daily were combined
with analogous groupings for other doses.

Inflammatory biomarkers

Plasma and urine biomarkers were measured from stored
samples collected at baseline, 2, 4, 12 and 24 weeks following
treatment initiation and at 2 and 4 weeks post-treatment.
Biomarkers were measured by the following assays: CXCL10
and CCL2 in urine and sTNFR1 and sTNFR2 in plasma were
measured in duplicate with commercially available enzyme-
linked immunoassays (RþD Systems, Minneapolis, MN, USA);
SAA, ICAM1 and VCAM1 in plasma were measured in dupli-
cate with a V-Plex vascular injury 2 assay panel (MesoScale,
Gaithersburg, MD, USA). Urine biomarkers were reported as
the ratio to creatinine to adjust for differences in urine concen-
tration. Replicate measurements were averaged for the reported
values, and mean deviations assessed assay variability.

Statistical analyses

Statistical analyses were performed on the modified intent-
to-treat population, defined as all randomized participants who
received at least one dose of assigned study drug. The primary
analysis of first morning UACR at Week 24 was based on loga-
rithmic values due to the skewness of albuminuria data with a
model of mixed-model repeated measures (MMRM) to com-
pare treatment arms. Mean changes from baseline were ana-
lyzed using a restricted maximum-likelihood-based repeated
measures approach. Analyses included fixed, categorical effects
of therapy, stratification variable, visit and treatment-by-visit
interaction, as well as continuous, fixed covariates of baseline
UACR and baseline UACR-by-visit interaction. An unstruc-
tured covariance structure was used to model the within-
patient errors. Significance tests were based on least-squares
means using a two-sided test with a ¼ 0.1 for the primary
analysis. Other tests of treatment effects were conducted with a
two-sided alpha level of 0.05. No adjustments were made for
multiplicity for this exploratory Phase 2 study. Analyses were
implemented using SAS Version 9.2. For the secondary

outcome, dichotomous variables were analyzed using Fisher’s
exact test. Other continuous outcomes, except for inflammatory
biomarker measurements, were analyzed using an MMRM
method similar to those for the primary outcome with log
transformation applied to urine measurements due to the skew-
ness of the data. Mean changes from baseline for the biomarker
outcomes were analyzed using MMRM to compare baricitinib
treatment arms to placebo and included fixed, categorical
effects of treatment, visit and treatment-by-visit interaction as
well as a continuous, fixed covariate of the biomarker level at
baseline. Akaike information criterion was used to select the
appropriate covariance structure for each biomarker. For out-
comes that were log transformed for data analysis, results were
back-transformed to original scale for point estimates, confi-
dence intervals and reporting. For the analyses of safety data,
discrete outcomes were analyzed using Fisher’s exact test and
laboratory measures were analyzed using an analysis of cova-
riance (ANCOVA) model with treatment and baseline value of
the test variable as a covariate.

R E S U L T S

Study participants

Of 376 candidates screened, 130 study participants were
randomized. One ineligible participant was randomized but did
not receive study drug, and therefore, 129 participants were
included in the modified intent-to-treat analyses (Figure 1).
Participants (N¼ 129) were 6369.1 [mean 6 standard devia-
tion (SD)] years of age, 27.1% (35/129) women and 11.6% (15/
129) African-American race. Baseline HbA1c was 7.361% and
eGFR was 45.0612.1 mL/min/1.73 m2 with first morning
UACR of 820 (407–1632) (median; interquartile range) mg/g.
Treatment groups were well-balanced with respect to demo-
graphic and baseline characteristics (Table 1). For all groups,
the median duration of exposure to study drug was 169 days.

Effect of baricitinib on the primary outcome of
albuminuria and secondary outcomes

For the primary outcome of change in first morning UACR
from baseline to Week 24, treatment with baricitinib 4 mg daily
resulted in a significant decrease of 41% compared with placebo
[least squares mean difference (LSMD) 0.59, 95% confidence
interval (95% CI) 0.38–0.93, P¼ 0.022; Figure 2A and B].
Among secondary outcomes, decreases were observed in
UACR measured by 24-h urine collection, with significant
reductions compared with placebo at Week 12 in the baricitinib
1.5 mg daily (LSMD 0.71, 95% CI 0.51–0.98, P¼ 0.04) and
4 mg daily (LSMD 0.61, 95% CI 0.44–0.84, P¼ 0.004) groups
and at Week 24 in the baricitinib 1.5 mg daily group (LSMD
0.67, 95% CI 0.47–0.96, P¼ 0.031; Figure 2C and
Supplementary data, Figure S1A). Reductions in 24-h total uri-
nary albumin excretion were observed at Weeks 12 and 24
(Supplementary data, Figure S1B). These treatment-related
reductions in 24-h UACR and total urinary albumin excretion
were mostly maintained after 4-week washout (Figure 2 and
Supplementary data, Figure S1). Measures of kidney function
by serum creatinine, 24-h urine creatinine clearance
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Assessed for eligibility
(N = 376)

Randomized
(N = 130)

Modified intent-to-treat population
(N = 129)

Excluded (N = 246)
• Did not meet entry criteria (n = 236)
• Withdrawal by subject (n = 10)

1 ineligible patient randomized
but did not receive study drug

Placebo
once daily
(N = 27)

Baricitinib 0.75 mg
once daily
(N = 25)

Baricitinib 0.75 mg
twice daily
(N = 26)

Baricitinib 1.5 mg
once daily
(N = 26)

Baricitinib 4 mg
once daily
(N = 25)

Completed
(N = 24) (89%)

Completed
(N = 17) (68%)

Completed
(N = 24) (92%)

Completed
(N = 22) (85%)

Completed
(N = 17) (68%)

Discontinued (n = 3)
• Physician decision
  (n = 1)
• Protocol violation
  (n = 1)
• Subject withdrawal
  (n = 1)

Discontinued (n = 8)
• Adverse event (n = 7)
  - Blood creatinine
    increased (n = 2)
  - Headache (n = 1)
  - Herpes zoster (n = 1)
  - Myalgia (n = 1)
  - Nasopharyngitis (n = 1)
  - Vomiting (n = 1)
• Lost to follow-up (n = 1)

Discontinued (n = 2)
• Lost to follow-up
  (n = 1)
• Physician decision
  (n = 1)

Discontinued (n = 4)
• Adverse event (n = 2)
  - Anemia (n = 1)
  - Mitral valve
    incompetence (n = 1)
• Protocol violation
  (n = 1)
• Subject withdrawal
  (n = 1)

Discontinued (n = 8)
• Adverse event (n = 6)
  - Anemia (n = 1)
  - Blood creatinine
    increased (n = 3)
  - Hyperkalemia (n = 1)
  - Azotemia (n =1)
• Subject withdrawal
  (n = 2)

FIGURE 1: Patient disposition through 24 weeks. N ¼ number of participants in each treatment group; n ¼ number of participants in the
specified category.

Table 1. Baseline characteristics and disease activitya

Placebo
(N¼ 27)

Baricitinib
0.75 mg daily
(N¼ 25)

Baricitinib
0.75 mg twice
daily (N¼ 26)

Baricitinib
1.5 mg
daily (N¼ 26)

Baricitinib
4 mg daily
(N¼ 25)

Age (years) 64 (9.0) 61 (10.0) 64 (8.3) 61 (10.4) 63 (7.8)
Women, n (%) 7 (25.9) 8 (32.0) 5 (19.2) 5 (19.2) 10 (40.0)
Weight (kg) 85.9 (26.1) 87.5 (22.9) 83.7 (25.5) 91.5 (24.6) 86.4 (29.2)
Body mass index (kg/m2) 31.0 (7.3) 30.4 (6.4) 30.1 (8.6) 32.24 (8.6) 31.4 (8.2)
Blood pressure (mmHg)

Systolic 134 (13.7) 133 (11.3) 133 (10.6) 134 (11.1) 132 (13.5)
Diastolic 75 (10.0) 76 (9.3) 77 (9.2) 77 (12.1) 74 (10.4)

Race, n (%)
American Indian or Alaska Native 2 (7.4) 2 (8.0) 2 (7.7) 2 (7.7) 1 (4.0)
Asian 14 (51.9) 12 (48.0) 12 (46.2) 11 (42.3) 11 (44.0)
African-American 2 (7.4) 7 (28.0) 3 (11.5) 0 3 (12.0)
Native Hawaiian or Other Pacific Islander 0 0 0 0 1 (4.0)
White 8 (29.6) 4 (16.0) 9 (34.6) 13 (50.0) 9 (36.0)

Region, n (%)
Japan 11 (40.7) 10 (40.0) 10 (38.5) 10 (38.5) 11 (44.0)
Mexico 2 (7.4) 1 (4.0) 2 (7.7) 2 (7.7) 1 (4.0)
USA, including Puerto Rico 14 (51.9) 14 (56.0) 14 (53.8) 14 (53.8) 13 (52.0)

eGFRb group, n (%)
25–<50 mL/min/1.73 m2 18 (66.7) 16 (64.0) 18 (69.2) 18 (69.2) 17 (68.0)
50–70 mL/min/1.73 m2 9 (33.3) 9 (36.0) 8 (30.8) 8 (30.8) 8 (32.0)

eGFR mean (SD) 44.2 (10.6) 46.3 (14.3) 44.8 (13.9) 44.1 (9.8) 45.8 (12.3)
Creatinine clearance—24-h urine (mL/min), mean (SD) 63.4 (32.0) 61.9 (26.8) 49.0 (20.0) 54.6 (27.6) 60.6 (34.1)
UACR (FMU) (mg/g)

Mean 1464.6 1506.4 1040.6 1405.3 1821.1
Median (IQ range) 1043.4 1204.5 833.7 1016.9 1086.7

(627.5, 2001.0) (724.8, 1993.9) (504.5, 1190.3) (555.8, 1443.4) (690.3, 2286.8)
HbA1c (%) 7.2 (1.2) 7.1 (1.1) 7.2 (0.9) 7.4 (1.2) 7.5 (0.8)
MCP-1/creatinine ratio (pg/mg), mean (SD) 542.1 (484.4) 516.6 (439.2) 508.7 (406.7) 503.4 (405.3) 841.3 (1303.2)

FMU, first morning urine; IQ, interquartile (maximum, minimum); N, number of participants in each treatment group; n, number of participants in the specified category.
aData reported as mean (SD) unless otherwise indicated.
beGFR determined by CKD-EPI equation; derived by creatinine.
cCompares across treatment arms. Continuous parameters are analyzed using ANCOVA and categorical parameters are analyzed using Chi-square test.
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measurements and eGFR (cystatin C-based) did not change in
any baricitinib group compared with placebo over the 24-week
study (Figure 3).

Other secondary outcomes included effects of baricitinib
treatment on pertinent inflammatory biomarkers. Urinary
CXCL10, urinary CCL2, plasma sTNFR1 and sTNFR2, SAA
[38], ICAM1 and VCAM1 showed dose-dependent decreases
from baseline with baricitinib treatment (Figure 4 and
Supplementary data, Figure S3). Levels of these inflammatory
biomarkers increased above baseline levels during the study
drug washout period (Figure 4 and Supplementary data,
Figure S2).

Effect of baricitinib on safety indicators

There were no deaths during the study. Adverse events led
to study drug discontinuation in 11.6% (15/129; Figure 1).
Treatment-emergent adverse events (TEAEs) occurred in simi-
lar proportions across placebo and baricitinib groups, with the
exception of anemia, which was more frequent, 32% (8/25), in
the high-dose (4 mg daily) baricitinib group (Table 2). A reduc-
tion in hemoglobin of �0.62 mmol/L (95% CI �1.05 to �0.19,
P¼ 0.006) was observed in this group (Figure 3). Of the partici-
pants experiencing serious adverse events (SAEs), two were in
the placebo group, zero were in the baricitinib 0.75 mg daily
group, two were in the baricitinib 0.75 mg twice daily group,
two were in the 1.5 mg daily group and six were in the bariciti-
nib 4 mg daily group (Supplementary data, Table S1). SAEs
reported in the 4 mg daily group included two incidents of
hypoglycemia and one each of dehydration and hyperkalemia
not requiring hospitalization. At Week 24, HbA1c decreased
from baseline in the baricitinib 4 mg daily group compared
with placebo (LSMD �0.5; P¼ 0.044). There were no signifi-
cant changes in fructosamine or fasting glucose values for any
baricitinib group compared with placebo during the study. A
total of 29 participants experienced hypoglycemic episodes
without differences in frequency between treatment groups
(Supplementary data, Table S2). An increase in weight was
observed in some baricitinib groups (Supplementary data,
Figure S4). Small increases in alanine aminotransferase and
serum creatine phosphokinase were observed with baricitinib
treatment (Supplementary data, Table S3). Baricitinib was also
associated with modest increases in high-density lipoprotein
cholesterol and low-density lipoprotein cholesterol that
returned to baseline levels at the 4-week washout visit
(Supplementary data, Table S3).

D I S C U S S I O N

This is the first randomized, Phase 2 clinical trial to examine
effects of a JAK inhibitor on DKD. The trial met its primary
endpoint by demonstrating significant reductions in morning
UACR over 24 weeks with baricitinib treatment. Additionally,
treatment effects were seen at earlier time points in the high-
dose versus lower dose baricitinib groups. Although no unex-
pected safety signals were detected, the high-dose baricitinib
group experienced the adverse event of anemia more frequently
with a corresponding decrease in the hemoglobin level.

While specific mechanisms for the protective actions of bari-
citinib treatment on DKD remain to be fully elucidated, inhibi-
tion of inflammatory effects mediated by JAK1 and/or JAK2 is
likely a primary target. A great deal of evidence has

FIGURE 2: Efficacy analyses. (A) UACR, first morning urine, (B)
ratio of UACR (first morning urine) relative to placebo, (C) UACR,
24-h urine. The primary endpoint was change in first morning UACR
at Week 24 compared with baseline. The least squares mean (LSM)
treatment difference from placebo is displayed as a ratio 6 standard
error. *P� 0.05, **P� 0.01 versus placebo.
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demonstrated that progression of DKD is promoted by inflam-
mation [25], and the JAK-STAT pathway transduces a number
of these signals in both lymphoid cells and resident kidney cells
[26–28]. The previous demonstration of increased expression
of JAK-STAT isoforms, including JAK1 and JAK2, in kidney
glomerular and tubular cells in humans with DKD plus the
increased glomerular expression of downstream pro-
inflammatory genes in diabetic mice that specifically overex-
press JAK2 in podocytes strongly suggest that JAK-STAT acti-
vation plays an important role in the pro-inflammatory injury

process in the diabetic kidney [27]. The effect of baricitinib in
the current study to modulate JAK1- and JAK2-mediated
inflammatory processes was supported by dose-related reduc-
tions in inflammatory biomarkers including CCL2 (MCP-1),
CXCL10 (IP-10), sTNFR1 and sTNFR2, SAA, VCAM1 and
ICAM1, all of which have been linked to DKD pathophysiology
[38–45]. Although most of these are systemic cytokines, CCL2
(MCP-1) and CXCL10 (IP-10) were measured in urine, and uri-
nary biomarkers appear to more closely track with inflamma-
tion in the kidney than systemic inflammation [44]. Indeed,

FIGURE 3: Clinical safety indicators. Observed values (mean 6 SD) over time for (A) Hematocrit, (B) Hemoglobin, (C) Plasma creatinine,
(D) 24-h urine creatinine clearance, (E) eGFR derived by creatinine, and (F) eGFR derived by cystatin C. For hematocrit and hemoglobin, sig-
nificance for the difference of treatment comparisons was based on the LSMD and analyzed using an ANCOVA model with treatment and
baseline value as covariates. For plasma creatinine, creatinine clearance, and eGFR, significance for the difference of treatment comparisons
was based on the LSMD and analyzed using MMRM analyses, which included treatment, eGFR group, visit, treatment-by-visit interaction,
baseline, and baseline-by-visit interaction. *P� 0.05, **P� 0.01, ***P� 0.001 versus placebo. QD, once daily; BID, twice daily.
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two randomized controlled clinical trials recently have shown
reduction in albuminuria among participants with DKD who
received inhibitors of CCL2 (MCP-1) signaling [39, 46]. These
results support the plausibility that reduction of local inflamma-
tion ameliorates DKD and suggest that baricitinib works, at
least in part, via local anti-inflammatory effects in the diabetic
kidney. In sum, these data support an anti-inflammatory action
of JAK1/JAK2 inhibition to reduce albuminuria in high-risk
DKD.

A number of clinical trials have aimed to find ways to
improve upon ACE inhibition or ARB therapy for DKD, but

safer and more effective treatments have been elusive. The
combination of ACE and ARB together, as well as other dual
renin–angiotensin system blockade therapies, has not been
more effective than ACE inhibitor or ARB monotherapy in
slowing progression of DKD [47–49]. Notably, increased risks
of hyperkalemia and acute kidney injury have been associated
with therapies that combine both ACE inhibition and ARB, or
which combine other mechanisms of renin–angiotensin system
inhibition (e.g. direct renin inhibitor) with an ACE inhibitor or
ARB [47–51]. The recent findings that empagliflozin and cana-
gliflozin, inhibitors of SGLT-2, ameliorated DKD progression

FIGURE 4: Biomarker analyses. The fold change from placebo (6standard error) in (A) urinary CXCL10, (B) urinary CCL2, (C, D) plasma
sTNFR1 and sTNFR2 and (E) plasma VCAM1. *P� 0.05, **P� 0.01, ***P� 0.001 versus placebo.
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are encouraging [19, 24]. The GLP-1 receptor agonists, lira-
glutide and semaglutide, also have been observed to reduce
albuminuria and loss of kidney function. However, in none
of these studies were kidney outcomes a primary endpoint.
Moreover, SGLT-2 inhibitors are not currently approved
for use in people with eGFR<45 mL/min/1.73 m2 [19–24].
Since baricitinib reduced albuminuria in a group with
eGFRs inclusive of this lower range, JAK1/JAK2 inhibition
could be a clinically useful treatment for DKD even at more
advanced stages.

Although a safety signal of more frequent anemia and a lower
hemoglobin level was observed in the high-dose baricitinib group,
these data contrast with studies of baricitinib in rheumatoid
arthritis and psoriasis in which the same dose (4 mg daily) was
not associated with increased risk of anemia [34–37, 52]. Many
people with DKD have impaired erythropoietin production, and
erythropoietin signals through a JAK2-dependent pathway [53,
54]. Therefore, JAK2 inhibition could further decrease erythro-
poietin actions in those who already have low erythropoietin lev-
els. As such, baricitinib may have a relatively narrow therapeutic
window. Based on balancing likely benefits and harms, the
middle-range dose may be an optimal choice based on the
available data. Since both JAK1 and JAK2 isoforms are
increased and may contribute to activation of pathogenic
signaling pathways in progressive DKD, a JAK1 inhibitor
could potentially be effective without a reduction in hemoglobin.
However, based on currently published data, it is unclear
whether JAK1 or JAK2 has a dominant clinical effect. JAK1-
specific inhibitors also reduce pro-inflammatory signaling
and have shown efficacy in other inflammatory diseases (e.g.
rheumatoid arthritis) [55–57], which are characterized by
JAK1/JAK2 activation. In the baricitinib treatment groups,
small reductions in creatinine-based eGFR were observed
based on slight increases in serum creatinine levels. Notably,
there was no directional change in cystatin C-based eGFR,
suggesting that increases in serum creatinine levels in the
baricitinib groups were related to the drug’s known effect to
inhibit tubular creatinine secretion [58].

Limitations include a modest sample size with lower-than-
planned power that contributed to variability in UACR and
inflammatory biomarker measurements over the relatively
short study timeframe. At the time of study design, the
estimated prevalence of macroalbuminuria was >30% for
patients with Type 2 diabetes and DKD. Lower-than-expected
enrollment was consistent with the recent observation that the
prevalence of macroalbuminuria in people with DKD has
declined and that low eGFR without albuminuria has increased
in the USA in concert with better diabetes care and greater use
of renin–angiotensin system inhibitors over the past decade
[59]. Thus, in future studies of JAK inhibitors it will be critical
to enroll participants with normal and lower levels of
albuminuria to ensure a representative sample of patients with
DKD. With regard to racial distribution, Asian participants
were recruited primarily from Japan and comprised about half
of the treatment groups. Thus, a relative lack of diversity in the
study population introduces a limitation of generalizability for
the study findings and is another reason to enroll larger and
more varied populations in future studies. Even though small
reductions in creatinine-based eGFR occurred in the baricitinib
groups, there was no directional change in cystatin C-based
eGFR. Therefore, increases in serum creatinine levels in the
baricitinib groups were likely related to the drug’s effect to
inhibit renal tubular creatinine secretion [58]. Overall, the study
still met its primary objective and demonstrated efficacy based
on clinically meaningful reductions in albuminuria without
change in kidney function.

In conclusion, treatment with baricitinib significantly
reduced albuminuria, the most widely accepted clinical bio-
marker for DKD, in study participants at high risk for disease
progression. Therefore, JAK1/JAK2 inhibition shows potential
for treating DKD and improving health outcomes in patients
who remain at high risk despite standard therapy.

S U P P L E M E N T A R Y D A T A

Supplementary data are available at ndt online.

Table 2. TEAEs reported by more than or equal to five participants in order of frequencya

Placebo
(N¼ 27)

Baricitinib
0.75 mg daily
(N¼ 25)

Baricitinib
0.75 mg twice
daily (N¼ 26)

Baricitinib
1.5 mg daily
(N¼ 26)

Baricitinib
4 mg daily
(N¼ 25)

�1 TEAE 18 (66.7) 18 (72.0) 17 (65.4) 19 (73.1) 24 (96.0)
Nasopharyngitis 1 (3.7) 4 (16.0) 4 (15.4) 4 (15.4) 3 (12.0)
Anemia 1 (3.7) 1 (4.0) 1 (3.8) 2 (7.7) 8 (32.0)
Arthralgia 1 (3.7) 2 (8.0) 0 2 (7.7) 2 (8.0)
Blood CPK increase 2 (7.4) 1 (4.0) 1 (3.8) 1 (3.8) 3 (12.0)
Headache 1 (3.7) 3 (12.0) 0 1 (3.8) 2 (8.0)
Nausea 0 2 (8.0) 0 1 (3.8) 3 (12.0)
Upper respiratory tract infection 1 (3.7) 2 (8.0) 2 (7.7) 2 (7.7) 0
Blood creatinine increase 0b 2 (8.0) 0 0 3 (12.0)
Muscle spasms 1 (3.7) 0 3 (11.5) 1 (3.8) 0
Diarrhea 2 (7.4) 1 (4.0) 1 (3.8) 0 1 (4.0)
Dizziness 2 (7.4) 2 (8.0) 0 1 (3.8) 0
Hypoglycemia 4 (14.8) 0 0 0 2 (8.0)

CPK, creatine phosphokinase; N, number of participants in each treatment group; n, number of participants in the specified category.
aData reported as n (%) participants unless otherwise indicated.
bTwo placebo participants reported renal adverse events: acute kidney injury and renal impairment.
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