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Use of Leflunomide as an Antiviral Agent with 
Everolimus for BK Virus Nephropathy Patients 
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	 Objective:	 Unusual or unexpected effect of treatment
	 Background:	 BK virus nephropathy (BKVN) is the major cause of transplant renal dysfunction. However, a specific antiviral 

agent to treat it does not exist. One therapeutic option is to reduce use of immunosuppression drugs, which 
can cause allograft rejection. Leflunomide has both antiviral and immunosuppressive effects, and clinical re-
search has demonstrated its clinical efficacy against BKVN. However, a phase II randomized trial did not sup-
port this effect. Therefore, the efficacy of leflunomide remains controversial.

	 Case Reports:	 We examined 4 BKVN patients whose Cr levels stabilized with leflunomide therapy. BKVN was confirmed by 
a kidney biopsy 7–16 months after transplantation. The Cr levels in 3 cases continued to increase after the 
reduction of immunosuppression drugs, then leflunomide was administered. In 1 case, leflunomide was ad-
ministered when the immunosuppression drugs were reduced. In all of the cases, mycophenolate mofetil was 
replaced with everolimus, and tacrolimus was replaced with cyclosporine A. The maintenance doses of leflu-
nomide were 20 mg/day, and leflunomide was used as an antiviral agent for 3 months. In all of the cases, Cr 
levels and plasma BKV-PCR loads improved after the administration of leflunomide. Renal function was stable 
without BKVN recurrence or allograft rejection over 3 years after transplantation.

	 Conclusions:	 Our 4 cases show that short-term use of leflunomide during the active phase of BKVN and a combination of 
leflunomide and everolimus may be effective against BKVN.
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Background

BK virus nephropathy (BKVN) is a major cause of renal allograft 
failure. BKVN occurs in 1–15% of renal transplant patients, and 
the graft survival rate of BKVN patients within 5 years is ap-
proximately 50% [1,2]. However, despite the devastating ef-
fect on renal allograft function, a specific antiviral agent for 
BKVN does not exist. One therapeutic option is to reduce use 
of immunosuppression drugs [3], but this can cause allograft 
rejection. Scaub et al. reported that 8.6% of BKVN patients ex-
perienced subsequent clinical rejection after the reduction of 
immunosuppression drugs [4]. Therefore, a specific antiviral 
therapeutic option is strongly desired.

Leflunomide is a pyrimidine synthesis inhibitor and inhibits 
DNA and RNA synthesis [5]. It suppresses the proliferation 
of lymphocytes and viruses by this suppression of DNA and 
RNA synthesis. It has both immunosuppressive and antiviral 
effects. Reports about the use of leflunomide as a therapeu-
tic option for BKVN have recently increased. Josephson et al. 
reported that leflunomide with immunosuppression reduc-
tion decreased blood and urine BKV viral load levels in 22/26 
BKVN patients [6]. Teschner et al. reported that 12/13 BKVN 
patients who received leflunomide with immunosuppression 
reduction were cured of BKV and their Cr levels stabilized or 
improved [7]. However, a phase II randomized trial showed 
that FK778, the derivative of the active metabolite of leflun-
omide, decreased plasma BKV load, but did not decrease al-
lograft survival rates, biopsy-confirmed rejection, or Cr levels 
when compared with the control treatment (only immunosup-
pression reduction) [8]. Therefore, the efficacy of leflunomide 
for BKVN is controversial.

Everolimus is a mammalian target of rapamycin (mTOR) in-
hibitor and, like leflunomide, has immunosuppressive and 
antiviral effects by suppressing cell proliferation of activat-
ed T cells, enhancing immune memory and inhibiting the Akt 
pathway [9]. In a study of the efficacy of everolimus against 
BKVN, a randomized controlled trial (RCT) showed its effica-
cy after liver transplant in patients with BKVN [10]. However, 
with respect to post-renal transplant patients, although ret-
rospective trials and small prospective studies showed the ef-
ficacy of everolimus against BKVN [11,12], there are no suffi-
cient RCTs and insufficient evidence at present. Therefore, like 
leflunomide, everolimus also has potential as a treatment for 
BKVN, although the evidence is not as strong as it should be.

Here, we examined 4 BKVN patients whose Cr level did not 
improve with only immunosuppression reduction but was sta-
bilized by leflunomide therapy with everolimus.

Case Reports

Case 1

The patient was a 50-year-old man who began dialysis because 
of chronic glomerular nephritis when he was 25 years old. He 
received a kidney transplant at age 46 years from a 53-year-
old male donor who died of a cerebral hemorrhage. The im-
munological data of the patient and donor showed A(+) blood 
types, 3 mismatches in histocompatibility locus antigen class 
I (Donor: A11, A31, B39, B51; Recipient: A26, A31, B62, B54), 
and 0 mismatches in class II (Donor: DR8, DR8; Recipient: DR8, 
DR14). The initial immunosuppression therapy included admin-
istration of tacrolimus (TAC), mycophenolate mofetil (MMF), 
methylprednisolone (MP), and basiliximab (BXM). The patient 
did not experience delayed graft function.

The clinical course after kidney transplantation is shown in 
Figure 1. His Cr level was 1.3–1.4 mg/dl with TAC and MMF at 
6 months after surgery. However, at 7 months after surgery, his 
Cr level increased to 2.06 mg/dl. Decoy cells were observed in 
his urine and the plasma BKV-PCR load was 1×107 copy/ml. A 
renal biopsy diagnosed BKVN stage B. MMF was replaced with 
EVR, and intravenous immunoglobulin (IVIG) was administered. 
At months after surgery, although BK viremia decreased to 
3×103 copy/ml, his Cr level increased to 2.75 mg/dl. Therefore, 
TAC was replaced with cyclosporine A (CyA) and IVIG was ad-
ministered again. However, his Cr level continued to increase 
to 3.05 mg/dl, and we began the administration of lefluno-
mide at 9 months after surgery. We administered leflunomide 
40 mg/day for the first 5 days and continued with 20 mg/day 
for 3 months. The maintenance dose of leflunomide was in 
accordance with the Japanese dosage of 20 mg/day for rheu-
matoid arthritis. Use of a loading dose was dependent on the 
case and was approximately 0.8 mg/kg/day. After the admin-
istration of leflunomide, his Cr level improved to 2.56 mg/dl 
and his plasma and urine BKV-PCR became negative (<1×104 
copy/ml). After this episode, his renal function was stable with 
no BKVN recurrence or allograft rejection and his Cr level im-
proved to 2.08 mg/dl at 50 months after surgery.

Case 2

This patient was a 37-year-old man who developed end-stage 
renal disease for unknown reasons at age 33 years, and was 
treated at our department for preemptive kidney transplanta-
tion. He received a kidney transplant from his wife, a 28-year-
old woman. The immunological data showed blood type from 
O(+) to AB(+), 4 mismatches in histocompatibility locus antigen 
class I (Donor: A24, A24, B35, B54; Recipient: A11, A26, B48, 
B62), and 1 mismatch in class II (Donor: DR9, DR4; Recipient: 
DR14, DR4). The initial immunosuppression therapy included 
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Figure 1. �Clinical course of case 1. Bx – biopsy; CyA – cyclosporin A; EVR – everolimus; IVIG –intravenous immunoglobulin; 
MMF – mycophenolate mofetil; MZ – mizoribine; TAC – tacrolimus.
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Figure 1. �Clinical course of case 1. Bx – biopsy; CyA – cyclosporin A; EVR – everolimus; IVIG –intravenous immunoglobulin; 
MMF – mycophenolate mofetil; MZ – mizoribine; TAC – tacrolimus.

Figure 2. �Clinical course of case 2. Bx – biopsy; CyA – cyclosporin A; EVR – everolimus; IVIG –intravenous immunoglobulin; 
MMF – mycophenolate mofetil; MZ – mizoribine; TAC – tacrolimus.
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the administration of TAC, MMF, MP, and BXM. He did not ex-
perience delayed graft function.

The clinical course after kidney transplantation is shown in 
Figure 2. His Cr level was 1.3–1.5 mg/dl with TAC and MMF 
at 8M PO. However, at 9 months after surgery, his Cr lev-
el increased to 1.84 mg/dl. Decoy cells were observed in his 
urine, and the plasma BKV-PCR load was 2×103 copy/ml. A re-
nal biopsy diagnosed BKVN stage B. MMF was replaced with 
EVR+Mizoribine (MZ), IVIG was administered, and the admin-
istration of leflunomide began. We administered leflunomide 
60 mg/day for the first 5 days and continued with 20 mg/day 
for 3 months. Although his Cr level continued to elevate to 
2.78 mg/dl at 12 months after surgery, it began to decrease 
12 months after surgery, and his plasma BKV-PCR was under 
2×102 copy/ml. After the BKVN was cured, his renal function 
was stable with no BKVN recurrence or allograft rejection and 
his Cr level improved to 2.13 mg/dl at 36 months after surgery.

Case 3

This patient was a 65-year-old man who began dialysis because 
of diabetic kidney disease at age 61 years. He received a kid-
ney transplant from his wife at age 62 years. The donor was 
a 58-year-old woman. The immunological data showed blood 
type from O(+) to A(+), 4 mismatches in histocompatibility lo-
cus antigen class I (Donor: A2, A24, B44, B52; Recipient: A11, 
A33, B13, B48), and 2 mismatches in class II (Donor: DR13, 

DR15; Recipient: DR8, DR14). The initial immunosuppression 
therapy included the administration of TAC, MMF, MP, and 
BXM. Although he received dialysis therapy 2 times after the 
kidney transplant due to delayed graft function, his urine out-
put became adequate 1 week after the transplant.

The clinical course after kidney transplantation is shown in 
Figure 3. His Cr level was 1.3–1.5 mg/dl with TAC and MMF 
at 15 months after surgery. However, at 16 months after sur-
gery, his Cr level began to increase gradually and became 
2.45 mg/dl at 18 months after surgery. Decoy cells were ob-
served in his urine, and a renal biopsy diagnosed BKVN stage 
B. TAC+MMF replaced CyA+EVR; however, his Cr level contin-
ued to rise and the plasma BKV-PCR load was 2×105 copy/ml 
at 19 months after surgery. Therefore, we began the adminis-
tration of leflunomide 20 mg/day for 3 months. Although his 
Cr level continued to increase to 4.20 mg/dl at 21 months af-
ter surgery, it began to decrease and his plasma BKV-PCR be-
came negative at 22 months after surgery. After the BKVN was 
cured, his renal function was stable with no BKVN recurrence 
or allograft rejection, and his Cr level improved to 2.94 mg/dl 
at 36 months after surgery.

Case 4

This patient was a 72-year-old man who developed end-stage 
kidney disease because of nephrosclerosis, and was treated 
at our department for preemptive kidney transplantation at 

Figure 3. �Clinical course of case 3. Bx – biopsy; CyA – cyclosporin A; EVR – everolimus; IVIG –intravenous immunoglobulin; 
MMF – mycophenolate mofetil; MZ – mizoribine; TAC – tacrolimus.
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age 69 years. He received a kidney transplant from his wife 
at age 69 years. The donor was a 68-year-old woman. The im-
munological data showed blood type from A(+) to O(+), 2 mis-
matches in histocompatibility locus antigen class I (Donor: A11, 
A24, B61, B48; Recipient: A2, A24, B61, B51), and 1 mismatch 
in class II (Donor: DR9, DR15; Recipient: DR13, DR15). His an-
ti-A antibody IgG was 64 times, and his IgM was 128 times. A 
plasma exchange was performed 4 times, and rituximab was 
administered as a desensitization therapy before the kidney 
transplant. The initial immunosuppression therapy included 
the administration of TAC, MMF, MP, and BXM. He did not ex-
perience delayed graft function.

The clinical course after kidney transplantation is shown in 
Figure 4. His Cr level was 1.3–1.6 mg/dl with TAC and MMF at 
7 months after surgery. However, at 8 months after surgery, his 
Cr level began to gradually increase and reached 2.18 mg/dl 
at 10 months after surgery. Decoy cells were observed in his 
urine and the plasma BKV-PCR load was 3×106 copy/ml at 10 
months after surgery. A renal biopsy diagnosed BKVN stage B. 
MMF was replaced with EVR, and although TAC was replaced 
with CyA at 11M, his Cr level continued to rise and reached 
3.62 mg/dl. Therefore, we began IVIG and leflunomide admin-
istration at 12 months after surgery. We administered lefluno-
mide 20 mg/day for 3 months. After we began the administra-
tion of leflunomide, his Cr level improved and became stable. 

His plasma BKV-PCR also became negative at 14 months af-
ter surgery, and a kidney biopsy confirmed that the BKVN was 
cured at 18 months after surgery (no peritubular capillaritis, 
no tubulitis, and SV-40 negative). After the BKVN treatment, 
his renal function was stable with no BKVN recurrence or al-
lograft rejection, and his Cr level improved to 2.69 mg/dl at 
40 months after surgery.

Discussion

In our 4 cases, the administration of leflunomide attenuat-
ed the increase of Cr in BKVN. In case 1, although the plasma 
BKV-PCR load decreased before the administration of lefluno-
mide, the Cr level continued to increase for 3 months after the 
change of immunosuppression drugs and IVIG and started to 
decrease after the initiation of leflunomide. In case 2, leflun-
omide, IVIG and the change of immunosuppression drugs be-
gan simultaneously, and the Cr and BKV-PCR load improved 
after these treatments. Therefore, it is impossible to deter-
mine which treatment was effective. In cases 3 and 4, the Cr 
level continued to increase for 2 months after the change of 
immunosuppression drugs, and the Cr level and plasma BKV-
PCR load began to decrease after the initiation of leflunomide. 
These results indicate that the administration of leflunomide 
has a therapeutic effect on BKVN.

Figure 4. �Clinical course of case 4. Bx – biopsy; CyA – cyclosporin A; EVR – everolimus; IVIG –intravenous immunoglobulin; MMF – 
mycophenolate mofetil; MZ – mizoribine; TAC – tacrolimus.
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A771726, the active metabolite of leflunomide, inhibits mito-
chondrial dihydroorotate dehydrogenase and pyrimidine syn-
thesis, leading to inhibition of DNA and RNA synthesis [5]. 
Leflunomide inhibits cell proliferation by cell cycle arrest at G1 
phase in the activated lymphocytes [13], has immunosuppres-
sive effects, and is now approved for the treatment of rheu-
matoid arthritis. In renal tubular epithelial cells, leflunomide 
was reported to reduce BK virus replication by its DNA syn-
thesis inhibitory effects [14]. Therefore, leflunomide has im-
munosuppressive and antiviral effects by inhibiting DNA and 
RNA synthesis, making it possible to treat BK virus without in-
creasing the risk of rejection.

Several papers have reported that leflunomide is effective 
against BKVN. Williams et al. and Josephson et al. reported 
that the administration of leflunomide 100 mg/day for the 
first 5 days and then 20–60 mg/day to maintain a concentra-
tion of A771726 at 40 μg/ml or more was effective [6,15]. On 
the other hand, Leca et al. reported that leflunomide remained 
effective regardless of the concentration of A771726 and that 
higher levels of A771726 (>40 μg/ml) were associated with 
hemolysis and thrombotic microangiopathy [16]. Leca et al. 
administered leflunomide 60 mg/day for 3 days and the me-
dium maintenance dose in the low-concentration group was 
33.3 mg/day. In our 4 cases, the maintenance dose of leflu-
nomide was 20 mg/day, which was lower than that reported 
by Leca et al. Furthermore, in all previous reports, leflunomide 
replaced MMF as an immunosuppression drug, but in our 4 
cases, leflunomide was used as an antiviral drug in addition 
to a change in immunosuppression drugs for only 3 months, 
which is the active phase of BKVN. The novelty of our cases 
was that the short-term use of low-dose leflunomide as an 
antiviral drug was effective against BKVN.

In a phase II randomized controlled trial, FK-778, the deriva-
tive of the active metabolite of leflunomide, was reported to 
not be effective against BKVN [8]. Moreover, a recent system-
atic review also reported that the use of leflunomide is inef-
fective against BKVN [17]. In previous reports, the protocol for 
a reduction of immunosuppressive drugs was mainly replacing 
MMF with leflunomide, reducing the dose of TAC, and continu-
ing the MP dose. In a randomized trial of FK-778, the reduction 

of immunosuppressive drugs used the same protocol. In our 
4 cases, the immunosuppressive drugs were changed from 
MMF to EVR and then from TAC to CyA, and leflunomide was 
used for 3 months because the Cr levels remained elevated 
despite these drug changes. Similar to leflunomide, EVR is ex-
pected to have an antiviral and immunosuppressive effect. In 
vitro experiments have shown that the combination of leflu-
nomide and sirolimus, an mTOR inhibitor like EVR, effectively 
reduced BK viral proliferation [18]. Previous case series have 
also reported that the administration of leflunomide with EVR 
was effective in treating BKVN [19]. Therefore, the combina-
tion of leflunomide and EVR may enhance the antiviral effect 
of leflunomide against BKVN.

Since the present report is only a case series and not a case-
control study, there are many biases in our assessment of the 
therapeutic efficacy of leflunomide. Also, in our cases, vari-
ous treatments other than leflunomide, such as EVR and IVIG, 
were used in addition to the reduction of immunosuppressive 
drugs. Therefore, it cannot be ruled out that the improvement 
of Cr that was observed after the administration of lefluno-
mide was a result of these other therapies.

Conclusions

In our 4 cases, the combination therapy of leflunomide and 
everolimus during the active phase of BKVN was assessed. 
Leflunomide has an immunosuppressive effect as well as an 
antiviral effect and can therefore be used as an antiviral agent 
while reducing the possibility of transplant rejection.
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