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Figure 1: Patient fl ow diagram.

INTRODUCTION
Th e management of Proliferative Lupus Nephritis (PLN), in 

spite of the progressive enlargement of the drug armamentarium, 
remains a challenge and is largely unsatisfactory. Balancing the 
immunosuppression and the risk of infection is like a tight rope 
walk. Although pulsed doses of cyclophosphamide in conjunction 
with steroids (the ‘NIH’ protocol) remains the standard of care in 
most centers, several newer options have become available to the 
treating physicians [1]. Th e low dose cyclophosphamide regimen, 
Mycophenolate Mofetyl (MMF), calcineurin inhibitors and more 
recently the multitarget therapy regimen have had reasonable success 
in induction of complete or partial remission in PLN [2-6]. Th e 
Induction therapy is particularly important for treating this severe 
disease because the patients with complete remission typically have 
a better prognosis, with fewer episodes of relapse, than the patients 
who do not achieve remission. (Chen ye, Korbet SM et al: Value 
of complete or partial remission in severe lupus nephritis CJASN 
2008 and Moroni G et al: the long term outcome of 93 patients with 
proliferative lupus nephritis. NDT 2007). We are yet to achieve 
satisfactory remission rate with the induction regimes available. 
Th e study was done with multiple immunosuppressive agents so 
that various Tcell and B cell dependent pathogenic mechanisms of 
Lupus nephritis may be blocked simultaneously using minimum 
possible dose of each drug so that toxicity of the individual drug can 
be avoided and at the same time net immunosuppression remains 
high enough to tackle the disease. Multitarget therapy with similar 
hypothesis worked out well in the Chinese population [5,6].

We present a pilot study that combined tacrolimus with 
azathioprine along with steroids (Triple Drug Regimen) in the 
induction phase of treatment of PLN. Th e transplant experience 
with MMF and azathioprine makes us believe that azathioprine 
is a slightly less potent immunosuppressive agent compared to 
MMF [7]. Although the replacement of MMF with azathioprine 
doesn’t clearly aff ect graft  survival the incidence of opportunistic 
infections is reduced. Most of the patients at our center hail from a 
low socioeconomic background where immunosuppression related 
sepsis remain a major concern. A previous attempt to replicate 
the early success of the multitarget therapy at our center had to be 
terminated prematurely due to unacceptable rates of severe sepsis. 
Th e hypothesis behind the present study was to off er the benefi t of 
tacrolimus for both immunological and nonimmunological action 
targeting podocytes. Azathioprine was added to act synergistically 
with tacrolimus increasing immunosuppressive effi  cacy, to reduce 
the burden of infection and for being economically more aff ordable, 
making the regime suitable for better compliance. 

Randomized trials have shown activity of tacrolimus as a single 
agent in the induction therapy of PLN [4]. Tacrolimus, in a manner 
similar to cyclosporine, is postulated to have direct stabilizing 
eff ect on the podocytes [8]. Th is eff ect may be independent of the 
immunosuppressive eff ect of the calcineurin inhibitors and possibly 
related to the stabilization of the actin cytoskeleton and other proteins 
that maintain the integrity of the podocytes [9]. Azathioprine, on the 
other hand, has largely been rejected as a single agent in induction 
therapy in PLN [10]. However it continues to be an acceptable 
choice in the maintenance phase. A combination of tacrolimus 
and azathioprine may have complementary eff ect and may induce 
remission in PLN.

METHODS
Design: Th e study was conducted in the Department of 

Nephrology in a tertiary hospital in Eastern India between June 2014 
and June 2015. Th e study was designed as a single center randomized 
open label clinical trial with an active control group. Consecutive 
patients admitted with a diagnosis of SLE as per SLICC classifi cation 
criteria and a histopathological diagnosis of Proliferative Lupus 
Nephritis (ISN/RPS class III and IV, alone or in combination with 
class V) on renal biopsy, were randomly assigned to either the 
tacrolimus/azathioprine group or the intravenous cyclophosphamide 
group, which was the active control group. Th e patients or the 
treating physicians were not blinded to the treatment protocols. Th e 
Institutional Ethics Committee had approved the study design and 
all participants were required to provide written informed consent 
before inclusion (Figure 1).

Settings and participants: Patients between the ages of 15 to 60 
years with biopsy proven proliferative lupus nephritis (International 
Society of Nephrology/Renal Pathology Society classes III, IV, V+III 
or V+IV) were considered for inclusion. Exclusion criteria included 
patients with biopsy proven class IIIC/IV C lupus nephritis, an 
estimated Glomerular Filtration rate (eGFR) of <30 ml/min/1.73 
m2, life threatening complication of SLE (including specifi cally but 
not limited to cerebral lupus), contraindication to any of the therapy 
protocols or known hypersensitivity to treatment drugs, pregnancy 
or lactation and those with active life threatening infection/
sepsis at onset, active viral hepatitis, HIV, any malignancy or any 
contraindication for immunosuppression. 

Randomization: Aft er inclusion, patients were randomized using 
a computer generated random number sequence in a 1:1 ratio to the 
two intervention groups. Concealment was done using sequentially 
numbered sealed opaque envelopes. 

Interventions: Common intervention in both groups included 
3 pulsed doses of methylprednisolone 500mg each given on days 1 
through 3. Subsequently, prednisolone was given at doses of 0.5 mg/
kg/day as a single daily dose for the next 1 month and then tapered 
as tolerated to 10mg or less by 3 months. All patients received 
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Table 1: Baseline characteristics.

Parameter Group 1: Triple 
Drug 

Group 2: 
Cyclophosphamide p value 

Number 11 11 -

Age  (years) 25.4 ± 10.1 25.0 ±  7.7 0.93

M/F (n) 0/11 0/11 -

SLEDAI 21.82 ± 4.4 23.1 ± 5.36 0.55

Biopsy Class

Class III 0 1

Class IV 7 8

Class V+III/IV 4 2

Serum Creatinine 
(mg/dl) 1.12 ± 0.51 1.24 ± 0.56 0.61

eGFR (ml/in/1.73 
m2 80.68 ± 45.6 72.64 ±40.10 0.67

24 Hr Urinary 
Protein (mg/day) 3111 ± 2231 3172 ±  1973 0.95

Nephrotic range 
Proteinuria 04-Nov 05-Nov -

S. Albumin (g/dl) 2.62 ± 0.38 2.72 ± 0.34 0.52

Serum C3 (mg/dl) 47.7 ± 30.3 46.3 ± 44.2 0.93

 High Anti ds-DNA  
Antibody 9 8 0.61

Figure 2: SLEDAI Score improvement over time in IV Cyc vs Triple drug 
regime.

hydroxychloroquine at doses of 6 mg/kg rounded to the nearest 50 
mg multiple. Angiotensin Converting Enzyme (ACE) inhibitors 
or Angiotensin Receptor Blockers were used in all patients with 
hypertension as the preferred agents. Th e choice was limited to 
Ramipril and Telmisartan. Statins were used a fi xed dose of 10 mg/
day in all patients who tolerated the drug. Th e Triple Drug regimen 
group received tacrolimus (0.075 mg/kg, rounded to the nearest 0.5 
mg given as twice a day) and azathioprine (2 mg/kg, rounded to the 
nearest 25 mg given as a single dose). Th e trough tacrolimus levels 
were maintained between 5-10 ng/ml. Th e control group received 
intravenous cyclophosphamide, at a dose of 500 mg/m2 once a month 
as an infusion over 4 hours, with premedication with intravenous 
Mercaptoethane Sulphonate Sodium (MESNA, 400mg). Dose 
adjustments were done for renal dysfunction and the nadir leukocyte 
counts.

FOLLOW UP AND OUTCOMES
Th e patients on the triple drug regimen were followed weekly till 

their tacrolimus trough levels were adjusted to the therapeutic levels; 
subsequently they were followed once a month till three months and 
then at the end of 6 months. Th e patients on the cyclophosphamide 
were followed up every month on the day of their scheduled dose, 
which were given as a day care procedure. A complete blood count 
was done every month 10-14 days aft er the previous pulsed dose to 
check the nadir leukocyte counts. A complete response was defi ned 
as return of the serum creatinine to baseline or within lab references 
(when baseline was not known) plus decrease in proteinuria to less 
than 500 mg/day. A partial response was defi ned as a decrease of 
serum creatinine but not reaching baseline (or normal reference) 
and a 50% or more decrease in proteinuria but not less than 500 
mg/day (essentially less than 3 g/day). Th ose with deterioration or 
not meeting either of these criteria at three months of therapy were 
regarded as failure. However those who were clinically stable but some 
improvement were allowed to stay on in the respective therapeutic 
arms and evaluated at the end of 6 months. 

STATISTICAL ANALYSIS
As the trial was designed as a pilot study, the sample size 

was restricted to 11 patients per arm, in view of the absence of 
effi  cacy and safety data of the triple drug regimen. Categorical 
variables (for example, complete remission, overall response, and 
adverse experiences) were analyzed by using the Fisher exact tests. 
Continuous variables were analyzed by using a t-test, or Wilcoxon 
signed-rank test, if the data were skewed. Kaplan–Meier estimates 
of the cumulative probability of complete remission and overall 
response and median time to overall response were calculated; the 
between-group diff erence was compared by using the log-rank test. 

RESULTS
Between June 2014 and June 2015, 68 patients were diagnosed 

with lupus nephritis were screened for inclusion into the study; 22 
patients were included aft er the exclusion and consent process. 
Th e demographic determinants and the baseline characteristics are 
presented in table 1. 

A total of 20 patients completed the study. Th e primary outcome 
measures were similar in both groups. Complete remission occurred 
in 7 patients on the triple drug regimen and in 6 patients in the 
cyclophosphamide arm (63.6 % vs 54.5 %, p = 1.00). Partial remission 
occurred in 2 patients in the triple drug group and 4 patients in the 

cyclophosphamide group (18.2% vs. 36.3%, p = 0.64). Overall the 
composite of any response (complete or partial) occurred in 9 and 
10 patients respectively (81.8% vs 90.9%, p = 1.00). Th ere was a trend 
towards more rapid remission in the triple drug regimen, which was 
most apparent in the 3rd month. However the numbers were not 
statistically diff erent at any time during follow up.

At the end of the study, there was no diff erence in the clinical 
and laboratory parameters between the two groups (Table 2). Th e 
SLEDAI activity improved more rapidly in the triple drug group, 
(Figure 2) riding mostly on the improvement of proteinuria but at 
the end of the study, diff erences were not statistically signifi cant. A 
clear trend towards early remission of proteinuria in the triple drug 
regimen was appreciated (Figure 3) and the median proteinuria in 
the triple drug group was lower at 1 month (700 mg/d vs 1258 mg/d), 
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Table 2: Follow up clinical and laboratory parameters.

Triple Drug IV Cyclophosphamide p value

Baseline

SLEDAI 24.36 ± 4.17 26.09 ± 6.17 0.55

24 hour UP 2598 (1919,3907) 2800 (1628, 4340) 0.95

Creatinine 1.25 ± 0.86 (1.1) 1.31 ± 0.67 (1.03) 0.61

eGFR 79.46 ± 47.2 71.48 ± 41.37 0.67

C3 47.7 ± 30.3 47.7 ± 30.3 0.93

High anti dsDNA 9 8 0.61

1 month

SLEDAI 9.54 ± 6.6 11.54 ± 8.22 0.54

24 hour UP 700 (416,1110) 1258 (847,1680) 0.09

Creatinine 1.07 ± 0.36 1.15 ± 0.48 0.66

eGFR 77.7 ± 36.5 75.7 ± 38.3 0.89

C3 95.3 ± 23.2 87.7 ± 37.3 0.58

High anti dsDNA 3 5 0.38

Remission at 1 
month 4 2 0.33

3 month

SLEDAI 7.36 ± 6.16 10.0 ± 8.72 0.42

24 hour UP 360 (95,1026) 730 (482.847) 0.53

Creatinine 1.06 ± 0.44 0.97 ± 0.40 0.86

eGFR 81.9 ± 41.23 87.6 ± 35.0 0.82

C3 110 ± 32.8 99.6 ± 31.3 0.46

High anti dsDNA 3 4 0.64

Remission at 3 
month 7 3 0.08

6 month

SLEDAI 4.1 ± 5.04 6.27 ± 5.58 0.36

24 hour UP 142 (55,477) 380 (117,685) 0.73

Creatinine 0.90 ± 0.26 0.91 ± 0.32 0.72

eGFR 89.4 ± 26.9 89.8 ± 31.7 0.95

C3 126.8 ± 31.6 107.1 ± 36.8 0.2

High anti dsDNA 2 3 0.7

Remission at 6 
month 7 6 0.47

Figure 3: Comparison of trend of proteinuria decline in IV Cyclophosphamide 
and Triple drug regime

Figure 4: Estimated GFR over time compared for IV cyc and Triple drug 
regime.

3 months (360 mg/day vs. 723 mg/d) and 6 months (184 mg/d vs 
315 mg/d). However, the diff erences were not statistically signifi cant. 
Comparison of eEGFR improvement was comparable in both groups 
(Figure 4).

Th e median cumulative dose of cyclophosphamide given was 
3250 (fi rst and third quartiles 3000 and 3750 mg, respectively). Two 
patients on cyclophosphamide developed sepsis requiring in-patient 
management. Signifi cant leucopenia occurred in one patient for 
whom the subsequent dose was delayed and dose reduction done. 
One patient discontinued therapy aft er the episode of sepsis. Both the 
episodes of sepsis occurred in the fi rst 3 months of therapy, when doses 
of prednisolone were relatively higher. At the end on the six month 
duration, ovarian suppression was documented in one patient (Age at 
presentation 32 years, total dose of cyclophosphamide received 3700 
mg; presented with menstrual irregularity aft er completion of therapy 
and was documented to have elevated gonadotropins aft er 3 months 
of completion of therapy). 

Th e mean tacrolimus trough level in the patient on triple drug 
regimen was 7.25 ± 1.6 ng/ml and the mean daily dose of azathioprine 
used was 84.09 ± 12.6 mg. Two patients developed reversible 
elevation of serum creatinine (one of the patients had a high trough 
level); of these one patient had to discontinue therapy and the 
other was managed with dose reduction alone. Th e patient who 
had to discontinue the drug also developed leucopenia and hence a 
decision to change therapy was taken by the treating physician at 3 
months. One patient in this group developed varicella infection for 
which drugs were discontinued for 1 month. No patient developed 
hyperglycemia.

DISCUSSION
In the present study, a combination of tacrolimus and azathioprine, 

together with steroids (named the Triple Drug Regimen) proved to be 
at least as eff ective as monthly cyclophosphamide and quite safe in 
the induction of remission of proliferative lupus nephritis. To the best 
of our knowledge, this is the fi rst report of such a regimen. 

Most of the knowledge regarding the modes of action of tacrolimus 
in immunosuppressive regimen stems from bench-side studies in 
organ transplant. Tacrolimus mainly suppresses IL-2 transcription, 
but also inhibits T cell activation and decreases TNF-α, IFN-γ and 
inhibit IL-10 production [11-14]. How exactly this eff ect is translated 
into clinical benefi t remains elusive but tacrolimus monotherapy 
has been found to be eff ective in small open label trials of PLN [4]. 
Azathioprine, an antimetabolite, acts by incorporation into the cellular 
DNA and inhibition of gene replication, ultimately preventing T-cell 
activation [15]. Tacrolimus and azathioprine combination remains 
the standard of care in renal transplant patients who are unable to 
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tolerate the adverse eff ects or costs of mycophenolate mofetyl. Acting 
through diff erent mechanisms their immunosuppressive eff ects are 
additive or synergistic, and do not share a common side eff ect profi le. 

It is obvious that in essence, the theme is the same as the multi-
target regimen used successfully in two Chinese cohorts [5,6]. However 
the safety aspect of the regimen was a matter of greater concern for 
us. From indirect observations that MMF aff ords more protection 
from graft  loss, is associated with higher incidence of malignancy and 
certain infections in post-transplant patients, an inference that MMF 
has higher immunosuppressive potency compared to azathioprine 
seems justifi ed; such a correlation has never been proven. A previous 
study in our institute using the combination of tacrolimus and MMF 
had to be terminated prematurely due to unacceptable incidence of 
sepsis. Th e rates of complete and partial remission in our study are 
similar to previous reports. 

Tacrolimus related nephrotoxicity is a major limitation in various 
settings where the drug is used. It can cause both acute and long term 
deterioration in renal function. In the Chinese cohort of tacrolimus 
induction in lupus nephritis, incidence of transient rise of creatinine 
was reported to be 8.15% [5]. We also found a similar incidence (10% 
when the trough levels were within therapeutic range). Although 
biopsy was not done at the end of induction phase, it is reasonable 
to assume that signifi cant chronic toxicity is unlikely to occur with 6 
months of therapy with tacrolimus as calcineurin inhibitor toxicity 
is cumulative over time. Also the toxicity is related to the dose of 
tacrolimus used and in the present study we have opted for a relatively 
lower dose than is usually used in the setting of transplantation. 

Th e burden of sepsis was lesser in the triple drug group. Sepsis 
remains the Achilles heel of treatment with immunosuppressive in 
most settings.

We have not re-biopsied the patients to look for histologic 
remission, but triple drug regimen with tacrolimus, MMF and 
steroids showed that the multi target therapy induces histological 
remission as well.

CONCLUSION
Th e pilot study has documented that induction treatment of 

lupus with Tac-Aza-Pred triple drug regimen is non inferior to IV 
CYC steroid standard therapy with documented less sepsis related 
adverse events in triple drug arm. Th e earlier response of proteinuria 
and SLEDAI score further strengthens the probability of achieving 
complete remission faster with this modality. Th e strength of the 
study lies in its randomized design and limitation is its small number 
and reported from a single centre.so this triple drug therapy can 
be accepted as an alternative to IV CYC regime to apply in larger 
number of patients.
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