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Abstract

Background: Cytomegalovirus (CMV) is among the most common viral infections following
solid organ transplantation (SOT). Associations of CMV with cancer risk among SOT recipients
have been incompletely evaluated.

Methods: We used linked data from the United States SOT registry and 32 cancer registries. We
used Poisson regression to compare cancer incidence across CMV risk groups based on donor (D)
and recipient (R) 1gG serostatus: high-risk (R—/D+), moderate-risk (R+), and low-risk (R-/D-).

Results: We evaluated 247,318 SOT recipients during 2000-2017 (20.3% CMV R-/D+, 62.9%
R+, 16.8% R—-/D-). CMV seropositive recipients were older, more racially/ethnically diverse,
and had lower socioeconomic status than seronegative recipients. Compared to CMV R-/D-
recipients, R—/D+ and R+ recipients had lower incidence of diffuse large B-cell lymphoma
(DLBCL; (adjusted incidence rate ratio [aIRR]:0.74, 95% confidence interval [CI]: 0.59-0.91,
and 0.83, 0.69-1.00, respectively). CMV serostatus modified the association between EBV status
and DLBCL (p=0.0006): DLBCL incidence was increased for EBV R-/D+ recipients (alRR:
3.46, 95%Cl: 1.50-7.95) among CMV R-/D- recipients but not among other CMV risk groups.
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Compared to CMV R-/D- recipients, R-/D+ recipients had lower incidence of small intestine
cancer (alRR: 0.23, 95%CI: 0.09-0.63), and R+ recipients had higher incidence of lung cancer
(1.24, 1.05-1.46). CMV status was not associated with risk for other cancers.

Conclusions: CMV status was not associated with risk for most cancers among SOT recipients.
The inverse association with DLBCL may reflect protective effects of CMV prophylaxis or
treatment with off-target efficacy against EBV infection (the major cause of lymphoma in SOT
recipients).

Precis

Cancer is a major adverse outcome of solid organ transplantation (SOT), and prior donor and
recipient cytomegalovirus (CMV) infections are common; however, associations of CMV with
cancer risk among SOT recipients have been incompletely evaluated. In this analysis of 247,318
SOT recipients, an inverse association between risk of CMV infection and diffuse large B-cell
lymphoma was observed; however, CMV status was not associated with risk for most other
cancers.
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Introduction

The field of solid organ transplantation (SOT) has made significant strides since the 1980s
as a treatment for end-stage organ disease. However, long-term use of immunosuppressive
medications to prevent rejection remains a source of morbidity among transplant recipients.
In particular, opportunistic viral infections are a cause of post-transplant complications,
including malignancy and reduced long-term graft survival.1-3

Cytomegalovirus (CMV) is among the most common viral infections to cause illness
following SOT. CMV is a member of the herpesvirus family which establishes lifelong
latency and can undergo periodic reactivation. In immunocompetent individuals, CMV
infection is typically asymptomatic.4® However, in transplant recipients, CMV infection
can cause severe organ disease and allograft rejection. The occurrence of active

CMV infection varies according to pre-transplant donor/recipient serostatus, intensity of
immunosuppression, and the organ transplanted.® In the context of transplantation, CMV
infection can result from primary infection (donor-transmitted or community-acquired)
or super-infection with a new variant in someone previously infected.”8 Alternatively,
immunosuppressive therapy required for transplantation may cause reactivation of previous
CMV infection due to depressed immune surveillance.®10

CMV may also contribute to cancer in SOT recipients. It has been reported that CMV
seronegative transplant recipients who receive a CMV positive organ have elevated risk of
post-transplant lymphoproliferative disorder (PTLD, a spectrum of conditions that includes
lymphoma).11.12 |n a study of liver recipients who seroconverted to Epstein-Barr virus
(EBV), CMV disease was reported in 54% of patients who developed PTLD but in only
18% of patients who did not develop PTLD.13 In addition, hospitalization for CMV
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disease during the first year post-transplant has been associated with subsequent risk of
non-Hodgkin lymphoma (NHL).14

The relationship between CMV infection and other cancers arising after transplantation

is not well-defined. A study in the United Kingdom that included nearly 12,300 SOT
recipients found no association between CMV recipient and donor status and the incidence
of post-transplant cancer.1® However, the sample size was small for some outcomes. Among
patients in the general population, CMV nucleic acids and proteins have been detected in
tumor samples of breast, colon, and prostate cancers as well as glioblastoma.16-18 However,
one study has suggested that CMV may indirectly have a protective effect against the
development of cancer in transplant recipients by stimulating T-cells after acute infection.1?

Recently, CMV infection has emerged as a potential risk factor for acute lymphoblastic
leukemia (ALL), a common pediatric malignancy. In a population-based case-control study,
CMYV DNA was detected in newborn dried blood spots among 9.7% of ALL cases but in
only 3.0% of healthy controls (odds ratio: 3.71).29 A second study using data from Swedish
registries found that medically documented CMV infection acquired in early childhood was
associated with an 11-fold increased risk of hematological malignancies, including ALL.2

Cancer is a major adverse outcome of SOT, and prior donor and recipient CMV infections
are common. We therefore examined associations of pretransplant CMV donor and recipient
serostatus (as indicators of risk of active CMV infection after transplantation) with risk of
malignancy among SOT recipients.

Materials and Methods

The Transplant Cancer Match Study (http://transplantmatch.cancer.gov) has been previously
described in detail.3 Briefly, the study links data from the Scientific Registry of Transplant
Recipients (SRTR), which includes all US transplants since 1987, with 32 US state and
regional cancer registries. The study is considered non-human subjects research by the
National Cancer Institute and was approved, as required, by participating cancer registries.

For the present study, we included recipients of a first organ transplant who resided in

a region covered by a participating cancer registry at the time of transplantation. Data

on CMV IgG serostatus at the time of transplant were unavailable for most recipients

before 2000; therefore, we restricted analysis to transplants in 2000 and onward. Of the
672,603 individuals in the US who received a first transplant during 1987-2017, we excluded
211,973 because they were transplanted outside of participating cancer registry regions,
117,404 because they were transplanted before the year 2000 or lacked follow-up, 29,875
because they had a cancer diagnosis before transplantation, and 1127 because they had
human immunodeficiency virus infection or more than one donor. Finally, we excluded an
additional 19,139 transplant recipients who were missing CMV 1gG serostatus or, if they
were seronegative, their donor was missing CMV serostatus. After these exclusions, 247,318
transplants were included in the final analysis.

Incident cancers after transplantation were identified from the linked cancer registries and
classified using a modified version of the Surveillance, Epidemiology, and End Results
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(SEER) program site recode, updated for hematopoietic malignancies based on the World
Health Organization (WHO) 2008 classification.?2:23 Lymphoma subtypes were classified
according to current International Lymphoma Epidemiology Consortium guidelines.?* We
analyzed cancer sites with at least 60 cases among transplant recipients. When there were
fewer than 60 cases, we grouped similar sites or collapsed them into a miscellaneous group.

The majority of transplant centers that use a strategy of antiviral prophylaxis do not
routinely monitor for CMV infection during or after the period of prophylaxis. Clinically,
CMV infection is only assessed in recipients with signs or symptoms suggestive of CMV
disease. Neither active CMV infection nor CMV disease is captured in the SRTR. Moreover,
US transplant centers do not reliably report follow-up data to the SRTR on CMV antibody
status after transplantation. In a preliminary analysis, we assessed early follow-up data on
CMV IgG and IgM to look for seroconversion among CMV seronegative recipients, but
these data were available for a very small fraction of SOT recipients (2.5% and 1.7%,
respectively).

For these reasons, we used pretransplant CMV IgG serostatus of recipients and their

donors to group recipients into well-accepted clinical categories that vary in their risk for
posttransplant CMV infection and disease.?-2% Specifically, CMV serostatus was categorized
into three risk groups according to SRTR data on pretransplant 1gG serostatus of recipients
and donors: high risk (recipient seronegative and donor seropositive [R-/D+]), intermediate
risk (recipient seropositive regardless of donor serostatus [R+]), and low risk (recipient and
donor seronegative [R—/D-]).°

Other data obtained from the SRTR included recipient characteristics (sex, age at
transplantation, race/ethnicity), transplant characteristics (transplanted organ, calendar
year), and immunosuppression medications (induction and baseline immunosuppression
maintenance therapies). EBV serostatus in donors was reported according to measured 1gG
antibodies (viral capsid or EBV nuclear antigen) or IgM (viral capsid); we considered

an individual positive if they were positive for any of these serologic markers. We then
categorized recipients into three EBV risk groups according to recipient and donor status, as
described for CMV. The tumor status with respect to EBV (EBV+ and EBV-) was identified
for cases of diffuse large B-cell lymphoma (DLBCL), the most common NHL subtype,
through linked SRTR data on PTLD. Socioeconomic status (SES) was assessed utilizing
seven area-based measures according to recipients’ ZIP code at the time of transplantation,
using an index developed by Yost et al.26

Follow-up for cancer started at the time of transplantation and ended at the earliest of
death, graft failure, retransplantation, loss to follow-up by the SRTR, or end of cancer
registry coverage. We calculated incidence rates for each cancer for recipients in each
CMV risk group. To compare cancer risk by CMV risk group, we estimated incidence

rate ratios (IRRs) using multivariable Poisson regression models adjusted for sex, age

at transplantation, race/ethnicity, SES quintile, transplanted organ (kidney, liver, or other/
multiple), and EBV risk group. For DLBCL, we assessed risk by time post-transplantation
and separately for EBV+ and EBV- DLBCL in a secondary analysis. In addition, the
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interaction of CMV and EBV risk groups on DLBCL risk was assessed by including an
interaction term in the multivariable models.

Reported Pvalues are two-sided. Because our study is exploratory, we did not correct the
analysis for multiple testing and considered a p-value less than 0.05 statistically significant.
We also assessed whether any associations are significant using a Bonferroni threshold
(p-value less than 0.05/94 = 0.0005 to account for analysis of 47 cancer types and 2 CMV
risk groups). Stata/MP version 16.1 (StataCorp, College Station, Texas) was used for all
statistical analyses.

We evaluated 247,318 solid organ transplant recipients with 1,245,369 total person-years of
follow-up. Overall, 62.9% of recipients in the cohort were CMV seropositive pretransplant
(R+), while 20.3% were CMV seronegative with a seropositive donor (R-/D+) and 16.8%
seronegative with a seronegative donor (R-/D-). Table 1 describes demographic and
transplant characteristics of these individuals by CMV risk group. The R+ group was

more likely to be female than the R-/D+ and R—/D— groups (42.2% vs. 33.2 and 32.7%,
respectively; p<0.001) and was also older (median age: 53 vs. 48 and 47 years; p<0.001).
The greatest racial/ethnic diversity was among the R+ group, among which 51.5% identified
themselves as other than non-Hispanic White. R+ recipients tended to also be EBV
seropositive (67.4%), and this proportion was slightly higher than among the R—/D+ and
R-/D- groups (61.7% and 62.2%, respectively; p<0.001). Kidneys were the most commonly
transplanted organ across all three groups (61.4% of transplants overall).

Education status different by CMV group, with a lower proportion of R+ recipients having
an associate’s/bachelor’s degree or postgraduate education than among R-/D+ and R-/D-
recipients (p<0.0001). R+ recipients also had a lower proportion of individuals in the

two highest SES quintiles than the R-/D+ and R—/D- recipients (35.8% vs. 41.9% and
44.0%, respectively; p<0.001). Overall, 81.2% of recipients received some form of induction
immunosuppressive therapy. For maintenance immunosuppression, 82.8% of recipients
received tacrolimus and/or mycophenolate mofetil, 3.6% received cyclosporine and/or
azathioprine, and 13.7% were given another combination of these medications.

We identified 2,339 incident hematologic malignancies during follow-up, including 61
Hodgkin lymphoma, 1,786 NHL, 276 leukemia, and 216 myeloma diagnoses. Among NHL
subtypes, DLBCL was most common (66.8%). Sixty-two percent of leukemia cases were of
myeloid lineage, with acute myeloid leukemia (AML) being the most common.

Table 2 describes hematologic malignancy incidence by CMV status. For Hodgkin
lymphoma, risk was lower among the R+ group and R—/D+ groups compared to the

R-/D- group, but these differences were not significant (adjusted IRR [aIRR]: 0.47, 95%Cl:
0.19-1.18, and 0.75, 0.29-1.96, respectively). DLBCL risk was significantly lower in the
R-/D+ group compared to the R-/D— group (alRR: 0.74, 0.59-0.91), and showed a similar
but non-significant association in the R+ group (alRR: 0.83, 95%Cl: 0.69-1.00). EBV status
was available for a subset of 389 DLBCL tumors, of which 70% (n=274) were EBV+
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and 30% (n=115) were EBV-. The risk of EBV+ DLBCL appeared lower among R+

(alRR: 0.74, 95% CI: 0.52-1.08) and R-/D+ (0.66, 0.44-1.01) groups compared to the
R-/D- group, although these differences were not significant. In contrast, the risk of EBV-
DLBCL among the R+ (alRR: 0.94, 95% CI: 0.51-1.74) and R-/D+ (0.90, 0.45-1.81) groups
appeared more similar to the R—/D— group. There were no significant associations with
other NHL subtypes.

For lymphoid leukemias overall, there was a non-significant inverse association for the
R-/D+ group compared with the R—/D- group (alRR: 0.65, 95%ClI: 0.23-1.89). However,
ALL risk did not differ for the R+ group (alRR: 0.95, 95%CI: 0.23-3.85) and there were no
cases among the R—/D+ group. The risk of myeloid leukemias did not differ across the CMV
groups (Table 2).

We identified 11,831 incident solid cancer diagnoses. The most common were cancers

of the lung (16.3%), prostate (13.3%), kidney (11.1%), colorectum (5.7%), and breast
(5.6%). Incidence was not significantly elevated in the R+ and R—/D+ groups compared

to the R—/D— group for most cancers (Table 3). Lung cancer incidence was higher among
the R+ group than the R—/D— group (alRR: 1.24, 95%CI: 1.05-1.46), but there was no
statistical difference for the R—/D+ group (0.94, 0.77-1.14). In contrast, the R—/D+ group
had lower incidence of small intestine cancer (alRR: 0.23, 95%CI: 0.09-0.63) compared to
the R—/D- group. The R+ group shared this inverse association, but the association was not
significant (alRR: 0.65, 95%Cl: 0.37-1.16). None of the associations in Tables 2 or 3 met the
Bonferroni p-value cutoff for significance.

Associations of CMV serostatus with DLBCL differed by time post-transplant (Figure

1). The greatest reduction in risk was seen immediately following transplantation (0-1.99
years) and 10+ post-transplant in both the R+ and R—/D+ groups compared to the R—/D-
group. For the R+ group, this corresponded to a 37% reduction in risk 0-1.99 years
following transplant (alRR: 0.63, 95%CIl: 0.42-0.94) and 34% reduction at 10+ years (0.66,
0.45-0.96). For the R-/D+ group, there was a nonsignificant reduction in risk 0-1.99 years
post-transplant (alRR: 0.73, 95%Cl: 0.48-1.12) and a significant 51% reduction 10+ years
post-transplant (0.49, 0.29-0.81).

CMV serostatus modified the association between EBV serostatus and DLBCL (p-
interaction=0.0006, Figure 2 and Supplemental Table 1). In the absence of prior CMV
infection (CMV R-/D- group), there was a significantly increased risk of DLBCL among
EBV R-/D+ recipients compared to EBV R—/D- recipients (alRR: 3.46, 95%CI: 1.50-7.95).
In contrast, DLBCL risk was not significantly different among the EBV R-/D+ recipients in
the CMV R+ or R—/D+ groups when compared to the recipients who were R—/D- for both
CMV and EBV.

Discussion

Recipients of a solid organ transplant have an elevated risk of cancer, especially for
malignancies caused by viral infections.1-3 Virus-associated cancers include NHL and
Hodgkin lymphoma (both due to EBV) and anogenital cancers (human papillomavirus).
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CMV is among the most common viral infections following SOT and has been implicated
in the development of PTLD and NHL. However, the relationship between CMV and other
malignancies among transplant recipients not been studied.

Here we present the largest investigation of CMV infection as it relates to cancer among
SOT recipients. We identified that recipient groups at moderate risk (R+) or high risk
(R—-/D+) of active CMV infection post-transplant both had decreased incidence of DLBCL
and small intestine cancer compared to the group at lowest risk (R—/D-). In contrast,

we found an elevated incidence of lung cancer among the moderate-risk group. However,
there were no other significant associations between donor/recipient CMV serostatus and
incidence of other cancers, including those for which CMV has been hypothesized to play a
role.

Overall, recipients who were CMV seronegative at baseline tended to be younger than
CMV seropositive recipients. This is consistent with other reports that demonstrate CMV
seroprevalence gradually increases with age, such that nearly 70% of individuals 60 years of
age and over are CMV seropositive.2” Additionally, we found greater racial/ethnic diversity
among the R+ group and a smaller proportion of individuals who had high SES. These
trends are also consistent with other studies showing CMV seroprevalence to be associated
with non-White race and lower income.27:28

We observed that moderate-risk and high-risk CMV groups had decreased incidence of
DLBCL, which is the most common NHL subtype among transplant recipients.2® This
inverse association is contrary to previous findings on PTLD and NHL overall. In a
retrospective study of 18,682 kidney transplant recipients, Opelz et al. found no significant
differences in lymphoma rates according to CMV serostatus among either EBV seronegative
or seropositive recipients.14 However, hospitalization for CMV disease during the first
year post-transplant was associated with increased NHL incidence. Similarly, Desai et

al. also reported no association between CMV risk group and subsequent NHL.1% In
contrast, in a retrospective study of 37 liver transplant recipients who seroconverted to
EBV, the development of active CMV disease infection post-transplant was associated with
significantly increased PTLD risk.13 All three of these studies were considerably smaller
than our current study.

Although the inverse association that we observed between CMV risk group and DLBCL
was unexpected, there may be a biological explanation. A retrospective cohort study of 105
kidney transplant recipients by Couzi et al., which included 23 incident cancer cases (13
skin cancers, 8 solid tumors, and 2 lymphomas), reported an inverse association between
CMV risk group and cancer incidence.1® In addition, they found that circulating levels of
v T-cells were associated with lower cancer incidence. These T-cells are induced by CMV
infection and are capable 7 vitro of killing myeloma and carcinoma cell lines.3? While

v8 T-cells may mediate a protective effect of CMV infection on development of DLBCL,

it is unclear why such an effect would be limited to DLBCL and not present for other
malignancies as well.
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EBYV infection is the most important risk factor for PTLD (including DLBCL) among
transplant recipients.31 When we restricted our analysis to the CMV low-risk group, we
found that recipients who were EBV sero-mismatched (R—/D+) were nearly 3.5 times more
likely to develop DLBCL than those who were low-risk for EBV (R-/D-). However, when
the recipient had moderate- or high-risk of CMV status, the association of EBV and DLBCL
was no longer present.We speculate that one possible explanation for this finding, and for the
overall inverse association with CMV serostatus, is that prophylaxis or treatment of CMV
infection with valganciclovir or immunoglobulin may have off-target efficacy against EBV
infection. In support of this hypothesis, a retrospective cohort study of kidney recipients
reported a complete absence of lymphomas in the first year after transplantation among
those individuals who received anti-CMV immunoglobulin.32 Similarly, a case-control
study among EBV-seropositive kidney recipients found that ganciclovir prophylaxis was
associated with significantly decreased risk of PTLD in the first year post-transplant.33

In our analysis, we saw a protective effect of moderate- and high-risk CMV on DLBCL

in the first two years after transplantation, which might similarly be explained by CMV
prophylaxis. Furthermore, based on limited data, the inverse associations that we saw in

our primary analysis were stronger for EBV+ DLBCL than EBV- DLBCL, which again
supports the hypothesis that the decreased incidence of DLBCL is explained by anti-EBV
effects of CMV prophylaxis. Unfortunately, we did not have data on CMV prophylaxis,
which prevented us from directly testing this hypothesis in our study. In addition, the inverse
associations at 10+ years post-transplant would not be explained by this mechanism.

Among solid tumors that we evaluated, only lung cancer showed an increased incidence

in association with CMV risk group. However, the 24% elevation in lung cancer incidence
among the moderate-risk CMV group was not accompanied by a parallel increase in the
high-risk group. Smoking is the most important risk factor for lung cancer, and the observed
association may be due to confounding since we did not have data on smoking status or
tobacco use. In the general population, CMV has not been implicated in lung cancer.

The inverse association between CMV risk and small intestine cancer does not have a clear
explanation. Several studies have suggested an association between CMV infection and an
increased risk of colorectal cancer or gastrointestinal cancers overall.34-36 In the general
population, small intestine cancer is rare.3” Transplant recipients have an elevated risk of
small intestine cancer,3 which is unexplained.

There are several strengths of our study. First, the large size of the Transplant Cancer Match
Study enabled us to examine CMV and cancer risk in nearly 250,000 recipients, which is the
largest study of CMV and cancer to our knowledge. Our study was nearly ten times larger
than the study in the United Kingdom by Desai and colleagues,1® which allowed for more
precise estimates for rare cancers. Second, our study population is a representative sample
of the US transplant population, so our results are generalizable. Third, CMV serostatus

was measured prospectively in recipients and donors at the time of listing and donation,
respectively. Lastly, the inclusion of Yost index data allowed us to demonstrate associations
of CMV with SES in the transplant population and adjust for SES in our analyses of cancer
risk.
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The primary limitation of our study is the lack of data for CMV infection or disease
following transplantation, which would allow for better characterization of the role of CMV
in development of cancer. Follow-up data on CMV serostatus, which were available only
for a small minority of recipients (<10%), do not accurately reflect active viral infection

as defined by direct measures of CMV (e.g., polymerase chain reaction, culture, or antigen
detection). We also did not have follow-up data on clinical illness due to CMV. As a result,
we had limited information on CMV seroconversion rates and how they corresponded to
CMV risk groups in regard to distinguishing between primary and reactivated infection.

We therefore used baseline CMV 1gG data for recipients and their donors to classify the
recipients according to risk of active CMV infection after transplantation, which follows
well-accepted clinical practice. In addition, EBV serostatus was missing for 22.3% of
recipients at baseline, which may have affected the results of our DLBCL analyses. As for
all studies using registry data, information on some important confounders, such as smoking,
was missing. Some cancer outcomes were too rare to examine, including ALL (n=15) or
subtypes of brain cancers. Lastly, our study is exploratory, and none of the associations met
the Bonferroni p-value cutoff for significance, so some associations that we report could be
due to chance.

Based on the findings our study, it appears likely that CMV plays little if any direct role

in carcinogenesis after transplantation. Future work to characterize the immunologic profile
in transplant recipients following CMV infection and reactivation using prospective data on
CMV viremia may help in understanding possible adverse or protective cancer mechanisms.
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and N01-PC-35139), Idaho (HHSN2612018000061), Illinois (75N91021D00006), lowa (HSN261201000032C,
NO01-PC-35143, HHSN2612018000121), Kentucky (HHSN2612018000131), New Jersey (75N91021D00009), New
York (75N91018D00005 [Task Order 75N91018F00001]), Seattle-Puget Sound (N01-PC-35142), and Utah
(HHSN2612018000161). The following cancer registries were supported by the National Program of Cancer
Registries of the Centers for Disease Control and Prevention: California (agreement 1U58 DP000807-01), Colorado
(U58 DP000848-04), Georgia (5U58DP003875-01), Idaho (INU58DP006270), Illinois (5U58DP003883-03),
Michigan (5U58DP003921-03), New Jersey (5NU58DP006279-02-00), New Mexico (HHSN261201800014l,

Task Order HHSN26100001), New York (6NU58DP006309), North Carolina (U58DP003933), North Dakota
(NU58DP006317-05-01), Ohio (NU58DP006284), Oregon (NU58DP006288), Texas (5U58DP000824-04), and
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Ilinois, lowa, Montana (5 NU58DP006339-05-00), New Jersey, New York (including the Cancer Surveillance
Improvement Initiative), Texas, and Fred Hutchinson Cancer Research Center in Seattle, WA.
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Figure 1: Associations of diffuse large B-cell lymphoma with CMV risk group as a function of

time since transplantation.

Incidence rate ratios and 95% confidence intervals of CMV risk groups compared to R—/D-

group. Abbreviations: Cl — confidence interval; IRR — incidence rate ratio;
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Figure 2: Interaction between CMV and EBYV risk groups and the risk of DLBCL.
The model is adjusted for recipient sex, age (0-17, 18-34, 35-49, 50-64, 65+ years), race/

ethnicity, organ type (kidney, liver, other/multiple), and SES quintile. Abbreviations:Cl —
confidence interval; EBV — Epstein-Barr virus; IRR — incidence rate ratio; REF — reference;
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Characteristics of US solid organ transplant recipients, according to recipient and donor CMV serostatus

CMV status (recipient/donor)

Characteristic Total R+ R-/D+ R-/D- p-value
Total 247,318 (100%) | 155,666 (62.9%) | 50,134 (20.3%) | 41,518 (16.8%)
Sex <0.0001
Male 151,418 (61.2%) | 89,912 (57.8%) | 33,763 (67.4%) | 27,743 (66.8%)
Female 95,900 (38.8%) | 65,754 (42.2%) | 16,371 (32.7%) | 13,775 (33.2%)
Age at transplant, years <0.0001
0-17 16,931 (6.9%) 6,536 (4.2%) 5,458 (10.9%) | 4,937 (11.9%)
18-34 31,215 (12.6%) | 17,237 (11.1%) | 7,417 (14.8%) | 6,561 (15.8%)
35-49 65,203 (26.4%) | 40,006 (25.7%) | 13,694 (27.3%) | 11,503 (27.7%)
50-64 100,690 (40.7%) | 67,639 (43.4%) | 18,405 (36.7%) | 14,646 (35.3%)
65 - 96 33,279 (13.5%) | 24,248 (15.6%) | 5,160 (10.3%) | 3,871 (9.3%)
Median age, years (IQR) 51 (21) 53 (19) 48 (24) 47 (25) <0.0001
Race/ethnicity <0.0001
Non-Hispanic White 139,662 (56.5%) | 73,556 (47.3%) | 34,842 (69.5%) | 31,264 (75.3%)
Non-Hispanic Black 48,700 (19.7%) | 35,704 (22.9%) | 7,668 (15.3%) | 5,328 (12.8%)
Hispanic 41,275 (16.7%) | 31,373(20.2%) | 6,032 (12.0%) | 3,870 (9.3%)
Asian/Pacific Islander 14,959 (6.0%) 13,104 (8.4%) 1,117 (2.2%) 738 (1.8%)
Other/unknown 2,722 (1.1%) 1,929 (1.2%) 475 (1.0%) 318 (0.8%)
Transplanted organ <0.0001
Kidney 151,781 (61.4%) | 97,980 (62.9%) | 27,842 (55.5%) | 25,959 (62.5%)
Liver 41,027 (16.6%) | 26,438 (17.0%) | 8,641 (17.2%) | 5,948 (14.3%)
Other/multiple 54,510 (22.0%) | 31,248 (20.1%) | 13,651 (27.2%) | 9,611 (23.2%)
Calendar year of transplant <0.0001
2000-2004 68,520 (27.1%) | 43,301 (27.8%) | 13,402 (26.7%) | 11,817 (28.5%)
2005-2009 76,317 (30.9%) | 48,330 (31.1%) | 15,748 (31.4%) | 12,239 (29.5%)
2010-2014 66,930 (27.1%) | 42,053 (27.0%) | 13,642 (27.2%) | 11,235 (27.1%)
2015-2017 35551 (14.4%) | 21,982 (14.1%) | 7,342 (14.6%) | 6,227 (15.0%)
Education status (for recipients >21 years old) <0.0001
None 1,008 (0.4%) 864 (0.6%) 97 (0.2%) 47 (0.1%)
Grade school 11,767 (5.2%) 10,141 (6.9%) 1,005 (2.3%) 621 (1.7%)
High school 85,025 (37.5%) | 57,267 (38.9%) | 15,523 (35.5%) | 12,235 (34.2%)
Attended college/technical school 51,633 (22.8%) 31,869 (21.6%) | 10,909 (24.9%) | 8,855 (24.7%)
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CMV status (recipient/donor)

Characteristic Total R+ R-/D+ R-/D- p-value
Associate’s/bachelor’s degree 35,904 (15.8%) 20,633 (14.0%) 8,060 (18.4%) 7,211 (20.1%)
Post-graduate degree 15,088 (6.6%) 8,497 (5.8%) 3,410 (7.8%) 3,181 (8.9%)

Unknown 26,440 (11.7%) | 18,066 (12.3%) | 4,730 (10.8%) | 3,644 (10.2%)

Yost SES quintile p<0.0001

1: Lowest 46,236 (18.7%) | 32,573 (20.9%) | 7,952 (15.9%) | 5,711 (13.8%)
2: Low 46,313 (18.7%) | 30,145 (19.4%) | 8,976 (17.9%) | 7,192 (17.3%)
3: Mid 48,147 (19.5%) | 30,676 (19.7%) | 9,652 (19.3%) | 7,819 (18.3%)
4: High 48,492 (19.6%) | 29,127 (18.7%) | 10,480 (20.9%) | 8,885 (21.4%)

5: Highest 46,458 (18.8%) | 26,570 (17.1%) | 10,527 (21.0%) | 9,361 (22.6%)
Unknown 11,672 (4.7%) 6,575 (4.2%) 2,547 (5.1%) 2,550 (6.1%)

Induction regimen <0.0001
Any induction therapy 200,870 (81.2%) | 127,342 (81.8%) | 39,975 (79.7%) | 33,553 (80.8%)

Polyclonal antibody 79,172 (32.1%) | 51,057 (32.8%) | 15,117 (30.2%) | 12,998 (31.3%)
Monoclonal antibody 1,329 (0.5%) 832 (0.5%) 274 (0.6%) 223 (0.5%)
IL2 receptor antagonist 69,336 (28.0%) 43,297 (27.8%) 14,358 (28.6%) | 11,681 (28.1%)
Alemtuzumab 16,320 (6.6%) 10,130 (6.5%) 3,156 (6.3%) 3,034 (7.3%)
Rituximab 1,169 (0.5%) 817 (0.5%) 191 (0.4%) 161 (0.4%)
Corticosteroids 159,714 (64.6%) | 101,768 (65.4%) | 31,659 (63.2%) | 26,287 (63.3%)

Maintenance immunosuppression 0.0001
Tacrolimus and/or MMF 204,673 (82.8%) | 129,657 (83.3%) | 40,993 (81.8%) | 34,023 (82.0%)
Cyclosporine and/or azathioprine 8,840 (3.6%) 5,131 (3.3%) 2,064 (4.1%) 1,645 (4.0%)

Other CNI/antimetabolite combination 33,805 (13.7%) 20,878 (13.4%) 7,077 (14.1%) 5,850 (14.1%)
mTOR inhibitor 15,453 (6.3%) 9,190 (5.9%) 3,265 (6.5%) 2,998 (7.2%)
Corticosteroids 193,151 (78.1%) | 122,479 (78.7%) | 39,228 (78.3%) | 31,444 (74.7%)

EBV serostatus (recipient) 0.0001
Positive 161,715 (65.4%) | 104,973 (67.4%) | 30,928 (61.7%) | 25,814 (62.2%)

Negative 30,561 (12.4%) | 14,013 (9.0%) | 8,839 (17.6%) | 7,709 (18.6%)
Unknown 55,042 (22.3%) | 36,680 (23.6%) | 10,367 (20.7%) | 7,995 (19.3%)

EBYV serostatus (donor) 0.0001
Positive 143,044 (57.8%) | 89,392 (57.4%) | 30,046 (59.9%) | 23,606 (56.9%)

Negative 12,559 (5.1%) 7,098 (4.6%) 1,770 (3.5%) 3,691 (8.9%)
Unknown 91,715 (37.1%) | 59,176 (38.0%) | 18,318 (36.5%) | 14,221 (34.3%)

All entries are N (%) unless otherwise noted. All percentages are column percentages except for totals (row percentages). Abbreviations: CNI —

calcineurin inhibitor; MMF - mycophenolate mofetil; P-values calculated by Pearson’s Chi-Square test.
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