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Drug-induced hematological cytopenia is common in kidney transplantation. Various cytopenia including leucopenia (neutropenia), thrombocytopenia, and anemia can occur in kidney transplant recipients. Persistent severe leucopenia or neutropenia can
lead to opportunistic infections of various etiologies. On the contrary, reducing or stopping immunosuppressive medications in
these events can provoke a rejection. Transplant clinicians are often faced with the delicate dilemma of balancing cytopenia and
rejection from adjustments of immunosuppressive regimen. Differentials of drug-induced cytopenia are wide. Identification of
culprit medication and subsequent modification is also challenging. In this review, we will discuss individual drug implicated in
causing cytopenia and correlate it with corresponding literature evidence.

1. Introduction
Kidney transplantation is the optimal treatment for patients
suffering from chronic kidney disease. It improves quality of
life and survival. With the advent of new immunosuppressive
medications for desensitization, induction, and maintenance,
the incidence of rejection has reduced tremendously. However, these medications also have harmful and deleterious
effects. Drugs which induced cytopenia are common in
kidney transplant recipients (KTR). A delicate balance is
needed to prevent rejection and avoid various complications including cytopenia. Cytopenia is common in kidney transplant recipients [1]. Twenty to sixty % of KTR
will have one episode of either neutropenia or cytopenia during the course of their transplant [2]. Cytopenia
is more common in the initial period due to induction
therapy and intense maintenance immunosuppression. Similarly thrombocytopenia is also common in first year of

transplantation and most KTR will have the lowest platelet
levels within the first three months [2]. Various drugs have
been implicated in cytopenia. These include mycophenolate
mofetil (MMF) or enteric-coated mycophenolate sodium
(EC-MPS) [3–5], ganciclovir/valganciclovir [3, 6, 7], antithymocyte globulin (ATG) [8, 9], tacrolimus [10, 11], sirolimus
[12], and cotrimoxazole [13, 14]. Severe cytopenia warrants
urgent intervention by identifying the culprit drug and
reducing or stopping it. In such situations a balanced
approach is needed. Stopping immunosuppressive medications can provoke rejection. Similarly holding valganciclovir or trimethoprim-sulphamethaxazole can predispose to
cytomegalovirus or pneumocystis jirovecii infections. On the
other hand, severe neutropenia or leucopenia can lead to lifethreatening opportunistic infections. This review will focus
on drugs implicated in hematological cytopenia and modification of drug or treatment regimen that can mitigate these
complications.
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2. Definition of Hematological Cytopenia
Various terminologies are used to define cytopenia and its
severity. Pancytopenia refers to when all the three cell lines
are affected. Bicytopenia refers to when 2 out of 3 cell
lines are affected. Thrombocytopenia refers to low platelet
count. The word leucopenia is often used interchangeably
with neutropenia. A variety of definitions for leucopenia and
neutropenia are available. Leucopenia is graded based on the
Common Terminology Criteria for Adverse Events (CTCAE)
[15]. CTCAE has graded leucopenia into 4 levels: grade 1
(lower range of normal limits to 3000 cells /mm3 ), grade 2
(2000-3000 WBC/mm3 ), grade 3 (1000-2000 WBC/mm3 ),
and grade 4 (less than 1000 WBC/mm3 ). Most laboratories
consider 4000 cells/mm3 as lower limit of normal and any
level below this is considered as leucopenia. Others have
used neutropenia to classify granulocytopenia according to
its severity. They used Absolute Neutrophil Count (ANC) to
assess the severity of neutropenia [16]. ANC is calculated as
follows.
ANC = white blood cells (microliter) x percent (polymorphonuclear cells + bands)/100.
An ANC <1500/microliter or <1.5 x 109/L is defined as
neutropenia and graded as mild, moderate, or severe [16].
In mild neutropenia, ANC will be in the range of 1000 to
1500/microliter or 1 to 1.5 x 109/L. Moderate neutropenia is
defined as 500 to 999/microliter or 0.5 to 0.99 x 109/L. Severe
neutropenia refers to ANC <500/microliter or <0.5 x 109/L.
CTCAE has graded thrombocytopenia into 4 levels [15]:
grade 1 (75000 to 150,000 cells/mm3) grade 2 (50000-75000
cells/mm3), grade 3 (25000-50000 cells/mm3), and grade 4
(less than 25000/mm3). Platelet count of 150,000/mm3 is
considered lower limit of normal in most laboratories.

3. Consequences of Hematological Cytopenia
Neutrophils and lymphocytes play important roles against
infections. Leukopenic KTR are prone to develop opportunistic infections. Absolute neutrophil count less than 1000
cells per/L increases susceptibility for infections. Frequency
and severity of infections are increased with decreasing
neutrophil counts and prolonged duration of neutropenia
[17, 18]. Escherichia coli infections are more common in neutropenic KTR [19–21]. Neutropenic KTR has a higher incidence of intra-abdominal infection (22.5%) than a matched
normopenic cohort (7-10%). Tacrolimus and MMF have
often been associated with neutropenia [19]. Clinicians often
reduce or stop MMF in the event of severe neutropenia.
Although this is helpful in increasing white cell counts, it may
lower threshold for rejection. This risk is especially prominent
within the first year of transplant [20]. Zafrani L et al. [19]
reported that high cumulative number of days without MPA
was a strong predictor of acute rejection. Knoll et al. [22]
also observed a decreased time to first acute rejection if the
recommended dose of MPA was reduced from side effects.
Similarly, Vanhove et al. [23] reported a significantly higher
risk of rejections with greater than 50% dose reduction in
MMF. While adjusting medications, baseline immunological
status of KTR should be kept in mind. Those with high
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immunological risk and/or were transplanted within 1 year
should be carefully monitored for rejection. By the same
token, stopping prophylactic medications used for prevention
of cytomegalovirus or pneumocystis jirovecii may provoke
and precipitate these infections. In a nutshell, leucopenia
increases the risk of infection by lowering the immunogenic
threshold to ubiquitous and opportunistic pathogens.

4. Insight into Etiology of Hematological
Cytopenia and Subsequent Modification
of Individual Drugs
To identify the culprit drug for drug-induced hematological
cytopenia is always challenging. This is because KTR is
on multiple medications. Other than drugs, various other
clinical conditions can cause drug-induced hematological
cytopenia. Therefore it is important to take a detailed history
and analyze sequence of event while looking for the cause
of drug-induced cytopenia. For example majority of transplant medications including MMF, anti-CMV medications,
and trimethoprim-sulphamethaxazole can cause leucopenia. Unfortunately, there is no evidence based approach to
identify the culprit agent and to modify the medications.
Most of decisions are based on clinical experience to tackle
these situations. In this section various medications and the
reported drug-induced cytopenia in the literature will be
discussed.
4.1. Rituximab. Rituximab is a chimeric anti-CD20 monoclonal antibody, which leads to B cell depletion. After
binding to CD-20 antigen, it depletes B cells through complement mediated cytotoxicity, phagocytosis by macrophages,
and natural killer cells through antibody-dependent cellmediated toxicity [24]. It is used in ABO-incompatible transplantation [25–27], treatment of acute graft rejection with B
cell infiltrates [28], chronic antibody-mediated rejection [29,
30], and posttransplant lymphoproliferative disorder [31].
Rituximab grade 3 and 4 cytopenias were reported in 48%
of patients. These included lymphopenia (40%), neutropenia
(6%), leucopenia (4%), anemia (3%), and thrombocytopenia
(2%) in lymphoma patients [32].
Rituximab has been reported to cause thrombocytopenia
in many studies [33–41]. Several mechanisms for rituximab
induced thrombocytopenia have been proposed. Some suggested that presence of CD20 antigen in the circulation
causing antigen-antibody immune-mediated cell lysis by
compliment activation [38, 39]. Others opine that platelets
have CD-20 antigen on platelet surface [40]. Along the same
vein, some postulate that anti-CD20/rituximab form soluble
complex which binds platelet or it is due to intravascular
fibrinolysis [41]. Most of the literature data reporting about
thrombocytopenia stem from patients with hematological
and autoimmune disorders. Rituximab induced thrombocytopenia is relatively rare in KTR. A randomized double-blind,
placebo-controlled study of efficacy and safety of rituximab
induction in KTR found no thrombocytopenia in rituximab
arm [42]. Likewise in another prospective observational
case control study, thrombocytopenia was not seen in KTR
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receiving rituximab [43]. However, some noncontrolled studies have reported thrombocytopenia in KTR who received
rituximab [44, 45].
Rituximab can also cause neutropenia or leucopenia.
Late-onset neutropenia (LON) is defined as a low neutrophil
count occurring 4 weeks or more after rituximab treatment
[37].LON is often reported in patients with lymphoma,
chronic lymphocytic leukemia, and various autoimmune
diseases treated with rituximab [37, 46–51]. The incidence of
LON has been reported to be in the range of 4-27.3% [52, 53].
The reported median time to onset of LON is between 38 to
175 days and its duration varies from 5-77 days [54, 55]. It
usually occurs after a median number of 6 doses of rituximab.
LON has frequently been reported in KTR [44, 45, 56–
59].The frequency of late-onset neutropenia in KTR has been
reported from 37.5% to 48% in various studies [44, 45, 55,
56]. Common medications incriminated in causing LON
include mycophenolate mofetil or anti CMV medications
(ganciclovir / valganciclovir).Ahmadi F et al. [43] reported
a high incidence (66.7%) of late-onset neutropenia [defined
as neutropenia that occurred about 4 weeks after the last
administered dose of rituximab without any other alternate
explanation (e.g., unresponsive to dose reduction/cessation
of ganciclovir/ valganciclovir, or mycophenolate mofetil)].
Some authors reported effect of rituximab on white cells
as leucopenia in KTR [42, 60, 61]. The incidence of leucopenia
due to rituximab has been reported to be in the range of
19%-24.6% in various studies [42, 61]. The relative risk of
leucopenia is 8.8 when rituximab is used during induction
in ABO-compatible nonsensitized renal transplantation [61].
Given that cytopenias are commonly reported in rituximab usage, transplant physicians have to be extra vigilant in
monitoring the different lineages of blood, especially 4 weeks
post-rituximab administration. The relevant drug doses can
be either reduced or omitted to facilitate improvements of
blood counts deficiencies. Rituximab induced thrombocytopenia rarely leads to bleeding [33, 62] and platelet infusions
are debatable and usually not required. This can only be
considered if low platelet count is complicated by bleeding
[62, 63]. Specific therapy for neutropenia and thrombocytopenia has been discussed at the end. Table 1 is showing
summary of hematological complications caused by various
medications used in KTR.
4.2. Antithymocyte Globulin (ATG). Thymoglobulin is not
specific for T-cells. It contains antibodies directed against
different blood cell types (T-cells > B cells; NK cells >
monocytes; neutrophils > platelets > erythrocytes) [68, 123].
Because of the presence of cross-reacting antibodies against
nonlymphoid cells, hemolytic anemia, thrombosis, thrombocytopenia, and neutropenia can occur [68]. At high doses
of thymoglobulin, nonspecific binding to neutrophils and
platelets can lead to undesirable effects, such as transient neutropenia and thrombocytopenia [124–127]. The incidence of
leucopenia is variable in KTR. This is largely due to inconsistency of duration and dosing regimens among users. Various
authors reported incidence of leucopenia as 10% [64], 38%
[65], 33.5% [66], and 50% [67].The high prevalence of 50% by
Osama et al. could be due to concomitant use of azathioprine
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in the maintenance phase of immunosuppression [67]. The
incidence of thrombocytopenia has been reported to be
between 10% and 26.5% in KTR [64, 65]. Brennan reported
that the major reasons for stopping or reducing the antithymocyte globulin dose were leucopenia (in 45.2% of patients),
thrombocytopenia (11.9% of patients), or both (14.3% of
patients) [66]. One should consider withholding ATG if the
platelet count drops below 50,000 per mm3 or the white
blood cell (WBC) count drops below 2,000 per mm3 . One
should consider halving the ATG dose [64, 69], if the platelet
count is between 50,000 and 75,000 per mm3 or the WBC
count is between 2,000 and 3,000 per mm3 . Another effective
way of avoiding cytopenia is to monitor CD3 (+) T-Cell.
Keeping CD3 (+) T-Cell <0.05x109/L (<50/microliter) [128–
131] has been a useful index to avoid excessive doses. Using
this preemptive monitoring approach, early acute rejection,
infectious episodes, and hematological complications, such
as leucopenia and thrombocytopenia, are found to be less
common [131].In places where this facility is not available
total lymphocyte count can be used. Total lymphocyte count
below 0.3 x 10(9)/l has been found to be a useful index for
using ATG [129]. While treating ATG induced cytopenia,
the effect of other immunosuppressive medications should
be taken into consideration too. Mycophenolate mofetil
(MMF) dose should be either reduced or stopped [65, 132]
if ATG induced cytopenia has occurred. Care should be
taken if mammalian target of rapamycin inhibitors are used
with ATG as the combination has been known to induce
thrombocytopenia [133]. Early steroids withdrawal after ATG
induction is associated with high incidence of leucopenia
[134, 135], as steroid myelostimulating effect is lacking.
4.3. Alemtuzumab. Alemtuzumab is a humanized monoclonal IgG1 antibody directed against CD52, a glycoprotein expressed on mononuclear cells, including T- and Blymphocytes, monocytes, and natural killer cells [136, 137].
It has been used as an induction agent [138–140] and in
treatment of acute rejection [141, 142].
The incidence of leucopenia in KTR has been reported
as 33.3% and 42% in various studies [70, 71]. The combined incidence of leucopenia and neutropenia is 47% [72].
Alemtuzumab causes more myelosuppression than ATG
[70, 71], with the lowest white cell count being observed
approximately 130 days after the last administered dose [72].
However, alemtuzumab induced leucopenia rarely causes frequent or severe infections [71, 72, 143]. Alemtuzumab induced
leucopenia usually results in the reduction of MMF dose
and, as a result, the mean dose of MMF was 14 mg/kilogram
which is significantly lower than those who received either
ATG or daclizumab [143]. KTR with high immunological
risk must be monitored for a potential risk of rejection
while reducing MMF in such events [144]. Alemtuzumab
has been incriminated in B cell dysregulation and causing
autoimmune disorder. Autoimmune thrombocytopenia has
been reported in multiple sclerosis and chronic lymphocytic
leukemia, the incidence of which is 1-2.5% [74, 75]. Fatal
cases of autoimmune thrombocytopenia has been reported
[75]. Alemtuzumab induced thrombocytopenia has been
reported in 14% of KTR in one cohort of patients [73].
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Table 1: Summary of drug-induced hematological cytopenia.

Drugs
Rituximab

ATG

Hematological cytopenia
It causes late onset neutropenia in 37.5% to 48%
[44, 45, 55, 56], leucopenia in 19%-24.6[42, 61], anemia
in 3% [32], lymphopenia in 40% [32] and rarely
thrombocytopenia [44, 45].

It causes leucopenia in 10%-50% [64–67], hemolytic
anemia [68]and thrombocytopenia in 10%-26.5%
[64, 65].

Alemtuzumab

It causes leucopenia in 33.3-42% [70, 71], combined
incidence of leucopenia and neutropenia in 47% [72],
transient thrombocytopenia 14% [73] and autoimmune
thrombocytopenia in 1-2.5% [74, 75].

Basiliximab

Myelotoxicity is less as compared to rituximab, ATG
and Alemtuzumab. Leucopenia occurs in approximately
10%–15% and thrombocytopenia 5% [76, 77].

Daclizumab

Myelotoxicity is less and leukocyte, platelet and
lymphocyte counts are significantly higher when
compared with [78]

Mycophenolate
mofetil (MMF)

Calcineurin
inhibitors

It causes leucopenia in 11.8% to 40% of KTR [79–82].
Other manifestation include anemia,
thrombocytopenia and pancytopenia which and is
frequent cause of dose reduction [23].
Tacrolimus hematologic abnormalities occur in 16.92%
and include anemia, neutropenia and combined
neutropenia and thrombocytopenia [10]. Neutropenia
is more (28%) in combination with MMF [19].Other
manifestation of tacrolimus and cyclosporine include
thrombotic microangiopathy[83–87]

Azathioprine

AZA causes leucopenia / neutropenia in around 50% of
KTR [88].Frequency of leucopenia increases
significantly following azathioprine dosage exceeding
1.99 mg/kg body weight/day [89].It can cause
macrocytosis and megaloblastic changes in bone
marrow which in turn can lead to ineffective
erythropoiesis and pancytopenia [90–92]

Mammalian Target
of rapamycin
Inhibitors (MTOR
inhibitors)

MTOR inhibitors causes post-transplant anemia [93]
via impair metabolism and absorption [94, 95].They
also causes leucopenia and thrombocytopenia [96]. The
incidence of leucopenia and thrombocytopenia with
everolimus is 11-19% and 10-17% respectively [97].
Both sirolimus [98–100] and everolimus [101, 102]
causes thrombotic microangiopathy.

Management
Late onset neutropenia is diagnosis of exclusion. It is
suggested to reduce doses of anti CMV medication and
MMF in face of neutropenia. In case of persisting
neutropenia further doses of rituximab may be avoided.
Monitor CD3 subset or absolute lymphocyte count.
Consider withholding ATG if the platelet count drops
below 50,000 per mm3 or the white blood cell (WBC)
count drops below 2,000 per mm3 . Also consider
halving the ATG dose [64, 69], if the platelet count is
between 50,000–75,000 per mm3 or the WBC count is
between 2,000–3,000 per mm3 .
Consider using reduce dose of MMF during ATG
administration.
Consider dose modification if absolute neutrophil
count (ANC) is < 250/all and/or platelet count
≤25,000/all. For first occurrence of cytopenia,
alemtuzumab therapy should be withheld. The therapy
should be resumed at 30 mg when ANC ≥ 500/all and
platelet count ≥ 50,000/all. For second occurrence,
alemtuzumab therapy should be withheld and resumed
when ANC ≥ 500/all and platelet count ≥ 50,000/all at a
dose of 10mg. Consider using reduce doses of MMF
during alemtuzumab administration.
It is the preferred agent in setting of hematological
cytopenia. Reduction of MMF or anti-CMV
medications may be considered in face of persisting
leucopenia.
It is the preferred agent in setting of hematological
cytopenia. Reduction of MMF or anti-CMV
medications may be considered in face of persisting
leucopenia.
Consider reducing dose or holding MMF temporarily.
Anti CMV medications dose reduction or holding it
temporarily is also suggested. Reduce dose of MMF
with concurrent use of ATG or alemtuzumab may
prevent occurrence of hematological cytopenia.
Consider changing tacrolimus to cyclosporine in
setting of persistent neutropenia. Reducing dose of
MMF with tacrolimus may be considered due to
pharmacodynamic and pharmacokinetic interaction
between the two agents. In setting of thrombotic
microangiopathy consider to change to MTORi or
using belatacept. Eculizumab may be considered in
setting of thrombotic microangiopathy.
Consider complete blood counts, including platelet
counts, weekly during the first month, twice monthly
for the second and third months of treatment, then
monthly or more frequently if dosage alterations or
other therapy changes are necessary.
TPMT genotyping or phenotyping can help identify
patients who are at an increased risk of developing AZA
toxicity. Avoid using allopurinol with AZA. Reduce the
dose of AZA if leucopenia persists.

Consider reducing MMF dose and adjusting MTORi to
lowest therapeutic level.
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Table 1: Continued.

Drugs
Valganciclovir

Ganciclovir

Valaciclovir

TrimethoprimSulphamethaxazole
(TMP-SMZ)

Dapsone

Hematological cytopenia
Neutropenia in 4.9% to 37.5% [3, 103–105] and
leucopenia in 10-28% [3, 103, 106–108]. It also causes
anemia and thrombocytopenia.
The incidence of leucopenia is 7.1% to 23.1% [106, 109].
The incidence of thrombocytopenia and anemia is
23.1% and 38.5% [106]. Myelotoxicity is less as
compared to valganciclovir [110].
Bone marrow toxicity with valaciclovir is mild as
compared to valganciclovir or ganciclovir. It causes
anemia in 11-14% and leucopenia in 6-14% which was
not significant from placebo [111].
It causes blood cytopenia including
neutropenia/leucopenia, thrombocytopenia and
megaloblastic anemia. Trimethoprim inhibits
granulopoiesis and erythropoiesis in vitro in a
dose-dependent [112].It causes leucopenia in 39.61%,
thrombocytopenia in 18.18% and neutropenia among
leukopenic patients in 10.38% [13].
It causes neutropenia [113, 114], agranulocytosis
[115, 116] and methemoglobinemia[117–121].The
incidence of dapsone induced methemoglobinemia in
KTR is 46% [122].

Surgical bleeding necessitating reoperation occurred in 12%
of patients, of which the majority had thrombocytopenia
[73]. Bearing these factors in mind, the manufacturer recommends dose modification if absolute neutrophil count
(ANC) is < 250/all and/or platelet count ≤25,000/all. For
first occurrence of cytopenia, alemtuzumab therapy should
be withheld. The therapy should be resumed at 30 mg when
ANC ≥ 500/all and platelet count ≥ 50,000/all. For second
occurrence, alemtuzumab therapy should be withheld and
resumed when ANC ≥ 500/all and platelet count ≥ 50,000/all
at a dose of 10mg. If cytopenia happened for a third time, then
alemtuzumab should be discontinued indefinitely [145].
4.4. Interleukin Receptor Antagonist (IL2-R Antagonist). IL2R antagonists are monoclonal chimeric (basiliximab) and
humanized (daclizumab) murine antibodies against CD25.
They inhibit IL-2-mediated activation and proliferation of Tcells in transplant patients and are used as induction agents
to prevent acute rejection [146]. Humanized (daclizumab)
murine antibody has been withdrawn in the US and the
rest of the world. Unlike ATG and alemtuzumab, IL2-R
antagonists act only on activated T-cells. Therefore, leucopenia and thrombocytopenia are comparatively rare. Incidence
of leucopenia and thrombocytopenia in basiliximab-treated
renal transplant patients are approximately 10%–15% and 5%,
respectively [76]. Many comparative studies have demonstrated that leucopenia and thrombocytopenia occurred less
in basiliximab [64, 76, 141, 147, 148] when compared to other
agents used in induction. In the 3 C trial, leucopenia was 3.6
times higher in KTR receiving alemtuzumab as compared to
basiliximab [147]. Brennan et al. found leucopenia (in 33.3%)
and thrombocytopenia (in 14.6%) in KTR who received
ATG. In contrast leucopenia and thrombocytopenia were

Management
Consider using 450 mg once a day. Dose reduction or
temporarily holding the medication can be considered
in case of unresolving leucopenia.
Use correct doses according to graft function. Consider
reducing dose. MMF dose reduction or holding it
temporarily during ganciclovir treatment for CMV
disease may be considered.
Less myelotoxic and chances of cytopenia are not more
than placebo.

Consider alternative (atovaquone, dapsone and
pentamidine) for Pneumocystis jirovecii prophylaxis.

Consider alternative (atovaquone, dapsone and
pentamidine) for Pneumocystis jirovecii prophylaxis.

10.6% and 5.8%, respectively, in the basiliximab group [149].
Another study showed that leucopenia and thrombocytopenia rates were significantly higher in the thymoglobulin group
than in the basiliximab group (22.8% versus 11.8%, 8.1%
versus 2.8%; P < .05) [77].
Like basiliximab, daclizumab has little effect on blood
cells when compared to ATG or alemtuzumab. Leukocyte
and platelet counts were higher in induction with daclizumab
when compared to ATG [149]. In another randomized control
trial, platelet and lymphocyte counts were significantly higher
in daclizumab group when compared with ATG [78]. As a
result of this mild effect of daclizumab, less modification is
needed in MMF doses when compared to either ATG or
alemtuzumab [143]. In fact the mean doses of MMF were
higher in the daclizumab group when compared with KTR
who received either ATG or alemtuzumab [143]. With these
effects in mind, IL-2 R antagonist may be the preferred choice
by many clinicians in low-to-intermediate immunological
risk KTR, who have either leucopenia or thrombocytopenia.
4.5. Mycophenolate Mofetil (MMF) and Enteric-Coated
Mycophenolate Sodium (EC-MPS). MMF and EC-MPS are
the inhibitors of inosine monophosphate dehydrogenase.
They inhibits denovo pathway of guanosine nucleotide
synthesis in T and B-lymphocytes and prevents their
proliferation, thereby suppresses both cell-mediated and
humoral immune responses [150, 151]. MMF has been
shown to prevent acute graft rejection following renal
transplantation [152, 153]. Mycophenolate-related leucopenia
occurs in 11.8% to 40% of KTR [79–82]. The hematologic
complication as a result of marrow suppression is the most
frequent reason for MMF dose reduction [23]. Around 245
(46.5%) of the reduction events were due to leucopenia (n

6
= 178), anemia (n = 22), thrombocytopenia (n = 19), and
pancytopenia (n = 40) [23]. The myelosuppressive effects of
MMF are dose-dependent and correlate with trough levels
of the active metabolite, mycophenolic acid (MPA) [2, 154].
Use of other concurrent medications can also contribute.
Valganciclovir [3], valaciclovir [155], and fenofibrate [156]
may exacerbate MMF induced leucopenia. As discussed
previously, ATG and alemtuzumab induced cytopenia
may cloud diagnosis and often lead to MMF dose reduction,
whether or not the latter had been the primarily incriminated
[143]. Genetics may also play a role in mycophenolate-related
hematologic toxicity and single nucleotide polymorphism
has been implicated in MMF induced cytopenia [157]. MMF
induced neutropenia or leucopenia requires dose reduction
or omission of the drug completely [23, 154, 158]. Dose
reduction has been associated with increased risk of acute
rejection and graft loss in several retrospective studies. Being
retrospective in nature, many of these studies were flawed
due to many confounding factors including immunological
risk assessment which can affect occurrence of rejection
[20, 22, 159]. Most MMF dose reduction occurs in the first
year after transplant, during which the KTR is at the highest
of risk of rejection [159]. There are several ways to approach
leucopenia after transplantation while minimizing reduction
or discontinuation of immunosuppressive medication.
Preemptive reduction in dosing of MMF with ATG or
alemtuzumab induction with careful monitoring may be
one option. Reduction of prophylactic valganciclovir dose
by 50% against cytomegalovirus may be preventative too.
Valganciclovir in a dose of 450 mg once a day has been shown
to be equally efficacious in preventing cytomegalovirus
infection when compared with 900 mg once a day [160].
Reducing or holding MMF and valganciclovir is useful
in reverting these blood cytopenia [71]. Usage of mTOR
inhibitors like sirolimus or everolimus may also help to
avert leukopenic complications, providing there is no
contraindication to its use [5, 161].
4.6. Calcineurin Inhibitors: Tacrolimus and Cyclosporine.
Calcineurin inhibitors include cyclosporine and tacrolimus.
They are useful in prevention of acute rejections. Tacrolimus
is considered more potent and reduces rejection rate and
results in better graft survival at 1 year [162]. Hematologic
abnormalities have been reported more frequently with
tacrolimus. In one study out of 65 hematologic abnormalities,
11 (16.92%) were attributed to tacrolimus in a cohort of
cardiothoracic transplantation [10]. These eleven episodes
included anemia (7/11), neutropenia (1/11) and simultaneous anemia and neutropenia (3/11). Tacrolimus potentiates
myelosuppressive effects of MMF. This combination causes
neutropenia in 28% of KTR [19]. There are various proposed
mechanisms for tacrolimus induced neutropenia or leucopenia. Some believe that tacrolimus may cause direct inhibitions
of myeloid cells. Bone marrow hypoplasia due to tacrolimus
has been reported in liver transplant [163]. However, direct
myeloid inhibition was not found in in vitro studies [164, 165].
Bone marrow examination in in vivo case series failed to document myeloid maturation arrest [11]. Therefore, direct inhibition of myeloid precursors may not explain completely the
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mechanism of tacrolimus induced neutropenia or leucopenia. Another possible explanation is thought to be alternation
of cytokines productions by T lymphocytes and monocytes.
However use of antibodies against cytokines failed to show
any difference in enhancement of myeloid progenitor cell
colony forming units [164]. Autoantibodies against myeloid
precursors or mature neutrophils is another mechanism that
may explain tacrolimus induced cytopenia. Paradoxically,
tacrolimus has been used as a drug for autoimmune disorders
and this antagonizes the theory of marrow autoimmunity.
Tacrolimus inhibits glucuronidation of mycophenolic acid
(MPA) leading to its increased blood level [166, 167]. At the
same time unlike cyclosporine, tacrolimus does not affect
enterohepatic circulation of MMF leading to increase MPA
level [168]. Therefore through inhibition of glucuronidation of MPA and uninterrupted enterohepatic recirculation,
tacrolimus can result in higher MPA levels which can
lead to marrow toxicity [169]. Calcineurin inhibitors may
also indirectly cause thrombocytopenia through thrombotic
microangiopathy [83–87].
Tacrolimus induced neutropenia usually occurs within
first three months [11]. Cytopenia in early transplant is
multifactorial and there is no diagnostic test available to
diagnose tacrolimus induced neutropenia. Definitive proof
requires cessation of the drug and normalization of white
cell count [11]. Tacrolimus administration along with MMF
increases area under curve for MMF gradually over 3 month
by 20-30% [170]. Keeping these studies in mind, many studies
conducted in Asian renal transplant recipients, including a
randomized controlled trial, suggested the need for MMF
dose reduction in patients with tacrolimus to minimize the
side effects of MMF including myelotoxicity [171–173]. If
calcineurin inhibitor induced thrombotic microangiopathy
occurred, everolimus, belatacept, or eculizumab can be considered as alternative options [84, 86, 87].
4.7. Azathioprine. Azathioprine (AZA) is an inhibitor of
purine synthesis and has been used as an immunosuppressant
since the 1960 [174]. MMF has replaced AZA as the preferred
antimetabolite agent in kidney transplantation over the past
few decades. Pooled efficacy analysis of these trials demonstrated a significant reduction in acute rejection rates with use
of MMF compared to AZA or placebo [175]. AZA causes leucopenia/neutropenia in around 50% of KTR [88]. Frequency
of leucopenia increases significantly following azathioprine
dosage exceeding 1.99 mg/kg body weight/day [89]. AZA
induced leucopenia occurs earlier, usually during the first
5 weeks of transplantation. Most leucopenia settles after
reducing the dose or temporary cessation of the drug [89].
Repeat leukopenic incident occurred in 70% of patients who
previously had a drug leukopenic event [89]. Azathioprine
can cause macrocytosis and megaloblastic changes in bone
marrow, which in turn can lead to ineffective erythropoiesis
and pancytopenia [90–92]. Azathioprine is metabolized to 6mercaptopurine (6-MP). 6-MP is catalyzed by the enzyme
thiopurine S-methyltransferase (TPMT), to form the inactive
metabolite. TPMT activity is controlled by a genetic polymorphism [176–178]. Patients with intermediate thiopurine
S-methyl transferase (TPMT) activity may be at an increased
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risk of myelotoxicity if receiving conventional doses of AZA.
Patients with low or absent TPMT activity are at an increased
risk of developing severe, life-threatening myelotoxicity if
receiving conventional doses of AZA. To decrease myelosuppression, various strategies have been proposed. Monitoring
with red blood cell 6-thioguanine nucleotide is more useful
when compared with plasma 6-mercaptopurine [179]. TPMT
genotyping or phenotyping can help identify patients who
are at an increased risk of developing AZA toxicity [180–
187]. Allopurinol has an important interaction with AZA
causing reduction in the metabolism of purines to uric acid
by inhibiting the activity of the enzyme xanthine oxidase. If
allopurinol is used, AZA dosage should be reduced by 25-50%
to avoid myelosuppression [188, 189].
AZA is preferred to MMF in areas where cost of medication is an issue [190]. Like, the other drugs, vigilance for
myelotoxicity is important and it is suggested that patients on
AZA should have complete blood counts, including platelet
counts, weekly during the first month, twice monthly for the
second and third months of treatment, then monthly or more
frequently if dosage alterations or other therapy changes are
necessary [191].
4.8. Mammalian Target of Rapamycin Inhibitors (MTORi).
Sirolimus and everolimus are the two most commonly used
MTORi in kidney transplantation. Bone marrow toxicity
leading to cytopenia is a well-known phenomenon of MTORi
[12, 192–194]. Post-transplant anemia occurs in 12% to
76% of KTR and MTOR inhibitor is one of the frequent
causes among these etiologies [194]. Anemia usually appears
within the first month of initiation of MTOR inhibitor
and it persists throughout its course of therapy [93]. The
combination of MMF and MTORi is associated with more
anemia when compared to other combinations [94, 195–197].
Disturbed iron metabolism, impaired iron absorption, and
early maturation of erythroid precursor leading to decrease
globulin synthesis are various proposed mechanisms [94,
95]. Assessing iron status in these patients is important and
iron replacement and erythropoietin can often correct these
complications [95, 196].
In a meta-analysis of eight trials where calcineurin
inhibitors were replaced with MTORi, the latter caused
significant bone marrow toxicity resulting in leucopenia
and thrombocytopenia [96]. Bone marrow toxicity occurred
in a dose-dependent fashion [198, 199] and occurred in
20% of KTR receiving sirolimus [12]. Various studies on
sirolimus have reported that trough level greater than 12 to
16 microgram l-1 has an association with leucopenia and
thrombocytopenia [12, 200]. Hematological manifestation
is more common in first 4-8 weeks [12, 201]. Eighty-nine
percent of sirolimus induced cytopenia resolves completely.
Seven percent resolves with dose reduction and 4 percent
requires temporary cessation of the drug [12]. These effects
are more pronounced when MMF and MTORi are used
simultaneously [202–205]. Induction with alemtuzumab followed by sirolimus and MMF combination in a steroid
and CNI free regimen also lead to significant leucopenia
[206].
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Like sirolimus, everolimus has also been associated with
hematological toxicities leading to leucopenia and thrombocytopenia [96, 97, 194, 199, 207]. The incidence of leucopenia
and thrombocytopenia with everolimus is 11-19% and 10-17%,
respectively [97].
Various proposed mechanisms of MTORi myelotoxicity have been reported. Sirolimus causes increase platelet
aggregations and degranulation in response to adenosine
monophosphate and thrombin in in vitro setting. MTORi
inhibits signal transduction via the gp130 [beta] chain. A variety of cytokines including interleukin-11 [208], granulocyte
colony stimulation factor, and erythropoietin through signal
transduction via the gp130 [beta] chain stimulate production
of erythrocytes, leukocytes, and platelets [209]. Therefore
MTORi through inhibition of signal transduction via the
gp130 [beta] chain may lead to various cytopenia. In addition,
MTORi may cause anemia and thrombocytopenia indirectly
by causing thrombotic microangiopathy. Both everolimus
[98–100] and sirolimus [101, 102] have been shown to cause
thrombotic microangiopathy.
MTORi induced cytopenia usually occurs after shifting KTR from steroids, CNI, and MMF combination to
steroids, MTORi, and MMF. Most leucopenia resolves completely [12]. In those with persistent leucopenia, MMF dose
may be reduced and MTORi doses should be adjusted
to the lower end of therapeutic range [207]. Occasionally
refractory cases may lead to discontinuation to MTORi
[201, 206].
4.9. Valganciclovir. Valganciclovir is a valyl-ester prodrugs
of oral ganciclovir. It has a bioavailability of nearly 70
% (compared with 7% for oral ganciclovir). Because of
increased bioavailability, myelotoxicity is greater compared
to ganciclovir and non-ganciclovir medications [106, 110].
The incidence of leucopenia is 10-28% in various studies
in KTR [3, 103, 106–108]. Neutropenia has been reported
in various studies from 4.9% to 37.5% in various studies
[3, 103–105]. Many factors can affect prevalence and severity
of these cytopenia. Prolonged prophylaxis of 200 days with
valganciclovir causes more neutropenia than shorter period
of prophylaxis (100 days) (38% versus 26%) [108]. Use of
higher dose (900 mg) was significantly associated with occurrence of leucopenia [3] and neutropenia [110]. Patients with
lower body mass index are also associated with significant
leucopenia [105]. Concurrent use of MMF also potentiates
valganciclovir myelotoxicity [3, 210]. Leucopenia with valganciclovir occurs within 3 months [3], with the majority
resolving with or without treatment and with low risk of
incidental infections [3, 106]. The need for granulocyte colony
stimulating factor is higher in patients with longer duration
of prophylaxis (14% versus 13%) [108]. If neutropenia occurs,
conventional management will advise the reduction of dose
of valganciclovir to 450 mg once a day or temporary omission
[3]. Since low dose (450 mg once a day) has been shown to be
equally efficacious in preventing cytomegalovirus infection
when compared to high dose (900mg once a day) [160], it
may be advisable to use low-dose prophylaxis to prevent
myelosuppression.
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4.10. Ganciclovir. Ganciclovir is used in the treatment and
prevention of CMV infection in KTR. Ganciclovir can be
given by intravenous route or via oral route. However, since
oral ganciclovir has poor bioavailability, relatively high doses
are needed (1000mg three times a day). Ganciclovir can cause
myelosuppression leading to leucopenia, thrombocytopenia,
and anemia [106, 211]. The incidence of leucopenia is 7.1%
to 23.1% in various studies [106, 109]. The incidence of
thrombocytopenia and anemia was 23.1% and 38.5% as
reported in one study [106]. Generally speaking, the myelosuppressive effects of ganciclovir are modest when compared
to valganciclovir. This is because valganciclovir has ten times
more bioavailability than ganciclovir. As a result, the risk of
neutropenia in valganciclovir is 188% higher than ganciclovir
[110]. Paya C et al. reported less leucopenia (7.1% versus
13.5%) and neutropenia (3.2% versus 8.2%) with ganciclovir
when compared with valganciclovir [106]. Majority (23%) of
ganciclovir induced cytopenia improved with dose reduction
[109]. Withholding of ganciclovir for cytopenia was reported
is only in 2.4% of cases [106].
4.11. Valaciclovir. Valaciclovir has also been used with success
in preventing CMV infection in KTR [111]. Bone marrow toxicity with valaciclovir is mild as compared to valganciclovir
or ganciclovir. In a randomized control trial it was associated
with anemia in 11-14% and leucopenia in 6-14%. However
more importantly this finding was not significant when
compared to placebo [111]. The risk of neutropenia is also less
with valaciclovir. The risk of neutropenia with valganciclovir
is 730% higher than valaciclovir [110]. MMF in combination
with valaciclovir may lead to more myelotoxicity [109]. It
has been suggested that MMF may lead to more intracellular
concentration of valaciclovir leading to myelotoxicity [155].
As a result of lesser myelotoxicity, dose modifications of
valaciclovir are less frequent. Discontinuation of ganciclovir
is higher when compared with valaciclovir (23.1% versus
8.3%) in cases of cytopenic complications [109]. However, due
to the high doses used (2 gram 4 hourly), the pill burden is
very high and side effects like neurological symptoms occur
more commonly [111, 212].
4.12. Trimethoprim-Sulphamethaxazole (TMP-SMZ). TMPSMZ is used for prophylaxis of pneumocystis jirovecii. It
is well known for causing blood cytopenia including neutropenia/leucopenia, thrombocytopenia, and megaloblastic
anemia. Inhibition of hematopoiesis has been shown in many
in vitro studies. Trimethoprim inhibits granulopoiesis and
erythropoiesis in vitro in a dose-dependent fashion [112]. The
effects are reversed with folinic acid supplementation. Similar
effects were demonstrated on folate depleted granulocyte
precursors in another study done in vitro setting [213]. It is
proposed that the effect of large doses of trimethoprim on the
hematopoietic system is probably the result of interference
with the methylation of deoxyuridine arising from inhibition
of dihydrofolate reductase, specifically in presence of folate
deficiency. As a result TMP-SMZ also causes megaloblastic
changes both in peripheral blood and in bone marrow
especially if there is deficiency of folate [214, 215]. Folinic acid
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supplementation in case of folate deficiency may be helpful in
these patients.
Analysis of the Swedish reporting system over a period
of 10 years reported 154 blood cytopenia due to TMPSMZ, out of which 39.61% (61 / 154) were leucopenia and
18.18% (28/154) were thrombocytopenia. Among leukopenic
patients, 16 (10.38%) were neutropenic [13]. Neutropenia
usually occurred early with initiation of therapy usually
within 10 days [216, 217].
TMP-SMZ associated blood cytopenia has also been
studied in KTR. TMP-SMZ is safe to use in KTR and one
randomized control trial showed no evidence of myelosuppression [218]. However the low dose of azathioprine and
folic acid supplementation in that trial may have led to low
incidence of myelotoxicity. Chemoprophylaxis with TMPSMZ for Pneumocystis jirovecii in KTR causes leucopenia in
2 % of KTR. Combination of azathioprine and TMP-SMZ
compared to azathioprine alone in KTR was associated with
more myelotoxicity [219]. It was shown in bone marrow
culture that TMP-SMZ enhanced marrow suppressive effect
of mercaptopurine in KTR [220]. Rarely TMP-SMZ may
cause drug-induced thrombocytopenia in KTR [221].
4.13. Dapsone. Dapsone is often used as a second-line agent
for Pneumocystis jirovecii prophylaxis and can cause a variety
of hematological manifestations [222]. Dapsone induced
neutropenia has been reported in literature [113, 114] and it
can be severe enough to result in agranulocytosis [115, 116].
Dapsone can also result in acquired methemoglobinemia
[117–121]. Methemoglobinemia occurs due to accumulation
of N-hydroxylated metabolites [223] and has been reported
in KTR [122]. The incidence of dapsone induced methemoglobinemia in KTR is 46% and in the majority of the cases
(50%) remains asymptomatic [122]. Dapsone, tacrolimus,
and sirolimus are all metabolized by P-450 isoenzyme,
CYP3A4. Administration of these medications with dapsone
may increase N-hydroxylated metabolites resulting in more
methemoglobinemia [223]. As a result, one has to be vigilant
for hemolysis from methemoglobinemia in patient taking
dapsone. Alternative agents like pentamidine can be used as
prophylaxis with careful monitoring.

5. Differential Diagnosis of
Drug-Induced Cytopenia
Blood cytopenia has a wide range of etiologies. Therefore,
it is important to keep these in mind while managing these
patients. Varieties of conditions can cause post-transplant
anemia other than medications. Allograft dysfunction with
subsequent reduced erythropoietin production is one of the
major causes of post-transplant anemia [224]. Various viruses
including parvovirus B19 (PVB19), cytomegalovirus (CMV),
and Epstein-Barr virus (EBV) in KTR can cause aplastic
anemia [2]. Parvovirus has been reported to cause pure red
cell aplasia in KTR [225]. Acute rejection can cause posttransplant anemia due to decreased erythropoietin production and disturb the binding and transport of iron and folate
through systemic inflammatory response [226]. Similarly
iron deficiency anemia has been incriminated to be one
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of the causes of post-transplant anemia [227]. Hemolytic
anemia can occur in ABO-incompatible transplantation.
Hemolysis following ABO-incompatible transplantation is
caused by a type of graft-versus-host reaction in which the
B-lymphocytes in the donor organ produce ABO antibodies
to the ABO antigens of the recipient [228].
Similarly, leucopenia and thrombocytopenia can be
caused due to many other etiologies other than drugs. Like
general population B12, folic acid, zinc, and copper deficiency
may lead to leucopenia/neutropenia in KTR [229]. PostTransplant Lymphoproliferative Disorder (PTLD) due to
EBV infection should also be kept in mind as a differential
[229–231]. PTLD can involve lymphatic system and various
organs of the bodies. It can cause cytopenia by infiltrating
the bone marrow [231]. Various viruses including CMV,
PVB19, herpesvirus-6 (HHV-6), influenza, and ehrlichiosis
can cause myelosuppression which can lead to cytopenia
[232]. Hemophagocytic Syndrome (HPS) can also present
with cytopenia. It is caused by various opportunistic viral
infections such as CMV, adenovirus, EBV, human herpes
virus 8 (HHV-8), human herpes virus 6 (HHV-6), PVB19, and
BK polyoma virus [233]. Underlying etiology of HPS should
be searched for and treated in time as HSP can be fatal if
missed [234]. Other than drugs a variety of conditions can
cause thrombotic microangiopathy. Viral infections (CMV,
HIV, and PVB19), severe renal ischemia, and antibodymediated acute humoral rejection have been implicated in
thrombotic microangiopathy [2]. Thrombotic microangiopathy manifests as thrombocytopenia, thrombosis in blood
vessels leading to graft dysfunction and fragmentation of red
blood cells.

6. Specific Therapy for
Neutropenia and Thrombocytopenia
6.1. Neutropenia. As previously discussed, many medications
used in KTR can lead to neutropenia. Absolute Neutrophil
Counts (ANC) can be used to assess the severity of neutropenia. Severe neutropenia with ANC <500/microliter or <0.5 x
109/L is associated with pneumonia, sepsis, and septicemic
shock [235]. Worsening neutropenia (absolute neutrophil
count [ANC] <100 cells/mm3 of prolonged duration (7 days)
is considered to be at high risk of getting an infection [236].
Detailed history and sequence of events may identify the
culprit drug. Unfortunately there is no diagnostic test or
evidence based approach to identify the culprit medication.
Definite diagnosis requires reduction or cessation of drug and
normalization of cell counts. If neutropenia persists despite
modification of immunosuppressive medications, then one
may opt for colony-stimulating factors to increase white
cell counts. Stimulation of innate immunity by increasing
expression of cytokines may have consequences. Activation of
innate immunity may lead to activation of adaptive immunity
which may lead to graft injury [237].
Colony-stimulating factors have been used in KTR with
leucopenia [71]. Granulocyte Colony-Stimulating Factor (GCSF) leads to proliferation of neutrophils and reduced production of inflammatory cytokines including tumor necrosis
factor, interleukin-1, interleukin-12, and interferon. At the
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same time, it increases anti-inflammatory soluble TNF receptors p55 and p75, as well as IL-l receptor antagonist (lL-lra)
and prostaglandin E2 [238–241]. There is no G-CSF receptor
on lymphocyte and it has minimal effect on lymphocytes
[239]. Few studies suggest that G-CSF may actually lower
rejection rates [242, 243]. Various studies are done on G-CSF
in kidney and liver transplants with variable beneficial effects.
Analysis of various studies showed that G-CSF improves
white cell count, reduces infections, and does not provoke
rejections [244–252]. However a randomized control trial in
liver transplant by Winston and his colleagues showed no
beneficial effects on infection, rejection, or survival. This is
despite producing substantial increase in white blood cells
[253].
Granulocyte-Monocyte Colony-Stimulating Factor (GMCSF) is another stimulating agent which activates neutrophil,
monocytes, macrophages, and dendritic cells and it has a
proinflammatory profile unlike G-CSF [254–257]. Data on
GMC-CSF use in KTR has been scanty. It was found safe in
various studies in improving white cell counts and reducing
infections in kidney, liver, and heart transplant [258–262].
However, there is no randomized trial done on GM-CSF to
assess its benefits and theoretical risk of rejection. A review
by Page and his colleagues on G-CSF and GM-CSF concluded
that there is a need for further studies for use of these
agents in solid organ transplantation [263]. Table 2 is showing
summary of studies on G-CSF and GM-CSF done in solid
organ transplantation.
In summary G-CSF and GM-CSF are safe to be used in
kidney transplantation. However their benefits in prevention
of infection in KTR require further evaluation. The most
practical approach in dealing with neutropenia is to identify
potential culprit agent/s. MMF, valganciclovir, ganciclovir,
TMP-SMZ, and agents used in inductions (alemtuzumab and
ATG) can all cause neutropenia, either in isolation or as a
combination. Most clinicians reduce MMF or temporarily
stop it. Similarly, other agents like valganciclovir and TMPSMZ can also be withheld until recovery of white cell counts.
One should watch out for opportunistic infections and be
wary of the theoretical risk of rejection. In the majority of
the cases, white cell counts will recover if the suspect culprit
drugs are identified and withheld or reduced. There are no
clear guidelines for using either G-CSF or GM-CSF in druginduced cytopenia in context of solid organ transplantation.
Much of the evidence for use of these agents is available
from the use of these agents in oncology. These agents are
used for primary prophylaxis if risk of febrile neutropenia
is greater than 20%, based on regimen of chemotherapy
used or special situations [264]. Special situations include
reduced bone marrow reserves (e.g., ANC <1.5 × 109/l) due
to radiotherapy of >20% marrow, human immunodeficiency
virus, and elderly patients older than 65 years treated with
curative intention. It is used as therapy in patients with
febrile neutropenia >7 days, hypotension, sepsis, pneumonia,
or fungal infection [264]. Current evidence suggests that
prolonged neutropenia of greater than 7 days [236], presence
of fever, and severe neutropenia with ANC count less than
500/microliter [235] are bad prognostic factors and warrant
the use of these agents prophylactically to prevent infection.
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Table 2: Showing various studies done colony-stimulating factors.
Granulocyte Colony-Stimulating Factor (G-CSF)
Author

Journal/Year

Schmaldienst S et
al.[244]

Transplantation / 2000

Peddi VR et al.[245]

Clin transplant / 1996

Study
Author compared 30 episodes of
leucopenia treated with G-CSF and
compared them with age and sex
matched historical control group in
kidney transplant recipients.
Retrospective analysis of 25 episodes of
neutropenia in kidney or combined
kidney and pancreas transplant who
received G-CSF

Turgeon N et al.[246]

Transpl Infect Dis/2000

Retrospective analysis of 50 patients
(both kidney and liver transplant) who
received 100 doses of G-CSF

Gordon MS et al.[250]

J Heart Lung Transplant /
1993

Febrile neutropenia in a heart transplant
due to immunosuppressive medications

Ishizone S et al.[251]

J Pediatr Surg /1994

3 patients with severe liver disease and
hypersplenism received G-CSF

Foster PF et al.[252]

Transplantation / 1995

Prospective analysis of 37 primary liver
allograft recipients received G-CSF for
first 7 to 10 days.

Transplantation/1999

Randomized, placebo-controlled,
double-blind, multicenter trial of efficacy
and safety of granulocyte
colony-stimulating factor in liver
transplant recipients.

Winston DJ et al.[253]

Granulocyte Monocyte-Colony Stimulating Factor (GM-CSF)
7 patients with neutropenia were given
GM-CSF and were compared with
Hashmi A et al.[258]
Transplant Proc / 1997
historical 7 control having neutropenia
but have not received any GM-CSF

Trindade E et al.[259]

Kutsogiannis DJ.[261]

Page AV. Et al.[262]

Transplant Proc / 1997

Transplantation / 1992

Curr Opin Organ
Transplant /2008

13 children received 15 courses of
GM-CSF

Finding
Leukopenic episodes in treated groups
were shorter, infections were
significantly less and no evidence for
triggering a rejection was found.
Authors found G-CSF effective in
reversing neutropenia and no evidence
of rejection was found.
It reversed neutropenia, allowed
maximum doses of ganciclovir to treat
CMV and was well tolerated. No
relation was found between the highest
WBC obtained during G-CSF therapy
and the risk of rejection
Neutrophil counts improved. Infection
was successfully treated.
Endomyocardial biopsy showed no
rejection.
G-CSF improved white cell counts
without adverse events.
Significant increase in white cell count,
reduced rate of sepsis and sepsis
related death were found in G-CSF
group. The incidence of acute rejection
was decreased in the G-CSF-treated
group (22% vs. 51%, P < 0.01,
chi-square test).
There was increase in white cell count.
However there was no beneficial effect
of G-CSF on infection, rejection and
survival when compared to placebo.

Mean leukocyte count was more in
treated group. Infection, mean hospital
stay and mortality was less in those
who were treated with GM-CSF
White cell count increased in all except
one. No episode of rejection occurred.
GM-CSF was found. It was beneficial
in patients with severe bacterial
infections.

Granulocyte macrophage
It was helpful for improving white cell
colony-stimulating factor was used for
count and using adequate doses of anti
the therapy of cytomegalovirus and
CMV medications
ganciclovir-induced leucopenia in a renal
transplant recipient.
Although there are encouraging results
of G-CSF, GM-CSF and other
immunomodulatory therapies in in
vitro and in preclinical models still
Review article
they have not met desired effects in
solid organ transplantation and further
studies are needed.
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Table 3: Indications for platelet transfusion in thrombocytopenia.

Platelet count/Clinical scenario
Action / Platelet target
Thrombocytopenia with bleeding
Transfuse platelet
Platelet <10,000/ul
Transfuse [274–276]
Platelet count ≥ 10,000/ul and no bleeding
Observe [262, 274]
Thrombocytopenia for major surgery (Excluding neurosurgical procedure)
Keep platelet count Keep platelet ≥ 50,000/ul [277]
Gastroscopy and biopsy, insertion of indwelling lines, transbronchial biopsy, liver biopsy
Keep platelet ≥ 50,000/ul [278]
Thrombocytopenia planning for neurosurgery
Keep platelet ≥100,000 /ul [278]
Kidney Biopsy
Keep platelet ≥100,000 /ul [281]
Lumber puncture
Keep platelet ≥ 50,000/ul [280]

Additionally, it should also be considered as adjunctive
therapeutic agents along with antimicrobials, if there is febrile
neutropenia >7 days, hypotension, sepsis, pneumonia, or
fungal infection [264].
6.2. Thrombocytopenia. Thrombocytopenia in kidney transplantation is due to either myelosuppression or idiosyncratic
immune reaction. A thorough evaluation of drugs is needed
to find the culprit agents. Drug-induced thrombocytopenia
is abrupt and may cause bleeding [265, 266]. Reducing the
dose or withholding the drug in case of myelosuppression
will lead to normalization of platelet counts. Sudden onset
idiosyncratic drug-induced thrombocytopenia (for example
with TMP-SMZ) will require the immediate cessation of the
offending medication [267–270].
The majority of the cases will resolve with reduction
of the dose or stopping the medications. Platelet transfusion is rarely required except if there is a high bleeding tendency or levels are exceptionally low (less than
10,000/ microliter). Sometimes it may also be necessary to
transfuse if there is a pending invasive investigation like
biopsy. There are no guidelines for platelet transfusion in
solid organ transplantation and most of the evidence for
platelet transfusion is extrapolated from literature involving
hematological disorders. A study involving acute leukemia
patients found that major bleeding occurred in only 0.8%
of the days when platelet counts are between of 20,000 50,000/microliter and on 0.07% on days when platelet count
exceeded 100,000/microliter. They further suggested that
gross hemorrhage rarely occurred at platelet count greater
than 20,000/microliter [271]. In a randomized trial, the need
for transfusion at 10,000 versus 20,000/microliter was evaluated and the authors found no significant statistical difference
in bleeding between two groups [272]. Another study showed
that the risk of bleeding was 21.5% in leukemic patient having
a platelet count of 10,000/microliter as compared to 20% in
those with 20,000/microliter [273]. Other studies also found
a platelet count 10,000/microliter as a cut-off for prophylactic
platelet transfusion to prevent bleeding [274–276]. Cut-off
for therapeutic platelet transfusion for invasive procedures
including gastroscopy and biopsy, insertion of indwelling
lines, transbronchial biopsy, liver biopsy, laparotomy, or similar procedures has been greater than 50,000/microliter [277–
279]. For ocular and neurosurgical procedure platelet count
of ≥ 100,000 / ul is recommended [278]. For lumbar puncture

recommended platelet count is ≥ 50,000 /ul [280]. Kidney is
a vascular organ and most nephrologists recommend platelet
count ≥ 100,000/ul [281]. Minor bleed and anemia (low
hematocrit) may predict major bleed in thrombocytopenic
patients [282, 283] and may warrant platelet transfusion even
at high platelet count than 100,000/microliter. Theoretically
transmission of cytomegalovirus through platelets is rare,
but presence of associated occasional leukocytes in platelet
concentrate may transmit CMV to the recipient [284]. Table 3
shows guidelines for platelet transfusion.
Thrombopoietin receptor agonist, romiplostim, and
eltrombopag have been successfully used for treatment of
thrombocytopenia in chronic idiopathic thrombocytopenic
purpura in various randomized control trials [285, 286].
Moreover eltrombopag has been successfully used in
thrombocytopenia in patients infected with hepatitis C
virus infection [287] and aplastic anemia [288]. There is
some evidence advocating the use of romiplostim and
eltrombopag for chemotherapy induced thrombocytopenia
[289–292]. However further studies are needed for use of
these agents in this setting. There is minimal experience of
these agents in context of drug-induced thrombocytopenia
in kidney transplantation. In our literature search we
came across a retrospective analysis of tacrolimus induced
thrombocytopenia where various agents were used including
romiplostim. They failed to improve platelet count [293].
Yet in another case report eltrombopag and plasmapheresis
were successfully used as rescue therapy of acute post-renal
transplant immune thrombocytopenia in a child with
Schimke immuno-osseous dysplasia [294]. Further evidence
is needed for its usefulness and safety in drug-induced
thrombocytopenia in context of kidney transplantation.

7. Conclusions
Drug-induced blood cytopenia is common in kidney transplantation. The incidence is higher in the first year when
immunosuppression is intense. Drug-induced leucopenia or
neutropenia increases risk of infections. Dose reduction or
withholding of culprit immunosuppressive drugs or prophylactic antimicrobials or antiviral increases theoretically may
increase risk of rejection or opportunistic infections. There
is no diagnostic test or evidence based approach to find
the culprit medication. Dose reduction or cessation with
normalization of blood cell counts identifies the offending
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agent. The majority of the cases can be improved through
simple modification of doses or temporary cessation of
medication. There is paucity in robust data for the use of
G-CSF and GM-CSF in treatment of neutropenia. However
selected cases with severe neutropenia (< 500 /ul) of greater
than 7 days duration and fever may achieve benefit. There
is not enough evidence to advocate the use of thrombopoietic agents in the treatment of thrombocytopenia in
KTR.
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bortezomib and rituximab in the treatment of antibodymediated renal allograft rejection,” Nephrology Dialysis Transplantation , vol. 27, no. 3, pp. 1246–1251, 2012.
[45] N. Mitsuhata, R. Fujita, S. Ito, M. Mannami, and K. Keimei,
“Delayed-onset neutropenia in a patient receiving rituximab as
treatment for refractory kidney transplantation,” Transplantation, vol. 80, no. 9, p. 1355, 2005.
[46] K. Dunleavy, F. Hakim, H. K. Kim et al., “B-cell recovery following rituximab-based therapy is associated with perturbations in
stromal derived factor-1 and granulocyte homeostasis,” Blood,
vol. 106, no. 3, pp. 795–802, 2005.
[47] E. Nitta, K. Izutsu, T. Sato et al., “A high incidence of late-onset
neutropenia following rituximab-containing chemotherapy as
a primary treatment of CD20-positive B-cell lymphoma: A
single-institution study,” Annals of Oncology, vol. 18, no. 2, pp.
364–369, 2007.
[48] G. G. Y. Lai, S.-T. Lim, M. Tao, A. Chan, H. Li, and R. Quek,
“Late-onset neutropenia following RCHOP chemotherapy in
diffuse large B-cell lymphoma,” American Journal of Hematology, vol. 84, no. 7, pp. 414–417, 2009.
[49] B. Lemieux, S. Tartas, C. Traulle et al., “Rituximab-related lateonset neutropenia after autologous stem cell transplantation for
aggressive non-Hodgkin’s lymphoma,” Bone Marrow Transplantation, vol. 33, no. 9, pp. 921–923, 2004.
[50] E. Voog, F. Morschhauser, P. Solal-Céligny, M. C. Benyunes, P.
S. Multani, and A. Saunders, “Neutropenia in patients treated
with rituximab,” The New England Journal of Medicine, vol. 348,
no. 26, pp. 2691–2694, 2003.

14
[51] K. Chaiwatanatorn, N. Lee, A. Grigg, R. Filshie, and F. Firkin,
“Delayed-onset neutropenia associated with rituximab therapy,” British Journal of Haematology, vol. 121, no. 6, pp. 913–918,
2003.
[52] R. Rios-Fernández, M. Gutierrez-Salmerón, J. Callejas-Rubio,
M. Fernández-Pugnaire, and N. Ortego-Centeno, “Late-onset
neutropenia following rituximab treatment in patients with
autoimmune diseases,” British Journal of Dermatology, vol. 157,
no. 6, pp. 1271–1273, 2007.
[53] C. Cattaneo, P. Spedini, S. Casari et al., “Delayed-onset peripheral blood cytopenia after rituximab: Frequency and risk factor
assessment in a consecutive series of 77 treatments,” Leukemia
& Lymphoma, vol. 47, no. 6, pp. 1013–1017, 2006.
[54] D. Tesfa and J. Palmblad, “Late-onset neutropenia following
rituximab therapy: Incidence, clinical features and possible
mechanisms,” Expert Review of Hematology, vol. 4, no. 6, pp.
619–625, 2011.
[55] O. Wolach, O. Bairey, and M. Lahav, “Late-onset neutropenia
after rituximab treatment: Case series and comprehensive
review of the literature,” Medicine, vol. 89, no. 5, pp. 308–318,
2010.
[56] H. Ishida, M. Inui, M. Furusawa, and K. Tanabe, “Late-onset
neutropenia (LON) after low-dose rituximab treatment in living
related kidney transplantation - Single-center study,” Transplant
Immunology, vol. 28, no. 2-3, pp. 93–99, 2013.
[57] K. Kabei, J. Uchida, T. Iwai et al., “Late-onset neutropenia
and acute rejection in ABO-incompatible kidney transplant
recipients receiving rituximab and mycophenolate mofetil,”
Transplant Immunology, vol. 31, no. 2, pp. 92–97, 2014.
[58] S. Faguer, N. Kamar, C. Guilbeaud-Frugier et al., “Rituximab
therapy for acute humoral rejection after kidney transplantation,” Transplantation, vol. 83, no. 9, pp. 1277–1280, 2007.
[59] K. Tanabe, “Japanese experience of ABO-incompatible living
kidney transplantation,” Transplantation, vol. 84, no. 12, pp. S4–
S7, 2007.
[60] N. Kohei, T. Hirai, K. Omoto, H. Ishida, and K. Tanabe,
“Chronic antibody-mediated rejection is reduced by targeting
B-cell immunity during an introductory period,” American
Journal of Transplantation, vol. 12, no. 2, pp. 469–476, 2012.
[61] W. Cheungpasitporn, C. Thongprayoon, P. J. Edmonds, J.
Bruminhent, and K. Tangdhanakanond, “The effectiveness and
safety of rituximab as induction therapy in ABO-compatible
non-sensitized renal transplantation: A systematic review and
meta-analysis of randomized controlled trials,” Renal Failure,
vol. 37, no. 9, pp. 1522–1526, 2015.
[62] S. Dhand and H. Bahrain, “Rituximab-induced severe acute
thrombocytopenia: A case report and review of literature,”
Cancer Investigation, vol. 26, no. 9, pp. 913–915, 2008.
[63] D. Provan, R. Stasi, A. C. Newland et al., “International consensus report on the investigation and management of primary
immune thrombocytopenia,” Blood, vol. 115, no. 2, pp. 168–186,
2010.
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and G. Süleymanlar, “Thrombotic thrombocytopenic purpura
associated with everolimus use in a renal transplant patient,”
International Urology and Nephrology, vol. 43, no. 2, pp. 581–584,
2011.
[99] S. Lovric, J. T. Kielstein, D. Kayser et al., “Combination of
everolimus with calcineurin inhibitor medication resulted in
post-transplant haemolytic uraemic syndrome in lung transplant recipients—a case series,” Nephrology Dialysis Transplantation, vol. 26, no. 9, pp. 3032–3038, 2011.
[100] J. A. Reese, D. W. Bougie, B. R. Curtis et al., “Drug-induced
thrombotic microangiopathy: Experience of the Oklahoma
registry and the BloodCenter of Wisconsin,” American Journal
of Hematology, vol. 90, no. 5, pp. 406–410, 2015.
[101] G. W. Barone, B. J. Gurley, S. R. Abul-Ezz, and N. Gökden,
“Sirolimus-induced thrombotic microangiopathy in a renal
transplant recipient,” American Journal of Kidney Diseases, vol.
42, no. 1, pp. 202–206, 2003.
[102] H. Sartelet, O. Toupance, M. Lorenzato et al., “Sirolimusinduced thrombotic microangiopathy is associated with
decreased expression of vascular endothelial growth factor in
kidneys,” American Journal of Transplantation, vol. 5, no. 10,
pp. 2441–2447, 2005.
[103] S. Gabardi, C. C. Magee, S. A. Baroletti, J. A. Powelson, J.
L. Cina, and A. K. Chandraker, “Efficacy and safety of lowdose valganciclovir for prevention of cytomegalovirus disease
in renal transplant recipients: A single-center, retrospective
analysis,” Pharmacotherapy, vol. 24, no. 10, pp. 1323–1330, 2004.
[104] J.-P. Rerolle, J.-C. Szelag, and Y. Le Meur, “Unexpected rate
of severe leucopenia with the association of mycophenolate
mofetil and valganciclovir in kidney transplant recipients,”
Nephrology Dialysis Transplantation, vol. 22, no. 2, pp. 671-672,
2007.
[105] I.-M. Chen, H.-H. Chang, C.-P. Hsu, S.-T. Lai, Y.-C. Hsieh, and
C.-C. Shih, “Correlation between body mass index and leucopenia after administration of valganciclovir for cytomegalovirus
infection in Chinese cardiac recipients,” Circulation Journal, vol.
71, no. 6, pp. 968–972, 2007.
[106] C. Paya, A. Humar, E. Dominguez et al., “Efficacy and
Safety of Valganciclovir vs. Oral Ganciclovir for Prevention of
Cytomegalovirus Disease in Solid Organ Transplant Recipients,” American Journal of Transplantation, vol. 4, no. 4, pp. 611–
620, 2004.
[107] M. D. Pescovitz, J. Rabkin, R. M. Merion et al., “Valganciclovir
Results in Improved Oral Absorption of Ganciclovir in Liver
Transplant Recipients,” Antimicrobial Agents and Chemotherapy, vol. 44, no. 10, pp. 2811–2815, 2000.

16
[108] A. Humar, Y. Lebranchu, F. Vincenti et al., “The efficacy and
safety of 200 days valganciclovir cytomegalovirus prophylaxis
in high-risk kidney transplant recipients,” American Journal of
Transplantation, vol. 10, no. 5, pp. 1228–1237, 2010.
[109] T. Reischig, K. Opatrny Jr., M. Bouda, V. Treska, P. Jindra,
and M. Svecova, “A randomized prospective controlled trial
of oral ganciclovir versus oral valacyclovir for prophylaxis of
cytomegalovirus disease after renal transplantation,” Transplant
International, vol. 15, no. 12, pp. 615–622, 2002.
[110] A. C. Kalil, A. G. Freifeld, E. R. Lyden, and J. A. Stoner,
“Valganciclovir for cytomegalovirus prevention in solid organ
transplant patients: An evidence-based reassessment of safety
and efficacy,” PLoS ONE, vol. 4, no. 5, Article ID e5512, 2009.
[111] D. Lowance, H.-H. Neumayer, C. M. Legendre et al., “Valacyclovir for the prevention of cytomegalovirus disease after renal
transplantation. International Valacyclovir Cytomegalovirus
Prophylaxis Transplantation Study Group,” The New England
Journal of Medicine, vol. 340, no. 19, pp. 1462–1470, 1999.
[112] D. W. Golde, N. Bersch, and S. G. Quan, “Trimethoprim
and Sulphamethoxazole Inhibition of Haematopoiesis in Vitro,”
British Journal of Haematology, vol. 40, no. 3, pp. 363–367, 1978.
[113] M. B. Raizman, A. M. Fay, and J. S. Weiss, “Dapsone-induced
Neutropenia in Patients Treated for Ocular Cicatricial Pemphigoid,” Ophthalmology, vol. 101, no. 11, pp. 1805–1807, 1994.
[114] G. R. Sabnis, U. P. Kulkarni, and Y. A. Gokhale, “Dapsoneinduced neutropenia with invasive pulmonary aspergillosis,”
Lung India, vol. 29, no. 2, pp. 185-186, 2012.
[115] M. D. Coleman, “Dapsone-mediated agranulocytosis: Risks,
possible mechanisms and prevention,” Toxicology, vol. 162, no.
1, pp. 53–60, 2001.
[116] Y. Kobe, D. Setoguchi, and N. Kitamura, “Dapsone-induced
agranulocytosis leading to perianal abscess and death: A case
report,” Journal of Medical Case Reports, vol. 5, 2011.
[117] A. Ganer, B. Knobel, C. H. Fryd, and E. A. Rachmilewitz,
“Dapsone-induced methemoglobinemia and hemolysis in the
presence of familial hemoglobinopathy Hasharon and familial
methemoglobin reductase deficiency,” Israel Journal of Medical
Sciences , vol. 17, no. 8, pp. 703-704, 1981.
[118] P. Burke, K. Jahangir, and M. R. Kolber, “Dapsone-induced
methemoglobinemia: Case of the blue lady,” Canadian Family
Physician, vol. 59, no. 9, pp. 958–961, 2013.
[119] S. Singh, N. Sethi, S. Pandith, and G. S. Ramesh, “Dapsoneinduced methemoglobinemia: “saturation gap”-The key to diagnosis,” Journal of Anaesthesiology Clinical Pharmacology, vol. 30,
no. 1, pp. 86–88, 2014.
[120] J. V. Ashurst, M. N. Wasson, W. Hauger, and W. T. Fritz,
“Pathophysiologic mechanisms, diagnosis, and management
of dapsone-induced methemoglobinemia,” The Journal of the
American Osteopathic Association, vol. 110, no. 1, pp. 16–20, 2010.
[121] K. E. Ward and M. W. McCarthy, “Dapsone-induced methemoglobinemia,” Annals of Pharmacotherapy, vol. 32, no. 5, pp.
549–553, 1998.
[122] N. Mitsides, D. Green, R. Middleton et al., “Dapsone-induced
methemoglobinemia in renal transplant recipients: More prevalent than previously thought,” Transplant Infectious Disease, vol.
16, no. 1, pp. 37–43, 2014.
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