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ABSTRACT
Objective. This study was aimed at
monitoring the early and late effects of
infliximab on renal proximal function in
RA patients treated with methotrexate.
N - a c e t y l - -D-glucosaminidase (NAG)
activity in urine served as an indicator
of proximal tubular damage
Methods. NAG activity was estimated
in 21 patients during the course of
treatment with infliximab and metho -
trexate. In every patient NAG-enzymur -
ia was estimated directly before and 60
min after infliximab infusions and 62
weeks after starting the therapy.
Results. The total of mean NAG activi -
ties observed before each infusion of
infliximab was significantly lower (p <
0.02) than NAG-enzymuria before the
start of infliximab treatment (7.4 UI/g
vs 11.8 UI/g). The pro p o rtion of patients
in whom NAG activity rose by more than
50% during treatment ranged fro m
5.3% to 25%. Administration of inflix -
imab did not significantly change the
mean serum creatinine levels or creati -
nine clearance. No significant differen -
ces were observed in the mean values
of NAG values before and 60 min after
infliximab infusion. 
Patients who demonstrated elevated
NAG activities during the course of the
whole treatment demonstrated signifi -
cantly more pronounced NAG enzy -
muria before treatment and one hour
after the first infusion (p < 0.0005), as
well as higher RA activity (p < 0.05).
T h e re was no observed influence of
NSAIDs or prednisone on the frequency
of elevated NAG activities. Raised cre -
atinine concentrations (>1.3 mg/dL)
w e re noted before and during the course
of infliximab treatment in 3 patients. In
16 patients abdominal fat aspiration
biopsy was performed and in 3 the pre -
sence of amyloid deposits was demon -
strated. In these patients NAG activity
exceeded twice the upper normal limit.
Conclusion. The introduction of inflix -
imab during methotrexate therapy de -
monstrated no early or delayed neph -
rotoxicity of the drug in patients with
rheumatoid arthritis. 

Introduction
In aggressive forms of the rheumatoid
arthritis (RA) and when methotrexate

(MTX) remains only partially eff e c-
tive, combining this drug with tumour
necrosis factor-alpha blocking agents
(anti-TNF-α) such as infliximab or eta-
nercept is recommended. The elimina-
tion of infliximab and its effect on renal
function has not yet been fully recog-
nized. In a female RA patient undergo-
ing haemodialysis for coexisting termi-
nal renal insuff i c i e n c y, Singh et al.
observed good effects of infliximab on
RAactivity (1). On the other hand, Yee
et al . noted acute tubular necrosis in a
female patient with sarcoidosis treated
with infliximab and this comp l i c a t i o n
required prolonged haemodialysis (2). 
Elevated levels of N-acetyl-β-D-gluco-
saminidase (NAG) in urine have been
shown to be associated with reversible
tubular damage (3,4). In the available
literature, however, no data have been
published on renal function in RA pa-
tients treated with infliximab and meth-
otrexate. This study therefore aimed at
investigating the early and late effects
of infliximab on proximal renal func-
tioning in methotrexate-treated patients
with RA.

Material and methods
The study was performed on 31 RApa-
tients whose mean age was 50.8 years
(range 18-79). Patients were eligible for
the repeated administration of inflixi-
mab if they had active rheumatoid arth-
ritis (RA) despite treatment with MTX
for at least 3 months. In these patients
being treated with a stable oral dose of
MTX of 10 to 17.5 mg once a week
(mean dose 12.5 mg), infliximab was
given in 2 h intravenous infusions at a
dose of 3 mg/kg body weight acc o r d i n g
to the following schedule: week 0 ,
weeks 2, 6, 14, 22, 30, 38, 46 and 54. In
all 31 patients serum creatinine levels
were measured and urinalysis carried
out. NAG activity in the urine was mon-
itored in 21/31 patients and this sub-
group formed the subject of detailed
analysis. Prednisone (10 mg daily, n =
15) and non-steroidal anti-inflammato-
ry drugs (NSAIDs, n=15) were admin-
istered in stable doses. The treatment
procedure was approved earlier by the
local Bioethical Committee. 
NAG activity and the creatinine con-
centration were measured in 348 sam-
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ples of urine in 21 patients during the
course of treatment with infliximab and
methotrexate. In every patient NAG-
enzymuria was measured on a mean of
16 (range: 13 to 20) occasions: directly
before and 60 min after the infliximab
infusions and 62 weeks after starting
the therapy. 
The NAG activity in 21 patients was
compared to that in 65 healthy individ-
uals (35 men and 30 women); their mean
age ±SD was 36.2 ± 8.9 years (range
26-55). NAG activity was assessed by
the method described by Chatterjee and
Zwierz (5,6) in morning urine samples,
and was compared to the creatinine con-
centration in the urine. Rheumatoid
arthritis disease activity was assessed
using the modified Disease A c t i v i t y
Score (DAS 28). Creatinine clearance
(Clcr) was calculated according to the
Cockroft’s and Gault’s equation 
The non-parametric Mann-Whitney’s
test and the χ2 test with Yates correc-
tion were used to compare the patient
groups with decreased or augmented
NAG activity with respect to variables
characterising disease activity. For the
evaluation of NAG activity during the
course of treatment in individual pa-
tients Wilcoxon’s paired sequence test
was used. Statistical significance was
established at p < 0.05. 

Results
In the control group of 65 healthy indi-
viduals, the mean NAG activity in ur-
ine was 3.52± 1.99 UI/g (1.0 – 1 0 . 4
UI/g). The enzyme activity higher than
7.50 UI/g (sum of the mean NAG ac-
tivity and of two SD) was regarded to
be abnormal.
Before the start of infliximab treatment
abnormal NAG-enzymuria (≥ 7.5 UI/g)
was observed in 13 out of 21 (62%) RA
patients. In patients with increased
NAG activity only a significantly high-
er level of blood platelets was noted
(472± 189 vs 328 ± 99 109/L; p< 0.05),
while older patients more often mani-
fested higher values for urinary NAG
activity (57 ± 12 vs 41 ± 17 years; p <
0.04). The methotrexate dose used,
DAS 28 and its components, the dura-
tion of RA, administration of NSAIDs,
serum creatinine, albumin, C-reactive
protein (CRP) and Clcr were not corre-

lated with NAG activity in the urine. 
Mean NAG-enzymuria measured direct-
ly before every consecutive infliximab
infusion was lower than before the first
infusion, but was not significantly dif-
ferent (Table I). The mean NAG activi-
ty observed before the 2, 3, 4, 5, 6, 7, 8
and 9 infusion of infliximab was signif-
icantly lower (p < 0.02) than the activi-
ty of the enzyme before the start of in-
fliximab treatment (7.4 UI/g vs 11 . 8
UI/g). 
The frequency of elevated NAG activi-
ty (by more than 50%) as compared to
NAG-enzymuria before the first infu-
sion ranged from 5.3% to 25% (median
15%). Abnormal NAG activity in the
urine was present before every infusion
in 35% to 62.5% (median 55.2%) Ad-
ministration of infliximab did not sig-
nificantly change serum creatinine lev-
els at every infusion (median 0.785;
0 . 7 2 – 0.87) or creatinine clearance
(median 93 ml/min; 85-94). 
NAG activity was evaluated before each
of the consecutive infliximab infusions
and 60 min after its administration. No
significant differences were observed
in the mean values for these parameters
during the course of the anti-TNF treat-
ment (Table I). 
Patients treated with infliximab and
methotrexate were divided into two
groups: 12 patients in whom the mean
NAG activity assessed before every
infusion (except first one) exceeded 7.5
IU/g and 9 patients with a normal mean
value for NAG activity (<7.5 UI/g) dur-
ing the entire course of therapy. Pa-
tients who demonstrated elevated NAG
activity during the entire course of treat-
ment demonstrated a significantly more
pronounced NAG enzymuria before
treatment and one hour after the first
infusion (p < 0.0005), as well as higher
RA activity (p < 0.05), as indicated by
higher number of swollen joints, a
higher Patient Global Assesment of
Disease Activity (PGADA) and a high-
er DAS28 index (Table II).
Concomitant treatment with NSAIDs
did not influence the frequency of ab-
normal NAG values (Table II). Serum
creatinine above 1.3 mg/dL was noted
before and during the course of inflixi-
mab treatment in 3 of 31 examined pa-
tients. Persistence of serum creatinine

two-fold higher than normal was dem-
onstrated in only one patient. In the
remaining 2 patients the increase in ser-
um creatinine was detected only before
the start of therapy and/or during the
first 6 weeks of infliximab treatment. 
Urine pathology defined as the pres-
ence of more than 5 erythrocytes per
microscopic field or the presence of
protein in individual urine samples was
detected in 7 patients (trace of protein
in 2 patients and erythrocyturia in 5 pa-
tients detected on three occasions).
Only in one patient was more frequent
erythrocyturia present due to coexist-
ing nephrolithiasis, but her NAG-enzy-
muria was within normal limits.
Among 3 RA patients with the most
marked increase in NAG enzymuria
during the course of treatment and be-
fore the administration of anti-TNF
t h e r a p y, in 2 serum creatinine levels
higher than 1.3 mg/dL were also found
(Fig. 1). 
In 16 patients an abdominal fat aspira-
tion biopsy was performed and in 3 pa-
tients the presence of amyloid deposits
was demonstrated. In these patients
NAG activity exceeded twice the upper
normal limit, ranging between 16.3 and
21.5 UI/g, but only in one patient did
serum creatinine range between 1.3 and
1.8 mg/dL during therapy; periodically
traces of protein were noted in the urine
and creatinine clearance was decreased
(Fig. 1). In patients with amyloid depo-
sits mean NAG activity during the
course of infliximab administration
was lower than before start of the treat-

Table I. Comparison of NAG activities
before and 1 h after infliximab infusion in
rheumatoid arthritis patients.

Time of testing        Median NAG activity (UI/g)
(week of Before 1 h after 
treatment) infusion infusion

1st infusion (0) 11.8 11.0

2nd infusion (2) 7.1 7.2

3rd infusion (6) 9.4 10.1

4th infusion (14) 7.6 11.4

5th infusion (22) 8.8 8.4

6th infusion (30) 6.9 8.4

7th infusion (38) 8.3 9.2

8th infusion (46) 9.5 9.0

9th infusion (54) 8.3 10.2



BRIEFPAPERRenal function in MTX- and infliximab-treated RA/ P. Wiland et al.  

471

ment (13.5 UI/g vs 18.2 UI/g), which
did not differ from patients without am-
yloid deposits (7.4 UI/g vs 11.8 UI/g).

Discussion
In the controlled studies, infliximab ad-
ministration has not been associated with
undesirable renal signs (7). In recent

years, initial reports appeared on at-
tempts to treat with blockers of TNF-α
glomerulonephritis (8), nephrotic syn-
drome (9), as well as of Wegener’s gra-
nulomatosis with accompanying renal
lesions (10). Infliximab contains a gly-
cosylated immunoglobulin G1 struc-
ture, which undergoes degradation to

aminoacids. The study on the protein
inhibiting effects of T N F -α s h o w e d
that after its intravenous administration,
no alterations have been noted in the
early indices of tubular injury, includ-
ing NAG activity (11). The present stu-
dy has shown also that directly after the
infusion of infliximab no changes in
urine NAG activity were observed. 
Under physiological conditions, TNF-
α interacts with mesangial cells, affects
their phagocytic capacity, and controls
by these cells the degree of glomerular
filtration (12). Suranyi et al. have found
that TNF-α may play a significant role
in the development of proteinuria in
nephrotic syndromes (13). Clinical pro-
gression and activity of the inflamma-
tory process observed by histological
examination remain more closely link-
ed to intra-renal concentrations of
TNF-α than with its blood levels. In
patients with proliferative glomerulo-
nephritis a relationship has been dem-
onstrated between urinary excretion of
TNF-α and proteinuria and the clinical
activity of the disease (14). Administra-
tion of infliximab may immediately in-
hibit local activity of TNF-α in the kid-
neys and induce the rapid cessation of
proteinuria (15).
In our previous study of 43 patients
with RA who started with low dose
MTX, we showed that the use of this
drug with or without NSAIDs did not
influence renal tubular function. Before
the administration of MTX NAG-enzy-
muria was increased in 72% of patients
and the continuation of therapy resulte d
in a decrease in NAG-enzymuria and
serum CRP(16).
In this study we observed that in pa-
tients treated with methotrexate and in-
fliximab, NAG activity in the urine de-
creased during 54 weeks of therapy. T h e
phenomenon may be linked to an alle-
viation of inflammation in RA patients
caused by infliximab infusions and, in
particular, by neutralization of TNF in
the organism, including the kidneys.
The disturbed functioning of the proxi-
mal tubules may be linked to glomeru-
lar filtration of pro-inflammatory cyto-
kines, which has been found in patients
after surgery (17). The blocking of these
cytokines may decrease NAG activity,
as was confirmed by our study. In this

Fig. 1. NAG-enzymuria in patients with RAand serum creatinine exceeded 1,3 mg/dLin the course
of treatment with infliximab.

Table II. Comparative characteristics of rheumatoid arthritis patients as related to NAG
activity in the course of treatment with methotrexate and infliximab.

Parameter Value of tested parameter in patients with p
mean NAG activity during entire treatment

≥ 7.5 UI/g < 7.5 UI/g

Number of patients 12 9
Age (years) 57 ± 13 43 ± 17 NS 

Duration of disease (years) 12.2 ± 9.9 10.9 ± 7.3 NS

Age at the start of disease 44 ± 14 32 ± 16 NS

Dose of MTX/week (mg) 13.5 ± 2.0 13.3 ± 2.8 NS

Number of patients taking NSAIDs 9/12 (75%) 6/9 (67%) NS
NAG activity before treatment 14.7 ± 5.4 7.1 ± 3.5 0.0022

NAG activity after 1st infusion 16.3 ± 6.5 7.7 ± 3.2 0.0018

Serum creatinine (mg/dL) 0.82 ± 0.31 0.69 ± 0.21 NS

Creatinine clearance (ml/min) 80 ± 29 110 ± 43 NS

Blood platelets (109/L) 469 ± 201 347 ± 97 NS
Haemoglobin concentration (g/dL) 11.1 ± 1.2 11.6 ± 1.4 NS

ESR (mm/h) 60 ± 29 41 ± 15 0.1

Concentration of CRP(mg/dL) 6.1 ± 5.1 3.3 ± 2.1 NS

Concentration of albumin (g/dL) 3.31 ± 0.50 3.62 ± 0.55 0.063

Number of tender joints 18.7 ± 6.3 14.7 ± 4.5 NS
Number of swollen joints 17.7 ± 4.0 13.6 ± 3.7 0.046

PGADA* - VAS (mm) 74 ± 21 52 ± 19 0.025

DAS 28 7.37 ± 0.83 6.42 ± 0.65 0.033

*PGADA: Patient Global Assesment of Disease Activity (PGADA).
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study a significant relationship was
noted between the increased NAG ac-
tivity in the urine during the course of
treatment and indices of active RA,
such as the PGADA, while the correla-
tion with ESR values approached the
level of significance. No significant
effect of NSAIDs was observed, which
confirms the results of our earlier ob-
servations (16,18). The results present-
ed here indicate that in a significant
number of cases impaired functioning
of the proximal tubule may be related
to the inflammatory process itself dur-
ing the course of RA. 
In patients with secondary amyloidosis
in the course of RAhigh levels of TNF-
α have been noted, which correlated
with the presence of nephrotic syn-
drome (19). Infliximab may decrease
the levels of amyloid A (SAA) in the
serum and inhibit the continued deposi-
tion of amyloid. It may lead to decrease
amyloidosis-induced proteinuria (15,
20). In the group of patients with con-
firmed amyloid deposits we did not
find a significant decrease in creatinine
concentrations during the course of in-
fliximab treatment. On the other hand,
renal function in this case did not mark-
edly deteriorate. 
Summing up the results of our observa-
tions, the introduction of infliximab
during methotrexate therapy demon-
strated no early or delayed nephrotoxi-
city in patients with rheumatoid arthri-
tis. 
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