Original Article

Chirurgia (2024) 119: 5-20
No. 1,  January - February
Copyright© Celsius

http://dx.doi.org/10.21614/chirurgia.2024.v.119.i.1.p.5

Risk Factors Associated with PTLD Related Mortality in Adult
Multivisceral Transplant Recipients - A Single Centre Cohort Study

Mihnea-loan lonescu'*, Samantha Ip>**, Jessica K Barrett’, George Follows®, Andrew J Butler', Lisa M Sharkey'

'Sir Roy Calne Abdominal Transplant Unit, Addenbrookes Hospital, Cambridge University Hospitals NHS Foundation Trust,

Cambridge, UK

*British Heart Foundation Cardiovascular Epidemiology Unit, Department of Public Health and Primary Care, University of Cambridge,

Cambridge, UK

%Victor Phillip Dahdaleh Heart and Lung Research Institute, University of Cambridge, Cambridge, UK

“Centre for Cancer Genetic Epidemiology, Department of Public Health and Primary Care, University of Cambridge, Cambridge, UK
*MRC Biostatistics Unit, University of Cambridge, Cambridge, UK

Department of Hematology. Addenbrookes Hospital, Cambridge University Hospitals NHS Foundation Trust, Cambridge, UK

*Corresponding author:

Mihnea-loan lonescu, MD, FEBS
Miami Transplant Institute

1801 NW 9th Ave

Jackson Memorial Hospital

Miami, FL 33136

United States of America

Phone: (+1) 7865438305

E-mail: Mihneaioan.ionescu@jhsmiami.org

Abbreviations:

ACR: Acute Cellular Rejection;

ATG: rabbit antithymocyte globulin;
CHOP: cyclophosphamide, doxorubicin
hydrochloride (hydroxydaunorubicin),
vincristine sulfate (Oncovin), and
prednisoneg;

CMV: Cytomegalovirus;

CTL: cytotoxic T lymphocyte;

EBV: Ebstein-Barr Virus;

ECOG: Eastern Cooperative Oncology
Group;

EFS: Event-free Survival;

IPI: International Prognostic Index;
IS: immunosuppression;

MVTx: Full Multivisceral Transplant;

Received: 10.01.2024
Accepted: 20.02.2024

Rezumat

Factori de risc asociati cu mortalitatea TLPT in transplantul multi-
visceral la primitori adulfi - un studiu de cohortd

Background: Tulburarile limfoproliferative post transplant (TLPT)
constituie un grup heterogen de afectiuni limfoproliferative care
contribuie semnificativ la mortalitatea dupa transplantul multi-
visceral (MVTx). Acest studiu isi propune si identifice potentialii
factori de risc asociati cu mortalitatea primitorilor de grefe
abdominale multiviscerale care au dezvoltat TLPT.

Metode: In studiu au fost inclusi toti primitorii adulti transplan-
tati cu grefe multiviscerale care cuprind si intestinul, in cadrul
institutiel noastre intre 2013-2022, si care au dezvoltat TLPT
(21 de pacienti).

Rezultate: Mortalitatea asociatd cu TLPT a fost 28.6% (6/21). Un
risc relativ crescut de mortalitate s-a asociat cu un stadiu de
performantd ECOG=3 (p=0.005; HR 34.77; 95%CI 2.94-410.91),
dacd primitorii au avut o splenectomie prealabild (p=0.036;
HR 14.36; 95%CI 1.19- 172.89), sau un retransplant cu grefa
multiviscerala (p=0.039; HR 11.23; 95% CI 1.13-112.12). S-a
observat o tendintd semnificativa pentru cresterea riscului de
mortalitate prin TLPT in cazurile cu incarcatura virala EBV
crescutd (p=0.008), cu interval de timp crescut de la momentul
transplantului la momentul diagnosticarii TLPT (p=0.008), si la
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MMVTx: Modified Multivisceral donatorii cu varsta inaintatd (p<0.001). Valoarea maximi a LDH
gg”%‘v:r”;” Survival inainte de initierea terapiei pentru TLPT a fost semnificativ mai
PTLD: Post-transplant lympho- mare in grupul de pacienti decedati comparativ cu grupul de
proliferative disorder; pacienti supravietuitori (520.3 + 422.8 IU/L vs 321.8 + 154.4 TU/L;
PCR: Polymerase Chain Reaction; HR 1.00, 95%CI 1.00 to 1.01, p=0.019). Valoarea maximi a

SOT: Solid Organ Transplantation,

TRM: treatment-related mortality incirciturii virale inainte de initierea terapiei antiTLPT (Cycle

Threshold (CT) cutoff = 32) s-a corelat cu riscul relativ de deces in
grupul de pacienti transplantati multivisceral care au dezvoltat
TLPT [(29.4 = 3.5 CT) la supravietuitori, comparativ cu 23 + 4.0
CT la pacientii decedatil.

Concluzii: Acesta este primul studiu care identifica factorii de risc
pentru mortalitatea TLPT la primitorii adulti de transplant multi-
visceral. Validarea acestor rezultate in cadrul unor cohorte mai
ample, in studii multicentrice si stratificarea ulterioara a riscurilor
cuantificate in conformitate cu acesti factori de risc, au potentialul
de a contribui la o supravietuire post transplant mai indelungata a
acestor pacienti.

Cuvinte cheie: transplant multivisceral, tulburari limfoprolifera-
tive post transplant, incarcatura virala Epstein-Barr

Abstract

Background: PTLD is a heterogeneous group of lymphoproliferative diseases which can add
significant mortality following multivisceral transplantation (MVTx). Our study aimed to identify
potential risk factors of mortality in adult MVTx recipients who developed PTLD.

Methods: All adult recipients of intestinal-containing grafts transplanted in our institution between
2013 and 2022, and who developed PTLD, were included in the study.

Results: PTLD-associated mortality was 28.6% (6/21). Increased relative risk of mortality was
associated with Stage 3 ECOG performance score (p=0.005; HR 34.77; 95%CI 2.94-410.91), if the
recipients had a splenectomy (p=0.036; HR 14.36; 95%CI 1.19-172.89), or required retransplan-
tation (p=0.039; HR 11.23; 95% CI 1.13-112.12). There was a significant trend for increased risk
of PTLD mortality with higher peak EBV load (p=0.008), longer time from MVTx to PTLD
diagnosis (p=0.008), and higher donor age (p<0.001). Peak LDH before treatment commencement
was significantly higher in the mortality group vs the survival group (520.3 + 422.8 IU/L vs 321.8
+ 154.4 TU/L; HR 1.00, 95%CI 1.00 to 1.01, p=0.019). Peak viral load prior to treatment initiation
(Cycle Threshold (CT) cutoff = 32) correlated with the relative risk of death in MVTx patients who
developed PTLD [29.4 (3.5) CTs in survivors compared to 23.0 (4.0) CTs in the mortality groupl.

Conclusions: This is the first study to identify risk factors for PTLD-associated mortality in an adult
MVTx recipient cohort. Validation in larger multicentre studies and subsequent risk
stratification according to these risk factors may contribute to better survival in this group of
patients.

Key words: multivisceral Transplantation, post-transplant Lymphoproliferative disorders, Epstein-
Barr viraemia
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Introduction

PTLD continues to be a frequent complication
(1), occurring at fivefold increased rates com-
pared with the general population, and
constitutes the leading cause of malignancy-
related mortality in SOT (2). EBV has a pivotal
role in the genesis of PTLD due to its ability to
transform and immortalize B lymphocytes (3).
Such cells have the potential for uncontrolled
proliferation, which occurs particularly in the
absence of cytotoxic T-cell control, such as
during immunosuppression associated with
organ transplantation. The ubiquity of EBV (4),
associated with engraftment of multiple organs,
rich with lymphatic tissue, as well as the
requirement of highly immunosuppressive
regimens in MVTx recipients account for
the increased incidence (13-32%) (5) and un-
favourable prognosis of PTLD in this popula-
tion. Key to decreasing the high mortality in this
cohort of patients is understanding the risk
factors associated with decreased survival.
The incidence of EBV+ PTLD is highest in
intestinal transplant recipients and portends
a more severe prognosis compared to the
pediatric population. Previous studies (6),
performed on a mixture of SOT recipients
analysing outcomes depending on gene expres-
sion of MYC, BCL2, and BCL6 and IPI score,
only partially capture the mortality impact of
PTLD in this population. To the best of our
knowledge this is the first paper addressing
this issue in a cohort of adult MVTx recipients.

Methods

This retrospective cohort study analysed 21
adults & 18 yrs) diagnosed with PTLD after
multivisceral transplants at the Sir Roy Calne
Transplant Unit in the Addenbrookes Hospital
in Cambridge, UK, between December 10"
2013 and August 31%, 2022. The data was
retrieved from the intestine transplant
program research database maintained at our
centre. This project was registered and
approved as a service evaluation by the Trust
Audit Department (PRN/IRB: I1D5099). In
total 88 adult patients had been consecutively

transplanted with Small-Bowel-containing
grafts in that period of time in our Unit. No
patient was excluded from this study. The
types of operation performed were: () Full
Multivisceral Transplant n=7 (33%); (i)
Modified Multivisceral Transplant (liver not
included) n= 3 (14.28%) and (iii) isolated small
bowel (SB) n=11 (52.38%). All the donor and
recipient operative procedures adhered to our
unit protocol and have been previously
described (7). Three of the isolated SB recipients
(14.28%) received concomitant kidney trans-
plants from the same donor. All patients
received 1 or 2 doses of Alemtuzumab as
Immunosuppression Induction. The indications
for intestine transplant consisted of: chronic
intestinal failure with complications related to
long-term TPN; cirrhosis with extensive
porto-mesenteric thrombosis; unresectable
abdominal desmoids and acute abdominal

vascular catastrophes. Maintenance of
Immunosuppression was achieved with
Tacrolimus, mycophenolate mofetil and

Prednisolone. Target trough tacrolimus levels
in the first 3 months post Tx were between 8
and 12 ng/dL. Subsequently, these were
decreased to 6 to 10 ng/dL. Episodes of ACR
or renal impairment due to tacrolimus nephro-
toxicity prompted changes to this protocol.
Mild ACR was pulsed with 1 g methylpred-
nisolone/day X 3 and a taper, while severe
ACR was treated with a further dose of
Alemtuzumab or a course of up to 14 days of
ATG. In order to mitigate the relative risk of
graft versus host disease, none of the grafts
included the donor spleen. Nevertheless, a
splenectomy was performed in 6 patients
(28.57%) at the time of transplant, while 1
patient had had a splenectomy in childhood.
Additional details of each patient’s EBV
history included number, duration, and degree
of EBV viremia episodes. The degree of EBV
viremia was determined by the number of
cycle thresholds (CT) required for the virus to
be detectable. EBV viremia was further
categorized based on peak PCR across all pre-
treatment episodes. All demographic and
clinical data inputted in the electronic hospital
records (or paper before 2014) was used in the
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analysis. All missing data was due to non-
systematic lack of imputation in records.

Definitions

B symptoms were defined as at least one
characteristic symptom (weight loss/fever/
drenching night sweats) documented within 1
month of the PTLD diagnosis. EBV viremia
was defined as positive EBV PCR in plasma
within 1 month of the date of the PTLD
diagnosis (8). All patients who developed EBV-
viremia as per our unit cutoff threshold
(CT<34) were diagnosed with PTLD. None of
the EBV-viremia patients above the cutoff
developed PTLD. PTLDs were either histo-
logically diagnosed by expert pathologists
with excisional biopsies (16 cases) or via [18F]-
fluorodeoxyglucose positron emission tomo-
graphy (PET)/CT when the diagnosis could be
established in the absence of a biopsy (5 cases
— all with EBV viremia). Patients with high
EBYV viral load, unexplained fever, or lympha-
denopathy underwent weekly EBV DNA
measurements and this was continued until
resolution of symptoms and of disease.
Thereafter EBV DNA monitoring was
performed as per the Clinic appointments of
the patients. The management of PTLD was
always undertaken in conjunction with the
haematology team. Initial treatment consisted
of 4 weekly doses (375 mg/m? 4 weekly iv) of
Rituximab until FDG-PET evidence of disease
regression. Second line treatments included
further doses of Rituximab (n=7), chemotherapy
(n=3) or EBV-specific cytotoxic T cells (n=2).

Statistical Analyses

Categorical risk factors were presented as
counts and percentages, and continuous risk
factors were presented as means with SDs, all
stratified by PTLD death status. Completeness
of each risk factor was reported as counts and
percentages. All analyses were complete case
analysis. Cox regression was used to estimate
age- and sex-adjusted hazard ratios (HRs),
assessing associations between PTLD death
and individual risk factors in adults (>18y)

measured at the time of PTLD diagnosis,
August 31% 2022. Follow-up began at PTLD
diagnosis and ended at the earliest of death,
date of last follow up, or August 31%, 2022,
when the study ended. The small sample size
prevented fitting of a multivariable model to
simultaneously adjust for all confounding
variables. Likelihood ratio tests (LRT)
compared age- and sex-adjusted Cox models
with and without each categorical risk factor
or continuous risk factor. Continuous risk
factors were modelled as penalised splines to
allow non-linear associations with PTLD
mortality. Predictor complexity (degrees of
freedom) was chosen using the Akaike
Information Criterion. Multilevel categorical
risk factors were modelled without amalga-
mating levels to assess the collective associa-
tion of the multilevel risk factor with PTLD
mortality. We employed the Benjamini-
Hochberg method to adjust the P-values for
multiple comparisons, controlling the false
discovery rate. To investigate potential
cutpoints for dichotomizing the EBV peak
viral load (Ct) in relation to PTLD death, we
employed a maximally selected log-rank
statistic test and plotted Martingale residuals
plots, hazard ratios comparing EBV peak viral
load below each potential cutpoint to that
above or equal to that cutpoint, and the
proportion of cases with EBV peak viral load
less than each potential cutpoint. P < 0.05 was
considered to be statistically significant. All

statistical analyses were done in R version
4.0.2 (2020-06-22) -- "Taking Off Again".

Results

This study represents a single-centre report
over a 9 year period on potential risk factors
associated with increased mortality in adult
MVTx recipients who developed EBV-driven
PTLD, and reveals several clinically-significant
findings. Baseline characteristics are shown in
Table 1. The median follow-up time in days for
individuals who either died or did not die
due to PTLD were 49 (IQR 26-112) and 778
(IQR 485-1827), respectively. Fig. 1 shows a
Kaplan-Meier plot of the survival probability
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Table 1.  Characteristics of individuals diagnosed with PTLD after multivisceral transplants at the Addenbookes Hospital
from 10 December 2013 to 31 August 2022, stratified by whether or not they died of PTLD during follow-up.
(N=21)
Characteristics Did not die of PTLD during follow-up (n=15) Died of PTLD during follow-up (n=6)
% (n) for categorical; Missing % (n) for categorical; Missing
mean (SD) for continuous % (n) mean (SD) for continuous % (n)
Sex F: 40.0 % (6), M: 60.0 % (9) 0.0 % (0) F:50.0 % (3); M: 50.0 % (3) 0.0 % (0)
ECOG 0:100.0 % (15), 3: 0.0 % (0) 0.0 % (0) 0:50.0 % (3); 3: 50.0 % (3) 0.0 % (0)
Type of transplant no_liver: 80.0 % (12), 0.0 % (0) no_liver: 33.3 % (2), 0.0 % (0)
(liver containing liver: 20.0 % (3) liver: 66.7 % (4)
multivisceral graft or not)
Acute cellular rejection (Y/N) 0:73.3% (11),1: 26.7 % (4) 0.0 % (0) 0:33.3% (2), 1: 66.7 % (4) 0.0 % (0)
Treatment for acute cellular 0: 86.7 % (13), 1: 13.3 % (2) 0.0 % (0) 0:50.0 % (3), 1: 50.0 % (3) 0.0 % (0)
rejection (Y/N)
Number of immunosuppression 1:46.7 % (7), 2: 53.3 % (8) 0.0 % (0) 1:33.3 % (2), 2: 50.0 % (3) 0.0 % (0)
induction doses (Alemtuzumab) 3:0.0% (0) 3:16.7% (1)
Multivisceral retransplant (Y/N) 0:93.3% (14), 1: 6.7 % (1) 0.0 % (0) 0: 66.7 % (4),1:33.3% (2) 0.0 % (0)
Number of extranodal sites 0:33.3 % (5), 1: 46.7 % (7) 0.0 % (0) 0: 0.0 % (0), 1: 50.0 % (3) 0.0 % (0)
involved 2:20.0% (3) 2:50.0 % (3)
PTLD affecting: 1 - graft only; 0:33.3 % (5), 1: 40.0 % (6) 0.0 % (0) 0:16.7 % (1), 1: 16.7 % (1) 0.0 % (0)
0 - extragraft; 2 - both graft and 2:26.7 % (4) 2:66.7 % (4)
extragraft
PTLD multiorgan - extragraft 0: 80.0 % (12), 1: 20.0 % (3) 0.0 % (0) 0:33.3% (2), 1: 66.7 % (4) 0.0 % (0)
localisation
B symptoms (Y/N) 0:46.7 % (7), 1: 53.3 % (8) 0.0 % (0) 0:16.7 % (1), 1: 83.3 % (5) 0.0 % (0)
EBV positive (Y/N) 0:6.7% (1), 1: 93.3 % (14) 0.0 % (0) 0:16.7 % (1), 1: 83.3 % (5) 0.0 % (0)
Splenectomy (Y/N) 0:73.3% (11),1: 26.7 % (4) 0.0 % (0) 0:16.7 % (1), 1: 83.3 % (5) 0.0 % (0)
Donor/recipient EBV serology D+R+:46.7 % (7), 0.0 % (0) D+R+:16.7 % (1), 0.0 % (0)
D-R+:20.0 % (3), D-R+:33.3% (2),
D?R+:6.7 % (1), D?R+:16.7 % (1),
D+R-:20.0 % (4) D+R-:33.3% (2)
Donor/recipient CMV serology D+R+:13.3 % (2), 0.0 % (0) D+R+:0.0 % (0), 0.0 % (0)
D-R-:53.3 % (8), D-R-:33.3 % (2),
D- (0) R+:6.7% (1), D- (0) R+:33.3% (2),
D?R-: 6.7 % (1), D?R-: 0.0 % (0),
D?R+:0.0 % (0), D?R+:16.7 % (1),
D+R-:20.0 % (3) D+R-:116.7 % (1)
IPI Stage 0:30.8 % (4), 1: 46.2 % (6) 13.3% (2) 0:16.7 % (1), 1: 33.3% (2) 0.0 % (0)
2:23.1% (3),3:0.0 % (0) 2:0.0% (0), 3:16.7 % (1)
4:0.0 % (0) 4:33.3% (2)
Age at first Tx (years) 454 (14.2) 0.0 % (0) 43.8 (13.0) 0.0 % (0)
Donor age (years) 32.6 (15.0) 20.0 % (3) 21.2 (10.6) 33.3% (2)
Duration of immunosuppression 11.7 (4.6) 0.0 % (0) 11.2 (9.5) 0.0 % (0)
overdose (days)
LDH tumorlysis (Y/N) 321.8 (154.4) 20.0 % (3) 520.3 (422.8) 0.0 % (0)
EBV peak viral load (CT) 29.4 (3.5) 0.0 % (0) 23.0 (4.0) 0.0 % (0)
EBV peak viral load duration (days) 29.2 (30.2) 0.0 % (0) 29.3 (26.2) 0.0 % (0)
Time from Tx to PTLD diagnosis 229.1 (210.4) 0.0 % (0) 471.5 (937.6) 0.0 % (0)
(days)
Follow up time (days) 1111.9 (866.6) 0.0 % (0) 449.8 (971.5) 0.0 % (0)
Age at PTLD diagnosis (years) 46.0 (14.2) 0.0 % (0) 451 (13.2) 0.0 % (0)

group had a slight female predominance
(57.14%). However, in the group of patients
who died with PTLD, the M/F ratio was 1:1.
There was no difference between the two

in this group of patients. There was a 28.6%
mortality associated with PTLD (6/21) (Table 1).
As expected, a majority (19/21, 90.47%) of the
patients had EBV-driven PTLD. The study
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Figure 1. Kaplan-Meier curve showing time from PTLD diagnosis to

PTLD death in multivisceral transplant recipients

groups in terms of age (years + standard
deviation) at first transplant: 45.4 (+ 14.2) in
the survivor group and 43.8 (+ 13.0) in
the death group, respectively. While PTLD
survivors received grafts from older older
donors (32.6 yrs + 15.0) compared to the PTLD
deaths group (21.2 yrs + 10.6), the large
number of missing donor age data (5/21,
23.8%) would preclude drawing any conclusion
from this particular finding. Table 2 shows age
and sex- adjusted associations between PTLD
mortality and binary clinical characteristics.
Age- and sex-adjusted HRs indicated risk of
PTLD mortality was significantly decreased
for lower values of peak EBV load [expressed
in cycle thresholds (p=0.009; HR 0.63; 95%CI
0.45-0.89)] (Table 2), and was significantly
elevated for Stage 3 ECOG performance score
(p=0.005; HR 34.77; 95%CI 2.94- 410.91), if
the recipients had a splenectomy (p=0.036;
HR 14.36; 95%CI 1.19-172.89), or required
retransplantation (p=0.039; HR 11.23; 95% CI
1.13-112.12). However the wide confidence
intervals for the three latter variables due to
small sample size should be noted. Table 3
shows age and sex-adjusted associations
between PTLD mortality and categorical
clinical characteristics. Likelihood ratio tests

Table 2.  Associations between risk factors and PTLD mortality. Age-
and sex-adjusted hazard ratios (95 % Cl) for PTLD mortality
from univariate (other than age and sex) linear Cox PH
regression. Not calculated indicates insufficient data to perform
the calculation

Characteristic HR P-value FDR adjusted

(95 % ClI) p-value

Easter Cooperative Oncology 34.77 0.005 0.0629

Group (ECOG) stage 3 (2.94,410.91)

EBV peak viral load cycle 0.63 0.009 0.0629

threshold (0.45,0.89)

LDH tumour lysis syndrome 1.00 0.019 0.087

(1.00,1.01)
Splenectomy 14.36 0.036 0.1454
(1.19,172.89)
Multivisceral retransplantation 11.23 0.039 0.1454
(1.13,112.12)
PTLD treatment with Rituximab 0.59 0.050 0.1708
(0.35,1.00)
Age at first transplant 0.62 0.067 0.178
(0.37,1.03)

Duration from transplant to PTLD 1.00 0.067 0.178

diagnosis (1.00,1.00)

Liver included in transplanted 6.54 0.071 0.178

organs (0.85,50.34)

Acute rejection episode 6.95 0.082 0.178

posttransplant (0.78,61.62)

Treatment of acute rejection 5.42 0.106 0.2173

episode (0.70,42.13)
Presence of B symptoms 7.04 0.117 0.2284
(0.62,80.56)

Positive crossmatch 3.79 0.148 0.2545
(0.62,23.15)

EBV donor/recipient mismatch 5.55 0.149 0.2545
(0.54,56.71)

PTLD detected in more >1 organ 3.34 0.197 0.3107
(0.54,20.82)

Donor age 0.94 0.278 0.4071
(0.83,1.05)

International prognostic index (IPI) 2.83 0.368 0.5029

stage >1 (0.29,27.11)

PTLD in intestinal transplant 1.95 0.556 0.6908

(0.21,18.17)
CD20 positive 0.56 0.650 0.7838
(0.05,6.73)

Induction immunosuppression 147 0.670 0.7849

doses >2 (0.25,8.63)

Duration of abnormal EBV viremia 1.00 0.866 0.9376

(0.96,1.03)

Duration of immunosuppression 0.99 0.869 0.9376

overdose (days) (0.85,1.15)

More than 1 extranodal sites not calculated 0.999 0.999

involved by PTLD

CMV donor/recipient mismatch ~ not calculated 0.999 0.999

PTLD morphology (monomorphic not calculated 0.999 0.999

or other than polymorphic)
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Table 3.  Likelihood ratio tests (LRT) compared age- and sex-adjusted Cox models with and without each categorical risk
factor. We present hazard ratios and their 95% confidence intervals for each contrast level compared to the
reference level of each variable. The unadjusted and FDR-adjusted p-values correspond to the LRT. Not
calculated indicates insufficient data to perform the calculation

Characteristic Characteristic level HR (95% ClI) P-value FDR adjusted

p-value

Number of doses of Alemtuzumab, Dose = 2 1.33 (0.20, 8.66) 0.843 0.938

induction immunosuppression (vs dose = 1) Dose = 3 2.31 (0.14, 38.24)

Number of extranodal sites (vs number = 0) Number = 1 Not calculated -

Number = 2 Not calculated
PTLD graft (vs PTLD graft = 0) PTLD graft = 1 0.78 (0.04, 14.39) 0.401 0.531
PTLD graft = 2 2.99 (0.30, 29.93)
PTLD morphology (vs plasmacytic hyperplasia) Infectious mononucleosis  Not calculated -
Monomorphic Not calculated
Polymorphic Not calculated
EBV status (vs donor positive recipient positive) Donor negative recipient
positive 5.01 (0.38, 66.64) 0.291 0.412
Donor indeterminate
recipient positive 17.87 (0.62, 511.46)
Donor positive recipient
negative 6.12 (0.45, 83.37)
IPI stage (vs stage = 0) stage = 1 1.77 (0.25, 12.43) 0.019 0.087
stage = 2 Not calculated
stage = 3 476.39 (28.64, 7924.37)
stage = 4 19.96 (2.51, 158.58)

Donor/recipient CMV status
(vs donor positive recipient positive)

Donor negative/
recipient negative

Not calculated -

Donor negative/
recipient positive

Not calculated

Donor indeterminate/

recipient negative

Not calculated

Donor indeterminate/

recipient positive

Not calculated

Donor positive

recipient negative

Not calculated

further identified significant associations
between PTLD mortality and International
Prognostic Index, (IPI) although confidence
intervals were wide (Stage 1 HR 1.77 (0.25-
1.24), Stage 3 HR 476.39 (28.64-7924.37),
Stage 4 HR 19.96 (2.51-158.58). Fig. 2 shows
the association of PTLD mortality with
continuous clinical characteristics. The width
of confidence intervals precludes the finding
of clinical meaningful results for most charac-
teristics, except for a significant trend for
increased risk of PTLD mortality with lower
peak EBV load (p=0.008), longer time from
MVTx to PTLD diagnosis (p<0.001), and donor
age (p<0.001). PTLD patients in our study
group who succumbed with their disease were
more likely to have had at least one episode of

acute rejection (66.7% vs 26.7%, NS) and
therefore exposed to more immunosuppres-
sion. Moreover, although this did not reach
statistical significance, 50% of the PTLD
patients who died (3/6) had been treated for
acute rejection, compared to only 13.3% (2/15)
in the PTLD survivors’ group. Nevertheless,
survival was not influenced by the number of
induction doses (1 vs 2 doses of Alemtuzumab)
(HR=1.47, 95% CI 0.25 to 8.63, p=0.670). All
patients in this analysis had immunosuppres-
sion reduction at the time of diagnosis and
were started on a front-line treatment defined
as a Trappe (9) approach with rituximab
monotherapy induction. We hypothesised that
over- immunosuppression might not only
drive the occurrence of PTLD, but also
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contribute to its severity, expressed in an
increased risk of dying. However, our study
did not confirm this, as there was no
statistically significant difference between
the number of days of immunosuppression
overdosing (Tacrolimus serum trough level
> 12 ng/mL and/or trough Ciclosporin levels
prior to administration of morning dose > 300
ng/mL) in the survival group vs the death one
(11.7 days vs 11.2 days, respectively).

Prognostic indices and performance status
were important indicators in this study.
Patients with an IPI score > 0 were 2.83 (95%
CI0.29 to 27.11, p=0.368) times more likely to
die from PTLD compared to patients with a
score of 0. Moreover, all patients who survived
PTLD had an ECOG score = 0, while none of
the patients with ECOG = 3 survived.

Anatomical location of PTLD seems to play
a role in its prognosis, as all the patients who
succumbed had extranodal disease compared
to 66.7% of the patients who survived.
Moreover, 50% (3/6) of the patients who died
had > 2 extranodal sights affected by PTLD,
compared to only 20% in the survival group.
This is furthermore reflected in the extent of
the disease to both the graft AND extragraft
anatomical locations: in the latter situation,
the mortality rate was 50 % (4/8). However, in
the patients with PTLD located to either the
allograft OR native organs, PTLD associated
mortality was only 15.38% (2/13).

One of the intriguing findings of our study
1s the fact that PTLD patients who have
received liver-containing grafts may have
fared worse compared to MMVTx or isolated
small-bowel recipients: only 20% of the
patients who survived PTLD (3/15) had liver
containing grafts compared to 66.6% (4/6) in
the death group. Only 14.2% of the PTLD
patients with non-liver containing liver grafts
expired, compared to a majority (57.14%) of
the liver-containing-graft recipients. Again,
this trend did not reach statistical significance
(HR 6.54 95% CI 0.85 to 50.34, p=0.071).
Moreover it may also reflect functional
Immunosuppression due to splenectomy, as
71.42% (5/7) of the liver-containing graft
recipients were splenectomised, compared to

14.28% (2/14) in the non-liver containing
grafts recipients.

In terms of the clinical manifestations of
PTLD, the mortality risk was higher in those
who developed B symptoms compared to those
who did not. However, due to the low number
of patients, this did not reach statistical
significance (HR 7.04, 95% CI 0.62 to 80.56,
p=0.117). Peak LDH before treatment
commencement (triggered by a diagnosis of
CT<34) was also found to be significantly
raised in the mortality group vs the survival
group (321.8 + 154.4 IU/L vs 520.3 + 422.8
IU/L; HR 1.00, 95%CI 1.00 to 1.01, p=0.019).
Peak wviral load recorded before treatment
initiation (Cycle Threshold cutoff = 32 in our
Pathology Laboratory) was found to correlate
with the relative risk of death in MVTx
patients who developed PTLD, with the
survivors having a mean CT value of 29.4 (3.5)
compared to 23.0 (4.0) in the mortality group.
Nevertheless, the duration of abnormally high
EBV titres (CT < 32) did not correlate with
risk of death in our cohort: 29.2 (30.2) vs 29.3
(26.2) in survivor vs death cases, respectively.

Discussion

The majority of PTLD cases derive from
reactivation of latent EBV infection of the
recipient in B cells, facilitated by immuno-
suppressive treatment. EBV seronegative
recipients, however, may develop PTLD
following primary EBV infection through
passenger lymphocytes in the engrafted
organs (10). If primary EBV infection occurs
after SOT, diminished EBV-directed CD8+
T-cell responses allow for EBV infection to
establish in a larger B-cell reservoir than
when EBV infects immunocompetent hosts
(11).

EBYV promotes PTLD by either: (i). immune
system dysregulation via downregulating
the MHC I & II expression, thus effectively
escaping the immune system or (ii). upregulating
the checkpoint inhibitors, such as PD-1 inhibitory
receptors on the surface of T lymphocytes, which
leads to T-cell exhaustion, conversely impinging
optimal infection control and favouring anergy
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against EBV (12). Nevertheless, other forms
of PTLD can include T cell (13) or NK cell
lymphoproliferations (14). It is important to
note, however, that PTLD in SOT patients
most frequently derives from the recipient,
whereas HSCT-related PTLD is usually trans-
mitted from the donor (15). The highest
incidence of EBV+PTLD occurs in the first 1-2
years post-transplant (16). Over the past two
decades, there has been an increase in the
incidence of PTLD attributed to an increased
number of SOTs, introduction of novel and
more potent Immunosuppressive regimens,
and improved diagnosis (17). The marked
reduction of EBV viral load after commence-
ment of antiCD20 treatment is most likely due
to B-lymphocyte removal from the peripheral
blood by rituximab (18). A plethora of PTLD
risk factors have been identified (EBV
mismatch, CMV mismatch, type of graft, age at
diagnosis, increased immunosuppression et al).
However, given the large variability in terms of
PTLD manifestation and prognosis, robust
data lacks in regards to prognostic factors
associated with an increased risk of death in
MVTx recipients who develop PTLD. PTLD-
related mortality after liver and intestinal
transplantation has historically been reported
to be approximately 50% at 5 years (19), which
1s substantially higher compared to any other
type of SOT. Several poor outcome risk factors
in PTLD patients have been identified:
increased LDH (20), hypoalbuminemia (21),
CNS, graft and BM involvement, mono-
morphic pathology (22), poor performance
status, age>45 years at the time of transplant
(23) and EBV- and CD20-negativity assessed
by immunohistochemistry of the tumour (24).
Additionally, a clinical score assessing the
RR of developing PTLD which comprises 5
variables (high-risk pre-transplant EBV, IgG
donor/recipient serostatus,positive plasma
EBV DNA, abnormal hemoglobin and CRP
levels) was recently published (25). However,
these studies pooled together pediatric and
adult PTLD patients who received a wide
variety of solid organ transplants, including
but not limited to small bowel. Moreover,
although pediatric PTLD patients have a

higher incidence and earlier occurrence of the
disease (22), they have been shown to fare
better compared to adult SOT who develop
PTLD. The highest rejection rates in solid
organ transplantation occur in transplanta-
tion of the small intestine and the enhanced
immunosuppression therefore needed 1is
arguably the most important contributor to
the increased PTLD rate in this cohort of
patients (26). PTLD may occur early after lung
transplantation as well, where transplanted
lymphoid tissue i1s also abundant.
Nevertheless, as antibody induction is not
used in lung recipients compared to MVT
ones, early PTLD incidence rate in the latter
group has been consistently higher (12,27,28).
Calcineurin-inhibitors seem to play augmented
role in the pathogenesis of PTLD vs other types
of immunosuppression regimens (10). Pre-
emptive reduction of Immunosuppressive
therapy at the first evidence of increasing
EBYV titers decreases the incidence of PTLD
and it may also contribute to a milder PTLD
phenotype and improved clinical outcomes
(29). While our study did not detect any
association between PTLD outcome and the
number of doses of Alemtuzumab induction,
this regimen per se was associated with a
twofold-increased incidence of PTLD after
pediatric ITx when compared with rATG (30).
The Authors sub-sequently decided to
abandon Alemtuzumab induction altogether,
therefore underscoring the important role
cumulative over immunosuppression might
play in the development of PTLD. A relatively
novel approach employs IS induction with
Rituximab in SOT recipients, which appears
to preclude the occurrence of PTLD, and the
benefit remained consistent when specific
organ subanalysis was performed (31). This
strategy may prove especially useful in selected
MTVx recipients with risk factors of death
from a potential PTLD, such as where splenec-
tomy is necessary at the time of transplant or
previously resected. Furthermore addition of
Rituximab to a rATG induction regimen may
remove B cells more effectively, therefore
mitigating the risk of preformed/de novo DSAs
against the multivisceral graft (32). Since
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antiviral prophylaxis in EBV naive patients
has proven to exert no effect on the incidence
of PTLD (33), it currently seems that the most
effective way of mitigating PTLD-related
deaths is focusing on identifying risk factors
and tailoring timing and dosage of treatment,
rather than prophylaxis of EBV infection.
Dechu et al (34) reported good results when
administering valganciclovir while concomi-
tantly decreasing MMF by 30% in patients with
EBV besides the decrease in CNI dosage.
Antimetabolite treatment may be discontinued
altogether when early PTLD is diagnosed (35).
CMV infection exerts an indirect pathogenic
effect by further immunosuppressing an
already susceptible transplant recipient via
downregulating HLA expression, T-cell
proliferation, and NK cell activity (36). CMV
primary infection and recipient CMV sero-
negativity have been shown to lead to poorer
outcomes in a PTLD cohort of pediatric liver
transplant recipients (37). Furthermore,
CMV-EBV coinfection in SOT recipients
increases both the RR of developing PTLD as
well as the rate of ACR compared with
patients with only one of the infections (38).
Whereas our analysis did not find any
association between CMV infection and PTLD
occurrence, it should be noted that CMV has
been involved in the pathogenesis of early
PTLD (39) and should be taken into considera-
tion in any EBV D/R -/- patient, suggesting
prompt antiCMV treatment. In EBV-driven
PTLD clinical presentations are protean and
not specific. This is compounded by the fact
that a significant heterogeneity of histo-
pathological forms has been noted, from non-
destructive to destructive PTLDs (40), which
conversely has hampered detailed assess-
ments and pooling of smaller similar studies
in meta analyses of these critical complica-
tions. Our study did not identify any prognos-
tic association of severity with any clinical
presentation, bar an increased association
with B symptoms in patients who died of
PTLD. However, while not reaching statistical
significance, we noticed a trend towards a
higher mortality RR monomorphic PTLD
patients compared to non-monomorphic

histology. 3/4 PTLD patients who died and
had a histological diagnosis presented the
monomorphic subtype, compared with 4/12
(33%) in the survival group, corroborating
Tajima et al’s 22 findings in their large cohort
of PTLD post LTx. The statistically significant
increased LDH in the group of patients who
died with PTLD in our study complements an
earlier study conducted by Tsai et al (41)
(2001), who identified LDH, organ dysfunction
and multi-organ involvement as risk factors
for failure of reduction of Immunosuppression
in successfully treating PTLD. This relatively
inexpensive and widespread laboratory
marker, if validated in larger cohorts, may
be used as a surrogate predictor for PTLD
mortality in MVTx patients. Consistent with
our data that any IPI>0 is associated with a
3-fold higher risk of mortality (42), found a
1.56 increased RR of mortality in their 88
mixed SOT patients. Of note, only 6 of their
patients were MTVTx recipients. Corroborating
other authors’ findings (43), re-transplantation
correlated with an increased risk of death
in our group of patients, and this may be
attributed to the cumulative effect of
supplementary IS). Re -transplantation was
associated with higher risk of death from
PTLD in our cohort of patients. Although the
available data is quite scarce, Kubal et al (44)
have shown that multi-visceral re-transplant
recipients have a higher rate of severe ACR
which necessitates increased IS, and this
correlates with the number and severity of
previous episodes of ACR. This may explain a
potentially accentuated and earlier dysfunction
of CD4 T cells and thereby a propensity to
develop more severe EBV-driven PTLD. It is
noteworthy that surgical removal of a single
resectable PTLD tumor (8), as well as radia-
tion therapy in localized disease (45), are
still considered as part of the therapeutic
armamentarium. One postulated solution
meant to decrease the rate of ACR in MVTx
retransplants and thereby indirectly the rate
of PTLD consists of an IS-free interval after
a graft enterectomy, which allows for
reconstitution of the recipient immune system
(44). Nevertheless, this latter solution should
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be employed judiciously, given that any poten-
tial sensitization episode may decrease the
pool of organs available for retransplantation.

Administration of the full course (4 doses)
of Rituximab was clearly associated with
survival in our cohort of patients (p=0.05).
While the benefits of Rituximab should be
weighed against its increased risk of infections
(10), it nevertheless remains the treatment of
choice in this situation. Choquet et al (46)
have identified a survival benefit from
Rituximab monotherapy in patients aged < 60
years, ECOG performance status < 1 and
normal LDH, suggesting that patients outside
these criteria should receive Rituximab +
chemotherapy. However, patients in complete
remission after 4 doses of Rituximab, as well
as those in partial remission but with IPI < 3
may receive Rituximab consolidation vs
chemotherapy, with the same EFS and OS, as
the PTLD-2 trial recently showed (28). This
probably due to the decreased TRM that
rituximab offers vs conventional chemotherapy
(27). In our cohort, 2/6 patients who succumbed
due to PTLD received chemotherapy (1) or
CTLs (1) vs 2/15 in the survival group. The
addition of these treatments does not seem to
have influenced the rate of survival in our
experience, though these may have been given
too late in the disease course to have afforded
any benefit. Jain et al (47) reported that the
addition of CHOP chemotherapy in their
group of patients who had Rituximab treat-
ment failure offered only a marginal survival
benefit. The Authors suggested that progres-
sion under rituximab treatment predicts a
poor outcome in diffuse large B cell-type PTLD
and might preclude adding chemotherapy in
this subset of patients altogether. In agree-
ment with our findings that a higher number
of rituximab doses is associated with lower
mortality, the PTLD-1 Trial proved that 25%
of the recipients treated with Rituximab do
not require chemotherapy and suggested that
rituximab consolidation (8 rather than 4
weekly doses) prevents relapse (48). Moreover,
the rate of response to rituximab regardless of
EBYV status is a predictor for overall survival
(4). Allogeneic cryopreserved EBV-specific

CTLs are commercially available in blood
banks in the United Kingdom (49). They use
healthy EBV seropositive donors and cover
the most common HLA types matched with
the recipients. CTLs treatment (adoptive
immunotherapy) is postulated on the fact
that PTLD is most often of host-origin and
EBV-specific host CTL are dysfunctional due
to immunosuppression of the host recipient.
CTLs are infused from HLA-matched donors
or autologous lymphocytes to recipients.
Their clinical benefit in patients who have
progressive disease under Rituximab relies on
their potential to restore cellular immunity
after EBV infection, and eradicate EBV-infected
B cells, while avoiding immune-ablation and
organ toxicity seen in chemotherapy (50). In
our experience, of the only 2 patients who
received CTLs after Rituximab had failed to
achieve remission, one survived and one died.
Corroborating our findings, Prockop et al (51)
reported a 54% rate of complete response or
durable partial response Rituximab-failure
SOT PTLD patients who received CTLs. The
risk of allograft loss resulting from activation
of cytotoxic T cells by cytokine signalling
seems to constitute a legitimate target of novel
research in order to ameliorate the results of
adoptive immunotherapy in PTLD patients.
Previous studies have revealed a decreased
relative risk of developing PTLD in recipients
who had their IS dose halved at a certain EBV
viral load threshold (52). However, to the best
of our knowledge, our study is the first one to
allude to a certain threshold of EBV viral load
(CT<24) beyond which the risk of death
increases threefold (Supplementary Fig. 1).
Although testing for EBV DNAemia as a
blanket rule in all adult SOT recipients has a
low clinical value per se and is only recom-
mended in certain high risk subgroups (53),
we found it appropriate in MVTx recipients,
who have a significantly increased baseline
risk of PTLD. Nevertheless, it should be noted
that in a pediatric setting, peak EBV viremia
was correlated with a dose-dependent risk of
mortality in a recent study by Chang et al (54).
Further studies creating an international
registry of PTLD in SBTx recipients would
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facilitate comparison of outcomes after treat-
ment. Another important domain of research
would be the study of viral and cellular
genome expression in pathologic specimens of
PTLD biopsies, in order to develop biomarkers
(EBV miRNAs) that might predict treatment
response (4,55). Switching the calcineurin-
based regimen to Sirolimus at the onset of
PTLD (56,57), or even when EBV viremia is
detected, has been reported with very good
results, however it needs to be assessed in
larger cohorts of patients. Lastly, a potential
EBV- gp350-Ferritin nanoparticle vaccine
with a saponin-based Matrix-M adjuvant is
being currently investigated by the National
Institutes of Health in the United States in a
phase I clinical trial in healthy adults (58).
The eagerly awaited results may translate
into a significant reduction of PTLD disease
burden for MVTx recipients.

The limitations of our study should be
noted: the sample size of this observational
cohort was small and from a single centre. A
multicentre study with a larger cohort is
required to validate our findings and to adjust
for all confounders using a multivariable
analysis. Furthermore, our study was limited
by missing data from patients transplanted
before our electronic database (EPIC) was
implemented in late 2014. Standardized
assays for EBV quantitation and multiple
PCR-based platforms have not been intro-
duced in clinical practice yet. Consequently
the determination of cut-offs of elevated EBV
viral load is established by each individual
laboratory, which hinders the ability to
compare the results across centres (16). We
thereby consider further studies are needed in
order to confirm the association we have
detected in our study group between high EBV
viral loads in peripheral blood and mortality
rate. Our comprehension of risk stratification,
therapeutic algorithms, and response will
benefit from more uniform data collection and
reporting.

Conclusion

In conclusion, this retrospective analysis

provides real world data on 21 PTLD cases in
adult MVTx recipients, to the best of our
knowledge the first cohort published in the
literature in this type of transplant. Our
findings may prove useful in establishing the
most relevant risk factors for death in MVTx
patients who develop EBV-driven PTLD.
Early identification of these factors may be
useful not only in establishing prognosis but in
mitigating the mortality rate by offering
timely treatment to high-risk patients.
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