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Abstract Epstein-Barr virus (EBV) 
infection is recognized as the 
principal aetiological factor in the 
pathogenesis of post-transplant 
lymphoproliferative disease 
(PTLD), particularly when primary 
EBV infection occurs after trans- 
plantation. We analysed, using a 
time-dependent proportional haz- 
ards model, the factors associated 
with development of PTLD in 
40 adult liver transplant recipients 
who were seronegative for EBV 
prior to transplantation. Of 
40 patients, 1 3  (33%) had a tissue 

diagnosis of PTLD at a median 
time of 126 days after transplan- 
tation. The multivariate analysis 
showed that prior CMV disease, 
the number of steroid boluses given 
and the number of units of RBC 
and FFP transfused were signifi- 
cant risk factors for development 
of PTLD. 
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introduction 

Post-transplant lymphoproliferative disorder (PTLD) is a 
complication following organ transplantation and occurs 
in approximately 2 % of organ allograft recipients [5]. It 
consists mostly of an abnormal proliferation of B lymph- 
ocytes. One of the primary pathogenic influences in 
PTLD is Epstein-Barr virus (EBV) infection [I, 51. The 
mechanism of EBV’s influence in PTLD is believed to be a 
B-cell proliferation which is unrestrained because of 
suppression of T cells by immunosuppressive agents. The 
incidence of PTLD varies according to the organ trans- 
planted with reported rates varying between 1 % for 
kidney and 4.6 YO for heart/lung transplantations [ 3 ] .  

Patients who have undergone primary EBV infection 
after transplantation are at greater risk of developing 
PTLD [l]. The purpose of this study was to analyse the 

risk factors associated with the development of PTLD in 
adults who experienced primary EBV infection after 
liver transplantation. 

Materials and methods 

Patient population 

From October 1983 to December 1991, 1955 adult patients under- 
went liver transplantation at the University of Pittsburgh Medical 
Center. Before transplantation 40 of these patients (2%) were 
seronegative for EBV. 

Two immunosuppressive regimens were used. The first included 
cyclosporine (CyA) and steroids (22 patients) and the second 
regimen included FK506 and low-dose steroids (18 patients). 
Rejection episodes occurring with either regimen were treated with 
increased doses of steroids, either a I-g pulse dose or a 5-day recycle 
of methylprednisolone. Steroid-resistant rejection was treated with a 
course of OKT3. 
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Diagnosis of EBV infection and PTLD 

Patients were diagnosed as having a primary EBV infection on the 
basis of de novo development of IgG antibodies against EBV viral 
capsid antigen (VCA). Diagnosis of PTLD was made on the basis of 
histological evaluation according to previously established criteria 
141. 

Factors associated with PTLD 

The variables analysed included surgical parameters (number of 
transplants, other abdominal operations, intraoperative time), num- 
ber and type of infections, blood products transfused (RBC, 
platelets and FFP) and accumulated immunosuppression (CyA or 
FK 506, number of steroid boluses, maintenance dose of steroids, 
azathioprine and OKT3). 

Statistical analysis 

Univariate and multivariate analysis of risk factors associated with 
PTLD were performed using a time-dependent proportional hazards 
model. Variables were included in the multivariate analysis if they 
had a P value < 0.25. 

Results 

Frequency of EBV infection after transplantation 

Of 37 cases, 35 with available post-transplant serology 
had seroconverted to EBV whereas only two patients 
remained seronegative at 4 and 24 months after 
transplantation. 

Frequency of PTLD 

Of 40 patients, 13 (33 YO) had a tissue diagnosis of PTLD 
at a median time of 126 days (range 48 - 776 days) after 
liver transplantation. Of the 13 patients, 10 (77%) had 
visceral involvement and 5 (38 YO) died. 

Factors associated with PTLD 

The variables that were found by univariate analysis to be 
associated with PTLD were: baseline immunosup- 
pression (CyA vs FK 506), transplant surgical time, 
number of days in ICU, number of units of RBC, platelets 
and FFP transfused, number of steroid boluses given and 
previous CMV disease. 

Table 1 Multivariate analysis of risk factors for PTLD after 
primary EBV infection 

Variables Relative risk P value 

CMV disease 7.3 
Steroid boluses 4.8 
RBC 1.04 
FFP 1.21 

0.008 
0.03 
0.27 
0.21 

The results of the multivariate analysis are shown in 
Table 1. Previous CMV disease, the number of steroid 
boluses given and the number of units of RBC and FFP 
transfused were the risk factors associated with develop- 
ment of PTLD. 

Discussion 

This study confirms that EBV infects most of the 
seronegative population. Only two of 37 patients who 
were seronegative before liver transplantation remained 
seronegative 4 and 24 months after transplantation. 
However, when EBV infects immunosuppressed indi- 
viduals, an ordinarily innocuous infection is associated 
with a high incidence of PTLD [2]. 

Because PTLD has been demonstrated in all forms of 
immunosuppressive therapy and the incidence varies 
according to the transplanted organ and the type and 
degree of immunosuppression, this has been considered 
the most important risk for PTLD. However, it is not 
clear whether the increased risk of PTLD is due to 
mechanisms specific to individual drugs or to overall 
immunosuppressive exposure. In our study, the number 
of steroid boluses was the only immunosuppressive factor 
'associated with an increased risk of PTLD. 

The most significant risk factor associated with PTLD 
in our study was previous CMV disease. WhereaS 54 % of 
patients who developed PTLD had prior CMV disease, 
only 15% of patients without PTLD developed CMV 
disease. A similar incidence of CMV disease has also 
previously been found in patients with PTLD after 
primary and secondary EBV infection [l]. Also, the 
number of units of RBC and FFP transfused were risk 
factors for PTLD. These results suggest that after liver 
transplantation the immunosuppressive therapy is not the 
only risk factor associated with the development of 
PTLD. Other factors that may lead to disturbances of 
immunoregulation or chronic antigenic stimulation are 
also significant in this setting. 
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