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Abstract

We describe baseline incidence and risk-factors for new cancers in 4161 persons receiving
autotransplants for multiple myeloma (MM) in the US during 1990- 2010. Observed incidence of
invasive new cancers was compared with expected incidence relative to the US population. The
cohort represented 13387 person years at-risk. 163 new cancers were observed for a crude
incidence rate of 1.2 new cancers per 100 person-years and cumulative incidences of 2.6% (95%
Cl; 2.09-3.17), 4.2% (95% ClI; 3.49-5.00) and 6.1% (95% CI; 5.08-7.24) at 3, 5 and 7 years. The
incidence of new cancers in the autotransplant cohort was similar to age- race- and gender-
adjusted comparison subjects with an observed/expected (O/E) ratio of 1.00 (99% ClI; 0.81-1.22).
However, acute myeloid leukemia (AML) and melanoma were observed at higher than expected
rates with O/E ratios of 5.19 (99% CI; 1.67-12.04; P=0.0004), and 3.58 (99% ClI, 1.82-6.29;
P<0.0001). Obesity, older age and male gender were associated with increased risks of new
cancers in multivariate analyses. This large dataset provides a baseline for comparison and defines
the histologic type specific risk for new cancers in patients with MM receiving post autotransplant
therapies such as maintenance.

Keywords
Myeloma; Second Cancer; Transplantation

Introduction

Survival of persons with multiple myeloma (MM) has improved substantially because of
new therapies including autotransplants and novel drugs such as immune-modulating drugs
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and proteasome-inhibitors. Consequently, it is important to determine whether there is an
increased risk of new cancers either because of the disease or its therapy. Several, but not all
studies report an increased risk of new cancers including acute myeloid leukemia (AML)
and myelodysplastic syndrome (MDS) in persons with myeloma whether or not they receive
autologous transplants->.

Recent data from randomized trials of lenalidomide given post-autotransplant as
maintenance therapy to prevent relapse indicate an increased risk of new cancers. Twenty
six of 307 in one study and 18 of 231 subjects in a second developed new cancers with
significant higher incidence in subjects randomized to lenalidomide compared with those
receiving placebo8 . A recent meta-analysis reported a higher risk for new hematologic
cancers in persons receiving lenalidomide and melphalan®.

The purpose of our study was to determine the baseline incidence of new cancers after
autologous transplants in persons with MM in the US and to compare this rate with those of
a age, gender and race matched US population. We also wanted to identify factors
associated with development of new cancers post-autotransplant using statistical models.

Subjects receiving a first autotransplant within 18 months of diagnosis in the US for MM
and reported to the Center for International Blood and Marrow Transplant Research
(CIBMTR) 1990- 2010 were included in the study. The CIBMTR is a voluntary group of
more than 450 transplant centers worldwide that contribute data on allogeneic and
autologous transplants to a statistical center at the Medical College of Wisconsin in
Milwaukee or the National Marrow Donor Program Coordinating Center in Minneapolis,
Minnesota. Participating centers are required to register all transplants done consecutively
and post-transplant outcomes including incidence of new cancer are collected in prospective
fashion. Compliance of the participating centers is monitored by periodic on-site audits.
Subjects are followed up longitudinally, with yearly data update. Computerized checks for
errors, physicians' review of submitted data, and on-site audits of participating centers are
used to ensure data quality. Observational studies conducted by the CIBMTR are performed
with a waiver of informed consent and in compliance with Health Insurance Portability and
Accountability Act regulations as determined by the institutional review board and the
privacy officer of the Medical College of Wisconsin.

Definition of Outcomes

A new cancer was defined as a previously unidentified invasive cancer occurring post-
transplant. Carcinomas in situ and other pre-cancerous abnormalities (e.g. squamous
intraepithelial neoplasia) were excluded. Pathology reports were obtained and reviewed
centrally to confirm the diagnosis. Transplant centers were contacted to resolve ambiguities.
After confirmation, diagnoses of new cancers were coded by ICD-O-3 for comparison with
the US National Cancer Institute's Surveillance, Epidemiology, and End Results program
SEER?. SEER consists of high-quality, population-based cancer registries that are supported
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and sponsored by the National Cancer Institute. The SEER Program is the authoritative
source on invasive cancer incidence and survival in the US.

Statistical Analyses—Summary statistics were used to describe the cohort. For each
transplant recipient, person-years at risk were calculated from date of transplant until the
date of last contact, death or diagnosis of a new cancer, whichever occurred first. Time to
diagnosis of new cancer from transplant was determined. Cumulative incidence of new
cancers was computed at various time points by treating death as a competing risk.
Recurrence or progression of MM was not considered a competing risk.

Age-, gender-, and race-specific cancer incidence rates derived from SEER for all cancers
combined and for cancers at specific sites were applied to the appropriate person-years at-
risk to compute the expected numbers of cancers. Observed/expected (O/E) ratios or
standardized incidence ratios (SIRs) with 99% confidence intervals (CI) were calculated on
the assumption that the observed number of cancers followed a Poisson distribution.
Specific O/E ratios were not derived for non-melanoma skin cancers (NMSC) and for MDS
because non-melanoma skin cancers are not collected by SEER and MDS was not reportable
to SEER until 2001. Also there is ongoing concern that MDS may be under reported to
SEER0, However the overall incidence estimates and multivariate analyses include all
cancers confirmed in our study cohort.

Cox regression models were used to compare risks for various subgroups of transplant
recipients and to identify risk factors for all new cancers and for AML and MDS (AML/
MDS) separately. Variables analyzed in the Cox model were: age at transplant, gender, race,
smoking history, Karnofsky performance score (KPS) at transplant, body mass index (BMlI),
number of lines and types of pretransplant therapy, pretransplant radiation, conditioning
regimen, whether a second autotransplant was done, post-transplant maintenance therapy
and the year of transplant.

In addition, a matched case—control analysis was done comparing autotransplant recipients
who developed a new cancer (N=163) matched to a cohort of transplant recipients with
similar follow-up who did not develop a new cancer. Controls were matched for gender,
year of transplant (+/- 3 years of cases), age (+/-3 years) and follow-up interval (< 1 year,
1-2 years, 3-5 years). Controls were selected to ensure post-transplant follow-up time was
similar and =time to development of new cancer in the cases with the new cancer. Seven
hundred and seventy six controls were generated from the database for the 163 new cancer
cases. Separate multivariate analyses were then done to identify variables associated with
development of all new cancers and of AML/MDS. Variables analyzed by conditional
logistic regression included KPS, BMI, smoking history, pretransplant therapy, radiation
therapy pre-transplant and transplant conditioning regimen.

Results

Subjects

There were 4161 MM subjects from 164 US transplant centers contributing 13387 person-
years follow-up (median, 2.5 years, range, 0.3 months-16 years). Median post-transplant
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survival was 63 months (95% CI; 60-67 months), with 70% (95% CI; 68-72%), 52% (95%
Cl; 50-54%) and 29% (95% ClI; 26-31%) of subjects alive at 3, 5 and 10 years. Subject-,
disease- and treatment-related variables are summarized and described in Table 1. Median
age at transplant was 57 years (22-80 years) with only 6% of subjects >70 years. High-dose
melphalan as a single agent was the most common (81%) conditioning regimen. As
expected for a cohort spanning 1990-2010, novel MM drugs were used pre-transplant in
69% of subjects including thalidomide in 34%, lenalidomide in 14% and bortezomib in
21%. Post-transplant maintenance therapy included thalidomide (15%), lenalidomide (11%),
bortezomib (9%) and interferon (6%). Most subjects (59%) were transplanted within 6-12
months of diagnosis, 27% within 6 months and 14% between 12 and 18 months after
diagnosis. Follow up completeness index!! for the study was more than 80%.

New cancers—One hundred sixty three new cancers were reported in autotransplant
recipients with a crude incidence rate of 1.2 (95% CI; 1.03-1.42) new cancers per 100
person-years follow-up. The observed/expected (O/E) ratio was 1.00 (99% CI, 0.81-1.22) as
compared with the general population of the US (Table 2). There were 8 cases of acute
myeloid leukemia (AML), 27 of myelodysplastic syndrome (MDS) and 19 of melanoma
observed during follow-up. Cumulative incidence of new cancers was 2.6% (95% ClI, 2.09-
3.17%) at 3 years and 5.09% (95% ClI, 4.96— 7.23%) at 7 years [Figure 1, Table 3].
Cumulative incidence of AML/MDS was 0.5% (95% CI, 0.28-0.78%) at 3 years and 1.51%
(95% ClI, 0.97- 2.16%) at 7 years. Significantly increased O/E ratios were observed for
AML and melanoma compared with the US population [Table 4]. Out of the 163 patients
with new cancers, 101 relapsed with MM and 71 out of those 101 relapses had occurred
prior to the diagnosis of new cancer. For the patients (N=71) who relapsed prior to the
diagnosis of SPC, median months from relapse to new cancer was 20 months. For the
remaining patients (N=92) had a new cancer diagnosis without evidence of myeloma relapse
at that time. Similarly for AML/MDS, 21 had myeloma relapse with 17 of these relapses
occurring prior to the diagnosis of AML/MDS. All cases of AML were observed >2 years
post-transplant.

Multivariate analyses—Risk factors for new cancer identified using Cox regression
model included older age, obesity and male gender (Table 5). A higher risk of new cancer
was observed in subjects aged 60-69 years compared with those <40 year old (hazard ratio
[HR]=6.07 [95% Cl, 1.48-24.78] ;P=0.012) and among those >70 years (HR=8.58; [95%
Cl,: 1.95-37.74], P=0.005). Obesity (BMI >30) was associated with higher risk of
developing a new cancer (HR=1.93; 95% Cl, 1.25-2.99; P=0.0030). Women had a
significantly lower risk of new cancer as compared to men (HR=0.5; 95% CI, 0.35-0.71;
P=0.001). Smoking, numbers of lines of prior therapy, radiation exposure for myeloma,
melphalan dose (mg/m2), receiving a 2"d autotransplant and post-transplant use of
thalidomide (15% of subjects) or lenalidomide (11% of subjects) were not significantly
associated with the overall risk of developing a new cancer.

Multivariate analysis of AML/MDS was limited by the relatively small number of cases
(N=33). After excluding subjects <40 years of age (only 1 case), multivariate analysis
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showed age >70 years was significantly associated with risk of AML/MDS (HR=13.17, 95%
Cl, 2.52-68.86, P=0.0022)

Case control analyses were done on age-, gender- and year of transplant-matched controls
for the cases that reported a new cancer (Table 6) to analyze additional variables. BMI >30
remained significant in this analysis too with an odds ratio (OR) = 1.94 (95% Cl, 1.15-3.26;
P=0.005). Pre transplant therapies for MM, conditioning regimen (melphalan vs. other
agents) and post-transplant maintenance were not significantly associated with increased
risk of a new cancer; smoking history and receiving =2 lines of pretransplant therapy were
of borderline significance.

Discussion

This is the largest analysis of hew cancers in autotransplant recipients for MM in terms of
the numbers of new cancers analyzed and the person years of follow up (Table 7). The site
specific ICD-O coded data in Table 2 describes risk for each cancer. The overall risk of
developing an invasive cancer after autologous transplantation for MM was similar to that
expected among persons of similar age, gender and race in the general US population. The
incidence rate consistent is with other reports from autotransplant studies in MM 612, n
contrast to the overall new cancer risk, a clear increase in risk of myeloid malignancies
(AML/MDS) and melanoma was detected. A prospective study by the Intergroup
Francophone du Myeloma (IFM) randomizing subjects to lenalidomide or placebo post-
transplant reported a virtually identical second cancer risk of 1.2 per 100 person-years in
their placebo group (n=307)8.

There are several limitations to prior estimates of incidence and pathogenesis of new cancers
in MM including small numbers of subjects, inadequate follow-up and imperfect
ascertainment of new cancers!3. Studies reporting few new cancers cannot adequately
analyze risk- factors due to the low numbers of events of interest. Our cohort was composed
of uniformly treated persons with MM in the US all of whom received an upfront
autotransplant. The data span 2 decades during which time survival improved dramatically.
Ascertainment and reporting of new cancers in our cohort was performed by the transplant
centers with all reported new cancers confirmed by central review of pathology reports.
Because we had many new cancers we were able to perform additional analyses in order to
identify risk factors. Nevertheless, the retrospective nature of the study leads to the
possibility of underreporting of second cancers in this study.

MM in persons not receiving an autotransplant is reported to be associated with an increased
risk of synchronous and metachronous new cancers. This is also so in untreated persons and
in persons with monoclonal gammopathy of undetermined significance (MGUS). A
population-based study from the Swedish Cancer Registry reported an increased risk of skin,
central nervous system, non-thyroid endocrine neoplasms and hematologic cancers,
especially AML, in those with MM4. In another study a 2.4-fold increased risk of MDS was
reported in persons with MGUS who had not received anti myeloma therapy.1®. An inherent
risk of MDS in MM patients has been proposed based on multi parameter flow studies of
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bone marrow samples taken prior to therapy6. These data suggest an inherent risk of
developing AML/MDS independent of therapy.

Increasing age, male gender and obesity were associated with an increased risk of new
cancers. Increasing age and male sex were also associated with SPM development in the
IFM study®. In de novo AML the age-adjusted incidence is approximately 1.5 fold higher in
males than females1”-18, Males also have an increased risk of developing AML/MDS after
exposure to ionizing radiation or nuclear weapons?®.

Increasing body mass has been associated with an increased risk of several non-
hematological cancers, i.e., esophageal, pancreas, colorectal, breast, endometrial, kidney,
thyroid, and gall bladder cancers2?. We found that a BMI >30 was an independent risk-
factor for new cancers even in an age and sex matched case control analysis. In patients
undergoing autotransplant for MM, there is no overall effect of BMI on survival,
progression or non-relapse mortality?!. Body mass is one of the factors that influences
chemotherapy dosing. High dose pretransplant conditioning therapy (such as high-dose
melphalan), is calculated based on weight or body surface area (BSA). Consequently,
hematopoietic progenitor cells (HPC) in persons with a higher BMI may be exposed to more
melphalan (on a dose per HPC basis) than those in persons with a lower BMI. In this case, it
may not be possible to distinguish biologic mechanisms increasing cancer risk associated
with obesity per se from those of melphalan exposure. the Although the mechanism by
which obesity increases the risk of new cancers is unclear, it is important as an area of
possible intervention and patient selection for post-transplant therapies such as lenalidomide
which increase the risk.

Although smoking and radiation are strong carcinogens they were not associated with new
cancer risk in our study?2. This may relate to small sample size of smokers and the overall
low incidence of smoking related cancers in the cohort. Exposure to alkylating drugs during
induction therapy increases risk of new cancers in persons with MM especially the risk of
AML/MDS24.23 We found no relationship between drugs used pretransplant and new
cancer risk. However it must be noted that our cohort received transplant early in the course
of disease with limited duration of pre-transplant therapy.

An increased risk of AML/MDS is reported in persons with MM in population-based non-
transplant settings 2131423, Because MDS was not reportable to SEER and other cancer
registries until 2001 and because of current concern about under-reporting 10 we did not
calculate the O/E ratio specific for MDS in our study. The relatively few cases and limited
data on pretransplant cytogenetics also limits our analyses of MDS. Age was the only
significant risk-factor associated with AML/MDS similar to that reported for de novo AML.
Interestingly, some studies report synchronous AML/MDS and MM at diagnosis. Moreover,
biologic features of MDS have been described in pre-therapy bone marrow specimens using
sensitive techniques6:24.25,

Immune suppression in other settings, example post kidney and heart transplant has been
shown to correlate with an increased risk of developing AML26. Amongst kidney transplant
recipients, the standardized incidence ratio for developing AML was 1.90 (95% confidence
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interval, 1.4 2.4; O/E=54/29; P<0.001) while amongst heart transplant recipients it was
5.10 (3.4-7.1; O/E=31/6; P<0.001). In contrast to other post-transplant cancers, the
increased risk of AML in heart transplant recipients did not begin until 3—4 years after
transplant, indicating perhaps the risk is increased when immunosuppression is intense and
prolonged. Notably the patients in our study were autologous transplant recipients and not
subject to further post-transplant immune suppression.

The increased incidence of melanoma post-autotransplant could reflect a true increase or
surveillance bias. A similar increase is reported in other transplant settings and in persons
with immune suppression.2’ An increased melanoma risk (standardized incidence ratio
[SIR] = 1.36) among MM patients in the SEER registry is reported?®. This underscores the
importance of dermatologic surveillance in the post-transplant setting.

The survivorship of patients with multiple myeloma has been increasing in the era of
autotransplant and new anti-myeloma therapies, and such patients can be expected to
develop second cancers in higher numbers. A recent SEER based analysis suggested that the
risks of solid tumor cancers among MM patients tend to rise slowly during follow up but
show little overall difference in risk relative to the general population (SIR = 1.02 at = 60
months)28. In contrast, SIRs associated with AML are markedly elevated at 24-59 months
(SIR =9.28) and at = 60 months (SIR = 10.77). We also found a continued risk of new
cancers over several years (Figure 1). Recent studies indicating a higher risk of new cancers
in persons receiving lenalidomide had a median follow up of 30-34 months®.7.
Consequently, a true picture of long term risk may not have emerged in these studies and
thus longer follow up of subjects is essential. Our data show the risk of myeloma relapse is
significantly higher than the risk of new cancers (Figure 1) and that the overall new cancer
risk is similar to that of the general population.

In conclusion, our data indicate no significant increase in overall risk of new cancers in
persons with MM receiving autotransplants compared with a matched US population.
However, some cancers such as AML and melanoma are significantly increased in
autotransplant recipients compared with a similar US population. Factors associated with an
increased risk are older age, male gender and obesity. The biological bases of these
associations are unknown. The risk of MM progression and death from MM continues to
exceed the risk of new cancer.
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Patient, Disease and Treatment Characteristics

Table 1

Characteristics N (%)
Subject-related
N subjects 4161
Number of centers 164
Age at transplant, median (range), years 57 (22-80)
< 40 years 163 (4)
40-49 years 731(18)
50-59 years 1611 (39)
60-69 years 1427(34)
> 70 years 229 (6)
Male 2437 (59)
Race
Caucasian 3159 (76)
African-American 691 (17)
Hispanic 172 (4)
Others& 78 (2)
Missing 61 (1)
Karnofsky score < 90 1530 (37)
Body Mass Index (BMI)
Underweight (<18.5) 39 (1)
Normal weight (18.5-25) 1045 (25)
Overweight (25-29.9) 1607 (39)
Obesity (230) 1449 (35)
Missing 21 (<1)
History of smoking before transplant 1821 (44)
Disease-related
Stage 111 by Durie Salmon/International Stage 2163 (52)
Immunochemical subtype of MM
19G 2215 (53)
IgA 803 (19)
Light chain 730 (18)
Others® 51 (1)
Non-secretory 177 (4)
Missing 185 (4)
Albumin at diagnosis
<35 g/dL 1290 (31)
Creatinine at diagnosis >1.5 mg/dl 959 (23)
Hemoglobin at diagnosis <10 g/dl 2426 (58)

Treatment Characteristics

Conditioning regimens
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Characteristics N (%)
Melphalan alone 3388 (81)
Melphalan + TBI 206 (5)
Melphalan + others (no TBI) 245 (6)
Busulfan + Cyclophosphamide + others 231 (6)
OthersC® 91 (2

Lines of chemotherapy pre transplant
1 2568 (62)
2 1145 (28)
>2 419 (10)
Missing 29(<1)

Pre-transplant radiation therapy 1029 (26)

Chemotherapy prior to transplant

Method | of description
VAD/High dose steroids: Yes 1684 (44)
Thalidomide: Yes 1428(34)
Bortezomib: Yes 880(21)
Lenalidomide: Yes 565 (14)
Thalidomide + bortezomib: Yes 321 (8)
Bortezomib + Lenalidomide: Yes 393 (9)
Melphalan + Prednisone (MP): Yes 266 (6)
Missing 29 (<1)

Method 11 of description
Thalidomide/lenalidomide + bortezomib 619 (15)
Thalidomide/lenalidomide 1288 (31)
Bortezomib 261 (6)
VVAD/high dose steroids 1450 (35)
Melphalan + Prednisone (MP) 127 (3)
Others 387 (9)
Missing 29 (<1)

Sensitive to pretransplant chemotherapy 3425 (78)

Time from diagnosis to transplant, median (range), months 7 (<1-18)
<6 months 1123 (27)
6-12 months 2475 (59)
12-18 months 563 (14)

Transplant group
Single autotransplant 3196 (77)
> 2 transplant, time interval between transplants <6 months 615 (15)
> 2 transplant, time interval between transplants =6 months 350 (8)

Conditioning regimens
Melphalan alone 3388 (81)
Melphalan + TBI 206 (5)
Melphalan + others (no TBI) 245 (6)
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N (%)

Busulfan + cyclophosphamide + others

OthersC®

Year of transplant
1990-1995
1996-1997
1998-1999
2000-2001
2002-2003
2004-2005
2006-2007
2008-2009
2010

Planned maintenance therapy
None
Thalidomide
Bortezomib
Lenalidomide
Steroid

Interferon
Othersd
Missing

Follow Up completeness Index @ 1 year & 5 years

231 (6)
91 (2)

132 (3)
295 (7)
367 (9)
485 (12)
438 (11)
814 (20)
651 (16)
808 (19)
171 (4)

2333 (56)
623 (15)
383 (9)

450 (11)
180 (4)

234 (6)

160 (4)

24 (<1)
97% & 82%

Abbreviations: VAD - Vincristine, Doxorubicin, Dexamethasone; SD — Stable Disease, TBI — Total body irradiation

a . . . . . . .
Other race includes: Asian/Pacific islander (n=47), Native American (n=10), Middle Eastern White (n=7)

bOther immunochemical type include: 1gD (n=31), IgE (n=3), IgM (n=8)

COther conditioning regimens include: cyclophosphamide (n=12), cyclophosphamide-+etopside (n=17), TBI (n=2), cyclophosphamide+taxol (n=1),
cyclophosphamide+thiotepa(n=2), TBI+cyclophosphamide(n=29), TBI+Thiotepa (n=9), TBI+busulfan(n=3), TBI+etoposide(n=1), busulfan (n=5),
busulfan+cytarabine+etoposide(n=1), busulfan+thiotepa (n=1), carboplatin+thiotepa (n=2).

dOther maintenance therapy includes: rituxan (n=3), VP16 (n=2), IVIG (n=60), cyclophosphamide (N=26), doxil (n=2), biaxin (n=7), decadron
(n=74), melphalan (n=18), taxol (n=13), cisp (n=10), etoposide (n=4), IL2 (n=26)
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