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Abstract
Objective  Our objective was to update the understanding of the development of paradoxical immune-mediated glomerular 
disorders (IGDs) in patients with rheumatic diseases treated with biologics and targeted synthetic drugs (ts-drugs).
Methods  A systematic literature review was performed by searching PubMed for articles published between 1 January 2014 
and 1 January 2020 reporting on the development of IGD in adult patients with rheumatoid arthritis, psoriatic arthritis, anky-
losing spondylitis or systemic lupus erythematosus (SLE) who were receiving biologics or ts-drugs. IGDs were classified 
on the basis of clinical, laboratory and histopathological data as (1) glomerulonephritis associated with systemic vasculitis 
(GNSV), (2) isolated autoimmune renal disorder (IARD) or (3) glomerulonephritis in SLE and in lupus-like syndrome 
(GNLS). The World Health Organization-Uppsala Monitoring Centre (WHO-UMC) system for standardized case causality 
assessment was applied to evaluate the causal relationship between IGD and specific drugs. The classification was based on 
a six-category scale, where the “certain” and “probable” categories were deemed clinically relevant relationships.
Results  The literature search retrieved 875 articles. Of these, 16 articles reported IGD data, for a total of 25 cases. Accord-
ing to the WHO-UMC assessment, the strength of the causal relationship between IGDs and investigated drugs was higher 
for anti-tumor necrosis factor-α agents (a clinically relevant relationship was found in four of six cases), abatacept (one of 
two cases), tocilizumab (two cases), ustekinumab (one case) and tofacitinib (one case) than for rituximab (nine cases), beli-
mumab (three cases) or secukinumab (one case), which showed a weak causal relationship with these paradoxical events. 
No cases associated with apremilast or baricitinib were found. The retrieved cases were classified as 11 GNLS, seven IARD 
and seven GNSV.
Conclusions  Biologics and ts-drugs can cause IGDs. These events are rare, and the causative effect of a specific drug is hard 
to establish. When a patient is suspected of having an IGD, the drug should be discontinued, and treatment for the new-onset 
renal disorder should be promptly started.
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Key Points 

Biologics and targeted synthetic drugs may induce rare 
paradoxical immune-mediated glomerular disorders.

Drug-induced immune-mediated glomerular disorders 
are rare but could be irreversible, leading to dialysis or 
death.

The immune-mediated mechanisms underlying biologics 
and targeted synthetic drug-induced immune-mediated 
glomerular disorders have not yet been fully identified.

1  Introduction

Over the past 20 years, many treatment options have become 
available for people with rheumatic diseases [1] thanks to a 
better understanding of disease pathogenesis. New biotech-
nological or synthetic drugs have been developed to better 
control the course of immune-mediated chronic diseases, 
including rheumatoid arthritis (RA) [2], psoriatic arthritis 
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(PsA) [3], ankylosing spondylitis (AS) [4] and systemic 
lupus erythematosus (SLE) [5], through different mecha-
nisms of action. Biotechnological products, or biologics, 
used in rheumatic diseases are drugs that inhibit the effects 
of specific cytokines (e.g., interleukin [IL]-1, IL-6, IL-17, 
IL-12, IL-23, B-cell activating factor [BAFF], or tumor 
necrosis factor [TNF]-α) or selectively target cluster of dif-
ferentiation (CD)-20-positive B cells or prevent antigen-
presenting cells from delivering the costimulatory signal 
to T lymphocytes by binding to CD80 and CD86, thereby 
blocking interaction with CD28 [6–8]. Targeted synthetic 
drugs (ts-drugs) are recently developed small molecules 
that suppress inflammation by interfering with intracellu-
lar signaling pathways; the so-called Janus kinase inhibi-
tors (JAKi) inhibit the activity of one or more of the JAK 
family of enzymes (JAK1, JAK2, JAK3) [9], whereas other 
ts-drugs inhibit the activity of phosphodiesterase-4, the 
enzyme responsible for breaking down cyclic adenosine 
monophosphate.

The use of these agents has significantly improved 
patients’ symptoms by controlling disease activity, inhibit-
ing the progression of structural damage and reducing the 
risk of comorbidities [10]. Nevertheless, all of these drugs 
have a range of shared adverse effects [11, 12].

Notably, biologics can cause the paradoxical develop-
ment of autoimmune processes [13], whereas the nonpro-
teinic structure of ts-drugs makes them apparently unlikely 
to induce immunogenicity. In a recent systematic literature 
review (SLR) [14], we reported that anti-TNFα can lead to 
the development of autoimmune renal disorders that could 
be life threatening. Stopping the treatment can reverse the 
adverse events and normalize renal function, so physicians 
need to be aware of drug-induced immune-mediated glomer-
ular disorders (IGDs). The underlying pathogenetic mecha-
nisms range from self-limited reactions against the drug, 
resulting in immunocomplex deposition and kidney damage, 
to imbalance of cytokine production and lymphocyte func-
tions [15]. Since our first review was published, new drugs 
have become routinely used in rheumatology practice, so an 
update describing their risk of inducing IGD was necessary.

The purpose of this study was to provide an updated sur-
vey of the reports on biologic- and ts-drug-induced IGD, to 
assess the causality relationship between the drug and the 
adverse event and to describe IGD features in adult patients 
with rheumatic diseases through an SLR.

2 � Methods

2.1 � Systematic Review

Two investigators performed an SLR in accordance with 
the Preferred Reporting Items for Systematic Reviews and 

Meta-Analysis (PRISMA) statement [16] by searching for 
articles published between 1 January 2014 and 1 January 
2020 reporting on the development of IGD (outcome) in 
adult patients with the rheumatic diseases RA, PsA, AS or 
SLE (population) receiving biologics or ts-drugs (interven-
tion). The following search strategy through MEDLINE 
via PubMed was designed using the following combina-
tion of medical subject heading (MeSH) terms: (“arthritis, 
rheumatoid”[MeSH]) OR “arthritis, psoriatic”[MeSH]) 
OR “spondylitis, ankylosing”[MeSH]) OR “lupus erythe-
matosus, systemic”[MeSH]) AND “infliximab”[MeSH]) 
OR “etanercept”[MeSH]) OR “adalimumab”[MeSH]) 
OR “golimumab” [supplementary concept]) OR “cer-
tolizumab pegol”[MeSH]) OR “rituximab”[MeSH]) OR 
“belimumab” [supplementary concept]) OR “tocilizumab” 
[supplementary concept]) OR “abatacept”[MeSH]) OR 
“tofacitinib” [supplementary concept]) OR “baricitinib” 
[supplementary concept]) OR “apremilast”[supplementary 
concept]) OR “Janus kinase inhibitors”[MeSH]) 
AND “glomerulonephritis”[MeSH]) OR “nephrotic 
syndrome”[MeSH]) OR “nephrosis, lipoid”[MeSH].

Additional papers were obtained by checking the ref-
erence lists of the selected studies, review articles and 
other sources known to the authors. All types of stud-
ies were allowed, but only full publications reporting 
on adult patients and written in English were included 
in the literature search. The investigators independently 
selected the articles initially on the basis of titles and 
abstracts and then, if necessary, on the basis of the full 
texts. Then, eligibility assessment was performed inde-
pendently in a blinded and standardized manner. When-
ever papers reported duplicate data, the most recent 
article was selected. To be included in the review, the 
retrieved papers had to provide descriptive features of 
each reported case of induced IGD. In particular, demo-
graphic, clinical, histopathological (if performed), treat-
ment and outcome data were required.

2.2 � Case Classification

According to clinical manifestations and kidney histology, 
the identified cases were classified as (1) glomerulonephritis 
associated with systemic vasculitis (GNSV), (2) glomeru-
lonephritis in SLE and lupus-like syndrome (GNLS) or (3) 
isolated autoimmune renal disorder (IARD), i.e., autoim-
mune glomerular disorders not classifiable in the context of 
a specific systemic disease. Clinical outcomes were defined 
as (1) complete resolution (i.e., inactive urinary sediment, 
absent proteinuria and normal or stable renal function), (2) 
partial resolution (i.e., significant improvement of proteinu-
ria, urinary sediment and renal function that did not return to 
normal values) or (3) worsening of clinical conditions (i.e., 
absence of improvement or worsening of proteinuria and/or 
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urinary sediment, deterioration of renal function until end-
stage renal disease or death).

2.3 � Case Causality Assessment

In an attempt to clarify whether IGDs are specific adverse 
reactions to biologics and ts-drugs, the World Health Organ-
ization-Uppsala Monitoring Centre (WHO-UMC) system for 
standardized case causality assessment [45] was applied, 
and the reported adverse drug reactions were classified on a 
six-category scale: “certain,” “probable/likely,” “possible,” 
“unlikely,” “conditional/unclassified” and “unassessable/
unclassifiable” [17]. The “certain” and “probable” categories 
were deemed clinically relevant relationships. Case reports 
classified as “conditional/unclassified” and “unassessable/
unclassifiable” were excluded from the analysis. Causality 
assessment was performed independently in a blinded and 
standardized manner by the two reviewers. Disagreements 
between reviewers were solved by consensus.

3 � Results

3.1 � Literature Search

The literature search identified 875 articles; 11 were initially 
considered relevant for the present study. The manual search 
retrieved 12 additional articles. Finally, 16 articles account-
ing for 25 case reports were included in the study (Fig. 1).

3.2 � Demographic Features

The updated search identified nine IGD cases associated 
with rituximab, three with belimumab, two with etanercept, 
abatacept and tocilizumab and one each with secukinumab, 
ustekinumab, tofacitinib, adalimumab, infliximab, certoli-
zumab pegol and golimumab. No cases of IGD associated 
with apremilast or baricitinib were identified. Of 25 cases 
of IGD, ten were reported in patients affected by RA, nine 
in patients affected by SLE, three in patients affected by 
cryoglobulinemic vasculitis and one each in patients affected 
by AS, PsA or RA overlapping with SLE.

IGDs developed within a median of 3 months (inter-
quartile range 1–6.5) from the beginning of treatment. In 
seven cases, all in patients treated with rituximab, IGD 
appeared within the first month of treatment, whereas in 
four cases (16.0%) IGDs had a long latency onset, and renal 
disorders developed after 2 years of treatment. Seven of the 
25 patients were classified as affected by GNSV (Table 1) 
[18–22], seven as affected by IARD (Table 2) [23–28] and 
11 as affected by GNLS (Table 3) [29–33].  

Large differences in the age of IGD onset were found, 
with the youngest patients in the GNLS group (mean age 
36.1 years; range 18–62), followed by the GNSV (mean age 
51.6 years; range 30–78) and IARD groups (mean age 60.4 
years; range 40–76). At the time of IGD development, all 
three groups had a long primary disease duration: GNLS 
had a mean of 9.3 years (range 1–21), IARD had a mean of 
13 years (range 1–25), and the longest disease duration was 
found in the GNSV group, which had a mean of 21 years 
(range 16–28).

In the GNLS group, 10 of the 11 patients had a previous 
diagnosis of SLE before the biologic treatment (one over-
lapping with RA), seven of whom already had documented 
nephritis; the eleventh patient had PsA. In the IARD group, 
one of the seven patients had AS. Three of the seven patients 
in the GNSV group had cryoglobulinemic vasculitis with 
renal involvement. All remaining patients in the IARD and 
GNSV groups had RA.

3.3 � Clinical, Serological and Histopathological 
Features

The most typical clinical presentation was peripheral edema, 
which was more frequent in patients with IARD (six cases, 
85.7%), followed by patients with GNLS (four cases, 36.4%) 
and patients with GNSV (two cases, 28.6%). Patients with 
GNSV had frequent cutaneous (four cases, 57.1%) and joint 
(three cases, 42.9%) involvement (Table 1). Among all 
patients, only one (4.5%) in the IARD group had no other 
associated clinical manifestations (Table 2).

Of the 25 patients, 23 presented proteinuria (92.0%), 
which was in the nephrotic range (> 3 g/24 h or > 3.5 g/
gCr) in five patients with IARD (71.4%), six with GNLS 
(54.5%) and three with GNSV (42.9%). Hematuria was the 
most frequent sediment abnormality and was present in all 
GNSV cases, five IARD cases (57.1%) and three GNLS 
cases (27.3%). Impaired renal function with increased serum 
creatinine was reported in six patients with GNLS (54.5%), 
two patients with IARD (28.6%) and one patient with GNSV 
(14.3%). Casts (frequently granular) were the second urinary 
abnormality, accounting for two cases each in the GNSV 
and IARD groups (28.6%) and one case in the GNLS group 
(9.1%). Pyuria was never reported.

At the time of IGD development, renal biopsy was per-
formed for the first time in 15 of the 25 cases; seven of the 
ten remaining cases underwent repeat biopsy after deteriora-
tion of renal function, whereas biopsy was not repeated in 
three cases. Patients with GNLS had been treated with goli-
mumab, belimumab, rituximab and ustekinumab and showed 
proliferative aspects of lupus nephritis in nine cases (class 
IV, five cases, 45.5%; class III, three cases, 27.3%; class 
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not specified in one case); five cases were class V (45.5%) 
(Table 3). Seven of the ten patients with SLE had previous 
lupus nephritis; it was active in six patients for whom treat-
ment with rituximab was started.

Patients treated with etanercept [18, 19], secukinumab 
[20] and tofacitinib [21], and three patients treated with 
rituximab [22], developed GNSV, showing crescentic 
mesangial immunoglobulin A (IgA) deposits in the context 
of Schönlein–Henoch vasculitis (two cases, 28.6%) [18, 21] 
or necrotizing crescentic glomerulonephritis with clinical 
and serological pictures of myeloperoxidase anti-neutrophil 
cytoplasmic antibodies (MPO-ANCA) vasculitis (two cases 
[28.6%]) [19, 20], one of whom also presented mesangial 
IgA deposits [19]. Three patients affected by hepatitis C 
virus-related cryoglobulinemic vasculitis had a renal flare 
after rituximab treatment and presented deterioration of the 
known membrane-proliferative glomerulonephritis.

IARD developed after treatment with anti-cytotoxic 
T-lymphocyte-associated protein 4 (CTLA4), anti-TNFα 
and anti-IL-6R: two cases, treated with tocilizumab, were 

classified as membrane-proliferative glomerulonephri-
tis (28.6%); two cases, treated with certolizumab pegol 
and abatacept, presented membranous glomerulonephri-
tis (28.6%); two cases, treated with adalimumab and 
abatacept, showed mesangial proliferative crescentic IgA 
nephritis (28.6%); and one case, treated with infliximab, 
showed a focal segmental glomerulosclerosis (14.3%).

Of the two case reports of membranous glomerulone-
phritis, one was in the context of a new diagnosis of SLE 
(antinuclear antibodies [ANA] 1:1280, low complement, 
anti-DNA positive and lymphopenia). Seven patients 
(31.8%) out of the total developed autoantibodies after 
biologic treatment: MPO-ANCA in three cases [19, 20, 
26], ANA >1:80 in three cases [25, 26, 33] and anti-DNA 
in three cases [25, 29, 32]. Nevertheless, a systematic 
search for autoantibodies before the start of biological 
therapy was performed only in a few cases among those 
identified in the literature.

The search for possible predisposing or precipitating 
factors revealed the presence of an underlying nephropathy 

Fig. 1   Flow chart illustrating the literature search and study selection. IGD immune-mediated glomerular disorders, IRD inflammatory rheu-
matic diseases, ts-drugs targeted synthetic drugs
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Autoimmune Glomerular Disorders Following Biologic and Targeted Synthetic Drugs
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(40.0%) or urinary abnormality (microhematuria and trace of 
proteinuria) (4.0%) and the assumption of potential nephro-
toxic drugs (bucillamine or nonsteroid anti-inflammatory 
drugs in two patients). Description of the presence of infec-
tion prior to the onset of IGD was found in one case (cyto-
megalovirus infection, noticed 4 years before the nephritic 
flare) [32], whereas, in one case, the presence of infection 
was suggested by the detection of leukocytosis accompanied 
by increased C-reactive protein [26]. In total, 18 of the 25 
cases had no other comorbidities (see Tables 1, 2, 3). Three 
patients underwent cutaneous biopsy showing leukocyto-
clastic vasculitis [18, 21, 33].

3.4 � Treatment and Outcomes

In all but one described case, biologics and JAKi were dis-
continued at the time of IGD clinical presentation; in one 
patient, the biologic (rituximab) was continued [22], which 
led to the patient’s death. In one patient, the resolution of 
renal manifestations was secondary to withdrawal of the bio-
logic drug and the administration of antihypertensive and 
angiotensin-receptor blockers [24]. Rituximab was used as 
a rescue treatment in one case [20], and tofacitinib [27] was 
used in another case.

In all groups, corticosteroids were the most commonly 
adopted treatment (GNSV 100.0%; IARD 71.4%; GNLS 
63.6%), whereas immunosuppressants were used most com-
monly in the GNLS group (90.9%; GNSV 42.9%; IARD 
14.3%). In five cases, hemodialysis was required [22, 26, 
30, 31]. Six of the 25 patients experienced a deterioration 
of renal function that led to end-stage renal disease (n = 3) 
or death (n = 1); one patient died of severe infection. The 
clinical outcomes are summarized in Fig. 2.

3.5 � Causality Assessment

The case causality assessment for IGD identified three cases 
classified in the “certain” category (one with tofacitinib in 
GNSV and one each with certolizumab and tocilizumab in 
IARD) [21, 24, 28] and five cases classified as “probable” 
(one each with infliximab, adalimumab, abatacept, tocili-
zumab in IARD; one with ustekinumab in GNLS), with evi-
dence for an etiologic role for biologics and JAKi in induc-
ing IGD [23, 26–28, 33] (see Tables 1, 2, 3). The majority of 
cases showed weaker evidence of causality between biologic 
treatment and IGD development (see Tables 1, 2, 3). The 
major reason for classifying cases into the “possible” and 
“unlikely” categories was the presence of another equally 
likely explanation for IGD development, namely, pre-exist-
ing or co-occurring causes of kidney disease and, in one 
case, the very long latency (72 months) between biologic 
intake and IGD development.Ta

bl
e 

3  
(c

on
tin

ue
d)

D
ru

g
A

ge
, s

ex
IR

D
 (d

ur
at

io
n)

La
te

nc
y

A
ss

oc
ia

te
d 

fe
at

ur
es

Re
na

l a
bn

or
m

al
iti

es
K

id
ne

y 
bi

op
sy

Tr
ea

tm
en

t
O

ut
co

m
e

W
H

O
-

U
M

C
 

as
se

ss
m

en
t

Re
fe

re
nc

es

B
LM

62
, F

SL
E 

(9
 y

ea
rs

)
10

 m
on

th
s

A
rth

rit
is

, V
T,

 se
ro

si
-

tis
, ↑

an
ti-

D
N

A
, 

↓s
er

um
 c

om
pl

em
en

t, 
pr

ev
io

us
 C

oo
m

bs
, 

LA
C

, a
C

L 
Ig

G
, 

ca
rc

in
om

a,
 fa

m
ily

 
hi

sto
ry

 o
f R

A
 a

nd
 

ES
R

D

u-
R

B
C

, c
as

ts
, u

-P
ro

t
C

la
ss

 II
I

B
LM

 w
ith

dr
aw

al
, 

PR
E,

 C
Y

C
​

C
om

pl
et

e 
re

so
lu

tio
n

Po
ss

ib
le

[3
2]

U
ST

40
, M

Ps
A

 (1
5 

ye
ar

s)
24

 m
on

th
s

Pu
rp

ur
a,

 A
N

A
, ↓

C
3

↓G
FR

C
la

ss
 V

 a
nd

 
pr

ol
ife

ra
tiv

e 
as

pe
ct

s

U
ST

 w
ith

dr
aw

al
, C

Y
C

​
W

or
se

ne
d 

(p
er

si
s-

te
nt

 re
na

l f
ai

lu
re

)
Pr

ob
ab

le
[3

3]

↓ 
in

di
ca

te
s 

de
cr

ea
se

d,
 ↑

 in
di

ca
te

s 
in

cr
ea

se
d,

 ↓
al

b 
hy

po
al

bu
m

in
em

ia
, A

C
Ei

 a
ng

io
te

ns
in

-c
on

ve
rti

ng
 e

nz
ym

e 
in

hi
bi

to
r ,

 a
C

L 
an

ti-
ca

rd
io

lip
in

, A
C

PA
 a

nt
i-c

itr
ul

lin
at

ed
 p

ro
te

in
 a

nt
ib

od
ie

s, 
AN

A 
an

ti-
nu

cl
ea

r a
nt

ib
od

ie
s, 

AZ
A 

az
at

hi
op

rin
e,

 B
LM

 b
el

im
um

ab
, C

YC
​ c

yc
lo

ph
os

ph
am

id
e,

 E
SR

D
 e

nd
-s

ta
ge

 re
na

l d
is

ea
se

, F
 fe

m
al

e,
 G

FR
 g

lo
m

er
ul

ar
 fi

ltr
at

io
n 

ra
te

, G
O

L 
go

lim
um

ab
, H

b 
he

m
og

lo
bi

n,
 Ig

G
 

im
m

un
og

lo
bu

lin
 G

, I
RD

 in
fla

m
m

at
or

y 
rh

eu
m

at
ic

 d
is

ea
se

, I
V 

in
tra

ve
no

us
, L

AC
 lu

pu
s 

an
tic

oa
gu

la
nt

, L
N

 lu
pu

s 
ne

ph
rit

is
, M

 m
al

e,
 M

M
F 

m
yc

op
he

no
la

te
 m

of
et

il,
 M

PR
E 

m
et

hy
lp

re
dn

is
ol

on
e,

 N
R 

no
t r

ep
ea

te
d,

 P
RE

 p
re

dn
is

on
e,

 P
sA

 p
so

ria
tic

 a
rth

rit
is

, R
A 

rh
eu

m
at

oi
d 

ar
th

rit
is

, R
N

P 
rib

on
uc

le
op

ro
te

in
, R

TX
 ri

tu
xi

m
ab

, s
-C

r s
er

um
 c

re
at

in
in

e,
 S

LE
 sy

ste
m

ic
 lu

pu
s e

ry
th

em
at

os
us

, S
SA

 S
jö

gr
en

’s
 

sy
nd

ro
m

e-
re

la
te

d 
an

tig
en

 A
 a

ut
oa

nt
ib

od
y,

 u
-P

ro
t p

ro
te

in
ur

ia
, u

-R
BC

 u
rin

ar
y 

re
d 

bl
oo

d 
ce

lls
 (h

em
at

ur
ia

), 
U

ST
 u

ste
ki

nu
m

ab
, V

T 
ve

no
us

 th
ro

m
bo

si
s, 

W
BC

 w
hi

te
 b

lo
od

 c
el

ls
, W

H
O

-U
M

C
 W

or
ld

 
H

ea
lth

 O
rg

an
iz

at
io

n 
U

pp
sa

la
 M

on
ito

rin
g 

C
en

tre



Autoimmune Glomerular Disorders Following Biologic and Targeted Synthetic Drugs

4 � Discussion

It is well-established that some drugs used in the treatment 
of autoimmune diseases can themselves induce paradoxical 
immune-mediated processes. Biologics and ts-drugs tar-
get cytokines or lymphocytes involved in normal immune 
homeostasis, and blocking these cells might result in adverse 
events [34], with an estimated frequency of eight cases of 
biologic-induced autoimmune disease per 1000 patients [35, 
36]. We previously reported that IGD induced by biologics is 
a rare but not exceptional event, being reported in 0.9 cases 
per 1000 patient-years [14]. In the last 2 decades, an increas-
ing number of agents for the management of rheumatic 
diseases have been developed, and we have witnessed new 
unexpected paradoxical immune-mediated adverse events.

Through this SLR, updated data on biologic- and ts-drug-
induced IGD were found in 25 new case reports published 
since 2014. The present SLR confirmed the role of anti-
TNFα (six cases), anti-CTLA4 (two cases) and anti-IL-6R 
agents (two cases) in inducing renal disease but also high-
lighted the potential relationship between the development 
of IGD and other drugs, such as rituximab (nine cases), beli-
mumab (three cases), ustekinumab (one case), secukinumab 
(one case) and tofacitinib (one case). To date, no cases 
involving apremilast or baricitinib have been found in the 
literature. According to clinical manifestations and kidney 
histology, IGD was classified into three groups: nephropathy 
developed as part of induced autoimmune systemic disease, 
such as systemic vasculitis (GNSV 28.0%) or SLE (GNLS 
44.0%), or as an induced autoimmune process limited to the 
kidney and not classifiable in the context of a specific sys-
temic disease (IARD 28.0%). Overall, IGD showed a better 

prognosis than previously reported, probably because clini-
cians have become more aware of this adverse event [14].

The pathogenetic mechanisms underlying biologic- and 
ts-drug-induced IGD have not yet been identified [37]. 
Although still debated, different pathways may conceiv-
ably act to induce IGD depending on individual drug mol-
ecules [11], and a predisposing genetic background may 
play a key role [36]. The literature especially focused on 
the role of anti-TNFα agents: a review conducted on the 
BIOGEAS Spanish registry [36] analyzed 12,731 cases of 
autoimmune diseases induced by biologics and found that, 
in most cases, the responsible agents were anti-TNFα agents 
(n = 9133 cases), whereas rituximab (n = 678), tocilizumab 
(n = 224), ustekinumab (n = 17) and abatacept (n = 14) 
were less frequently responsible, and no data were shown on 
belimumab, secukinumab or JAKi. Additionally, anti-TNFα 
agents are those most frequently reported as suspected drug 
inducers of lupus symptoms [38]. Nevertheless, it must be 
taken into consideration that they also represent the most 
commonly used biologic agents. Since biologics are large 
protein molecules, they can be intrinsically immunogenic 
and can lead to immunologic side effects that might impact 
both treatment efficacy and safety [13]. Different mecha-
nisms by which anti-TNFα agents may provoke autoantibody 
production have been proposed. Anti-TNFα agents might 
bind to immune cell products, determining the formation of 
immunocomplexes or inducing inflammatory cell apoptosis, 
which causes the release of immunogenic nucleosome anti-
gens [39, 40]. Moreover, infections, which are a well-known 
side effect of anti-TNFα treatment, might act as an immu-
nostimulatory trigger for autoimmune disorders [32, 41]. 
TNFα inhibition also exerts a direct effect on lymphocyte 

Fig. 2   Bar chart illustrating 
the outcomes following drug 
discontinuation and intervention 
in three different groups. GNLS 
glomerulonephritis in SLE and 
in lupus-like syndrome, GNSV 
glomerulonephritis associated 
with systemic vasculitis, IARD 
isolated autoimmune renal 
disorders, IGD immune-medi-
ated glomerular disorder, SLE 
systemic lupus erythematosus
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function and cytokine production, switching the cytokine 
response from T-helper type 1 to type 2 [34] or inducing the 
production of type I interferon by activating plasmacytoid 
dendritic cells [42]. These considerations are probably appli-
cable to other drugs with proteinic structures.

As monoclonal antibodies, belimumab and rituximab are 
immunogenic and could cause paradoxical inflammatory or 
autoimmune adverse events [34]. Nevertheless, all beli-
mumab- and rituximab-related IGD cases were reported in 
patients diagnosed with active vasculitis [22], SLE [29, 32] 
or active lupus nephritis [30, 31], thus reducing the strength 
of our observation. In this setting, in fact, distinguishing 
between a worsening of the disease because of the lack of 
drug effect and a paradoxical adverse reaction could be 
extremely difficult, as demonstrated by the low grade of cau-
sality obtained using the WHO-UMC assessment. In a lon-
gitudinal cohort study published after our literature search 
was completed [43], the use of belimumab was associated 
with an increased frequency of de novo lupus nephritis. 
The authors concluded that studies of whether the effects of 
BAFF inhibition on lymphocyte subsets contribute to lupus 
nephritis susceptibility are warranted. Moreover, it is already 
known that viral or bacterial infections might promote auto-
immune reactions by different mechanisms, such as molecu-
lar mimicry, bystander activation or epitope spreading [44]. 
Therefore, particular attention should be given to patients 
with SLE who develop signs of infection during biologic 
treatment, which may potentially trigger a renal flare.

Another novel finding of this SLR is that single IGD 
cases involving ustekinumab, secukinumab and tofaci-
tinib have been reported [20, 21, 32]. For the first two, 
a mechanism linked to their proteinic structure has been 
hypothesized, whereas, for tofacitinib, which is a ts-drug, 
a different pathogenesis needs to be identified. Notably, 
the small number of IGD cases associated with usteki-
numab, secukinumab and tofacitinib could be linked to 
their limited use in clinical practice compared with that 
of other drugs.

Applying the WHO-UMC causality assessment, the 
high likelihood of causality associated with the grades 
“certain” [21, 23, 27] and “probable” [22, 25–27, 32] 
was especially supported by the absence of other possi-
ble causes and good outcomes following drug withdrawal. 
In one case, discontinuing the biologic was sufficient to 
achieve complete resolution of renal function [23].

Our review has some limitations. First, searching a sin-
gle database did not allow us to detect all possible reports 
on adverse renal events. However, we were able to retrieve 
12 of 25 publications from other sources, providing a com-
prehensive overview of currently available data. Second, 
the results are based on case reports and retrospective 
data and not on a pharmacovigilance registry designed 
to systematically collect adverse events. Third, interstitial 

nephritis was not included in our search. In fact, we 
thought this topic deserved a separate discussion because 
of the differences in its pathogenetic mechanisms, clinical 
manifestations and outcomes compared with those of IGD.

5 � Conclusions

Biologics and ts-drugs can be responsible for IGD. Clini-
cians should be aware of this rare event when administer-
ing such drugs because of their potential negative out-
comes. A close evaluation of kidney parameters at baseline 
and in a quarterly follow-up is recommended to reveal 
renal alterations early and avoid irreversible manifesta-
tions. For the same reason, nonspecific symptoms, such as 
asthenia, fever, cutaneous rashes, arthralgia and/or myal-
gia, must always be considered suggestive of a systemic 
drug-induced paradoxical autoimmune reaction. A base-
line laboratory work-up to exclude underlying and active 
infections is recommended not only to avoid reactivation 
of chronic viral infections but also to identify potential 
autoimmunity triggers. The management of IGD with sys-
temic involvement (GNSV and GNLS) usually needs treat-
ment with high doses of glucocorticoids and immunosup-
pressants, whereas the heterogeneity of IARD is mirrored 
by the variety in therapeutic approaches for IARD. For all 
IGDs, the discontinuation of the implicated drug is manda-
tory because of the potential severity of renal involvement. 
A rechallenge test of the drug should be avoided, whereas 
switching to a different class of biologic treatment or ts-
drug is a reasonable option.
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