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Abstract
Background—To assess the risk and identify risk factors of Hodgkin lymphoma (HL) in solid
organ transplant recipients. Prior research has been limited by the rarity of HL and the requirement
for extended follow-up after transplantation.

Methods—Using data from the Scientific Registry of Transplant Recipients (SRTR), we
conducted a retrospective cohort study of U.S. solid organ transplant recipients (1997–2007). We
estimated hazard ratios (HRs) for HL risk factors using proportional hazards regression.
Standardized incidence ratios (SIRs) compared HL risk in the transplant cohort with the general
population.

Results—The cohort included 283,190 transplant recipients (average follow-up 3.7 years after
transplantation). Based on 73 cases, HL risk factors included male gender (HR 2.1, 95%CI 1.2–
3.7), young age (4.0, 2.3–6.8), and EBV seronegativity at the time of transplantation (3.1, 1.2–
8.1). Among tumors with EBV status information, 79% were EBV positive, including all tumors
in recipients who were initially seronegative. Overall, HL risk was higher than in the general
population (SIR 2.2) and increased monotonically over time following transplantation (SIR 4.1 at
8–10 years post-transplant). Excess HL risk was especially high following heart and/or lung
transplantation (SIR 3.2).

Conclusion—HL is a late complication of solid organ transplantation. The high HL risk in
recipients who were young or EBV seronegative at the time of transplant, and the fact that most
HL tumors were EBV positive, highlight the role of primary EBV infection and poor immune
control of this virus. The occurrence of HL may rise with improved long-term survival in
transplant recipients.
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Introduction
The long-term health consequences of solid organ transplantation have taken on greater
importance due to improvements in patient and graft survival (1). Due in large part to long-
term immunosuppression, solid organ transplant recipients are at greatly elevated risk of a
number of malignancies, including non-melanoma skin cancer and non-Hodgkin lymphoma
(NHL) (1–5). NHL and Hodgkin lymphoma (HL) both comprise part of a spectrum of post-
transplant lymphoproliferative disease (PTLD) arising in transplant recipients (6).

The impact of solid organ transplantation on the incidence of HL has not been extensively
evaluated, but earlier studies have demonstrated that solid organ transplantation is associated
with increased HL risk compared to the general population (1–5). Previous studies, which
have typically been limited to small case series, describe post-transplant HL as an
aggressive, late complication of solid organ transplantation, with tumors typically
manifesting mixed cellularity pathology and almost uniform Epstein-Barr virus (EBV)
positivity (7–10). The HLs described in transplant recipients are thus similar to those arising
in the setting of human immunodeficiency virus (HIV) infection, providing evidence that
disturbances in immune function play an important etiologic role in this malignancy (11).

A better understanding of HL risk following solid organ transplantation will provide
additional clues to the role of immunosuppression and EBV infection in the etiology of this
malignancy. The U.S. Scientific Registry of Transplant Recipients (SRTR) is a unique
resource for evaluating the epidemiology of post-transplant HL, because detailed follow-up
data are available on a large number of transplant recipients. We used these data to conduct
a retrospective cohort study examining the risk factors and timing of HL following solid
organ transplantation.

Methods
Study design and subjects

We conducted a retrospective cohort study of U.S. transplant recipients using data provided
to the SRTR by transplantation centers and organ procurement organizations that together
comprise the Organ Procurement and Transplantation Network (OPTN). Baseline and
follow-up data are available on all solid organ transplants performed in the U.S. since 1986.
Follow-up data are available at 6 and 12 months after transplantation, and annually
thereafter. In our cohort we included all recipients of first organ transplants conducted
between October 1, 1987, and August 31, 2007, who had no evidence of HIV infection and
had at least 30 days of post-transplant follow-up.

Exposure assessment
For each transplant recipient we obtained data from the SRTR baseline file regarding
demographic and transplant characteristics. The transplant characteristics included the type
of organ transplanted (kidney and/or pancreas, liver, heart and/or lung, other) and the total
number of HLA mismatches with the donor at the A, B, and DR loci (range: 0–6). We also
obtained baseline viral serology data for EBV (EBV IgG) and cytomegalovirus (CMV IgG).
Updated EBV serostatus was obtained from SRTR follow-up files.

The SRTR immunosuppression file was used for data on the initial immunosuppressive
regimen prescribed for each transplant recipient prior to hospital discharge. The data
included medications prescribed to induce or maintain immunosuppression, or to treat initial
rejection episodes. We created variables for categories of medication, including antibody
induction therapy, steroid-based maintenance therapy, and anti-rejection therapy.
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Outcome ascertainment
We used the SRTR follow-up files to identify recipients with HL. At each follow-up visit,
transplant center providers were required to report any malignancies diagnosed since
transplantation. If a recipient was diagnosed with HL, the date of diagnosis was recorded,
along with the EBV status of the tumor. The SRTR follow-up files were also used to identify
occurrence of death, graft failure, re-transplantation, and loss to follow-up.

Reporting of HL to the SRTR changed over time. HL diagnosis information was not
collected on lung transplant recipients until April 1, 1994, and on all other recipients until
March 1, 1997.

Statistical analysis
Follow-up for all recipients started at 30 days post-transplantation or July 1, 1997,
whichever occurred later, and continued until they developed HL or were censored due to
PTLD other than HL, graft failure, re-transplantation, death, loss to follow-up, or 10 years
post-transplantation. We included only follow-up time and HL events starting on July 1,
1997 to allow for uniform ascertainment for transplants of all organs. Recipients
transplanted prior to July 1, 1997, only contributed follow-up time and HL events starting on
July 1, 1997.

To estimate hazard ratios and 95% confidence intervals (CI) for risk factors for HL, we
developed univariate proportional hazards regression models with time since transplantation
as the time metric. HL risk factors examined in the analyses included demographic
characteristics, organ transplanted, overall number of HLA mismatches, baseline viral
serologies, and initial immunosuppressive regimen. By evaluating an interaction between
each risk factor and follow-up time, we demonstrated that all of the models that we present
satisfied the proportional hazards assumption. The statistical significance of HL risk factors
was based on the whether the estimated HR 95% CI overlapped the null value of 1.0.

We utilized population-based incidence data from the Surveillance, Epidemiology, and End
Results (SEER) network of U.S. cancer registries (http://seer.cancer.gov/) to calculate the
expected numbers of HL cases in our cohort using rates specific to gender, race/ethnicity
(non-Hispanic white, non-Hispanic black, and Hispanic), age, and calendar year. We then
calculated standardized incidence ratios (SIRs) as the ratio of the observed number of HL
cases between 1997 and 2007, to the expected number calculated by summing the expected
cases across the categories. For this analysis, we included only transplant recipients of
white, black, or Hispanic race/ethnicity, since incidence data were available from SEER to
calculate expected case numbers.

Results
The cohort included 283,190 recipients followed for a mean of 3.7 years (standard deviation
+/− 2.7 years) after transplantation (Table 1). The majority of transplant recipients were
male (61.5%), non-Hispanic white (66.6%), and age 20 years or older (91.9%). The most
common organ transplanted was kidney and/or pancreas (63.7%), followed by liver (20.6%).

During follow-up, 73 HL cases were diagnosed. As shown in Figure 1, HL incidence was
low in the first two years after transplant (1.8 cases per 100,000 person-years) and increased
steadily thereafter, reaching 13.8 cases per 100,000 person-years 8–10 years after transplant.
Risk factors for HL are presented in Table 1. Risk factors included male gender (hazard ratio
[HR] 2.1, 95% CI 1.2–3.7) and young age at transplantation (HR 4.0, 95% CI 2.3–6.8, for
age 0–19 vs. 20–50 years at transplant). Based on limited data, EBV seronegativity at
transplant was associated with elevated subsequent HL risk (HR 3.1, 95% CI 1.2–8.1).
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Recipient race/ethnicity, CMV serostatus, type of organ transplanted, HLA mismatch, and
immunosuppressive regimen were not significantly associated with HL risk.

Of the 73 HL cases, 7 were diagnosed in transplant recipients who were EBV seronegative
at the time of transplantation. Information on EBV status of the tumors was available in 6 of
these 7 cases, of which all were EBV positive. Also, of the 7 HL cases who were EBV
seronegative at the time of transplantation, 3 had follow-up EBV serology data, and all
showed evidence of EBV seroconversion. Finally, EBV status was available for 32 of the
remaining 66 HL tumors, of which 24 (75%) were EBV positive. Overall, 79% of tumors
with available information were EBV positive.

Overall, HL risk was doubled in solid organ transplant recipients compared to the general
population (SIR 2.2, 95%CI 1.7–2.7). The excess risk compared to the general population
was greatest in children and adolescents (SIRs 93.7 and 11.1 for ages 0–9 and 10–19 years
at transplant, respectively) and recipients who were EBV seronegative at transplant (SIR 4.7,
95% CI 1.9–9.6). Heart and/or lung transplant recipients experienced especially high HL
risk compared to the general population (SIR 3.2, 95% CI 1.9–5.0), whereas the excess risk
associated with kidney and/or pancreas or liver transplantation was more modest (SIRs 1.8
and 2.3, respectively). While the risk was not elevated in the first two years post-transplant
(SIR 0.6, 95% CI 0.2–1.2), by 8–10 years post-transplant HL risk was increased 4-fold
compared with the general population (SIR 4.1 95% CI 2.2–7.0).

Discussion
In this large cohort study of transplant recipients, the incidence of HL was twice the
incidence in the general population. The excess HL risk was especially high for recipients
who were young or EBV seronegative at the time of transplant, and most HL tumors were
EBV positive. HL incidence increased steadily over time following transplant, highlighting
the importance of HL as a late complication of solid organ transplantation.

Previous research on this malignancy has been limited by the rarity of HL and the
requirement for a long period of post-transplant follow-up. Our risk estimate appears lower
than reported previously (SIR 2.2 in our study, vs. 3.9 in a recent meta-analysis) (2). Losses
to follow-up may have partly contributed to underascertainment of HL in our study, or some
cases of HL could have been reported incorrectly as other types of PTLD (e.g., NHL).
Unfortunately, we could not retrieve tumor tissue from reported cases of HL or other PTLD
to perform additional pathological review.

The monotonic increase of HL incidence with time since transplantation contrasts with the
bimodal incidence pattern of PTLD overall (mostly NHL) (12,13). The highest incidence of
PTLD is typically observed in the period immediately following transplantation (12,14), and
is believed to be the result of primary infection or reactivation of EBV in this period of
intense immunosuppression (15,16).

Several observations in our study support the importance of EBV in development of post-
transplant HL. First, although EBV serostatus was missing for most recipients, we found
that seronegative recipients had an elevated HL risk. This observation is consistent with a
model in which primary EBV infection following transplant, when recipients are unable to
mount an effective initial immune response, greatly increases HL risk. Second, young
transplant recipients were at especially high risk of HL, likely because a large proportion of
young recipients are EBV seronegative at the time of transplantation. In western countries,
many people acquire EBV during adolescence, and an elevated risk of HL following
primary EBV infection in adolescence is seen in the general population(17). Third, as
reported in previous studies (7–10), we found that a large proportion of HL tumors were
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EBV positive. Most HLs in the setting of HIV infection are also EBV positive (11). Within
HL tumors, EBV can be detected in the malignant Hodgkin Reed Sternberg cells (18), where
it has been shown to inhibit apoptosis (19). Additionally, a high frequency of tumors
following transplantation and in the setting of HIV infection manifest mixed cellularity
pathology (7,8,11). These characteristics of transplant-related HL differ from HL cases in
the U.S. general population, within which the most common subtype is nodular sclerosis and
many cases are EBV-negative (18,20). Overall, the late timing of HL in transplant recipients
and the associations with EBV infection suggest that the impact of EBV primary infection
on the development of HL may be delayed compared to its effect on transplant-associated
NHL.

Additional findings deserve some brief comments. HL risk was more than twice as high in
male compared to female transplant recipients. This gender difference was greater than
observed in the general population, where HL incidence is only slightly higher in males than
females (21). The suggestion of higher HL risk following heart and/or lung transplantation
likely reflects the greater intensity of immunosuppression following heart and lung
transplantation, and it mirrors the increased risk of NHL following heart transplantation
compared to kidney transplantation (14), however the difference in risk across organ types
did not achieve statistical significance. We did not find any other significant risk factors for
post-transplant HL. One previous large-scale study that used data from the United States
Renal Data System found few risk factors for post-transplant HL, but this study was limited
to 3 years of post-transplant follow-up and focused only on adult transplant recipients (22).

Although the pattern of HL incidence post-transplant is very different from the bimodal
pattern observed for other PTLD (mostly polymorphic lymphoproliferations and high-grade
NHL), there are several similarities that deserve mention. Both post-transplant HL and other
PTLD are associated with young age and EBV seronegativity at the time of transplantation,
and both types are predominately EBV positive (16). These similarities highlight the
importance of EBV infection in the etiology of various post-transplant lymphoproliferations
including HL.

Our study had a number of strengths. It is the first large-scale study to examine HL
incidence following all types of solid organ transplantation. All recipients of first organ
transplants performed in the U.S. during the study interval were included, allowing us to
evaluate a large number of cases and facilitating the generalizability of our results. The large
size and extended follow-up were especially important since HL is a rare outcome and has
been observed to occur late after transplantation.

Limitations also need to be considered. As noted above, the occurrence of HL may have
been underascertained. Previous research indicates that losses to follow-up are minimal in
the first 1–2 years post-transplant but can exceed 10% three or more years from
transplantation (23). This pattern could have contributed to underascertainment of HL late
after transplantation. Incomplete reporting by transplant providers may also have
contributed. However, underascertainment of HL incidence is unlikely to have biased the
observed associations with risk factors that we examined. In addition, we had limited data
on viral serostatus of transplant recipients and the EBV status of HL tumors, making it
difficult to assess the impact of EBV on post-transplant HL etiology in detail.

To conclude, our results add to limited previous research indicating that HL is a rare but
notable late complication associated with solid organ transplantation, and risk is especially
high for transplant recipients who are young, male, or EBV seronegative Because HL
incidence increases monotonically with time since transplantation, it is likely that the
occurrence of HL will continue to rise as post-transplant survival improves. Our results
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highlight the importance of EBV infection and immunosuppression in the development of
this cancer, but additional research is needed to further clarify its etiology.
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Figure 1.
Incidence of Hodgkin lymphoma among U.S. transplant recipients during 1997–2007.
Incidence rates and their 95% confidence intervals are shown as a function of time since
transplantation and are displayed as Hodgkin lymphoma cases per 100,000 person-years.
Follow-up for all recipients began 30 days (0.083 years) after transplantation.
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Table 1

Hodgkin lymphoma risk factors among U.S. transplant recipients during 1997–2007

Recipients, n (%) Hodgkin lymphoma cases, n Hazard ratio (95% CI)

Total 283,190 (100%) 73 - -

Gender

 Male 174,194 (61.5%) 56 2.1 (1.2–3.7)

 Female 108,996 (38.5%) 17 1.0 (ref)

Age at transplant, years

 0–19 22,870 (8.1%) 21 4.0 (2.3–6.8)

 20–50 139,430 (49.2%) 32 1.0 (ref)

 >50 120,890 (42.7%) 20 0.9 (0.5–1.5)

 Median age 48.0

Race/ethnicity

 White, non-Hispanic 188,648 (66.6%) 57 1.5 (0.9–2.6)

 Other 94,542 (33.4%) 16 1.0 (ref)

EBV serostatus at transplant

 Positive 87,291 (30.8%) 10 1.0 (ref)

 Negative 17,612 (6.2%) 7 3.1 (1.2–8.1)

 Missing/unknown 178,287 (63.0%) 56 1.0 (0.5–2.1)

CMV serostatus at transplant

 Positive 93,726 (33.1%) 9 1.0 (ref)

 Negative 57,213 (20.2%) 9 1.6 (0.6–4.0)

 Missing/unknown 132,251 (46.7%) 55 1.6 (0.8–3.5)

Type of organ transplanted

 Kidney and/or pancreas 180,449 (63.7%) 40 1.0 (ref)

 Liver 58,235 (20.6%) 15 1.1 (0.6–2.0)

 Heart and/or lung 42,447 (15.0%) 18 1.6 (0.9–2.9)

 Other 2,059 (0.7%) 0 0

HLA mismatch, number of alleles*

 0–2 54,948 (22.4%) 17 1.0 (ref)

 3–4 103,708 (42.2%) 28 0.9 (0.5–1.7)

 5–6 87,106 (35.4%) 19 0.8 (0.4–1.6)

Antibody induction†

 Yes 119,505 (43.1%) 25 1.0 (0.6–1.7)

 No 157,549 (56.9%) 46 1.0 (ref)

Steroid maintenance†

 Yes 246,799 (89.1%) 67 1.0 (0.4–2.8)

 No 30,255 (10.9%) 4 1.0 (ref)

Anti-rejection therapy†

 Yes 34,628 (12.5%) 13 1.2 (0.7–2.2)

 No 242,426 (87.5%) 58 1.0 (ref)
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Notes

Abbreviations: CI confidence interval, HLA human leukocyte antigen, EBV Epstein-Barr virus, CMV cytomegalovirus.

*
HLA information was missing for 37,428 (13.2%) transplant recipients.

†
Medication information was missing for 6,136 (2.2%) transplant recipients.

Recipients with missing data for a particular covariate were not included in the Cox proportional hazards regression model for that covariate.
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