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Abstract

Transplant recipients have elevated risk for plasma cell neoplasms (PCNs, comprising multiple 

myeloma and plasmacytoma), but little is known about risk factors in the transplant setting. 

Through linkage of the U.S. solid organ transplant registry with 15 state/regional cancer registries, 

we identified 140 PCNs in 202,600 recipients (1987–2009). PCN risk was 1.8-fold increased 

relative to the general population (standardized incidence ratio [SIR] 1.80, 95%CI 1.51–2.12). 

Among cases, 102 were multiple myeloma (SIR 1.41) and 38 were plasmacytoma (SIR 7.06). 

PCN incidence increased with age, but due to the rarity of PCNs in younger people in the general 

population, SIRs were highest in younger transplant recipients (p=0.03). PCN risk was especially 

high in recipients who were Epstein-Barr virus (EBV) seronegative at transplantation (SIR 3.93). 

EBV status was known for 18 tumors, of which 7 (39%) were EBV positive. Following liver 

transplantation, PCN risk was higher in recipients with cholestatic liver disease (SIR 2.78); 5 of 

these cases had primary biliary cirrhosis (PBC). A role for primary EBV infection after 

transplantation is supported by the increased PCN risk in young EBV seronegative recipients and 

the presence of EBV in tumors. PBC may be another risk factor, perhaps by causing chronic 

immune activation.
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Introduction

Solid organ transplant recipients have an elevated risk for hematologic malignancies, 

especially non-Hodgkin lymphoma (NHL) (1;2), due in large part to immunosuppression 

from medications required to prevent graft rejection. NHL is the most common malignancy 

in the spectrum of outcomes that comprise post-transplant lymphoproliferative disorder 

(PTLD), which also includes reactive and polyclonal variants (3;4). Many PTLD cases are a 

result of infection with Epstein-Barr virus (EBV) (3;4), a ubiquitous virus which in the 

absence of host immune control causes lymphocyte proliferation. EBV is frequently 

detected in PTLD cells, and PTLD risk is highest among children and recipients who are 

EBV seronegative at the time of transplantation (pointing to the importance of primary EBV 

infection after transplantation) (3–5).

Plasma cell neoplasms (PCNs), although uncommon, also occur at an increased frequency 

among transplant recipients (1;2;4;6–9) and are considered part of the spectrum of PTLD 

(4). PCNs derive from plasma cells, which are mature, terminally differentiated B-cells 

responsible for antibody production. Clinically, two diagnostic categories of PCN are 

recognized: multiple myeloma, which arises in the bone marrow, and plasmacytoma, which 

presents as a solitary tumor of plasma cells (10). Patients with plasmacytoma are commonly 

diagnosed with multiple myeloma within months to a few years, reflecting that these entities 

are related and that distinguishing between them can be challenging. Detection of circulating 

monoclonal antibody produced by the tumor plasma cells is a hallmark of both PCN 

subtypes (10). In the U.S. general population, PCN incidence increases with age, with a 

median age at diagnosis of 65–70 years (11;12). PCNs are more common among males, and 

in blacks compared to whites (11;12). PCN risk is also elevated in HIV-infected people (1), 

a group with immunosuppression similar to that of transplant recipients.

The rarity of transplant-associated PCNs has hampered their detailed study, and several 

issues remain unaddressed. PCNs can cause renal failure through a variety of mechanisms 

(13). As a result, one concern has been that the association of PCN with transplantation 

(kidney transplantation in particular) could largely be due to reverse causation, i.e., that the 

PCN is actually the cause of end-stage renal disease but is diagnosed only after 

transplantation (7;14). Additionally, risk factors for PCN among transplant recipients, 

including the time of onset after transplantation, underlying medical conditions, and the role 

of immunosuppressive medications, have not been fully evaluated. Detection of EBV in 

PCNs has been described in case reports or small series (15–23), but the frequency of EBV 

infection is unknown, and there are no data relating PCN risk to EBV serostatus at the time 

of transplantation.

To address these questions, we evaluated data on PCNs in the Transplant Cancer Match 

Study (2), a linkage of the U.S. solid organ transplant registry with multiple cancer registries 

to yield comprehensive cancer incidence data for over 200,000 recipients. We measured 

PCN risk relative to the U.S. general population and assessed various risk factors for PCNs, 

including demographic features, transplant characteristics, medical indications for 

transplantation, immunosuppressive medications, and EBV infection.

Engels et al. Page 2

Am J Transplant. Author manuscript; available in PMC 2014 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Methods

The Transplant Cancer Match Study links the U.S. Scientific Registry of Transplant 

Recipients (SRTR) with 15 population-based cancer registries 

(www.transplantmatch.cancer.gov) (2). The SRTR includes structured data regarding all 

U.S. solid organ transplants since 1987, including recipient demographic and medical 

characteristics, characteristics of the transplanted organs, and immunosuppressive 

medications used for induction or baseline maintenance. During 2008–2011, serial record 

linkages were completed between the SRTR and the following cancer registries, together 

covering about 43% of the U.S. transplant population: California (years of coverage: 1988–

2008), Colorado (1988–2006), Connecticut (1973–2006), Florida (1981–2009), Georgia 

(1995–2008), Hawaii (1973–2007), Illinois (1986–2007), Iowa (1973–2009), Michigan 

(1985–2006), New Jersey (1979–2006), New York (1976–2007), North Carolina (1990–

2007), the Seattle-Puget Sound area of Washington State (1974–2008), Texas (1995–2006), 

and Utah (1973–2008). Record linkages were accomplished using computer-based matching 

algorithms (either Linkplus, available from the Centers for Disease Control and Prevention 

at http://www.cdc.gov/cancer/; or in-house software created by the SRTR) followed by 

clerical review and confirmation of potential matches. The study was approved by human 

subjects research review committees at the National Cancer Institute and, as required, at 

participating cancer registries.

Analyses were restricted to transplant recipients residing in geographic areas covered by the 

cancer registries during the specified time periods. We excluded recipients who had a cancer 

registry record indicating a PCN diagnosis before or at transplantation (N=68), SRTR 

diagnoses of multiple myeloma or amyloidosis listed as the indication for transplantation 

(N=354) (24), or an SRTR diagnosis of HIV infection (N=221). Indications for 

transplantation were grouped into 23 broad organ-specific categories.

For each transplant, follow-up began on the date of transplantation or start of cancer registry 

coverage (whichever came last) and ended at the earliest of PCN diagnosis, death, graft 

failure, retransplantation, or loss to follow-up. PCN diagnoses were identified from linked 

cancer registry records using International Classification of Diseases for Oncology (ICD-O, 

version 3) codes of 9732–9733 (multiple myeloma) and 9731 or 9734 (plasmacytoma) (25). 

ICD-O3 topography codes were also used to classify the site of origin of PCNs (25).

We describe PCN risk in terms of incidence rates (events per 100,000 person-years) and 

standardized incidence ratios (SIRs). The SIR is obtained by dividing the number of cases 

observed in transplant recipients by the number of cases expected for demographically 

similar people in the general population, and thus captures the effect of transplantation in 

increasing cancer risk above that in the general population. Expected counts were calculated 

by applying general population cancer rates to person-time at risk among transplant 

recipients, stratified by sex, age, race/ethnicity, calendar year, and cancer registry area. We 

derived exact 95% confidence intervals for SIRs based on the Poisson distribution.

PCN risk is presented both overall and, using data in the SRTR, for subgroups of transplant 

recipients defined by time since transplantation, demographic characteristics, transplanted 
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organ, EBV infection, other medical conditions, and medications used for induction or 

baseline maintenance. We tested for differences in SIRs between these subgroups by 

including each subgroup variable in univariate Poisson regression models. To measure 

independent associations with PCN risk, we also calculated adjusted SIR ratios in a 

multivariable Poisson regression model that included sex and age, as well as factors that 

were significantly associated with PCN risk in univariate models. We separately calculated 

adjusted SIR ratios for factors that were associated only with multiple myeloma or 

plasmacytoma, or for medical indications restricted to one organ type. In a sensitivity 

analysis, we also calculated SIRs separately for the subset of recipients whose follow-up 

started at transplantation (i.e., who were transplanted during the period of cancer registry 

coverage).

In addition, we compared the separate SIRs for multiple myeloma and plasmacytoma to 

determine whether the effects of transplantation on risk differed for these two outcomes. To 

do this, we first duplicated the data set. Using Poisson regression, we then estimated SIRs 

for multiple myeloma (censoring at plasmacytoma) in one dataset, and in the other dataset 

we estimated SIRs for plasmacytoma (censoring for multiple myeloma). We then combined 

the datasets, included an indicator that was 0 for the first and 1 for the second dataset, and 

tested for a dataset effect using a robust variance estimator that accounted for the repeated 

use of the same individuals (26). Likewise, we tested whether associations with risk factors 

differed for multiple myeloma and plasmayctoma by assessing the associations with SIRs 

for these two outcomes in separate datasets, combining the datasets, and assessing the 

interaction of the dataset and risk factor using a robust variance estimator. Because these 

associations did not differ significantly for most risk factors, except where noted we present 

results for PCN as the combined outcome. All statistical analyses were conducted using SAS 

(SAS Institute, Cary, North Carolina).

Cancer registries do not collect information regarding EBV status of PCN tumors. However, 

the SRTR collects this information for PTLD cases. We therefore searched for PTLD 

records in the SRTR that matched to PCN cases in the cancer registries. We extracted data 

on tumor EBV status when a PTLD record in the SRTR was identified for a PCN case 

recorded in the cancer registry, and where the time interval between the respective diagnosis 

dates was one year or less.

Results

The study included 202,600 solid organ transplants (Table 1). The majority (61%) were 

male, and the median age at transplantation was 47 years. Most recipients were white (62%), 

and the most commonly transplanted organ was kidney (58%) followed by liver (22%) and 

heart and/or lung (14%).

A total of 140 PCNs occurred during follow-up (incidence 15.4 per 100,000 person-years), 

representing a 1.8-fold increase compared with the general population (SIR 1.80, 95%CI 

1.51–2.12). The majority of cases were diagnosed as multiple myeloma (N=102, incidence 

11.2 per 100,000 person-years). Plasmacytoma was less common (N=38, incidence 4.2 per 

100,000 person-years), but the relative risk compared with the general population was 
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significantly higher (p<0.0001) for plasmayctoma (SIR 7.06, 95%CI 5.00–9.70) than for 

multiple myeloma (SIR 1.41, 95%CI 1.15–1.71). In a sensitivity analysis restricted to 

197,371 recipients for whom follow-up began at transplantation, there were 127 PCNs, and 

results were similar to the main analysis for multiple myeloma (N=95, SIR 1.36, 95%CI 

1.10–1.67) and plasmacytoma (N=32, SIR 6.19, 95%CI 4.23–8.74).

The median onset of PCN was 3.8 years after transplant (interquartile range 1.4–7.3 years). 

Twenty-eight cases (20%) were diagnosed in the first year after transplant, including 8 cases 

within the first 3 months. Nonetheless, PCN incidence increased with time since 

transplantation (Figure 1, p-trend=0.04). This increase in PCNs was mainly due to a rise in 

plasmacytoma incidence (p-trend=0.009), as the incidence of multiple myeloma was 

somewhat constant over time (p-trend=0.38, Figure 1). Among the 38 plasmacytoma cases, 

2 arose in the kidney among kidney recipients, 3 in the liver among liver recipients, and 1 in 

the heart in a heart recipient. Other sites of plasmacytomas were reported as bone (N=15), 

soft tissue (N=4), nasal cavity or sinus (N=4), tonsil (N=2), lymph node (N=2), skin (N=2), 

gum (N=1), meninges (N=1), or retroperitoneum (N=1).

Table 2 describes demographic and organ-related risk factors for PCN among transplant 

recipients. PCN incidence increased steeply with age (e.g., 3.0 vs. 40.6 per 100,000 person-

years for recipients who were 0–34 vs. 65+ years old at transplantation), but risk relative to 

the general population was greatest in younger recipients (SIR 8.19 for 0–34 year-olds) and 

was not significantly elevated for the oldest recipients (SIR 1.37 for 65+ year-olds). The 

majority of PCN cases (74%) occurred in males, and incidence was higher in males than 

females (18.9 vs. 9.9 per 100,000 person-years). Nonetheless, PCN risk relative to the 

general population did not differ by sex (SIR 1.55 for females, 1.90 for males). Among 

racial/ethnic groups, Asian/Pacific Islanders had the highest risk relative to the general 

population (SIR 3.19). PCN risk did not differ by transplanted organ (p=0.25, Table 2), and 

significantly elevated risks were observed for kidney recipients (SIR 1.88) and heart 

recipients (SIR 2.27). Risk did not vary by HLA mismatch.

EBV serostatus at transplantation was available for 32 (23%) recipients who were 

transplanted beginning in 2000. As shown in Table 3, EBV seronegative recipients had 

substantially elevated PCN risk (SIR 3.93). Risk was higher in EBV seronegative than EBV 

seropositive recipients (p=0.01), and EBV seropositive recipients did not have elevated PCN 

risk compared with the general population (SIR 1.40).

EBV status of tumor cells was available for 18 cases (13%). Seven of these cases (39%) 

were EBV-positive. The proportion of PCNs reported as EBV-positive was similar for 

multiple myeloma and plasmacytoma (50% vs. 30%, p=0.63). The age at transplantation 

was similar for EBV-positive and EBV-negative PCN cases (mean 51 vs. 52 years, p=0.79). 

The onset appeared later for EBV-positive than EBV-negative PCN tumors (diagnosis at 

median 7.7 vs. 2.9 years after transplantation), but this difference was not significant 

(p=0.29).

PCN risk was elevated among recipients with a normal body mass index (BMI, Table 3). 

There was a significant trend of decreasing PCN risk with higher body mass index (BMI, p-
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trend=0.04); risk appeared lower among underweight recipients, but confidence intervals 

were wide. PCN risk did not vary significantly according to baseline serostatus for 

cytomegalovirus, hepatitis B virus, or hepatitis C virus, or presence of diabetes mellitus 

(Table 3).

With respect to medical indications for transplantation (Table 3), PCN risk was higher in 

liver recipients with cholestatic liver disease than in liver recipients with other indications 

(p=0.03). Among the 8 PCN cases with cholestatic liver disease, 5 had a diagnosis of 

primary biliary cirrhosis (PBC). Of interest, 1 of the 5 PCN cases with PBC was the case 

whose plasmacytoma developed in the donor liver as the primary site. Among heart 

recipients, SIRs for PCN were higher for those who did not have coronary artery disease 

than for those who did (p=0.02), although the difference in risk was less apparent when PCN 

incidence rates were considered (Table 3). Heart recipients with coronary artery disease 

were substantially older than those without (median age at transplantation 57 vs. 43 years). 

Risk was not significantly associated with any of 21 other indications for transplantation 

(data not shown).

PCN risk did not vary significantly according to immunosuppressive medications used for 

induction or maintenance therapy (Table 4). However, the effects on PCN risk were 

significantly different according to PCN subtype for monoclonal antibody induction 

(p=0.04) and maintenance therapy with mycophenolate mofetil (p=0.002). Specifically, 

plasmacytoma risk was higher with use of monoclonal antibody induction (SIR 21.0, 95%CI 

9.05–41.3, vs. 6.00, 4.05–8.57 without monoclonal induction), and plasmayctoma risk was 

lower with use of maintenance mycophenolate mofetil (SIR 4.00, 95%CI 1.92–7.36, vs. SIR 

9.72, 95%CI 6.46–14.1, in non-users). In contrast, multiple myeloma risk was unrelated to 

use of these two medications (data not shown).

In a multivariate model (Table 5), SIR ratios were highest at young ages and for EBV 

seronegative recipients, whereas associations with sex, race/ethnicity, and BMI were either 

non-significant or borderline. After adjustment for sex and age, coronary artery disease was 

no longer significantly associated with PCN risk, but risk remained significantly elevated for 

cholestatic liver disease among liver recipients (Table 5). Furthermore, among recipients 

overall, risk for plasmacytoma remained elevated for use of monoclonal antibody induction 

and decreased for use of mycophenolate mofetil, after adjustment for sex and age.

Discussion

We found an 80% increased risk for PCNs in U.S. solid organ transplant recipients 

compared to the general population. This moderate elevation in risk is consistent with 

previous studies (1;6–9), although our SIR of 1.80 is lower than other reported estimates 

(SIRs 2.7–3.8). In the present study, most of the PCNs were multiple myeloma, but the 

relative risk was especially elevated for plasmacytoma (SIR 7.06). The incidence of multiple 

myeloma was somewhat steady over time following transplantation, whereas plasmacytoma 

incidence increased with extended follow-up.
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PCNs are considered part of the spectrum of PTLD, although they are far less common than 

NHL and other EBV-related lymphoproliferations (1–4). Circulating monoclonal 

immunoglobulins (termed “M-proteins”) are frequently detected among solid organ 

recipients (27–30). In immunocompetent individuals, detection of an M-protein as an 

isolated finding (i.e., monoclonal gammopathy of undetermined significance [MGUS]) 

indicates the presence of an abnormal clone of plasma cells and is associated with the 

subsequent development of multiple myeloma (31). However, among transplant recipients, 

M-proteins are usually transient and not clearly predictive of development of PCNs or other 

forms of PTLD (28–30;32;33).

Our results support the importance of EBV in the etiology of some PCNs that arise in the 

post-transplant setting. Thirty-nine percent of PCNs were reported as EBV-positive. In prior 

small series of post-transplant PCN, EBV RNA or proteins have been documented in tumor 

cells from a variable proportion of cases (15–23). Furthermore, an increased risk for PCN 

was observed in recipients who were EBV seronegative at the time of transplantation. Many 

of these individuals would have developed primary EBV infection following transplantation, 

when their immune system was impaired and unable to fully control the virus. Some 

recipients would have been infected by EBV transmitted from the donor. However, data on 

donors’ EBV status were too incomplete for us to analyze (not shown). Given the amount of 

missing data, we could not look at the concordance of EBV serostatus and the presence of 

EBV in PCN tumors. In contrast to cases in transplant recipients, EBV is rarely detected in 

PCNs that develop in immunocompetent people (34;35).

PCN incidence increased steadily with age, which is a different pattern than seen for NHL 

and other forms of PTLD, where incidence is very high among pediatric transplant 

recipients (2–4). Although the great majority of PCNs in transplant recipients therefore 

occur among older adults, the effect of transplantation on increasing risk relative to the 

general population is actually highest in young recipients (Table 2). Indeed, we calculate 

that the proportion of PCNs among recipients that would be attributable to their transplant 

(i.e., attributable risk = [SIR-1]/SIR) is 88% among recipients 0–34 years old. In contrast, 

among recipients 65+ years old at transplantation, this calculation yields an attributable risk 

of only 27%, which is not significantly different from 0%, given the lack of significant 

elevation for the SIR in this age group.

These findings suggest that the etiology of PCNs in transplant recipients differs somewhat 

across age groups. One model that could explain this pattern is that PCN cases arising in 

older recipients frequently develop from age-related processes that also occur in the general 

population, but those that arise in younger recipients are largely related to transplantation. 

Along these lines, it is possible that many of the PCNs that develop among young recipients 

are EBV-positive and caused by primary EBV infection, although we cannot be certain that 

EBV is always involved given substantial missing data on EBV.

Two sets of results point to different patterns for multiple myeloma and plasmacytoma. 

First, as noted above, plasmacytoma incidence increased with longer follow-up after 

transplantation, whereas multiple myeloma incidence was somewhat constant. Second, 

induction with monoclonal antibodies increased the risk of plasmacytoma, and use of 
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mycophenolate mofetil decreased risk of plasmacytoma, but neither drug had an effect on 

multiple myeloma. Use of monoclonal antibody induction is also associated with an elevated 

risk of NHL and other forms of PTLD (36;37), and mycophenolate mofetil may have 

anticancer properties (38). Nonetheless, it remains puzzling why medications would 

differentially affect risk of multiple myeloma and plasmacytoma. Our results regarding 

immunosuppressive medications differ from those reported previously by Caillard et al. for 

U.S. kidney recipients (39). In that study, multiple myeloma risk was higher with use of 

polyclonal antibody induction and lower with use of azathioprine. A limitation of the study 

by Caillard et al. (39) is that their ascertainment of PCN outcomes relied upon Medicare 

claims, which are less accurate than diagnoses recorded in cancer registries.

In the present study, PCN risk was elevated among liver recipients who had a diagnosis of 

cholestatic liver disease listed as an indication for transplant. Notably, among the cases with 

cholestatic liver disease, 63% had PBC, suggesting that this condition may predispose to 

PCN. Published case reports outside the setting of transplantation have described PBC and 

PCN arising in the same individuals (40–42), although limited follow-up studies of PBC 

(700–1700 patients) have not demonstrated an increased incidence of PCN (43;44). Among 

heart recipients, the higher SIR in those without coronary artery disease was likely 

confounded by their relatively young age, and the association with coronary artery disease 

was no longer significant in a multivariable model.

It is possible that local immune stimulation by the donor organ and/or chronic rejection 

contribute to the development of PCN. Because PBC is an autoimmune disease affecting the 

liver and can recur after transplantation (45), chronic inflammation related to this condition 

may have contributed to the PCN case that we observed arising in the donor liver in a 

recipient with PBC. Nonetheless, only a few PCNs occurred in the transplanted organ. 

Although a case of plasmacytoma of donor cell origin arising in a donor kidney has been 

reported (22), no study has assessed how frequently PCN tumors are of donor cell origin, 

and we did not have data to examine this question in our study.

Some prior studies were limited to kidney recipients (7;9), and one concern has been that the 

elevated risk of PCN could largely reflect reverse causation, because multiple myeloma is a 

well-recognized cause of end-stage renal disease. Patients with multiple myeloma can 

receive kidney transplants (13;46), and the malignancy can recur following transplantation 

(20;47;48). However, several points argue against this interpretation in our study. First, we 

saw elevated PCN risk after excluding recipients with a history of PCN or amyloidosis (a 

condition that is sometimes caused by a PCN) (24). Second, consistent with Collett et al. (8), 

we observed elevated PCN risk in heart recipients in addition to kidney recipients. Third, 

while a number of cases in our study were diagnosed in the first months after 

transplantation, PCN risk increased with time following transplantation. This pattern would 

be unlikely if most PCNs were already present but undocumented prior to transplantation. 

Finally, PCN risk is also elevated in HIV-infected people (1), pointing to an etiologic role 

for immunosuppression.

Strengths of our study include its large size and representative inclusion of transplant 

recipients from the U.S. (2). We identified PCN outcomes through linkage with 
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comprehensive cancer registries, which allowed for complete and unbiased case 

ascertainment. Nonetheless, a limitation was the small number of cases, which limited the 

precision for some estimates and precluded subgroup analyses. Data on EBV antibody status 

and the presence of the virus in PCN tumors were frequently missing, which prevented 

detailed evaluation of this important risk factor. As in all studies of cancer in transplant 

recipients, the presence of competing risks (e.g., death, graft failure) may have affected the 

observed associations with PCN, if those events did not occur independently of PCN.

Additionally, because this study was based on linked population-based registry data, it 

would have been very difficult to track down archived tumor specimens, so we were unable 

to conduct a central pathology review or perform additional diagnostic studies. In particular, 

some PCNs may have been misdiagnosed cases of plasmablastic lymphoma, a variant of 

diffuse large B-cell lymphoma. This lymphoma subtype has a morphologic resemblance to 

plasmacytoma, with tumor cells that stain positive for markers indicative of plasma cell 

differentiation (e.g., MUM1/IRF4 and CD138/syndecan-1) (49). Conversely, some 

plasmacytomas in transplant recipients have been reported to have cells that resemble 

plasmablasts (16;18;22). Although there may be overlap between these two conditions, some 

features may favor one diagnosis over the other. For example, the detection of EBV in tumor 

cells may suggest a diagnosis of plasmablastic lymphoma, whereas the presence of lytic 

bone lesions or an M-protein would support a diagnosis of PCN (49). In addition, some 

PCNs in our study may be misdiagnosed cases of plasmacytic hyperplasia, an EBV-related 

polyclonal lesion that is common early after transplantation.

In conclusion, these observations demonstrate an elevated risk of PCNs among solid organ 

recipients. Especially among children and young adults, the substantially elevated risk of 

PCN likely arises from transplant-related immunosuppression and lack of immune control of 

EBV infection. In contrast, PCNs among older transplant recipients may more frequently be 

caused by age-related processes that underlie the occurrence of PCNs in the general 

population. We also observed intriguing associations with PBC and, for plasmacytoma, with 

certain immunosuppressive medications, which require replication. In addition, future 

studies should aim to further characterize the clinical and molecular features of transplant-

associated PCNs, which may reveal important differences from cases that arise in 

immunocompetent older adults.
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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 (5U58DP000817-05), Illinois (5658DP000805-04), Michigan (5U58DP000812-03), New Jersey (5U58/
DP000808-05), New York (15-0351), North Carolina (U58DP000832), and Texas (5U58DP000824-04). The 
following cancer registries were supported by the SEER Program of the National Cancer Institute: California 
(contracts HHSN261201000036C, HHSN261201000035C, and HHSN261201000034C), Connecticut 
(HHSN261201000024C), Hawaii (HHSN261201000037C, N01-PC-35137, and N01-PC-35139), Iowa (N01-
PC-35143), New Jersey (HHSN261201000027C N01-PC-54405), Seattle-Puget Sound (N01-PC-35142), and Utah 
(HHSN261201000026C). Additional support was provided by the states of California, Colorado, Connecticut, 
Illinois, Iowa, New Jersey, New York (Cancer Surveillance Improvement Initiative 14-2491), Texas, and 
Washington, as well as the Fred Hutchinson Cancer Research Center in Seattle, WA.
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Figure 1. 
Incidence of plasma cell neoplasms overall (panel A), and separately for multiple myeloma 

and plasmacytoma (panel B), as a function of time since transplantation. Vertical lines 

correspond to 95% confidence intervals for incidence rate estimates. In panel B, open circles 

are estimates for multiple myeloma, and closed circles are estimates for plasmacytoma.
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Table 1

Characteristics of 202,600 U.S. solid organ transplants evaluated for risk of plasma cell neoplasms

Characteristic No. of recipients(% of total)

Sex

 Male 123,634 (61.0)

 Female 78,966 (39.0)

Age at transplant, years

 0–19 18,039 (8.9)

 20–34 31,076 (15.3)

 35–49 63,508 (31.4)

 50–64 73,100 (36.1)

 65+ 16,877 (8.3)

Race/ethnicity

 White, non-Hispanic 125,635 (62.0)

 Black, non-Hispanic 34,203 (16.9)

 Hispanic 31,499 (15.6)

 Asian/Pacific Islander 11,263 (5.6)

Transplanted organ

 Kidney 117,105 (57.8)

 Kidney/pancreas or pancreas 9,010 (4.5)

 Liver 44,690 (22.1)

 Heart and/or lung 29,025 (14.3)

 Other or multiple 2,770 (1.4)

Calendar year of transplantation

 1987–1994 38,441 (19.0)

 1995–1999 52,262 (25.8)

 2000–2004 64,563 (31.9)

 2005–2009 47,334 (23.4)
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