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Large granular lymphocytosis after transplantation
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ABSTRACT
Post-transplant lymphoproliferative disorders (PTLD) represent a heterogeneous 

group of diseases that occur following transplantation. Large granular lymphocytic 
(LGL) lymphocytosis is one type of PTLD, ranging from reactive polyclonal self-
limited expansion to oligo/monoclonal lymphocytosis or even to overt leukaemia. 
LGL lymphocytosis in transplant recipients may present as a relatively indolent version 
of the condition and may be more common than reported, but its natural history and 
clinical course have not been well described, and the lack of a reliable classification 
system has limited studies on this disease. Patients with unexplained cytopenias, 
autoimmune manifestations, or unexpected remissions may be mislabelled. The 
purpose of this review was to evaluate the clinical features, immunophenotypes, 
etiopathogenesis, diagnosis, outcomes and treatment of post-transplantation LGL 
lymphocytosis. In conclusion, LGL lymphocytosis is a frequent occurrence after 
transplantation that correlates with certain procedural variables and post-transplant 
events. LGL lymphocytosis should be considered in patients with unexplained 
lymphocytosis or when pancytopenia develops after transplantation. The diagnosis 
of LGL lymphocytosis requires a demonstration of monoclonality, but clonality does 
not indicate malignancy. Additional studies are necessary to further delineate the 
potential effects of large granular lymphocytes in the long-term prognosis of post-
transplant patients.

INTRODUCTION

Post-transplant lymphoproliferative disorders 
(PTLD) represent a heterogeneous group of diseases that 
occur following transplantation. Most of the diseases 
are of the B-cell origin associated with the Epstein-Barr 
virus (EBV) [1, 2]. The overall incidence of PTLD is 
relatively low (1–20%) [1, 3], but the incidence has risen 
over the past several years, and now PTLD is the second 
most common post-transplant malignancy after skin 
cancers in adults and the most common one in children 

[4]. Large granular lymphocytic (LGL) lymphocytosis 
is one type of PTLD and has been reported following 
autologous and allogeneic haematopoietic stem cell 
transplantation (SCT), bone marrow transplantation 
(BMT) and solid organ transplantation (SOT), ranging 
from reactive polyclonal self-limited expansion to oligo/
monoclonal lymphocytosis or even to overt leukaemia 
[5–8]. LGL lymphocytosis in transplant recipients may 
present as a relatively indolent version of the disease 
and may be more common than reported, but its natural 
history and clinical course have not been well described. 

                                                                              Review
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Physicians and haematopathologists should be aware of 
this disease because patients with unexplained cytopenias, 
autoimmune manifestations, or unexpected remissions 
may be mislabelled. The small number of patients with 
LGL lymphocytosis in each transplant centre and the lack 
of a reliable classification system have limited studies on 
this disease. Therefore, we aimed to evaluate the clinical 
features, immunophenotypes, etiopathogenesis, diagnosis, 
outcomes and treatment of LGL lymphocytosis after 
transplantation. 

Occurrence

Most studies report that LGL lymphocytosis 
develops in approximately 0.5% to 18.4% of patients after 
transplantation, as shown in Table 1. LGL lymphocytosis 
after SCT is not a rare finding, and the incidence was 
18.4% (77/418) in one report [9]. In another report, 
LGL lymphocytosis appeared in 14 out of 215 patients 
(7%) after SCT [10]. Mohty M et al. observed LGL 
lymphocytosis in 6 patients (3%) out of 201 consecutive 
patients after SCT [5]. In the latest study, Muñoz-Ballester 
J et al. reported 14 patients (9%) with LGL expansion after 
SCT in a cohort of 154 patients [12]. In the SOT setting, 
T-LGL expansion is more frequent and was reported in 18 
of 23 SOT recipients [6]. In contrast, Gill H reported that 
the frequency of T-LGLL was low in post-SCT patients 
(0.5%, 8/1675) [11].   

The interval between transplantation to LGL 
lymphocytosis ranges from 1 to 61 months, and the LGL 
count ranges from 0.6 to 11.5 × 109/L (Table 1). We 
defined patients with or without LGL lymphocytosis as 
LGL+ patients or LGL– patients, respectively. Wolniak KL 
et al. evaluated LGL lymphocytosis in myeloma patients 
after SCT compared with patients without SCT [13]. The 
incidence of LGL lymphocytosis increased in patients 
following SCT compared with patients without SCT. 
The patients had an average LGL count of 0.59 × 109/L 
(range, 0.16–3.23 × 109/L) compared with 0.20 × 109/L 
(range, 0.05–0.34×109/L) in patients without SCT. LGLs 
constituted an average of 38% (range, 19%–73%) of the 
lymphocytes in the peripheral blood (PB) of the transplant 
patients and 12% (range, 3–15%) of the lymphocytes in 
patients without transplantation.

Possible mechanisms 

Does LGL lymphocytosis represent either a secondary 
cancer or a clonal LGL aberration or does it derive from the 
expansion of coexisting, undetected small-sized LGL clones? 
What triggers the expansion of LGLs after transplantation? 
The pathogenesis of LGL lymphocytosis, although not 
properly elucidated thus far, seems to be multifactorial. 
Most studies have suggested a causal relationship with 
chronic antigenic stimulation due to viral infection, 
autoimmune diseases, graft-versus-host disease (GVHD), 

or immunosuppression with decreased immunosurveillance, 
leading to LGL lymphocytosis or neoplastic transformation 
[14, 15]. The proliferation is initially polyclonal, but it often 
becomes unrestricted, perhaps due to “second hits” such as 
cytomegalovirus (CMV) infection [10], and then becomes 
monoclonal or malignant.

Chronic antigenic stimulation

LGL lymphocytosis after transplantation may be 
associated with long-term antigenic stimulation due to 
GVHD or viral infections, especially CMV. A higher 
number of serious CMV reactivation events occur in 
the early post-transplant period in patients with LGL 
lymphocytosis. After transplantation, EBV serologic 
status, CMV reactivations, and viral infections may 
represent a pathologic state in which chronic antigenic 
stimulation may result in LGL lymphocytosis.

Viral infection

LGL lymphocytosis is more frequent following 
viral infection and is likely to be the result of long-term 
stimulation by viral antigens. Some viruses, such as CMV, 
are associated with the expansion of LGLs. Chronic CMV 
antigen stimulation has been postulated as a potential 
driver for LGL lymphocytosis as its reactivation has 
been consistently associated with LGL lymphocytosis 
[5, 10]. There are several reports of nonclonal T-LGL 
lymphocytosis after transplantation, usually in response 
to CMV infections [5, 14–18]. 

CMV infection showed a significant association 
with T-LGL expansion. At the time of CMV infection, 
no abnormal lymphoid cells were seen on PB smears. 
The median time between CMV infection and LGL 
expansion was 336 days (range, 66–339), but at the time 
of LGL lymphocytosis diagnosis, none of the patients had 
concurrent CMV infection [5]. Although the median time 
between CMV infection and LGL expansion diagnosis 
was long, it is possible that latent LGL expansion could 
have initiated after CMV infection but before diagnosis. 
CMV-IgG seropositivity was greater in LGL+ patients 
(60/76, 79%) than in LGL– patients (173/339, 51%) [9]. 
CMV-IgG seropositivity indicates that a person was 
infected with CMV at some time, but does not necessarily 
represent recent CMV reactivation. 

LGL+ patients presented with a history of CMV 
reactivation more often than LGL– patients [19]. A report 
demonstrated that 9 out of 14 LGL+ patients (64%) showed 
CMV reactivation, but only 43 out of 201 LGL– patients 
(24%) exhibited CMV reactivation [10]. CMV reactivation 
may be triggered by immunosuppressive therapy, 
subsequently leading to monoclonal or oligoclonal LGL 
expansions. CMV reactivation was a common event 
after SCT and LGL lymphocytosis implicated CMV 
reactivation as a related factor. This finding is consistent 
with the hypothesis that LGL lymphocytosis could be 
related to CMV. 
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These results indicate that most patients have 
clinical histories of CMV infection throughout their lives, 
but it is unlikely that they acquired a recent infection or 
experienced recent CMV reactivation. Additional studies 
are necessary to address the potential role of CMV in the 
pathogenesis of LGL lymphocytosis.

EBV-DNA was not detected in the recipients with 
T-LGLL, and T cells do not usually express EBV receptor 
CD21; therefore, EBV infection may not have a role in 
T-LGLL after transplantation [6, 20–22]. Sabnani I et al. 
reported that the PCR results for HTLV1 were negative in 
SOT recipients with T-LGLL [6]. 

Viral stimulation can trigger the expansion of LGLs, 
and such viral infections can stimulate the generation of 
antigen-specific LGLs with the coincidental generation of 
virus-specific LGLs; these LGLs were shown to be cross-
reactive for allogeneic and virus-infected syngeneic target 
cells [23].
Alloantigens from the grafts

In transplant recipients, viruses are not the only source 
of constant antigenic stimulation; the allograft may represent 
an additional stimulus. The foreign antigens from grafts are 
a source of constant antigenic stimulation and serve as a 
driving force of LGL expansion. Recipient-derived LGLs 
may expand in response to the mismatched alloantigens 
expressed by the haematopoietic cells of the donors. 
In the setting of SOT, as with allogeneic SCT, constant 
alloantigenic stimuli can elicit LGL expansion. Long-
term stimulation by alloantigens may be the underlying 
aetiology of LGL lymphocytosis. In the allogeneic transplant 
series, LGLs expanded in response to foreign antigens. 
Interestingly, LGL lymphocytosis has also been reported 
in autologous SCT [24–27], in which allogeneic foreign 
antigens are not present, suggesting another mechanism as 
the driving force of LGL lymphocytosis.
GVHD 

LGL lymphocytosis following transplantation may be 
related to chronic antigenic stimulation due to GVHD and 
is significantly more frequent in patients who developed 
GVHD. Kim D et al. reported a strong association of LGL 
lymphocytosis with chronic GVHD [9]. In another study, 
LGL+ patients presented more often with a history of acute 
GVHD compared with LGL– patients [10]. In a recent 
report, LGL lymphocytosis was significantly associated 
with the development of chronic GVHD (13/14 patients)
[12], but some studies have shown no association between 
GVHD and LGL expansion [25]; therefore, the observed 
data in the literature are inconsistent.

Immunosuppressive therapy

Immunosuppressive therapy after transplantation is 
one cause of LGL lymphocytosis. An undesirable effect of 
immunosuppression is the loss of innate defence mechanisms 
that prevent the development of lymphoproliferative disease 

[1, 7, 8]. Immunosuppressive therapy can also result in CMV 
reactivation, subsequently leading to LGL lymphocytosis. 
The intensity of immunosuppression and the additional 
genotoxic stress from therapeutic regimens may represent 
further risk factors.

LGL lymphocytosis after transplantation was 
significantly more frequent in patients who received a 
reduced preparative regimen compared to the conventional 
myeloablative regimen. Mohty M et al. reported that 
T-LGL lymphocytosis occurred more frequently after a 
reduced preparative regimen [5]. LGL lymphocytosis 
occurred more frequently following a reduced preparative 
regimen (4/49 patients) than after a myeloablative regimen 
(2/152 patients) [5]. There are two explanations for this 
phenomenon: a reduced preparative regimen may lead 
to a state of immune balance that favours the emergence 
of LGLs. Alternatively, a reduced preparative regimen 
may allow engraftment with minimal procedure-related 
toxicity, but this setting is associated with an increased 
rate of viral infections [28–32]. Currently, the use of 
reduced preparative regimens is rapidly increasing, and 
awareness is important because patients with unexplained 
cytopenias, autoimmune manifestations, or unexpected 
remissions may be mislabelled. 

Donor-derived T-LGL clones

The rare occurrence of the passage of tumour 
cells from donors to recipients has been described after 
SOT[33], and even healthy donors with normal-appearing 
cells and differential counts can harbour malignant 
neoplasms. Donor-derived T-LGLL was first reported after 
allogeneic BMT for chronic myeloid leukaemia, and an 
analysis of donor-recipient DNA chimerism showed that 
the marrow (containing 50% LGLs) and PB (containing 
80% LGLs) were of donor origin [34]. A case of donor-
derived T-LGLL was reported in a 16-year-old boy who 
received allogeneic SCT for peripheral T-cell lymphoma 
that was not otherwise specified [35]. The patient 
presented with persistent neutropenia and splenomegaly 
9 months after SCT when the chimerism study showed 
a 100% donor pattern. Post–allogeneic BMT T-LGLs 
with B cell lymphoproliferative disorders were reported 
in 2 patients and were of donor origin as determined 
by chimerism studies. It is likely that a combination of 
chronic antigenic stimulation and immunosuppression 
led to the neoplastic transformation of a donor-derived 
T-cell population. Another possibility is the transfer of 
a neoplastic T-cell clone from the donor to the recipient. 
It would be useful to examine the donor to exclude the 
occult presence of clonal LGL proliferation. 

Molecular mechanism

Genetic changes may lead to the formation of LGL 
lymphocytosis. LGLL has been shown to have increased 
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signal transducers and activators of transcription 3 
(STAT3) activity, and aberrant STAT3 signalling underlies 
the pathogenesis. Because of pathogenetic and clinical 
similarities, LGL lymphocytosis after transplantation may 
also involve activation of the STAT3 pathway. However, 
studies evaluating this pathway in SCT-associated cases 
are lacking. STAT3 mutations have been demonstrated in 
both T-cell- and NK cell-derived cases and are associated 
with increased phosphorylated STAT3 protein (pSTAT3), 
which can be visualized by immunohistochemistry 
(IHC) [36, 37]. In a report, IHC was used to assess the 
nuclear localization of pSTAT3 in seven patients who 
developed LGLL following SCT [37]. More recently, 
Liang CS et al. showed that pSTAT3 was expressed in 
SCT-associated T-LGLL by IHC [38]. As a result, specific 
STAT3 inhibitors have been evaluated as novel therapeutic 
agents for the treatment of T-LGLL [39]. An IHC stain 
for pSTAT3 showed positive nuclear staining in a subset 
of LGLs ranging from 10 to 20% of the infiltrate in 5 
of 6 patients (83%). Two patients had a second sample 
available for testing and both samples were positive for 
pSTAT3, which has been associated with activation of the 
STAT3 pathway and STAT3 mutations [35, 36]. 

STAT3 mutations resulting in the persistent 
proliferation of LGLs are frequent in LGLL [36, 37, 
40]. No STAT3 mutation could be found in the CD3+ 
sorted fraction of LGL+ patients with long-term post-allo 
SCT surveillance. Hidalgo Lopezet JE et al. performed 
a mutation analysis for STAT3, but no mutation was 
detected in either pre-SCT or post-SCT specimens [35]. 
Such cases share a similar pathogenesis to non-transplant-
associated cases and should be viewed as true neoplastic 
disease. Finally, previous reports have shown increased 
apoptosis in leukaemic LGLs treated with agents targeting 
the STAT3 pathway, and we recommend similar studies in 
SCT-associated cases.

Diagnosis

The diagnosis of LGL lymphocytosis is still 
challenging due to several features of the condition: (1) 
a relatively low frequency; (2) only a slight increase in 
WBC count; (3) the morphological resemblance among 
normal LGLs, reactive LGLs and leukaemic cells; and 
(4) the cytopenia associated with LGL lymphocytosis can 
be attributable to other complications of transplantation. 
Therefore, this disease may be missed or interpreted as 
recurrence of the initial disease. Based on the published 
literature, there are several important considerations for 
a diagnosis of LGL lymphocytosis after transplantation: 
(1) a PB lymphocyte count equal to or greater than  
3.0 × 109/L and an absolute LGL count equal to or greater 
than 1.5 × 109/L for at least 6 months; (2) the predominance 
of LGLs in PB smear samples; (3) emergence after 
transplantation; (4) the phenotypes of the LGLs, which 
are either CD3–CD56+ NK-cells or CD3+CD8+ T-cells; 

and (5) the clonal nature of LGL lymphocytosis. Recently, 
STAT3 mutations have been shown to have diagnostic 
value in distinguishing T-LGLL from other mature T-cell 
neoplasms and reactive conditions [36, 37]. Because of the 
pathogenetic and clinical similarities, LGL lymphocytosis 
warrants screening for STAT3 mutations in LGL+ patients 
after transplantation. In SCT-associated LGLL, STAT3 
activation can help identify patients with LGLL versus 
reactive LGL expansion and is useful for both diagnostic 
and therapeutic purposes. 

It is important that haematopathologists and 
haematologists are aware of this disease so they can treat 
it. We propose a diagnostic algorithm for the diagnoses of 
LGL lymphocytosis after transplantation (Figure 1).

Clinical features

The patients with LGL lymphocytosis were all adults 
between the age of 19 to 81 years, and all viral serological 
tests were negative (Table 1). LGL lymphocytosis after 
transplantation has a variable clinical course, ranging from 
indolent behaviour to refractory cytopenias. Some patients 
with T-LGLL after transplantation showed a chronic, 
indolent course that was not related to the primary disease. 
LGL counts remained stable for long periods without 
evidence of disease progression or organ infiltration. 
Therefore, the clinical presentation was similar to de novo 
T-LGLL, suggesting that a similar pathological process 
may be involved. We compared the clinicopathological 
characteristics between T-LGLL after transplantation and 
de novo T-LGLL (Table 2).

Some patients with LGL lymphocytosis had relevant 
clinical signs. Sabnani I et al. reported that fatigue was the 
most common manifestation, presenting in 30% of patients 
[6]. Another common symptom was mild to severe 
cytopenia. Anaemia and thrombocytopenia were also 
frequent findings. Anaemia was seen in 3 out of 4 renal 
transplant patients and in 1 out of 10 cardiac transplant 
patients [6]. Thrombopenia was observed in 3 out of 6 
patients (50%), but no severe haemorrhagic events were 
diagnosed [5]. Nann-Rütti S et al. reported that 8 out of 
14 patients (57%) showed mild hyporegenerative anaemia, 
and thrombocytopenia was present in 2 of the 14 patients 
(14%) [10]. Neutropenia was present in 4 out of 7 patients, 
and 2 patients experienced severe neutropenia associated 
with septicaemia [5]. 

Cytopenias were considered to be linked to 
LGL lymphocytosis for 2 reasons: (1) LGLs can target 
haematopoiesis, inducing mild to severe cytopenia, and 
(2) cytopenias are considered to be linked to transplant-
related problems rather than LGL expansion. Cytopenias 
were detected in some patients, all in the early stages 
after haematopoietic engraftment. During the follow-
up period, the cytopenias gradually resolved despite 
the persistence of LGL lymphocytosis, suggesting that 
the initial cytopenias were related to instability of the 
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haematopoietic engraftment during the early stages of 
SCT rather than haematopoietic suppression mediated by 
the LGLs. 

Additional clinical symptoms include several 
autoimmune phenomena, particularly rheumatoid arthritis, 
pure red cell aplasia, autoimmune thrombocytopenia, 
autoimmune haemolytic anaemia, or polymyositis [5]. 
A subset of patients may develop LGLL with potentially 
significant symptomatology and mortality after SCT. 
We summarised the clinical features of the patients with 
T-LGLL after SOT in Table 3.

Immunophenotypes

The immunophenotypes of LGL lymphocytosis 
after transplantation are CD3+CD8+ cytotoxic T-cells and 
CD3–CD16+/56+ NK-cells, and the CD3+CD8+ phenotype 
is present in most cases. LGLs are commonly positive 
for CD2, CD3 CD5, CD7 and CD8, CD16, CD57 and 
TCRαβ and negative for CD4, CD16, CD26, CD28, 
CD56, and TCRγδ [5, 10–12]. LGL lymphocytosis can 
display a heterogeneous phenotype. In some patients, 
CD3+CD8+ LGLs were negative to slightly positive for 

CD5, CD56, CD62L and CD94, but TIA-1 are expressed 
[10–13, 41]. CD3+CD8+ LGLs displayed late activation 
markers, including HLA-DR and CD57, but are negative 
for early activation markers, including IL-2 receptor 
CD25 and transferrin receptor CD71 [41]. CD3+CD8+ 
LGLs displayed CD11c, CD38, CD45RA, CD69 and 
adhesion molecules CD54 and CD58 but were negative for 
CD45RO. Strong heterogeneity was observed for CD28 
expression, with ranges from 0 to 41% [41].

Clonality

The critical diagnostic decision in the evaluation of 
LGL lymphocytosis is whether the expansion is neoplastic 
or reactive. Since the LGLL immunophenotype overlaps 
somewhat with that of nonclonal LGLs, establishing 
a diagnosis of LGLL may rely on clonal TCR gene 
rearrangement or CD158/killer cell immunoglobulin-like 
receptor (KIR) expression. TCR gene rearrangements are 
present in myeloma patients regardless of therapy and 
increase after SCT [13]. TCR gene rearrangements were 
observed in non-transplant patients, but transplant patients 
showed clonal TCR gene rearrangements more often than 

Figure 1: Diagnostic algorithm for the differential diagnosis of LGL lymphocytosis after transplantation. Abbreviations: 
IHC, immunohistochemistry; SCT, stem cell transplantation; SOT, solid organ transplantation; T-LGL, T-cell large granular lymphocytic; 
TCR, T-cell receptor.
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the non-transplant patients (65% vs. 33%, respectively)
[13]. The T-LGLL patients had clonal TCR gene 
rearrangement more often than the patients with reactive 
LGL lymphocytosis. In patients with reactive LGL 
lymphocytosis, TCR gene rearrangement was described 
as clonal, oligoclonal or polyclonal in 77%, 16% and 
7% of cases, respectively, but TCR gene rearrangement 
was clonal in all T-LGLL patients [12]. High frequencies 
of clonal TCR gene rearrangements were also observed 
in SOT recipients. Sabnani I et al. reported that 14 of 
23 (61%) patients were positive for clonal TCR gene 
rearrangement, and the incidence was higher in cardiac 
transplant patients than in renal transplant patients (71% 
vs. 44%) [6]. 

In another study, one patient demonstrated KIR 
restriction, but no expression of KIRs was identified in 
most other patients. Therefore, an assessment for clonality 
based on KIR expression remained undefined [13]. 
However, the KIR panel used for the standard analysis of 
LGLs examined only 4 members of that family. 

STAT3 mutations may serve as useful tools to 
discriminate malignant NK/T lymphocytosis from reactive 

expansions, especially in the establishment of clonality 
using STAT3 mutations as clonal markers. LGLs from 
82 patients with LGL lymphocytosis were assessed for 
STAT3 mutations, but none were found [12]. Whether 
STAT3 mutations can be acquired requires further 
investigation. Even if LGL lymphocytosis is proven to be 
clonal, we must remember that clonality does not indicate 
malignancy.

Types of LGL lymphocytosis

Transplant-associated LGL lymphocytosis typically 
involves the monoclonal or oligoclonal expansion of 
cytotoxic T- or NK-cells. Reactive LGL lymphocytosis 
is usually polyclonal, transient, and asymptomatic. 
Neoplastic clonal LGL expansions are classified as 
T-LGLL and NK-cell lymphocytosis [42, 43].

Reactive LGL lymphocytosis

Reactive LGL lymphocytosis has been observed 
to occur after SCT and is significantly associated with 
CMV infection [5, 9, 10, 24]. The lymphocytes appeared 

Table 1: Summary of articles about LGL lymphocytosis after transplantation
No. of 

patients
Gender(M:F) Median age 

(years)
Transplantation Rate of LGL 

lymphocytosis 
(patients)

Type of LGL 
lymphocytosis

Median interval from 
transplantation to LGL  

lymphocytosis

Median number of 
LGL (109/L)

Reference

201 3:3 54 (28–60) SCT 3% (6) T-LGL 
lymphocytosis

295 days 
(range, 75–450 days)

2.3
(range 2.0–4.1)

[5] 

23 NR NR SOT 61% (14) T-LGLL 4 months
(range 1.5–15 months)

NR 
(range 2.2–5.6)

[6]

418 39:38 47 (19–68) SCT 18.4% (77) LGL 
lymphocytosis

312 days
(range, 26–1840)

1.6 
(range 0.6–2.7)

[9]

215 7:7 38.5 (25–64) SCT 7% (14) T-LGL 
lymphocytosis

16 months
(range 3–58 months)

2.1 
(range 1.3–11.5)

[10]

1675 4:3 50 (29–81) SCT 0.5% (8) T-LGLL 1 month
(range 1–8 months)

2.7
(range1.6–4.7)

[11] 

154 11:3 48.5 (35–66) SCT 9.1% (14) T-LGLL NR 3.0(range 1.6–6.0) [12]

NR, not reported.

Table 2: The contrast of the clinicopathological characteristics between T-LGLL after 
transplantation and de novo T-LGLL

Median 
age (years)

Male:
Female

Clinical features Phenotype Treatment STAT3 
mutations

Associated 
virus

de novo T-LGLL  60 1:1 Asymptomatic;
symptomatic with
cytopenia or autoimmune 
conditions(RA, PRCA, 
ITP, etc.)

CD3+CD4+/− CD8+ 
CD16+CD56− 
CD57+TCRαβ+

(10% are TCRγδ+)

Observation or
immunosuppressive 
regimen

Yes HTLV

T-LGLL 
after 
transplantation

50  [11]
48.5 [12]

4:3 [11]
11:3 
[12]

Similar to de novo 
T-LGLL, less prevalent 
autoimmune disease, 
and emergence after 
transplantation

CD3+CD4−

CD8+CD16+CD26−

CD28−CD56−

CD57+TCRαβ+TCRγδ−

Observation or reduced 
immunosuppression

No CMV

Abbreviations: RA, rheumatoid arthritis; PRCA, pure red cell aplasia; ITP, immune thrombocytopenia; HTLV, human T-cell leukemia/lymphoma virus; 
CMV, cytomegalovirus.
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at a median of 16 months (range, 3–58 months) after 
SCT and lasted for a median duration of 31 months 
(range, 2–179 months) [10]. The most important feature 
of reactive LGL lymphocytosis that it is polyclonal and 
may rarely evolve into LGLL. There were no related 
haematopoietic disturbances, and the patients were 
asymptomatic, but a syndrome similar to de novo T-LGLL 
may develop in some patients, with clinical manifestations 
including haematopoietic suppression and autoimmune 
phenomena such as polyarthritis and polyclonal 
hypergammaglobulinemia [14]. 
T-LGLL

T-LGLL is the most frequent form of LGL 
lymphocytosis after transplantation and has been reported 
in single case reports or in small case series [25, 34, 43, 
44, 45]. T-LGLL in post-transplant patients may have 
a different clinical course and pathogenesis compared 
with de novo T-LGLL. Gill H et al. reported 7 cases of 
T-LGLL after BMT [11], and some reports have described 
T-LGLL following SCT [5, 7, 8]. Similar to T-LGLL 
after SCT, T-LGLL has been reported in heart, liver and 
renal transplant patients (Table 3) [46, 47]. None of the 
patients developed neutropenia or had active donor organ 
rejection, and most patients did not receive therapy. These 
LGL expansions have been defined as neoplastic processes 
because of their clonal nature. Aggressive T-LGLL is an 
infrequent complication after transplantation. Feher O 
et al. reported aggressive T-LGLL in a patient following 
orthotopic liver transplantation [46]. A unique feature of 
this case was the detection of a chromosomal deletion at 
1p32 involving the tal-1 gene, an abnormality previously 
described only in aggressive T-cell neoplasms. Au WY 
et al. also reported a case of donor-derived T-LGLL that 
occurred after SCT and progressed along a fatal course 

[34]. The patient had concomitant GVHD complicating 
the clinical picture, but the progressive course suggests 
that it may have been a neoplastic lymphoproliferative 
process rather than LGL expansion as seen in the majority 
of post-transplant patients.
NK-cell lymphocytosis

NK-cell lymphocytosis is a rare type of LGL 
lymphocytosis after transplantation and was first reported 
by Hsi ED et al. [48]. After renal transplantation, a 
patient developed NK-cell lymphocytosis and the tumour 
cells expressed features consistent with NK cells, but 
EBV was absent from the tumour cells. Kwong YL et 
al. also reported a case of NK-cell lymphocytosis after 
transplantation [49]. The tumour cells showed EBV 
infection and were characterized cytologically by LGL 
morphology, immunophenotypically by the expression of 
CD2, cytoplasmic CD3 and CD56, genotypically by the 
T-cell receptor (TCR) gene in the germline configuration 
and clinically by an aggressive course with a poor 
prognosis. Sabnani et al. reported 10 cases of NK-cell 
lymphocytosis after SOT[6]. The significance of NK cell 
lymphocytosis is that this disorder seems to be highly 
malignant, and aggressive treatment may be required. 

Treatments

In the non-transplant setting, the indications 
for T-LGLL treatment are severe neutropenia with 
recurrent infections, severe refractory anaemia, and 
severe thrombocytopenia [50]; cyclophosphamide, 
cyclosporine, and methotrexate have been used as 
first-line treatment agents [51, 52], and alemtuzumab 
and antithymocyte globulin have been proposed 
for refractory disease [53, 54]. There are no formal 

Table 3: Clinical features of the patients with T-LGLL after SOT
Initial
diagnosis

Age 
(y)

Gender Transplant
Organ

Virus After 
transplantation 
(mo)

Hemoglobin, 
(g/L) 

WBC 
count, (× 
109/L) 

Platelet 
count, (× 
109/L) 

LGLs,
(× 109/L) 

Treatment Outcome References

Cirrhosis 40 M Liver EBV- 3–4 - - - 1.4 - - [46] 

ESRD 44 M Kidney CMV, EBV, 
HTLV-

5 11.9 6.3 95 1.1 NO - [47] 

ESRD 37 M Kidney CMV, EBV, 
HTLV-

133 6.3 12.4 376 5.2 CCP PR

ESRD 69 F Kidney CMV, EBV, 
HTLV-

15 10.2 11 210 3.6 - -

- 36 F Kidney EBV, 
Parvovirus -.

118 5.8 5.2 50.8 1.6 CCP
CR

[55] 

Cirrhosis, 
nephropathy

69 F Liver, 
kidney

EBV, 
parvovirus-

6 7 7.8 273 5.5 CCP PR [56] 

FSGS 48 M Kidney parvovirus - 14 7 6.8 424 5.1 CCP PR

glomerulonephritis 55 M Kidney Parvovirus- 10 8 4.8 148 2.7 CCP, RTX, 
ATG

NR

FSGS 46 M Kidney EBV - 12 7.3 6.4 302 - CCP, MTX, 
ATG

NR

ESRD 47 M Kidney CMV,EBV- 144 10.5 16.7 248 - - - [57] 

Abbreviations: ESRD, End-stage renal disease; FSGS, focal segmental glomerulosclerosis;
CCP, oral cyclophosphamide; RTX, rituximab; ATG, antithymocyte globulin; MTX, oral methotrexate.
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trials guiding the specific management options for 
LGL lymphocytosis after transplantation. We should 
determine whether lesion responds to a decrease in 
immunosuppression or if it requires lymphoma treatment 
or immunological therapy.

Reactive LGL lymphocytosis follows an indolent 
course and does not require therapy. Almost all patients 
with T-LGLL after transplantation remained stable 
for years and did not require specific treatment; few 
patients have shown an aggressive clinical course 
with progressive pancytopenia and death in a short 
amount of time. In 6 LGL+ patients, 3 patients did 
not require specific therapy, and 3 patients required 
therapy. All patients remain alive, with persistent 
circulating LGLs in 4 cases, and were disease-free with 
good quality of life by the end of the follow-up [5]. 
In T-LGLL patients after SOT, oral cyclophosphamide 
has been used with good results [47, 55, 56]. Two of 
4 patients had substantial haematologic responses with 
oral cyclophosphamide, 3 patients had stable allograft 
function, and 1 patient lost the allograft due to delayed 
cellular rejection [56]. 

Some patients showed minimal responses to several 
lines of therapy. At the end of the follow-up, 4 patients 
were alive, including one with persistent disease and 
three with progressive disease. Three patients died due 
to complications of disease, including one with persistent 
disease and two with progressive disease [38].

Chimerism studies to determine the origin of 
neoplasia that develops after SCT are important for the 
management of these patients. Malignant neoplasms 
of recipient but not donor origin may be controllable 
by enhancing the putative graft-vs-malignancy effect 
through reduced immunosuppression and the use of 
cytokines such as IL-2 [34]. LGLL in SOT recipients has 
a variable response to chemotherapeutic agents. Treatment 
agents to eliminate these clones were associated with 
treatment failure. Such findings may help explain why 
some cases of SCT-associated LGLL show higher rates of 
symptomatology and treatment resistance.

A reduction in immunosuppression is advisable 
in recipients with T-cell PTLD [57, 58], but there is no 
evidence to support this strategy in LGLL. Most of these 
patients are usually on post-transplant immunosuppressive 
therapy, such as cyclosporine and prednisone, which 
is considered effective therapy for LGLL in the non-
transplant setting. It is interesting that LGL expansion 
occurs despite ongoing treatment with immunosuppressive 
medications that are normally used to treat LGL disorders.

Constitutive STAT3 activation has been 
demonstrated in LGL lymphocytosis. Higher levels of 
STAT3 are linked to tumourigenesis and chemoresistance. 
Therefore, the expression levels of STAT3 can be used 
as predictive markers for therapeutic responses, and 
down-regulation of STAT3 is a very attractive treatment 
strategy. 

Favourable response

There is no clear evaluation for the potential positive 
or negative effects of LGL lymphocytosis, and whether 
these expansions represent true post-transplant neoplastic 
processes, immune responses, or a combination of both 
is not clear. A T/NK-cell origin in a PTLD is considered 
an adverse prognostic indicator, but LGL lymphocytosis 
exhibits a benign chronic course and patients with LGL 
lymphocytosis showed significantly better survival 
than patients with other PTLDs, such as peripheral 
T-cell lymphoma, unspecified or hepatosplenic T-cell 
lymphoma [59]. Whether LGL lymphocytosis was clonal 
or nonclonal, transplant-associated LGL lymphocytosis 
should be viewed as a potentially beneficial immune 
response rather than a true neoplastic process. T-LGL 
lymphocytosis is reported to expand in patients after SCT 
and is thought to be a good prognostic sign, indicating a 
lower relapse rate compared with LGL– patients [9]. Haji S 
et al. reported that LGLs may contribute to disease control 
in the first report demonstrating that EBV-specific LGLs 
were spontaneously induced after SCT [60]. After SCT, 
donor-derived EBV-specific LGLs increased and tumours 
regressed soon after LGL expansion and then worsened 
again when the LGLs disappeared. When patient LGLs 
were incubated with EBV-transformed lymphoblastoid cell 
lines, the EBV-specific LGLs had a tumour-killing effect 
in vitro. The OS of LGL+ patients was longer than LGL– 

patients (no median survival time versus 132 months), 
and none of the 14 LGL+ patients relapsed, but 31/140 
LGL– patients (22%) did [12]. In patients with chronic 
lymphocytic leukaemia after SCT, the presence of LGLs 
was related to event-free survival or OS, and none of the 
LGL+ patients relapsed [61]. LGL lymphocytosis was 
confirmed as an independent favourable prognostic factor 
for OS and non-relapse mortality (NRM). The presence of 
increased LGLs was associated with improved OS (86.2 
months vs 53.8 months, P < 0.001), lower NRM (3.2% 
vs 27.3%, P < 0.001) and a lower relapse rate (9.6% vs 
29.4%, P < 0.001) [9].

LGL lymphocytosis has been related to an 
anticancer effect. LGLs may have similar properties to 
effector lymphocytes and may mediate the graft-versus-
malignancy effect. In vitro, LGLs can mediate cytolytic 
activity on tumour cells. In vivo, the timing of LGL 
lymphocytosis following transplantation was associated 
with sustained complete molecular remission [15]. 
These observations are consistent with earlier studies on 
polyclonal T-LGL proliferation that reported favourable 
outcomes for the original malignancies.

The immune reactions between donor-derived 
immunocompetent T lymphocytes and host-type tumour 
cells are considered the major source of anti-tumour 
effects. First, donor-derived LGLs show cross-reactivity 
against recipient tumour cells. Donor-derived LGLs 
constitute a crucial component of the successful treatment 
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of relapses following SCT [62]. Second, LGLs are 
equipped with different costimulatory molecules that may 
play a role in the cytotoxic mechanisms of LGLs [63]. 
Third, LGLs can be involved in graft-versus-host reactions 
and mediate cytotoxic activity against neoplastic cells, and 
the long-term complete remission achieved by some high-
risk patients occurred with or following LGL expansion 
[39, 64]. Fourth, viral infections can elicit LGL expansion 
against tumour cells both in vitro and in vivo, and LGLs 
can mediate killer cell activity or develop peptide-specific 
cytotoxicity [65].

LGL lymphocytosis after SCT does not always 
represent a good prognosis. In some cases, the clinical 
courses were indolent, and LGL lymphocytosis did 
not affect prognosis [22, 23]. In one report, LGL 
lymphocytosis of recipient origin may have contributed 
to late graft rejection by attacking donor stem cells 
[66]. When LGL expansion occurs, the origin of the 
LGLs should be determined as soon as possible, and an 
appropriate intervention, such as the discontinuation of 
immunosuppressants and donor lymphocyte infusions, 
may be considered.

CONCLUSIONS

LGL lymphocytosis is a frequent occurrence after 
transplantation that correlates with certain procedural 
variables and post-transplantation events and should be 
considered in patients with unexplained lymphocytosis or 
when pancytopenia develops after transplantation. Not all 
LGL lymphocytosis is clonal, so determining a diagnosis of 
LGL lymphocytosis requires a demonstration of clonality; 
however, clonality does not indicate malignancy. Finally, 
additional studies are necessary to further delineate the 
potential effects of LGLs in the long-term prognosis 
of post-transplant patients. However, comparisons of 
these studies are limited by unavoidable heterogeneity in 
terminology, diagnostic criteria and patient populations.
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