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13.1 Overview of PTLD

Abbas F, El Kossi M, Shaheen IS, Sharma A, Halawa A. (2020). Post-transplantation lymphoproliferative
disorders: Current concepts and future therapeutic approaches. World J Transplant. 10(2), 29-46.
Retrieved from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7093305/
e Comprehensive review of PTLD after solid-organ transplant and hematopoietic stem-cell
transplant. Topics include epidemiology, risk factors, pathogenesis, clinical presentation,
diagnosis and summary of treatment options.

Gandhi S, et al. (2020). Late-onset posttransplant lymphoproliferative disorders after solid organ
transplantation in adults: a case series and review of the literature. Case Rep in Transplant. 2020, 1-9.
Retrieved from: https://pubmed.ncbi.nim.nih.qov/32095310/
e Case-series describing five late-onset PTLDs with rare histological features and multiorgan
involvement.

Walti LN, et al. (2020). Association of antiviral prophylaxis and rituximab use with post-transplant
lymphoproliferative disorders (PTLDs): A nationwide cohort study. Am J Transplant. EPub ahead of print.
Retrieved from: https://pubmed.ncbi.nim.nih.gov/33289340/

e Nationwide cohort study based on data from the multicenter nationwide observational Swiss
Transplant Cohort Study (STCS) to describe the clinical characteristics of PTLD cases after SOT
and to assess the effect of rituximab therapy and the use of antiviral prophylaxis on PTLD
occurrence. Total of 4765 SOT patients (7% kidney, 22% liver, 9% lung, 8% heart, 5% combined)
with 57 cases of PTLD. 86% of PTLD cases were EBV positive. The overall PTLD incidence was
2.39 per 1000 person-years. Incidence rates for EBV+ PTLD at 1, 2, and 3 years post-transplant
were 3.51, 2.24, and 1.75/1000 person-years and 0.44, 0.25, and 0.29/1000 person-year for
EBV- PTLD. Majority of SOT patients receiving rituximab were kidney transplant recipients
(95%). Among them, 88% received rituximab as induction therapy. The mean PTLD-free survival
time at 9 years of follow-up was significantly shorter (0.104 years [95% CI 0.077-0.131]). Patients
not receiving rituximab induction had a significantly shorter mean PTLD-free survival time at 9
years follow-up (0.067 years [95% CI 0.039-0.096]).

Romero S, et al. (2019). Post-transplant lymphoproliferative disorders after solid organ and hematopoietic
stem cell transplantation. Leuk Lymphoma. 60(1), 142-150. Retrieved from:
https://pubmed.ncbi.nim.nih.qgov/29966464/.
e Single center, retrospective study was conducted to compare the clinical, biological and
histological features and outcomes of PTLD after solid organ transplant and hematopoietic stem
cell transplant. Found that PTLD had an earlier onset in patients with allo-HSCT compared to
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SOT (4 vs 64 months, p<0.0001). Median overall survival after four years was 32% (95% ClI, 22-
48) in SOT and 10% (95% ClI, 2-49) in allo-HSCT recipients, p = 0.002.

DeStefano CB, et al. (2018). Management of post-transplant lymphoproliferative disorders. Br J
Haematol. 182(3), 330-343. Retrieved from: https://www.ncbi.nlm.nih.gov/pubmed/29741774
e Comprehensive review of PTLD following solid organ transplant and hematopoietic stem cell
transplant with a focus on management. Includes an overview of ongoing clinical trials of novel
agents

Dierickx D, Habermann TM. (2018). Post-Transplantation Lymphoproliferative Disorders in Adults. N Engl
J Med. 378(6), 549-562. Retrieved from: http://www.nejm.org/doi/full/10.1056/NEJMral702693
e A comprehensive review of PTLD in adult transplant recipients, including solid organ transplant
and bone marrow transplant.

Dharnidharka VR. (2018). Comprehensive review of post—organ transplant hematologic cancers. Am J
Transplant. 18(3), 537-549. Retrieved from: https://www.ncbi.nlm.nih.gov/pubmed/29178667
e Comprehensive review of hematologic cancers, including PTLD, following solid organ transplant.

Peters AC, et al. (2018). The changing epidemiology of posttransplant lymphoproliferative disorder in
adult solid organ transplant recipients over 30 years: A single center experience. Transplantation, 102(9),
1553-1562. Retrieved from:
https://journals.lww.com/transplantjournal/Fulltext/2018/09000/The_Changing_Epidemiology_of_Posttran
splant.31.aspx?WT.mc.

e Single center study from Alberta evaluating SOT patients of all organs between 1/1/1984 -
12/31/2013 (n=4171) and the characteristics of those who developed PTLD. Multi-organ, small
bowel, and thoracic transplants had an increased risk of PTLD (Multi-organ/small bowel: 95% CI
1.5-84; P=0.019; thoracic: 95% CI 1.5-4.5; P<0.001). Epstein-Barr virus seronegative patients
had an eight-fold higher risk of PTLD (95% CI. 5.1-13; P<0.001). The risk for PTLD is higher at 1
year post-transplant vs. 10 years post-transplant (HR: 17.1, 95% CI: 8.1 - 35.7 versus HR: 11.5,
95% CI: 7 — 18.8).

Ghobrial IM, et al. (2005). Differences between early and late posttransplant lymphoproliferative disorders
in solid organ transplant patients: are they two different diseases?
Transplantation, 79(2), 244-7. Retrieved from: https://www.ncbi.nIm.nih.gov/pubmed/?term=15665775
e Retrospective review of SOT patients diagnosed with PTLD at a single U.S. center between
December 1970 and May 2003. Early PTLD was defined as PTLD that occurs within 1 year post
transplant. The authors concluded that patients with early PTLD were likely to be EBV+, CD20+,
and more commonly involved the grafted organ.

13.2 PTLD and Epstein - Barr virus

Lau E, et al. (2021). Analysis of Post-Transplant Lymphoproliferative Disorder (PTLD) Outcomes with
Epstein—Barr Virus (EBV) Assessments—A Single Tertiary Referral Center Experience and Review of
Literature. Cancers. 13(4), 899. Retrieved from: https://www.mdpi.com/2072-6694/13/4/899
e Retrospective cohort study reporting the characteristics and outcomes of PTLD in the rituximab
era with a total of 66 patients with PLTD following SOT at a median follow-up of 9 years. Overall
median time from SOT to PTLD was 5.5 years with the longest time to diagnosis in infant
transplants; overall survival was a median of 19 years. Response rate in the monomorphic
DLBCL was 72% (n = 26) and 92% in polymorphic PTLD (n =12).

Allen UD, Preiksaitis JK. (2019). Post-transplant lymphoproliferative disorders, Epstein-Barr virus
infection, and disease in solid organ transplantation: Guidelines from the American Society of
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Transplantation Infectious Diseases Community of Practice. Clinical Transplant. 33(9), e13652. Retrieved
from: https://onlinelibrary.wiley.com/doi/abs/10.1111/ctr.13652.
e AST Infectious Disease Community of Practice updated guidelines. Reviews diagnosis,
management and prevention of PTLD and EBV syndromes after solid organ transplantation.

13.3 PTLD following cardiac transplant

Bujo C, et al. (2021). Association between infectious event and de novo malignancy after heart
transplantation. Heart Vessels. 36(4), 499-508. Retrieved from:
https://link.springer.com/article/10.1007/s00380-020-01715-9
e Retrospective cohort study investigating the incidence of and risk factors for de novo malignancy
after heart transplantation from a single center (Tokyo, Japan), with the correlation of infectious
events and de novo malignancy. Further division of malignancy into PTLD group revealed the
frequent negative EBV serostatus, CMV positive antigenemia, and occurrence of any viral or Gl
infections at < 1 year.

13.4 PTLD following liver transplant

Wang T, et al. (2021). Successful treatment of pediatric refractory Burkitt ymphoma PTLD after liver
transplantation using anti-CD19 chimeric antigen receptor T-Cell therapy. Cell Transplant. 30, 1-8.
Retrieved from: https://journals.sagepub.com/doi/full/10.1177/0963689721996649
e Case report of the first case of refractory BL-PTLD successfully treated using autologous anti-
CD19 chimeric antigen receptor (CAR) T cell therapy. Sustained complete remission and
manageable cytokine release syndrome were achieved.

13.5 PTLD following renal transplant

Rouphael B, et al. (2016). Outcomes of kidney retransplantation in recipients with prior post-transplant
lymphoproliferative disorder. Clin Transplant. 30(1), 60-5. Retrieved from:
https://www.ncbi.nlm.nih.gov/pubmed/?term=26497471 .

® A retrospective review of 8 kidney transplant recipients who developed PTLD and subsequently
underwent retransplantation from 1963 to December 2012 at a single U.S. center. After a median
follow-up of 62.5 months (range 2-125 months) allograft survival was 87.5% (7 functioning grafts,
1 failed graft from chronic rejection), with no recurrence of PTLD. Three patients died from
causes other than PTLD.

13.6 PTLD following intestinal transplant

Stanley K, et al. (2018). Post-transplant lymphoproliferative disorder in pediatric intestinal transplant
recipients: a literature review. Pediatr Transplant. 22(5), e13211. Retrieved from:
https://www.ncbi.nlm.nih.gov/pubmed/29745058 .

e A comprehensive review of PTLD in pediatric intestinal transplant recipients in regard to
pathology, presentation, and management. Also provides a summary of cases reviewed from the
literature.

13.7 Management of PTLD

Krishnamoorthy S, et al. (2021). CAR-T therapy in solid organ transplant recipients with treatment
refractory posttransplant lymphoproliferative disorder. Am J Transplant. 21(2), 809-814. Retrieved from:
https://pubmed.ncbi.nlm.nih.gov/33089906/.
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e Case series reporting outcomes of three SOT patients (one heart, one kidney, one pancreas) with
refractory PTLD that received CAR-T therapy. All patients had major complications from CAR-T
therapy and eventually expired.

Jain MD, et al. (2020). Failure of rituximab is associated with a poor outcome in diffuse large B cell
lymphoma-type post-transplant lymphoproliferative disorder. Br J Haematol. 189(1), 97-105. Retrieved
from: https://pubmed.ncbi.nim.nih.qov/32068243/.
e Multicenter, retrospective study looking at patients (n=155) with DLBCL-type PTLD treated with
regimens that included rituximab. Two-year overall survival with rituximab-containing therapy was
63.7% (95% CI 56.6 - 71.1%). No difference in survival between R-CHOP therapy and rituximab
primary therapy. Multivariate analysis in 109 patients concluded that baseline IPI score and
response to rituximab induction therapy are predictors for overall survival.

Trappe RU, et al. (2017). Response to rituximab induction is a predictive marker in B-cell post-transplant
lymphoproliferative disorder and allows successful stratification into rituximab or R-CHOP consolidation in
an international, prospective, multicenter phase Il trial. J Clin Oncol. 35(5), 536-543. Retrieved from:
https://www.ncbi.nlm.nih.gov/pubmed/?term=27992268 .
® Prospective, multicenter, open-label, phase Il trial evaluating 152 CD20+ PTLD patients who
failed reduced immunosuppression. All patients received rituximab whereby on day 50, if patients
were complete responders they would continue rituximab monotherapy. All others would receive
R-CHOP. The study concluded that treatment stratification into rituximab or R-CHOP
consolidation on the basis of response to rituximab induction is safe and effective.

Trappe R, et al. (2012). Sequential treatment with rituximab followed by CHOP chemotherapy in adult B-
cell post-transplant lymphoproliferative disorder (PTLD): the prospective international multicenter phase 2
PTLD-1 trial. Lancet Oncol. 13(2), 196-206. Retrieved from:
https://www.ncbi.nIm.nih.gov/pubmed/?term=22173060.

e International multicenter open-label phase 2 trial, treatment-naive adult solid-organ transplant
recipients diagnosed with CD20-positive PTLD who had failed to respond to upfront
immunosuppression reduction received four courses of rituximab (375 mg/m?2 IV) once a week
followed by 4 weeks without treatment and four cycles of CHOP every 3 weeks. In case of
disease progression during rituximab monotherapy, CHOP was started immediately. The primary
endpoint was treatment efficacy measured as response rates in all patients who completed
treatment with rituximab and CHOP, per protocol, and response duration, in all patients who
completed all planned therapy and responded. Secondary endpoints were frequency of
infections, treatment-related mortality, and overall survival.

Reshef R, et al. (2011). Reduction of immunosuppression as initial therapy for posttransplantation
lymphoproliferative disorder. Am J Transplant. 11(2), 336-47. Retrieved from:
https://www.ncbi.nlm.nih.gov/pubmed/21219573.

e Retrospective review of solid organ recipients diagnosed with PTLD between August 1988 and
June 2008 at a single U.S. center. Of 162 adult patients diagnosed, 148 were evaluated. Patients
were treated with either reduced immunosuppression (RI) alone (n=67), surgical excision followed
by RI (n=30), or other first line therapies with or without Rl (n=51). The study demonstrated a
45% response rate from RI alone, with the majority being complete response. There was a 32%
acute rejection rate with RI-containing regimens with some requiring a second transplant. Of note,
monomorphic PTLD was diagnosed in 63% patients treated with RI alone vs. 39% patients
treated with other first-line therapies, implying a selection of patients with monomorphic PTLD for
treatment with Rl alone (p=0.011). The study also identified the following risk factors for poor
response: bulky disease, advanced stage, and older age.
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Parker A, et al. (2010). Management of post-transplant lymphoproliferative disorder in adult solid organ
transplant recipients—BCSH and BTS Guidelines. Br J Haematol. 149(5), 693-705.
Retrieved from: https://www.ncbi.nIm.nih.gov/pubmed/20408848

PTLD guidelines from a joint working group established by the Haemato-oncology subgroup of
the British Committee for Standards in Hematology (BCSH) and the British Transplantation
Society (BTS). This review details the therapeutic options recommended including reduction in
immunosuppression, transplant organ resection, radiotherapy and chemotherapy.

Swinnen LJ, et al. (2008). Prospective study of sequential reduction in immunosuppression, interferon
alpha-2B, and chemotherapy for posttransplantation lymphoproliferative disorder. Transplantation, 86(2),
215-22. Retrieved from: https://www.ncbi.nIm.nih.gov/pubmed/18645482 .

A multi-center, prospective, phase Il study of 16 patients with biopsy-proven PTLD after any
organ allograft (excluding lung) transplantation. A sequential approach was used in this study,
starting with reduction in immunosuppression, escalating to interferon alpha2b, and finally to
chemotherapy. The response rate to reduced immunosuppression was 0/16 complete remission
and 1/16 (6%) partial remission. Six of the 16 patients (38%) had documented rejection during the
period of reduced immunosuppression. Thirteen patients underwent treatment with IFN alpha with
2/13 (15%) complete remission and 2/13 (15%) partial remission. Lastly, 7 patients proceeded to
ProMACE-CytaBOM chemotherapy with 67% complete remission.

Choquet S, et al. (2006). Efficacy and safety of rituximab in B-cell post-transplantation lymphoproliferative
disorders: results of a prospective multicenter phase 2 study. Blood. 107(8), 3053-7. Retrieved from:
https://www.ncbi.nIm.nih.gov/pubmed/16254143

Phase 2 study conducted at 15 French and 4 Belgian centers between May 2000 and December
2001. Forty-six patients with untreated B-PTLD that were not responding to tapering of
immunosuppression were included and 43 patients (18 kidney, 11 heart, 7 liver, 4 lung, and 3
heart-lung) were analyzed. Treatment consisted of 4 weekly injections of rituximab at 375 mg/m?2.
Immunosuppressive drugs were stopped if possible, or dosage reduced by at least 50% and/or
the number of drugs reduced to no more than two. At day 80, 37 (86%) patients were alive and
the response rate was 44.2%, including 12 patients with a complete response. The overall
survival rate at 1 year was 67%.

Blaes AH, Peterson BA, Bartlett N, Dunn DL, Morrison VA. (2005). Rituximab therapy is effective for
posttransplant lymphoproliferative disorders after solid organ transplantation: results of a phase Il trial.
Cancer. 104(8):1661-7. Retrieved from: https://www.ncbi.nlm.nih.gov/pubmed/16149091

Retrospective review of 11 transplant recipients (4 kidney, 1 heart, 1 kidney-pancreas, 4 single
lung, and 1 bilateral lung) at two U.S. centers diagnosed with PTLD treated with rituximab.
Immunosuppressive therapy was reduced in dose or discontinued in all patients at the discretion
of the managing physician. Three patients received a course of acyclovir. The overall response
rate was 64% (6 complete remission, 1 partial remission, 2 progressive disease, and 2 deaths)
and 55% complete remission rate.

Jain AB, et al. (2005). Rituximab (chimeric anti-CD20 antibody) for posttransplant lymphoproliferative
disorder after solid organ transplantation in adults: long-term experience from a single center. Transplant.
80(12), 1692-8. Retrieved from:

https://www.ncbi.nlm.nih.gov/pubmed/16378063

A report of a single U.S. center’s utilization for rituximab in PTLD as salvage therapy on long term
outcomes. The authors found poor response rates and survival rates compared to other studies.
The patients in the analysis had a high tumor burden and did not receive surgical interventions
prior to rituximab.
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Oertel SH, et al. (2005). Effect of anti-CD 20 antibody rituximab in patients with posttransplant
lymphoproliferative disorder (PTLD). Am J Transplant. 5(12), 2901-6. Retrieved from:
https://www.ncbi.nlm.nih.gov/pubmed/16303003

A multi-center, prospective study investigated the use of rituximab in 17 patients with PTLD (5
heart, 4 kidney, 4 lung, and 4 liver) between 1999 and 2002. Patients were treated with four
weekly doses of 375 mg/m?2 of rituximab. Immunosuppressive therapy was reduced in all patients
prior to their entry into the study protocol. Complete remission was achieved in 9 patients (52.9%)
with a mean duration of 17.8 months; interestingly, these 9 PTLD cases were EBV-associated.
The mean overall survival period was 37.0 months with 11 patients still living at the time of
publication.

Tsai DE, et al. (2001). Reduction in immunosuppression as initial therapy for posttransplant
lymphoproliferative disorder: analysis of prognostic variables and long-term follow-up of 42 adult patients.
Transplantation. 71(8), 1076-88. Retrieved from: https://www.ncbi.nlm.nih.gov/pubmed/11374406.

Retrospective review of 42 adult patients treated with either reduced immunosuppression (RI)
with or without surgical resection of all known disease. 63% (19/30) responded to RI alone with
multivariate analysis indicating elevated LDH, organ dysfunction, and multi-organ involvement as
risk factors for poor responders of RI. At the median follow-up of 147 weeks, 55% of patients
were alive with 50% in complete remission.

13.8 Retransplantation following PTLD

Johnson SR, et al. (2006). Retransplantation after post-transplant lymphoproliferative disorders: an
OPTN/UNOS database analysis. Am J Transplant. 6(11), 2743-9.
Retrieved from: https://www.ncbi.nlm.nih.gov/pubmed/17049062

The Organ Procurement and Transplant Network/United Network for Organ Sharing database
was reviewed for individuals who developed PTLD and underwent retransplant from 1987 through
2004.
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