
Biol Blood Marrow Transplant 25 (2019) 1832�1836

Biology of Blood and
Marrow Transplantation
journal homepage: www.bbmt.org
Infectious Disease
Use of Leflunomide for Treatment of Cytomegalovirus Infection in
Recipients of Allogeneic Stem Cell Transplant
Anant Gokarn1, Anup Toshniwal1, Amogh Pathak2, Sankalp Arora2, Avinash Bonda1, Sachin Punatar1,
Lingaraj Nayak1, Pankaj Dwivedi3, Vivek Bhat4, Sanjay Biswas4, Rohini Kelkar4, Sadhana Kannan5,
Navin Khattry1,*
1 Department of Medical Oncology, Tata Memorial Centre, Mumbai, India
2 Graduate student, King Edward Memorial Hospital, Mumbai, India
3 Bone marrow transplant division, National Cancer Institute, Nagpur, India
4 Department of Microbiology, Tata Memorial Centre, Mumbai, India
5 Advanced Centre for Treatment, Research and Education in Cancer (ACTREC), Tata Memorial Centre, Navi Mumbai, India
Article history:
Received 4 February 2019
Accepted 30 April 2019
Financial disclosure: See Acknowled
* Correspondence and reprint req

Centre for Treatment, Research and
Shodhika, Kharghar, Navi Mumbai 41

E-mail address: nkhattry@gmail.

https://doi.org/10.1016/j.bbmt.2019
1083-8791/© 2019 American Society
A B S T R A C T
Cytomegalovirus (CMV) reactivations are common after allogeneic stem cell transplants, and pre-emptive therapy
has been found to be effective. However, in India, treatment options are limited because of high cost and toxicity
of ganciclovir and unavailability of cidofovir and foscarnet. Leflunomide is a cheap and easily available anti-rheu-
matoid arthritis drug that has been shown to have anti-CMV properties both in vitro and in vivo. It also has been
used effectively for CMV reactivation after renal transplants. In this retrospective analysis, we analyzed 70 alloge-
neic stem cell transplants that were conducted between April 2015 and February 2017. There were 49 episodes of
CMV reactivations in 43 patients in this period. Leflunomide was used in 24 episodes. It was effective in CMV
clearance in 9 of the 24 episodes (38%). When the CMV copy number was <2£ 103 copies/mL, leflunomide was
effective in 9 of 17 (53%) episodes, but when the copy number was >2£ 103, leflunomide was ineffective in all of
the 7 episodes. This difference was statistically significant (P= .022 by Fisher exact test), suggesting that lefluno-
mide may be more effective in clearance of CMV when copy numbers are low.
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INTRODUCTION
Cytomegalovirus (CMV) reactivation is a common cause of

morbidity and mortality after allogeneic hematopoietic stem
cell transplant (aHSCT). The incidence of reactivation varies
with the type of donor and the source of stem cells and is high-
est in haploidentical transplants (HITs) (50% to 60%), followed
by umbilical cord blood transplants (45% to 50%) and matched
unrelated donor (MUD) transplants (25% to 35%), and is least
in matched sibling donor (MSD) transplants (15% to 25%)
[1�3]. The presence of antibody against CMV (immunoglobulin
G) also determines risk of reactivation [4]. In India, almost all
stem cell transplant recipients and donors are seropositive for
CMV antibody and are at high risk of CMV reactivation [5,6].

Ganciclovir is the drug of choice for pre-emptive therapy
but is associated with significant cytopenias and nephrotoxi-
city, making it difficult for use in the periengraftment period
and in immunocompromised patients [7]. Second-line drugs
such as foscarnet and cidofovir are not available in India and
have to be imported at a high cost, leaving few therapeutic
options for patients with CMV infections. Leflunomide is an
anti-rheumatoid arthritis drug that has been used in CMV
infections after renal transplant [8]. However, there are only a
few case reports about its utility post-aHSCT [9,10]. We report
here our experience with the use of leflunomide in CMV reacti-
vations post-aHSCT.

METHODS
Study Population

This is a retrospective study conducted at the stem cell transplant unit of
a tertiary referral cancer center in India. All patients who underwent an allo-
geneic stem cell transplant at our center between April 2015 and February
2017 were included in this study.

Transplant Procedure
Serologic evaluation for CMV infection was done for all patients and

donors at baseline. All patients underwent Hickman catheter insertion before
start of the conditioning regimen and were isolated in high-efficiency partic-
ulate arrestance filtered rooms and nursed using strict barrier nursing. Condi-
tioning regimens used were either myeloablative with >12 Gy total-body
irradiation (TBI) along with cyclophosphamide or reduced-intensity condi-
tioning regimens that included fludarabine with melphalan or cyclophospha-
mide or treosulfan or 7.2 Gy TBI. Two Gy TBI was used in reduced-intensity
conditioning regimens for some patients. Graft-versus-host disease
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prophylaxis used was either cyclosporine or tacrolimus along with either
methotrexate or mycophenolate mofetil for MSD and MUD transplants.
In addition, post-transplant cyclophosphamide (50 mg/kg for 2 days) was
used for HITs. Antithymocyte globulin was used in MUD transplants and in
patients who had received multiple transfusions. All patients received anti-
fungal prophylaxis with either posaconazole or voriconazole. Aciclovir at a
dose of 400 mg thrice daily was used for herpes simplex prophylaxis. In case
of fever, all patients received broad-spectrum antibiotics. Complete blood
count and renal and liver functions were monitored daily.
CMVMonitoring
Quantitative PCR (QPCR) was used to monitor for CMV reactivations and

response to therapy. Peripheral blood was collected twice per week from day
0 to day +120 (longer if patient was taking steroids or had active graft-ver-
sus-host disease) for QPCR analysis.

We used the COBAS AmpliPrep/COBAS TaqMan CMV Test (Roche diag-
nostics, USA) for CMV detection in plasma. This is a nucleic acid amplification
test for the quantitation of CMV DNA in EDTA human plasma using the COBAS
AmpliPrep instrument for automated specimen processing and COBAS Taq-
Man 48 Analyzer (Roche diagnostics, Germany) for automated amplification
and detection. The test can quantitate CMV DNA over the range of 150 to
10,000,000 copies/mL.
CMV Therapy
Patients who were detected to have a positive QPCR of >500 copies/mL at

2 consecutive time points were started on pre-emptive therapy. Intravenous
ganciclovir (5 mg/kg twice daily) was the preferred agent for pre-emptive ther-
apy. However, in case of ongoing cytopenias, leflunomide was used. In case of
clinical resistance (see next paragraph for definition) to ganciclovir, lefluno-
mide was added as a second-line treatment. Second-line drug was added for
CMV infection if there was a log increase in CMV copy numbers while on ther-
apy with the first antiviral agent or failure to clear (no log decrease) in CMV
copy number despite adequate treatment with the first antiviral agent or
development of end-organ involvement while on therapy with the first agent
or toxicities caused by the first agent requiring stoppage of the drug. For adult
patients, leflunomide was started at a loading dose of 100 mg once a day for
3 days followed by a daily maintenance dose of 20 mg until clearance of CMV
or intolerance. First-line agent was continued unless significant toxicities
required stoppage of the drug. The dose of leflunomide used in pediatric
patients weighing <20 kg was a 100-mg loading dose on the first day followed
by 10 mg on alternate days. Those weighing 20 to 40 kg received a 100-mg
loading dose for 2 days followed by 10 mg once per day. Patients weighing
>40 kg received a full dose of 100mg for 3 days followed by 20mg daily. If the
patient was taking steroids, leflunomide was continued until steroids were
tapered to low doses or stopped. Invasive procedures such as bronchoalveolar
lavage and colonoscopic biopsies were used to detect CMV disease when clini-
cally suspected.
Definitions
CMV reactivation was defined as a QPCR result of >500 copies/mL at 2

successive time points without clinical evidence of CMV disease. CMV clear-
ance was defined as undetectable or below the quantifiable limit of CMV DNA
on QPCR for at least 2 consecutive time points after starting a particular ther-
apy. The lower limit of quantitation of our assay was 150 copies/mL. Time to
clearance was the time between start of treatment and CMV clearance. Clini-
cal resistance or failure of therapy was defined as >1 log increase in CMV
copy number at any time while on therapy or if another anti-CMV agent was
added because of CMV disease or nonclearance.
Statistics
The primary objective was to find out the clearance rate of leflunomide in

patients with CMV reactivations post-aHSCT. The data were collected by
assessing patient charts and records and tabulating them in an Excel sheet
format. Chi-squared test and Fisher exact test were used to compare the dif-
ference in response between different groups.
Table 1
Median Age, Type of Transplant, Conditioning Regimens, and CMV Reactivation Rates

Type of Transplant No. of Patients Conditioning Reg

Myeloablative Re

MSD 47 11

MUD 5 1

HIT 18 0
RESULTS
Seventy patients underwent aHSCT during this period at

our center. The demographics are summarized in Table 1.
Twenty-one were female and 49 were male. The age range for
the entire cohort was 3 to 54 years. The cohort included 47
MSD transplants, 18 HITs, and 5 MUD transplants. The median
age was 28.5 years. The most common indication for transplant
was chronic myeloid leukemia (28.5%), followed by acute mye-
loid leukemia (25.7%), acute lymphoblastic leukemia (22.9%),
Hodgkin and non-Hodgkin lymphoma (10.0%), and others
(12.9%, including myelofibrosis, myelodysplastic syndrome,
juvenile myelomonocytic leukemia, and aplastic anemia).
Almost all transplant recipients (95.7%) and donors (98.5%)
had a positive serology for CMV at baseline.

There were 49 episodes of CMV reactivation in 43 patients
(61%). Table 2 shows characteristics of all 43 patients. The inci-
dence was highest in HITs, with 17 of 18 (95%) patients develop-
ing reactivation, followed by MUD (60%) and MSD (53%). The
median time to CMV reactivation from day of transplant was
43 days (range, 0 to 496). CMV disease was seen in 9 patients.
One patient had CMV hepatitis, whereas the rest had CMV coli-
tis. Ganciclovir was the drug of choice for CMV reactivation and
was used as the first-line drug in 23 episodes (Figure 1).

Leflunomide was used in 24 episodes: first line in 15, sec-
ond line in 8, and third line in 1. The median CMV copy num-
ber/mL was 0.82£ 103 (range, 0 to 13£ 103) on the day of
starting leflunomide. The median duration of use of lefluno-
mide for all patients was 34 days (range, 6 to 85 days), whereas
for those who responded to leflunomide, it was 30 days. It was
used pre-emptively in 20 episodes and as a therapeutic (ie,
patient had end-organ involvement) in 4. When used as a first-
line treatment, leflunomide was able to clear CMV in 7 of the
15 episodes (46%), whereas ganciclovir was able to clear it in
12 of the 23 (52%). As a second-line agent, leflunomide could
clear CMV in only 2 of 9 episodes. Overall CMV was cleared in
9 of the 24 episodes (38%). Figure 2 shows a dot plot curve
showing trend of response to leflunomide in 20 of these 24
episodes. Seven of the 24 episodes had an initial CMV burden
of >2£ 103 copies/mL. Leflunomide failed in all of these, while
there was clearance in 9 of the 17 (53%) episodes that had CMV
<2£ 103 copies/mL. This difference was statistically significant
by Fisher exact test (P= .022). None of the patients who
received leflunomide in a therapeutic setting cleared CMV (0
of 4), compared with 9 of 20 with pre-emptive leflunomide,
although this difference was not statistically significant. The
median time taken to clear CMV with leflunomide was 21 days
(range, 7 to 50 days). Of all patients who responded to lefluno-
mide, only 1 patient relapsed within 15 days of clearing CMV
with leflunomide. He was rechallenged with leflunomide and
responded again. The other patients had sustained remissions.
Besides CMV levels, none of the other factors (including the
underlying disease, type of transplant, donor/recipient serosta-
tus, timing of reactivation, type of conditioning, and immune
suppression used) showed statistically significant correlation
with response to leflunomide. Of 12 episodes of CMV
imen Median Age, yr No. (%) of Patients
with CMV Reactivation

duced Intensity

36 33 25 (53.0)

4 23 3 (60.0)

18 21.5 17 (94.4)



Table 2
Details of CMV Reactivations: Type of Transplant, Baseline Patient and Donor CMV Serostatus, and Response to Leflunomide

Patient
No.

Episode
No.

Type of
Transplant

Age,
yr

Baseline
Patient
Status

Baseline
Donor
Status

Day of BMT
When CMV
Reactivated

Leflunamide,
Y/N

Leflunomide,
First/Second/
Third Line

Type of
Therapy

CMV Clearance
with Leflunomide

1 1 MSD 38 Positive Positive 35 N

1 2 MSD 38 Positive Positive 77 Y First Pre-emptive Y

2 1 MSD 52 Positive Positive 261 N

2 2 MSD 52 Positive Positive 306 N

3 1 MSD 49 Positive Positive 197 N

4 1 MSD 20 Positive Positive 28 N

5 1 HIT 11 Positive Positive 25 N

6 1 MSD 51 Positive Positive 207 N

7 1 MSD 28 Positive Positive 396 N

8 1 HIT 13 Positive Positive 34 N

9 1 MSD 21 Positive Positive 13 N

9 2 MSD 21 Positive Positive 496 N

10 1 MSD 33 Positive Positive 117 N

10 2 MSD 33 Positive Positive 160 N

11 1 HIT 15 Positive Positive 212 Y First Pre-emptive N

12 1 MSD 30 Positive Positive 455 Y First Pre-emptive Y

13 1 MSD 27 Positive Positive 42 Y Second Therapeutic N

14 1 MSD 22 Positive Positive 68 Y First Pre-emptive N

15 1 HIT 24 Positive Positive 43 Y First Pre-emptive Y

16 1 MSD 54 Positive Negative 24 Y Second Therapeutic N

17 1 MSD 41 Positive Positive 29 Y Second PREMPTIVE Y

17 2 MSD 41 Positive Positive 82 Y First Pre-emptive Y

18 1 HIT 7 Positive Positive 54 Y First Pre-emptive Y

19 1 MSD 46 Positive Positive 70 Y Second Therapeutic N

20 1 MUD 29 Positive Positive 0 Y Second Pre-emptive Y

21 1 MSD 36 Positive Positive 62 Y First Pre-emptive N

22 1 HIT 23 Positive Positive 48 Y First Pre-emptive N

23 1 HIT 46 Positive Positive 28 Y Second Pre-emptive N

24 1 HIT 16 Positive Positive 18 Y First Pre-emptive N

25 1 HIT 27 Positive Positive 39 Y First Pre-emptive N

26 1 HIT 35 Negative Positive 34 Y Third Pre-emptive N

27 1 HIT 30 Positive Positive 30 Y Second Pre-emptive N

28 1 HIT 31 Positive Positive 29 Y First Pre-emptive N

28 2 HIT 31 Positive Positive 155 Y First Therapeutic N

29 1 MUD 23 Positive Positive 169 Y First Pre-emptive Y

30 1 HIT 10 Positive Positive 22 Y Second Pre-emptive N

31 1 MSD 19 Positive Positive 169 Y First Pre-emptive Y

32 1 HIT 46 Positive Positive 40 N

33 1 MSD 29 Positive Positive 35 N

34 1 MSD 27 Positive Positive 380 N

35 1 MSD 38 Positive Positive 8 N

36 1 MSD 42 Positive Positive 60 N

37 1 HIT 31 Positive Positive 26 N

38 1 MSD 39 Positive Positive 33 N

39 1 MUD 19 Positive Positive 22 N

40 1 HIT 17 Positive Positive 21 N

41 1 MSD 45 Positive Positive 55 N

42 1 MSD 14 Positive Positive 12 N

43 1 HIT 16 Positive Positive 47 N

BMT indicates bone marrow transplant; Y, yes; N, no.
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reactivations in HIT patients, 2 cleared CMV, whereas of the 12
episodes in MSD/MUD transplants, 7 cleared CMV with leflu-
nomide. Although on face value, HIT patients seemed to be
responding less favorably, the difference was not statistically
significant by Fisher exact test.
None of the patients had toxicity requiring stoppage of the
drug. In totality, leflunomide was able to clear only 9 of 24
CMV infections (38%). Of the 9 patients who had cleared CMV
on leflunomide, 1 died of bacterial sepsis and septic shock. Of
the remaining 15 patients, 11 died of uncontrolled CMV



Figure 1. Flowchart representing CMV treatment drugs used in patients.

Figure 2. Dot plot showing trend of CMV viremia after leflunomide. Twenty episodes are included of 24 (3 patients had end-organ involvement without viremia and
1 patient discontinued all treatment).
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infection. Three of the 4 patients with CMV colitis who had
been taking leflunomide died.

DISCUSSION
Hematopoietic stem cell transplants offer curative potential

for many hematologic disorders. CMV reactivation is a com-
mon and potentially fatal complication post-aHSCT. CMV infec-
tion is highly prevalent in India, and approximately 95% of the
Indian population is seropositive for CMV antibodies [5]. Allo-
geneic transplants are becoming more common in India, and
with the nonavailability of foscarnet and cidofovir, treating
ganciclovir-resistant CMV infections becomes a herculean task.
There is sparse literature about post-aHSCT CMV reactivation
rates in India, and it is estimated at between 10% and 39%
[6,11,12]. The reactivation rates post-HIT seem to be more
than umbilical cord transplants [2,3]. Unavailability of matched
unrelated donors for the Indian population and cost con-
straints are making HITs more popular. However, the CMV
reactivation rates post-HIT in India are not known. Few case
reports with a limited number of patients estimate it at around
35% to 45%, which is less than the reported incidence of 50% to
65% in developed and other developing countries [2,6,13,14].
In this study, CMV reactivation rates were high, especially in
HIT, in which almost all patients reactivated.
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The mortality among patients with uncontrolled CMV
infection in this study was high. CMV reactivation has been
associated with lower overall survival in other studies as well
[4,11]. Ganciclovir is the only easily available treatment option
in India. Not only is it expensive, but it also causes significant
cytopenias and renal dysfunction, making it difficult to use in
the periengraftment period. Given this situation, it is impor-
tant to find alternative, cheap drugs for the treatment of CMV.

Leflunomide is an anti-rheumatoid arthritis drug that is
cheap and easily available. Waldman and colleagues [15]
showed the antiviral efficacy of leflunomide in human umbilical
vein epithelial cell lines and human foreskin fibroblast mono-
layers. They demonstrated a reduction in CMV-related cyto-
pathic effects as well as reduction in CMV production using
plaque reduction and viral assays when these CMV-infected cell
lines were exposed to A77 1726 (N-(4-trifluoromethylphenyl)-
2-cyano-3-hydroxycrotoamide), which is the active metabolite
of leflunomide. The mechanism of action of this drug is likely
through its effect on virion assembly of the CMV particle during
replication, as demonstrated using electron microscopy and not
by inhibition of DNA polymerase, which is the mechanism of
other anti-CMV drugs [15]. Hence, leflunomide also may be
effective against ganciclovir-resistant CMV strains because of its
novel mechanism of action. Indeed, Waldman and colleagues
[15] were also able to demonstrate this effect in ganciclovir-
resistant CMV D16 strains using human foreskin fibroblast cul-
tures. The same team also demonstrated that leflunomide
induced CMV clearance in vivo in rat models.

Leflunomide also has been used and demonstrated to be
safe and effective in CMV clearance in post-renal transplant
patients in India. In a prospective trial, CMV clearance was
demonstrated in 15 of 17 patients [8]. However, there are only
occasional case reports of successful use of leflunomide after
allogeneic transplants [9,16,17]. This case series, to our knowl-
edge, provides the largest reported data about leflunomide in
post-aHSCT CMV infection.

This study showed that leflunomide was effective in CMV
clearance in only 38% of cases. However, its success rate was
significantly higher (53%) when it was used in patients with
CMV copy numbers <2£ 103/mL. Leflunomide was also
ineffective when used in patients with end-organ disease,
although this was not statistically significant. This indicates
that although leflunomide has anti-CMV action, it is probably
not effective in patients with a high CMV burden. Given the
limitation of this study being a retrospective analysis, more
prospective studies are indicated to confirm this finding. Leflu-
nomide does offer a therapeutic option for post-transplant
CMV infections, especially in resource-limited settings where
access to newer drugs and adoptive cellular therapies are lim-
ited. Being more effective at a low CMV burden, leflunomide
may have a role as a prophylactic agent in HITs, especially in
India, where the CMV reactivation rates seem to be much
higher than previously reported.
CONCLUSIONS
Leflunomide has considerable activity against CMV, but it is

best used when CMV copies are <2000/mL in a pre-emptive
setting. In a therapeutic setting, its role seems limited. A larger
prospective study is warranted.
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