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Key Points

• Linkage of CIBMTR
with cancer registry
data leads to more
complete estimates of
cumulative incidence
of solid neoplasms
following HCT.

• This collaborative
approach can improve
risk factor evaluation to
help inform follow-up
care practice in the
growing HCT survivor
population.
Compared with the general population, hematopoietic cell transplantation (HCT) survivors

are at elevated risk for developing solid subsequent neoplasms (SNs). The Center for

International Blood and Marrow Transplant Research (CIBMTR) is a key resource for

quantifying solid SN incidence following HCT, but the completeness of SN ascertainment is

uncertain. Within a cohort of 18 450 CIBMTR patients linked to the California Cancer

Registry (CCR), we evaluated the completeness of solid SN data reported to the CIBMTR from

1991 to 2018 to understand the implications of using CIBMTR data alone or combined with

CCR data to quantify the burden of solid SNs after HCT. We estimated the cumulative

incidence of developing a solid SN, accounting for the competing risk of death. Within the

cohort, solid SNs were reported among 724 patients; 15.6% of these patients had an SN

reported by CIBMTR only, 36.9% by CCR only, and 47.5% by both. The corresponding

cumulative incidence of developing a solid SN at 10 years following a first HCT was 4.0%

(95% confidence interval [CI], 3.5-4.4) according to CIBMTR data only, 5.3% (95% CI, 4.9-5.9)

according to CCR data only, and 6.3% (95% CI, 5.7-6.8) according to both sources combined.

The patterns were similar for allogeneic and autologous HCT recipients. Linking detailed

HCT information from CIBMTR with comprehensive SN data from cancer registries

provides an opportunity to optimize SN ascertainment for informing follow-up care

practices and evaluating risk factors in the growing population of HCT survivors.
Introduction

Hematopoietic cell transplantation (HCT) plays an important role as a curative treatment for many
malignant and nonmalignant hematologic disorders. Treatment advances and expanded eligibility to
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older populations have led to a growing population of HCT survi-
vors,1 from ~100 000 in 2009 to a projected 500 000 by 2030 in
the United States.2 Compared with the general population, HCT
survivors are at elevated risk for developing posttransplant com-
plications, including solid subsequent neoplasms (SNs), with the
risk for most solid SN types increasing with time since HCT.3-8

The Center for International Blood and Marrow Transplant
Research (CIBMTR), a research collaboration between the
National Marrow Donor Program and the Medical College of
Wisconsin (https://www.cibmtr.org/pages/index.aspx), maintains a
large, comprehensive HCT registry incorporating patient and donor
demographics, clinical characteristics, HCT details, and long-term
clinical outcomes including SNs, which are reported by HCT
centers using standardized data collection systems. Reporting to
the CIBMTR is mandatory for all US allogeneic (allo) HCTs (since
2006), and an estimated 85% of autologous (auto) HCTs are
reported voluntarily.9 The CIBMTR is a key resource for evaluating
risk factors and quantifying the SN burden after HCT. However, the
completeness and accuracy of SN data reported to the CIBMTR
are unknown because SNs, particularly those occurring years after
transplantation, are often diagnosed outside of HCT centers.10

Additionally, unlike population-based cancer registries, the
CIBMTR is not designed specifically to capture SNs. High-quality
US population-based cancer registries collect data on ≥95% of
new cancer diagnoses in their catchment area11 and have been
used extensively to characterize SN incidence in cancer survivor
populations.12,13 Cancer registry data, however, lack detailed
information on HCT treatment approaches to examine risk factors
for SNs after HCT,14 and are limited to cancers diagnosed within
their catchment area. Thus, the linkage of CIBMTR data with
population-based cancer registries may improve the ascertainment
of SNs while leveraging CIBMTR’s detailed HCT data.

To our knowledge, no studies have compared the solid SN data
reported to the CIBMTR with population-based cancer registry
data. To address this gap, using a cohort of CIBMTR patients
linked to the California Cancer Registry (CCR),14 we evaluated the
completeness of the CIBMTR solid SN data to understand the
implications of using CIBMTR data alone or in combination with
CCR data for quantifying the burden of solid SNs following HCT.
Methods

Study design and population

From CIBMTR, we selected patients who underwent a first HCT for
a hematologic malignancy diagnosed between 1991 and 2016,
resided in California (per residential zip code in CIBMTR records)
at the time of transplantation (or underwent HCT in California if
residential zip code was unknown), and consented to research.
From CCR, we selected all patients diagnosed with a hematologic
malignancy between 1991 and 2016. We then linked the CIBMTR
and CCR cohorts on date of birth, sex, social security number,
residence zip code, date and type of hematologic malignancy
diagnosis, transplant center, and the date and type of HCT, as
described previously along with the completeness of linkage vari-
ables.14 From an initial population of 22 733 CIBMTR patients,
18 886 patients were linked to the CCR. After excluding patients
with unknown date of last follow-up from either CCR or CIBMTR
(n = 88), patients with last known follow-up from CCR or CIBMTR
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before the first HCT (n = 111), or patients who underwent an HCT
before 1991 (n = 237), our final analytic cohort included 18 450
patients successfully linked to the CCR (supplemental Figure 1).

Ascertainment and classification of SNs

CIBMTR. SNs are captured in posttransplant data collection
systems at 100 days, 6 months, and then annually until 6 years
following HCT, after which reporting is biennial until death.9 SNs
are collected for all patients, including those on the Transplant
Essential Data (TED) or the more expansive Comprehensive Report
Form (CRF) track, which collects additional disease and HCT
information from a weighted random selection of patients. We
classified solid SNs into 11 broad categories available from
CIBMTR data collection forms over the entire study period (breast,
brain/central nervous system [CNS], lung, gastrointestinal [GI],
genitourinary [GU], oropharyngeal, thyroid, sarcoma, melanoma,
nonmelanoma skin cancer [NMSC], and other/unknown;
supplemental Table 1). For some records, additional text fields
provided more granular information about SN type (ie, site,
morphology, and/or behavior). Where available, we reclassified
“other” SNs into more specific categories based on text fields.
Unless otherwise specified in text fields, all SNs were presumed
invasive (malignant).

CCR. Reporting to the registry is mandated statewide for all inva-
sive and in situ malignancies (excluding cervix in situ cases diag-
nosed after 1995) and for benign brain and CNS tumors (since
2001) diagnosed in the state of California.15,16 Basal cell carci-
noma (BCC) and squamous cell carcinoma (SCC) NMSCs are not
reportable. For each reported case, the CCR collects patient
demographics, tumor, and some clinical characteristics. Interna-
tional Classification of Diseases for Oncology, third edition histol-
ogy, topography, and behavior codes were used to classify solid
tumors following HCT into the categories available for CIBMTR
(supplemental Table 1).

From each source (CIBMTR and CCR), we captured the first
report of each SN type (breast, brain/CNS, lung, GI, GU, oropha-
ryngeal, thyroid, sarcoma, and melanoma), restricting to tumors
reportable to CCR and excluding NMSC and other/unknown
neoplasms. We captured multiple SNs of different types per
patient from each source (where applicable), but only the first of
each SN type. Additionally, we restricted the ascertainment of SNs
to the overlapping (shared) follow-up period from the 2 sources,
which began at the first HCT and continued until the earliest date
of a second HCT, CIBMTR end of follow-up (date of death or last
known alive), CCR end of follow-up (date of death or last known
alive), or study end (31 December 2018). We excluded 9 CIBMTR
SNs missing a year of diagnosis but retained the patients, some of
whom had other SN diagnoses.

Statistical methods

Descriptive analyses. Among patients with at least 1 solid SN,
we calculated the proportion of patients identified as having an SN
by CIBMTR only, CCR only, or both sources. Each SN was also
classified by ascertainment status as CIBMTR only, CCR only, or
both (considered concordant if the diagnoses were in the same
broad category and dates reported by CCR and CIBMTR were
within 90 days). Concordance was based on broad category
because CIBMTR did not systematically collect specific sites for
SOLID TUMORS AFTER HCT 4103
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GI, GU, and oropharyngeal SNs or sarcoma. We then evaluated
the source distribution of cases, overall and by a priori selected
characteristics, including HCT type, SN type, sex, age at HCT, race
and ethnicity, center volume,14 CIBMTR reporting track, year of
SN, and interval between HCT and SN. For cases diagnosed by
both sources, the earliest reported diagnosis date was used for SN
year and interval. We report the median years of person-time
contributed by each patient during the shared follow-up and
median interval from HCT until the date of the patient’s first SN
from each source.

Additional descriptive analyses were undertaken to explore
whether misclassification of cancer type or outmigration from
California could explain SNs reported by CCR only or CIBMTR
only. Specifically, we evaluated whether other SNs, including
NMSC and other/unknown (excluded from primary analyses), were
reported for these patients during the shared follow-up period.
Using residential history information from a public-records data-
base obtained through LexisNexis linkage with the CCR, we also
examined whether cases reported by CIBMTR only occurred after
outmigration from California. All descriptive analyses were per-
formed using SAS version 9.4 (SAS Institute, Cary, NC).

Cumulative incidence. We estimated the overall cumulative
incidence of developing a first solid SN within the full data set of
18 450 patients, accounting for competing risk of mortality, based
on SNs reported in CCR data alone, CIBMTR data alone, and both
sources combined using Stata Statistical Software: Release 18
(StataCorp LLC, College Station, TX).17 These analyses were
done to illustrate the effect of using the different data sources and
are not intended for comparison with previous studies of the
CIBMTR data based on populations that differed in their distribu-
tion by age, HCT type and date, and other factors.5,6

Multivariable logistic regression models. We fitted poly-
chotomous multivariable generalized estimating equations regres-
sion models18 accounting for within-person correlation (because
individuals could have >1 SN type from each source) to investigate
the association between the patient-, HCT-, and SN-related char-
acteristics included in the descriptive analyses and reporting
source (CCR only vs both, CIBMTR only vs both). Odds ratios
(ORs) and 95% confidence intervals (CIs) of CCR only vs both and
CIBMTR only vs both were estimated from a mutually adjusted
model (SAS version 9.4).

P values <.05 were considered statistically significant. Analyses
were conducted overall and by HCT type (alloHCT, autoHCT).
Case counts and percentages were suppressed for cell sizes <5 to
protect patient confidentiality.

The protocol for this study was approved by the institutional review
boards of the University of California, Davis, the California Com-
mittee for the Protection of Human Subjects and the National
Marrow Donor Program, and the study was determined not to be
human subjects research by the National Cancer Institute.

Results

Within the study population of 18 450 patients, 8232 underwent
alloHCT (44.6%), and 10 218 (55.4%) underwent autoHCT;
10 822 (58.7%) were male; and the median age at HCT was 50
4104 SCHONFELD et al
years (range, 0.4-84; supplemental Table 2). For alloHCT, primarily
performed for patients with acute myeloid leukemia and acute
lymphoblastic leukemia/lymphoma, the median age at HCT was 42
years (range, 0.4-78.6). For autoHCT, the primary indications were
multiple myeloma/plasma cell neoplasms followed by diffuse large
B-cell lymphoma, and the median age at HCT was 55 years (range,
0.4-84). Only 2795 patients (15.1%) underwent HCT before 2000,
whereas nearly half of patients (n = 8748; 47.4%) underwent HCT
from 2010 to 2016. Overall, the median person-years from HCT to
end of shared follow-up (as defined above) were 2.4 years (range,
0.003-27.4; alloHCT, 1.8 years; autoHCT, 2.9 years), with 28% of
patients having at least 5 years and 9% having at least 10 person-
years of follow-up.

We first conducted analyses at the patient level. According to the
CIBMTR data alone, 457 patients (2.5%) had an SN, of whom 13
(2.8%) had >1 type, yielding a cumulative incidence of 4.0%
(95% CI, 3.5-4.4) of developing an SN at 10 years (Figure 1A).
According to the CCR data alone, SNs were identified among 611
patients (3.3%), of whom 44 (7.2%) had >1 SN type, with a cor-
responding cumulative incidence of 5.3% (95% CI, 4.9-5.9) at 10
years. In the combined CIBMTR and CCR data, 724 patients had
an SN, of whom 47 (6.5%) had >1 type. The corresponding
cumulative incidence of developing an SN at 10 years was 6.3%
(95% CI, 5.7-6.8; Figure 1A). Although the magnitude differed, the
cumulative incidence patterns based on CIBMTR data only, CCR
data only, and the combined data set were similar by HCT type
(Figure 1B-C) and time since HCT (supplemental Table 3). Among
these 724 patients, 113 (15.6%) had an SN reported by CIBMTR
only, 267 (36.9%) by CCR only, and 344 (47.5%) by both
(Figure 2), with similar patterns observed in the alloHCT and
autoHCT groups.

We then conducted analyses at the SN level, counting multiple
SN types per patient but only the patient’s first diagnosis of each
SN type from each source. Collectively, 785 SNs were diagnosed
among the 724 patients. Overall and by HCT type, SNs of the GU
tract and melanoma were the most common types reported by
both CIBMTR and CCR (Figure 3). The median interval from HCT
to a first SN (any type) was 3.9 years for CIBMTR and 3.7 years
for CCR. At the SN level, considering each SN type diagnosis
separately, we evaluated whether any patient-, HCT- or SN-
related characteristics were associated with the reporting
source of SN (Figures 4 and 5; supplemental Figures 2-4).
Overall, 16.4% of SNs were identified by CIBMTR only, 40.1% by
CCR only, and 43.4% by both (40.4% with diagnosis dates within
90 days in the 2 sources and 3.0% with discordant dates)
(Figure 4). Given the small number of SNs diagnosed by both
sources with discordant dates, further analyses did not consider
date discrepancy.

The primary factors associated with SN reporting source were SN
type and calendar year of the SN diagnosis (Figures 4 and 5;
supplemental Figures 2-4). For all patients combined, oropharyn-
geal (58.3% [n = 42]; OR, 2.93; 95% CI, 1.30-6.60) and sarcoma
(50.0% [n = 23]; OR, 2.51; 95% CI, 1.04-6.07) SNs were more
likely to be reported by CCR only than by both sources compared
with the referent category of breast cancer (34.4%; n = 31)
(Figures 4 and 5). The oropharyngeal finding was only statistically
significant within the alloHCT group (supplemental Figures 2 and
3), whereas the sarcoma association was only statistically
13 AUGUST 2024 • VOLUME 8, NUMBER 15
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Figure 1. Cumulative incidence of developing a subsequent solid neoplasm, by source, overall, and by HCT type. Cumulative incidence of developing a solid SN

(excluding NMSC and other/unknown neoplasms) for all patients combined (A), following alloHCT (B), and following autoHCT (C). Includes SNs diagnosed after 1990, after first

HCT and before the end of follow-up (defined as the earliest occurrence of a second HCT, death, last known alive status from either CCR or CIBMTR, or the study end date [31

December 2018]). Cumulative incidence at 10 years following HCT shown in text.
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significant in the autoHCT group (supplemental Figures 2 and 4).
Melanoma was more likely to be ascertained by CCR only than by
both sources (supplemental Figures 2 and 4) after autoHCT.
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diagnosed before 2005 were more likely to be ascertained by CCR
only (35.8% [n = 206]) than by both sources (OR, 4.12;
95% CI, 2.18-7.76), overall (Figures 4 and 5) and by HCT type
(supplemental Figures 2-4).
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For all patients combined, other analyzed factors were not signifi-
cantly associated with ascertainment source (Figures 4 and 5).
After autoHCT, however, the ascertainment by CCR only vs both
sources further varied by time since HCT and center volume. SNs
diagnosed at ≥10 years since HCT (vs <5 years) were more likely
to be CCR only, as were SNs among patients who underwent HCT
outside of California high-volume centers (supplemental Figures 2
and 4). Lastly, although most autoHCT survivors were on the TED
track (86.7%), the odds of ascertainment by CIBMTR only vs both
sources were more than twofold higher for patients on the CRF vs
TED track.

Cases reported by CCR only

Among the 315 SNs reported by CCR only (Table 1), 29%
(n = 90) occurred in patients for whom a different SN type
(including NMSC or other/unknown, which were excluded from the
main analyses) was reported by CIBMTR. Specifically, 14% had a
13 AUGUST 2024 • VOLUME 8, NUMBER 15
CIBMTR SN diagnosed within 90 days of the CCR-only SN.
Notably, 67% of patients with an oropharyngeal SN ascertained by
CCR only had a different SN type reported by CIBMTR. A number
of these CCR-only oropharyngeal cases, primarily SCC, had a
CIBMTR report for NMSC (some specifying “mouth” as the site)
within 90 days of the CCR diagnosis. Additionally, some of the
sarcomas reported by CCR only were in the GU tract and had a
concurrent SN of the GU reported by CIBMTR. Lastly, 25% of the
SNs reported by CCR only were benign brain tumors or in situ
tumors, predominantly melanomas and breast tumors.

Cases reported by CIBTMR only

There were 129 SNs reported by CIBMTR only (Table 1). Nearly
20% occurred in patients for whom CCR reported a different SN
type. For some GU SNs reported by CIBMTR only, the patients had
sarcoma of the GU tract, which we captured as sarcoma in the
CCR data (as noted above). A few cases were reported to
SOLID TUMORS AFTER HCT 4107
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Table 1. Further evaluation of SNs identified by CCR only or CIBMTR only

CCR only

Number of CCR-only SNs

% of CCR-only cases with a different

SN in CIBMTR in the same patient

% of CCR-only cases with a

different SN in CIBMTR within

90 d of the CCR SN in the same patient

% of CCR-only SNs that

are malignantSN type

All 315 29 14 75

Breast 31 10 to <15 None 74

Brain/CNS 17 29 None 5 to <10

Lung 22 23 10 to <15 100

GI 37 22 5 to <10 78

GU 59 15 5 to <10 78

Oropharyngeal 42 67 38 95

Thyroid 13 5 to <10 5 to <10 100

Sarcoma 23 43 30 100

Melanoma 71 28 13 55

CIBMTR only

Number of CIBMTR-only

SNs

% of CIBMTR-only cases with a different

SN in CCR in the same patient

% of cases with a different SN in CCR

within 90 d of the CIBMTR

SN in the same patient

% of patients who migrated

out of CA before the date

of the first SN (of this type)SN type

All 129 19 12 16

Breast 14 5 to <10 5 to <10 20 to <25

Brain/CNS <5 None None NR

Lung 8 25 to <30 10 to <15 None

GI 19 15 to <20 10 to <15 20 to <25

GU 33 15 to <20 10 to <15 10 to <15

Oropharyngeal 12 67 50 25 to <30

Thyroid 8 None None 25 to <30

Sarcoma 9 20 to <25 10 to <15 10 to <15

Melanoma 23 5 to <10 None 5 to <10

Different SNs include all of the SN types listed in the table and the categories of NMSC and other and unknown. Percentages are presented in categories to suppress actual cell sizes <5.
NR, not reported because of small sample size.
CIBMTR as lung and oropharyngeal SNs with a concurrent CCR
report classified as other/unknown on the basis of histology and
topography codes indicative of mesothelioma and cancer of the
larynx, respectively. Approximately 16% of cases diagnosed by
CIBMTR only occurred after migration from California, as deter-
mined through data linkage with LexisNexis.

Discussion

Our results suggest that linking CIBMTR and CCR data leads to a
more complete assessment of the burden of subsequent solid SNs
(excluding BCC and SCC) after HCT than either source alone. The
10-year cumulative incidence of developing a solid SN after HCT
increased from 4.0% using CIBMTR data only to 5.3% using CCR
data only to 6.3% using the combined data set. Importantly, at both
the patient and SN level, each source ascertained cases not
captured by the other, although more cases were identified from
CCR only (40.1%) than from CIBMTR only (16.4%). Oropharyn-
geal and sarcoma SNs were more likely to be reported by CCR
Figure 5. Forest plot of odds of SN ascertainment by source. ORs and 95% CIs d

accounting for within-person correlation due to patients having >1 SN type. Other and unk

Alaska Native patients. Center volume is defined as the number of alloHCTs performed at e

<140; medium, 140-459; high, ≥460).14 For SNs reported by both sources, date of SN and

between CCR and CIBMTR).
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only compared with other cancer types, as were SNs diagnosed
before 2005 compared with the 2010 to 2016 period. Ascertain-
ment was not significantly associated with other patient- or HCT-
related factors overall. Given that all analyses were conducted
during the shared follow-up time available from both CIBMTR and
CCR, longer follow-up in CCR19 does not explain our findings.
Below, we consider the implications of these findings for surveil-
lance and risk factor analyses of SNs following HCT and oppor-
tunities to improve data collection for long-term outcomes among
HCT recipients.

Further investigation of SNs reported by CCR only or CIBMTR only
suggested that some SNs were indeed reported to the other
source but had been classified as a different SN type, emphasizing
the importance of SN pathology report collection by HCT centers.
For CCR, we used histology and topography codes to classify
SNs, whereas for CIBMTR, we relied on the SN categories in the
reporting form. Upon further evaluation of the oropharyngeal (pri-
marily SCCs) SNs reported by CCR only, 38% had a different SN
erived from multivariable polychotomous generalized estimating equations models

nown race includes Native Hawaiian and other Pacific Islander and American Indian/

ach center using information in the CIBMTR database and grouped into tertiles (low,

interval between HCT and SN are based on the earlier reported SN (if dates differed
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reported to CIBMTR within 90 days of the CCR SN, most
commonly NMSC (including some that specified “mouth” as the
site). One strength of CIBMTR is the inclusion of BCC and SCC of
the skin, which are not reported to CCR or most US cancer reg-
istries. Our study suggests, however, that some noncutaneous
SCCs may inadvertently be reported to CIBMTR as NMSC,
although we cannot confirm this without pathology reports.
Notably, oropharyngeal SNs accounted for a greater proportion of
SNs after allo vs auto HCT, consistent with the previously reported
SN patterns20 after alloHCT and autoHCT, which may explain why
the association was only statistically significant in the alloHCT
group. Although based on much smaller numbers, we also identi-
fied sarcomas of the GU tract (based on CCR histology codes)
reported by CCR only among patients who had a GU tumor
reported by CIBMTR only with the same date of diagnosis.
Importantly, CIBMTR recently introduced a more detailed reporting
form for SNs specifying that soft tissue sarcomas of all sites are to
be reported under the category of sarcoma, and thus our findings
may not apply to more recently collected CIBMTR data. Never-
theless, these findings highlight the importance of reviewing
pathology reports to confirm diagnoses reported to the CIBMTR,
as typically done in CIBMTR SN studies.5,6 Pathology report sub-
mission is highly recommended for subsequent malignancies but is
not required; reports are only available for a subset of SN reports to
CIBMTR and thus require separate requests for individual studies.
Increased collection of SN pathology reports by HCT centers will
likely continue to improve SN classification.

Classification differences alone, however, cannot fully explain our
findings given that most SNs ascertained by CCR only were
among patients for whom no SN (including NMSC and other/
unknown) was reported to CIBMTR and vice versa. Reassuringly,
the proportion of tumors reported by CCR only decreased over
calendar time (year of SN diagnosis), most notably in the autoHCT
group, suggesting improved ascertainment by CIBMTR. Although
we restricted the comparison to the follow-up time shared between
CCR and CIBMTR, a previous study of mortality outcomes within
the linked CIBMTR-CCR cohort suggested that the duration of
follow-up has also improved in CIBMTR over time.19 Nonetheless,
variation in the completeness of SNs reported to CIBMTR by cal-
endar time should be considered when investigating potential HCT
risk factors that may also vary by time, such as alloHCT condi-
tioning regimens.21 Notably, ~25% of SN cases that were reported
by CCR only were benign brain tumors or in situ tumors, primarily of
the breast or melanomas. The CIBMTR may consider specifically
requesting that these tumors be reported in future revisions of the
SN data collection form.

CIBMTR reporting track and center volume were associated with
ascertainment among autoHCT but not among alloHCT recipients.
SNs occurring among recipients who received their HCT from
lower-volume and out-of-state facilities were more likely to be
ascertained by CCR only than were SNs from high-volume centers.
High-volume centers may have more resources and infrastructure
to identify and report events after autoHCT compared with low-
volume centers, whereas patients who go out of state for their
HCT are potentially less likely to have their subsequent malig-
nancies reported to the HCT center. In contrast, SNs diagnosed
among patients on the CRF track were more likely to be ascer-
tained by CIBMTR only than by both sources, compared with those
4110 SCHONFELD et al
on the TED track. This finding should be interpreted cautiously
given the small number of autoHCT recipients in the CRF group.

Linkage between the CIBMTR and cancer registry data increases
the ascertainment of SNs and provides additional details regarding
tumor histology, topography, and behavior that are not routinely
collected by the CIBMTR. Incorporating the collection of these
tumor characteristics into the CIBMTR reporting forms could
enable more precise classification while reducing the need for
conducting pathology report reviews, as has been done previ-
ously.5,6 Importantly, the new SN form noted above captures
subtypes within broad categories of GI, GU, and CNS, whereas
these subtypes were not systematically collected in prior years and
thus could not be evaluated herein. Comparisons at these more
detailed levels might have yielded different estimates of the source
distribution. Additional SN details, however, are only useful for
cases that are reported to the CIBMTR. Our findings suggest that
linkage with cancer registry data can improve the completeness of
SN ascertainment and potentially reduce the burden of reporting
by transplant centers. However, our findings indicate that ~16% of
SNs occurred after the patient migrated out of California and thus
out of the registry’s catchment area. Linkage to the Virtual Pooled
Registry Cancer Linkage System, a mechanism coordinated by the
North American Association of Cancer Registries to facilitate link-
age with population-based cancer registries across the United
States, would largely reduce the impact of migration. Continued
ascertainment of solid SNs by CIBMTR, however, is also important
because it collects BCC and SCC of the skin, which are not
reportable to the cancer registries and have been associated with
prior radiation exposure and lead to substantial patient morbidity.6

Additionally, registry linkage is complex and resource-intensive.

We interpret our findings within the context of several additional
limitations. We present cumulative incidence estimates of solid
SNs based on the 9 specific SN types evaluated herein, for all
patients combined, and by HCT type, but recognize that cumulative
incidence varies by other factors such as sex, age, and conditioning
regimen, which were not accounted for. Our estimates are inten-
ded to illustrate the impact of using the different data sources
(CIBMTR data alone, CCR data alone, or combined) and are not
intended for comparison with previous studies of the CIBMTR data
based on populations that differed in their distribution by age, HCT
type and date, and other factors.5,6 For the same reasons, we
cannot compare the estimates between the alloHCT and autoHCT
groups. The association between patient- and HCT-related factors
and the risk of solid SNs will be explored in future studies, and
cumulative incidence estimates will be presented accordingly.
These analyses will leverage the detailed cancer (prior malig-
nancies, tumor characteristics, initial course of treatment) and
patient demographic information available from the CCR with the
detailed HCT-related information (conditioning regimens, graft-
versus-host disease, graft-versus-host disease prophylaxis, Kar-
nofsky score, and donor source and type). Although this study was
based on a large cohort, small sample sizes for some variables
were a limitation, particularly for the ORs by HCT type. Thus, these
results should be interpreted cautiously. Given that our study was
restricted to California, ascertainment estimates could vary in other
geographic locations, depending on the quality of the cancer
registry and the capacity of local HCT centers to follow-up patients
and report this follow-up to the CIBMTR (or another transplant
13 AUGUST 2024 • VOLUME 8, NUMBER 15



registry). However, our analyses did not suggest that transplant
center characteristics were major determinants of ascertainment.
Strengths of this study include the broad calendar period and the
inclusion of all age groups and both alloHCT and autoHCT recip-
ients who underwent transplantation for all types of hematologic
malignancies, thereby allowing for a comprehensive evaluation of
factors associated with SN ascertainment.

In conclusion, this study suggests that using either CCR or
CIBMTR data alone leads to incomplete ascertainment of SNs
following HCT for hematologic malignancies. Although there are
inherent limitations to conducting SN analyses in CIBMTR given
that this registry was not designed specifically to capture SNs,
linking detailed HCT treatment information from CIBMTR with
comprehensive SN data from cancer registries provides a unique
opportunity to optimize SN ascertainment. This collaborative
approach can improve risk factor evaluation to help inform follow-
up care practices in the growing population of HCT survivors
and recipients of novel cellular therapies while leveraging the
CIBMTR’s detailed treatment data.
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