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Introduction

Epstein-Barr virus (EBV)-associated post-transplant lym-
phoproliferative disease (PTLD) is a severe complication after
allogeneic hematopoietic stem cell transplantation (SCT).1,2 In
immune-competent individuals EBV activity is strictly regu-
lated by specific T cells. In the immune-compromised milieu
created by SCT, pathogen control is lost with viral reactiva-
tion and viremia as possible results.3 Several risk factors have
been associated with PTLD after SCT.1,4 It is particularly com-
mon with EBV-related complications when different in vivo T-
cell depletion strategies have been used for the prevention of
graft-versus-host disease (GVHD) and/or following reduced
intensity conditioning (RIC).5,6 This is a reflection of the
impaired T-cell-mediated EBV-directed immunity and the
presence of residual recipient B cells. A donor/recipient
human leukocyte antigen (HLA) mismatch has also been
associated with increased risk of PTLD,7 probably due to
impaired immune reconstitution. In solid organ transplanta-
tion serological donor/recipient mismatch of EBV has been
shown to increase the risk of PTLD.8 Primary immunodefi-

ciency as the indication for SCT and older donor age are other
previously identified risk factors.4,9,10

Historically PTLD was seen in heavily immunosuppressed
solid organ transplant recipients and the primary treatment
strategy was reduction of the immunosuppressive treat-
ment.11 Some studies have also suggested the use of
chemotherapy, with varying success.12,13 The later introduc-
tion of the monoclonal anti-CD20 antibody rituximab has
decreased the PTLD mortality rate substantially with the
short-term response rate being around 60%.14,15 However, few
studies have reported a long enough follow-up of patients
after the initial viral clearance. 
Second-line treatment with both un-manipulated donor

lymphocyte infusion and EBV-specific cytotoxic T-lympho-
cytes (CTL) has been tried.16-20 If available, the latter is prefer-
able due to the decreased risk of developing GVHD. 
The use of adoptive CTL transfer has been shown to be

successful in larger cohorts.16,21 However, due to time-limiting
factors it is not always possible to infuse EBV-specific CTL
before the development of uncontrolled PTLD and subse-
quent death. Several alternative approaches have been tried in
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order to decrease the lag time for CTL transfer. Among
other things, interferon-gamma capture of virus-specific
CTL and allogeneic CTL banks containing CTL against the
most common HLA haplotypes have been used with
some success.16,22,23 Our group has tried separation of pep-
tide-specific T cells with the help of magnetic beads and
MHC multimers.17,18 Even though this has shown promis-
ing results, none of these strategies is yet part of standard
clinical practice. 
In this retrospective analysis we analyzed possible risk

factors associated with the development of PTLD after
SCT at our center. The earlier part of the cohort of patients
was previously included in the studies by Sundin et al. and
Omar et al.1,24 We found several factors that were inde-
pendently associated with an increased risk of PTLD.
Some of the factors seem to act synergistically, which adds
additional risk of PTLD in the patients. Moreover, in spite
of improved prophylaxis and rituximab use, the long-term
survival of affected patients is poor. 

Methods

Patients
In total 1021 patients who underwent SCT at Karolinska

University Hospital in Huddinge, Stockholm, between 1996 and
2011 were included in this retrospective analysis of risk factors for
and clinical outcome of PTLD. This study was approved by the
regional ethical committee in Stockholm (n. 425/97). A review of
patients’ charts and the clinical database identified 40 cases of ver-
ified PTLD. The characteristics of patients with and without PTLD
are displayed in Table 1.  

Diagnosis and treatment of Epstein-Barr virus-associated
post-transplant lymphoproliferative disease
The diagnosis of PTLD was made according to the histological

criteria reported for B-cell lymphoproliferative states following
transplantation.25

After July 2005 (total of 446 individuals) all patients considered
to be at high risk of developing PTLD were screened weekly or bi-
weekly for EBV during the first 3 months post-SCT. In patients at
low risk, quantitative polymerase chain reaction (PCR) analysis
was performed if EBV reactivation was suspected. From July 2005
all patients were treated with rituximab if the EBV load was >10
000 copies/mL.
Thirty-five of the patients were treated with rituximab. More

details are available in the Online Supplementary Methods section.

Conditioning regimen, graft-versus-host disease 
prophylaxis and stem-cell source
RIC was used in 402 patients, while myeloablative conditioning

was given to 619 patients. Antithymocyte globulin (ATG) was
given to 705 patients as part of the conditioning with the last dose
on day -1. ATG was used in all patients with an unrelated or mis-
matched donor and in all patients with a non-malignant disease,
independently of the type of donor. A few patients with a sibling
donor treated with RIC (n=44) were also given ATG. The graft
source was bone marrow in 361 cases, peripheral blood in 608 and
umbilical cord blood in 52. For more details regarding conditioning
regimens, GVHD prophylaxis and stem-cell source see the Online
Supplementary Methods section.

Statistics
Overall survival was calculated using the Kaplan-Meier method

and compared with the log-rank test. Survival time was calculated

from the day of transplantation until death or last follow-up. The
incidence of PTLD was estimated using an estimator of cumula-
tive incidence curves. Death without PTLD was considered as a
competing event. Predictive analyses for PTLD were based on the
proportional hazard model for sub-distribution of competing risk.
Univariate and multivariate analyses were then performed using
the Gray test and the proportional sub-distribution hazard regres-
sion model of Fine and Gray.26 A stepwise backward procedure
was used to construct a set of independent predictors. All predic-
tors with a P-value below 0.10 were considered and sequentially
removed if the P-value in the multiple model was above 0.05. All
tests were two-sided. The type I error rate was fixed at 0.05 for
factors potentially associated with time-to-event outcomes.
Several factors were analyzed in the univariate analysis (Online
Supplementary Methods).  Time-dependent variables were only
included if they occurred before the diagnosis of PTLD (minimum
interval >1 week). Categorical parameters were compared using
the χ2 test and continuous variables were compared using the

Table 1. Patients’ characteristics and univariate analysis.
Factor No PTLD n=981 PTLD n=40 P value

Patients’ sex (M/F) 569/412 24/16 0.93
Patients’ age 38 (<1-77) 37 (1-67) 0.50
Diagnosis:
Hematologic malignancy 724 (74%) 25 (63%) 0.16
Lymphoma 62 (6%) 8 (20%) 0.002
Other malignancy 62 (6%) 0 0.19
Non-malignancy 133 (14%) 7 (18%) 0.63
Disease stage (E/L) 488/431 4/25 0.001
Donor:
Sibling donor 388 (40%) 4 (10%) <0.001
Matched unrelated donor 474 (48%) 22 (55%) 0.50
Mismatched donor 119 (12%) 14 (35%) <0.001
Donor sex (M/F) 571/404 27/13 0.34
Donor age 35 (0-72) 37 (0-55) 0.98
Female to male 170 (17%) 6 (15%) 0.87
Second SCT 79 (8%) 9 (23%) 0.004
NC dose (108/kg) 8 (0.03-81.3) 8.5 (0.15-38.4) 0.94
GVHD prophylaxis:
CsA+MTX 743 (76%) 24 (60%) 0.038
TcD graft 14 (1%) 2 (5%) 0.26
Other 224 (23%) 14 (35%) 0.12
Conditioning:
TBI-based 399 (41%) 18 (45%) 0.70
Bu-based 434 (44%) 12 (30%) 0.11
Reduced intensity conditioning 380 (39%) 22 (55%) 0.06
Antithymocyte globulin 683 (70%) 40 (100%) <0.001
Splenectomy 22 (2%) 5 (13%) <0.001
Stem cell source:
Bone marrow 349 (36%) 12 (30%) 0.58
Peripheral blood stem cells 585 (60%) 23 (58%) 0.92
Cord blood 47 (5%) 5 (13%) 0.07
CMV mismatch (yes/no) 329/591 19/19 0.11
Recipient EBV serology (-/+) 113/853 (87%+) 9/31 (78%+) 0.07
Donor EBV serology (-/+) 134/789 (80%+) 6/32 (80%+) 0.98
EBV mismatch 168 (17%) 15 (38%) 0.002
EBV Rec -, Don + 72 (7%) 9 (23%) 0.002
MSC (yes/no) 52/889 (5%) 7/31 (23%) 0.004
Acute GVHD II-IV 327 (33%) 21 (53%) 0.02
Acute GVHD III-IV 89 (9%) 1 (2.5%) 0.25

E: early; L: late; NC: nucleated cell, CsA: cyclosporine; MTX: methotrexate; TcD: T-cell depleted; TBI:
total body irradiation; Bu: busulphan; CMV: cytomegalovirus; Rec: recipient; Don: Donor; MM: mis-
match; MSC: mesenchymal stromal cell therapy.
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Mann-Whitney test. Analyses were performed using the cmprsk
package (developed by Gray, June 2001), Splus 6.2 software and
Statistica software.

Results

Incidence of post-transplant lymphoproliferative 
disease

PTLD was diagnosed in 40 (4%) of the 1021 patients
transplanted between 1996 and 2011 (Figure 1). The medi-
an time of PTLD onset was 71 (range, 38-1199) days post-
SCT. In 30 (75%) patients, the PTLD occurred within 100
days after SCT. The majority (93%) of the PTLD diag-
noses were based on positive PCR of EBV in peripheral
blood in combination with an EBV-positive biopsy,
whereas in the remaining the diagnosis was clinical and
corroborated with computed tomography scans. All
patients with PTLD, in contrast to 70% of the unaffected
patients, had received ATG as GVHD prophylaxis. In the
PTLD group 23% received infusions of mesenchymal stro-
mal cells (MSC) at the time of hematopoietic stem cell
infusion as support of engraftment and GVHD prophylax-
is, or as salvage therapy of GVHD or hemorrhagic cystitis
treatment. Only 5% of the patients without PTLD
received MSC (Table 1).  

Univariate analysis of risk factors for post-transplant
lymphoproliferative disease
In the univariate analysis 11 factors that had a significant

association with PTLD after SCT were identified. In order
of significance level, these factors were: ATG as GVHD pro-
phylaxis (P<0.001), splenectomy (P<0.001), HLA-identical
non-sibling donor (P<0.001), HLA-mismatched donor
(P<0.001), lymphoma (P=0.002), EBV serological mismatch
(P=0.002), EBV recipient-negative/donor-positive (P=0.002),
use of MSC (P=0.004), second SCT (P=0.004), acute GVHD
grades II-IV (P=0.02) and not using cyclosporine A and
methotrexate as GVHD prophylaxis (P=0.038). Factors with
a statistical trend were the use of RIC (P=0.06), cord blood
grafts (P=0.07) and negative recipient EBV serology (P=0.07)
(Table 1). The splenectomized patients had the following
indications for SCT: non-malignant disease (n=3), acute
leukemia (n=4), lymphoma (n=10), chronic lymphocytic
leukemia (n=2), myelodysplastic syndrome (n=6) and solid
tumor (n=2).

Multivariate analysis of risk factors for post-transplant
lymphoproliferative disease
A multivariate analysis identified six significant risk fac-

tors for PTLD after SCT. The risk factors, ordered in
degree of significance, were: HLA-mismatch, serological
EBV mismatch recipient-negative/donor-positive, use of
RIC, the appearance of acute GVHD grades II-IV, splenec-
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Table 2. Multivariate analysis of risk factors for EBV-PTLD after
hematopoietic stem cell transplantation.
Factor                                               RH              95% CI             P value

EBV rec- don+                                         4.97               2.30-10.7               <0.001
Reduced intensity conditioning           3.25               1.53-6.89                 0.002
Acute GVHD II-IV                                     2.65               1.32-5.35                 0.006
Splenectomy                                             4.81               1.51-15.4                 0.008
MSC treatment                                        3.05               1.25-7.48                 0.015
HLA mismatch                                          5.89               2.43-14.3               <0.001

EBV rec- don+, Espstein-Barr virus seronegative recipient and seropositive donor;
GVHD II-IV: graft-vs.-host disease; MSC: mesenchymal stromal cells; HLA,: human leuko-
cyte antigen.

Figure 1. Incidence of PTLD
in 1021 patients transplant-
ed between 1996 and 2012. 

Table 3. Cumulative incidence of PTLD for the risk factors found in mul-
tivariate analysis.
Factor                                                                    No                   Yes

Antithymocyte globulin                                                   0.0%                     5.7%
Human leukocyte antigen mismatch                           3.0%                    10.6%
Reduced intensity conditioning                                   3.0%                     5.6%
Acute GVHD II-IV                                                             2.9%                     6.1%
Splenectomy                                                                     3.6%                    18.5%
Mesenchymal stromal cell treatment                         3.5%                    11.1%
EBV rec- don+                                                                  3.5%                    11.1%

EBV rec- don+, Espstein-Barr virus seronegative recipient and seropositive donor.

n=1021, 4.0%

0 100 200 1150 1250
Days after HSCT

PT
LD

0.20

0.15

0.10

0.05

0

© Ferr
ata

 S
tor

ti F
ou

nd
ati

on



tomy prior to SCT and the infusion of MSC (Table 2). All
patients developing PTLD also received ATG; consequent-
ly, this factor had to be excluded, otherwise it would have
interfered with the further multivariate analysis. The sta-
tistical software is not able to calculate correct predictions
if all PTLD patients are positive for one factor (i.e. ATG in
this case).  

Risk factors and the cumulative incidence 
of post-transplant lymphoproliferative disease  
The cumulative incidences of PTLD in patients with and

without the risk factors found in the multivariate analysis
are shown in Table 3.

After correction for multiple comparisons, EBV recipi-
ent-negative/donor-positive (P=0.002), RIC (P=0.034) and
HLA mismatch (P<0.001) remained statistically significant
factors associated with PTLD.
We also performed a multivariate analysis stratified for

SCT before or after 2005, which showed no major differ-
ence compared to the non-stratified analysis regarding risk
factors, incidence and outcome after PTLD. The reason for
applying this time period cutoff was the introduction of
routine PCR monitoring of patients at high risk of devel-
oping PTLD. 
To illustrate the impact of several simultaneous risk fac-

tors on PTLD incidence, a risk factor index was created

Risk factors for PTLD
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Figure 2. Risk of PTLD after allogeneic stem
cell transplantation according to number of risk
factors (RF) identified in multivariate analysis.
Categories; 0-1, 2, 3, 4 or 5 risk factors.

Figure 3. Incidence of PTLD and frequencies of risk factors over
time. (A) Incidence of PTLD in percentage divided in the indicated
time periods. (B) The frequency of identified risk factors (RF) in the
patients during the indicated time periods. Chosen risk factors were
found to be statistically significant in multivariate analysis. MM
denotes HLA mismatch; RIC, reduced intensity conditioning; GVHD,
graft-vs.-host disease grade II-IV; MSC, mesenchymal stromal cell
treatment; EBV, EBV serology mismatch. (C) The frequency of
patients with more than two risk factors in the indicated time peri-
ods. 
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comparing the risk for patients developing PTLD depend-
ent on how many risk factors they had. The seven includ-
ed risk factors were the ones found to be statistically sig-
nificant in the multivariate analysis (Table 3). In individu-
als with one risk factor (ATG included) the cumulative
incidence of PTLD was 0.4%. For individuals with two
risk factors the incidence increased to 3.0%. For patients
with three, four and five risk factors the cumulative inci-
dences were 10.4%, 26.5% and 40%, respectively (Figure
2). None of the patients was found to have six or seven
risk factors simultaneously. 

Development of post-transplant lymphoproliferative dis-
ease over time 
Survival after allogeneic SCT has been reported, by our

and other centers, to have increased during the last
decade.27 It was, therefore, of interest to study the inci-
dence of PTLD with regard to the year of transplantation.
We divided the time-period into six 3-year intervals start-
ing from 1996 (Figure 3A). We observed a significant
increase in the cumulative incidence of PTLD in 2011-
2012 compared to that in the earliest periods studied,
1996-98 and 1999-01 (Figure 3A). When studying the inci-
dence of risk factors during the different time periods it
became clear that the majority of this increase is due to the
extended use of RIC in the later time periods. The decreas-
es in the number of patients with mismatches in MHC or
recipient-negative/donor-positive EBV serology in later
years were also notable (Figure 3B). 

Treatment and outcome of post-transplant 
lymphoproliferative disease
Many studies have described a response rate for viral

clearance with rituximab of over 50%, but few have
reported on long-term survival.15,16 The survival rates for
patients who developed PTLD in this study were 28%,
23% and 20% at 1, 2 and 3 years after SCT, respectively
(Figure 4). The survival rate at 100 days after the diagnosis
of PTLD was 33%. There was no significant difference
between patients diagnosed with PTLD early or late in the
period studied (1996-2004 compared to 2005-2012).
Thirty-two of the 40 patients (80%) with PTLD died, and

the median time to death was 16 days (range, 0-674) after
development of PTLD. PTLD was the primary or con-
tributing cause of death in 26 patients (81%), while two
patients died from relapse, three of other infections and
one patient died of cerebral hemorrhage. All received rit-
uximab except five patients (diagnosed between 1996 and
2004). One of these five patients was diagnosed with
PTLD post-mortem while the others were diagnosed
before the introduction of rituximab therapy. Eight
patients were treated with donor lymphocyte infusion
and eight patients with virus-specific T cells. Four of the
virus-specific T-cell products were prepared from donor
blood by repetitive stimulation with lymphoblastoid cell
lines.20 In one patient the cells were obtained from an allo-
geneic CTL bank.22 In two patients the T cells were puri-
fied from haplo-identical relatives by the interferon-
gamma capture technique. One patient received T cells,
obtained by separation by MHC-multimers and magnetic
beads, from the haploidentical mother.17
In order to investigate the efficacy of different PTLD

treatments, the patients were divided into groups depend-
ing on treatment strategy. Five patients did not receive rit-
uximab, 21 patients received only rituximab and 14 indi-
viduals received rituximab and additional treatment
(chemotherapy, donor lymphocyte infusion or virus-spe-
cific CTL). The rates of complete response (defined
according to Cheson et al.28) were 0% for patients with no
treatment, 29% in the rituximab group and 50% for those
receiving rituximab with additional treatment (P=0.11).
The 1-year overall survival rates in the corresponding
groups were 20%, 24% and 40%, respectively (P>0.5).

Discussion

EBV-PTLD is a result of SCT-induced compromised
virus-specific immunity.29 RIC in combination with in vivo
or ex vivo T-cell depletion has been shown to be a partic-
ularly important risk factor.1,30 This is logical since the nat-
ural site of EBV tropism is B cells. After RIC these lym-
phocytes have a prolonged period to undergo virus-dri-
ven blast cell transformation in the absence of the nor-
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Figure 4. Cumulative sur-
vival of patients with (dotted
line) our without (solid line)
diagnosed PTLD.
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mally strictly regulated control from EBV-specific T cells.
This previous finding was confirmed in our study by the
multivariate statistical analysis (Table 3). Our study also
verifies other earlier reported risk factors for PTLD after
SCT, e.g. mismatches in HLA and serological EBV status
between donor and recipient.1,7 These two factors were
highly significant in our study also after multivariate
analysis (Table 3). 
Acute GVHD is a known risk factor for PTLD due to the

impairment in specific immune responses induced by the
pro-inflammatory cytokine storm.31 The chronic antigen
stimulation seen in GVHD and the use of profound
immunosuppressive treatment probably contribute as risk
factors for PTLD. It was not possible to evaluate the role
of chronic GVHD as only ten cases of PTLD occurred later
than 100 days after SCT and some of the cases occurred
before chronic GVHD developed.
The use of ATG is a known risk factor for PTLD. ATG

is used with the aim of reducing the risk of graft rejection
and GVHD by in vivo removal of both recipient and donor
T cells. This will immunosuppress the patient paving the
way for EBV reactivation and PTLD. In our study all
patients with PTLD had received ATG which made it
impossible to include this factor in the multivariate analy-
sis. No correlation was found between any specific brand
of ATG and the development of PTLD.
In agreement with the findings of our previous study,

splenectomy was a significant risk factor for EBV-PTLD.1
Patients with lymphoma as the indication for SCT are
often splenectomized prior to the transplant. Lymphoma,
itself, as a risk factor for PTLD was only demonstrated by
univariate analysis in the present study, in contrast to
splenectomy which was also found to be significant by
multivariate analysis. This may argue for a distinct role of
the spleen per se in the control of PTLD. The spleen is an
important part of the immune system, especially with
regards to humoral immunity. In addition to T-cell immu-
nity, there might be a role for B cells and immunoglobulins
in the defense against EBV.32 Recent studies have re-dis-
covered other B-cell related functions.33 Certain B-cell sub-
populations, such as CD5+ B-1 cells, are dependent on, and
reside almost exclusively in the spleen. CD5+ B-cells are
not only responsible for T-cell-independent antibody pro-
duction, but also for important immune regulatory func-
tions.34 A potential scenario is that CD5+ maintenance is
impaired in patients after splenectomy and the regulatory
B-cell function may, therefore, also be impaired, resulting
in increased EBV-blast expansion. 
MSC, which have an immune inhibiting effect,35 were

also identified as a separate risk factor for PTLD in both
our univariate and multivariate statistical analyses. EBV-
PTLD was earlier reported in a patient who was treated
with MSC for chronic GVHD and the possibility of MSC-
induced EBV PTLD was discussed in this context.36 MSC
have been used to treat GHVD, as attempts to treat hem-
orrhagic cystitis, and to support hematopoietic engraft-
ment.37-39 Results of an in vitro study suggested that MSC
selectively inhibit allo-induced CTL, but not EBV-specific
CTL.40 This has not, however, been verified in vivo. In addi-
tion to the immunosuppressive effect of MSC infusions as
an explanation for the increased risk of PTLD, a stimulato-
ry effect on the EBV-transformed blast cells could also be
considered in analogy with bone marrow stromal cells
supporting B-cell development.41,42

Serological EBV mismatch between donor and recipient
has been shown to be a risk factor for EBV-PTLD after
solid organ transplantation.8 The risk following SCT is not
as clear, with some studies favoring this,1 and others fail-
ing to find the association.43 Both after solid organ trans-
plantation and SCT, an EBV-negative recipient and an
EBV-positive donor is the most unfavorable combination
with regards to the risk of EBV-PTLD1,8 (Table 2).
The overall frequency of PTLD in our cohort was 4%

which is in line with some of the earlier reports.1,44 It is
interesting that the incidence of PTLD has increased with
time (Figure 3). Large parts of this increase can probably be
explained by the introduction of RIC (Figure 3B).
Additional explanations may be the increased awareness
regarding EBV-driven PTLD and the easy availability of
PCR for monitoring.24 It is likely that PTLD was somewhat
under-diagnosed in our institute before 2003, when rou-
tine PCR monitoring was introduced.
The introduction of rituximab has decreased the short-

term mortality in patients with PTLD, but reports on long-
term follow-up are lacking in the literature. In our cohort
only 28% of patients with PTLD were alive 1 year after
diagnosis (Figure 4). Thirty-five patients (88%) were treat-
ed with rituximab according to the standard protocol. In
addition, ten and seven patients were treated with EBV-
specific CTL or donor lymphocyte infusion, respectively,
alone or in combination with rituximab. 
No significant differences were found between survival

rates of PTLD patients who were untreated, treated with
rituximab or treated with rituximab in combination with
other therapies. This apparent lack of impact of treatment
is probably an effect of the small sample size. When
assessing the response rate and actual survival rates in the
different groups they showed rather different patterns.  
It is clear from our data that even if rituximab initially

resolves the PTLD in most cases, a considerable propor-
tion of patients still eventually succumb from other caus-
es. Whether this meager long-term survival mirrors a poor
immune reconstitution in these individuals and/or addi-
tional suppression due to the PTLD treatment strategy is
difficult establish. It does, however, illustrate that these
individuals would benefit from pre-emptive measures
rather than therapeutic ones. Pre-emptive therapy with
rituximab has been elegantly used to inhibit viral EBV
reactivation and prevent or treat PTLD.14,15 The increased
risk of PTLD in individuals with multiple risk factors is
clearly shown in our cohort, in which patients with more
than three risk factors had a 26.5% probability of develop-
ing PTLD (Figure 2). This is a highly relevant and manage-
able group to select for future pre-emptive measures, such
as rituximab and EBV-specific CTL if possible.
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