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Abstract

Childhood autologous hematopoietic cell transplant (AHCT) survivors can be at risk for secondary
malignant neoplasms (SMNSs). We assembled a cohort of 1,487 pediatric AHCT recipients to
investigate the incidence and risk factors for SMNs. Primary diagnoses included neuroblastoma
(39%), lymphoma (26%), sarcoma (18%), CNS tumors (14%), and Wilms tumor (2%). Median
follow-up was 8 years (range, <1-21 years). SMNs were reported in 35 patients (AML/MDS=13,
solid cancers=20, subtype missing=2). The overall cumulative incidence of SMNs at 10 years
from AHCT was 2.60% (AML/MDS=1.06%, solid tumors=1.30%). We found no association
between SMNs risk and age, gender, diagnosis, disease status, time since diagnosis, or use of total
body irradiation or etoposide as part of conditioning. Overall survival at 5-years from diagnosis of
SMNs was 33% (95% ClI, 16-52%). When compared to age- and gender-matched general
population, AHCT recipients had 24 times higher risks of developing SMNs (95% ClI, 16.0-33.0).
Notable SMN sites included bone (N=5 SMNSs, observed (O)/expected (E)=81), thyroid (N=5, O/
E=53), breast (n=2, O/E=93), soft tissue (N=2, O/E=34), AML (N=6, O/E=266), and MDS (N=7,
O/E=6603). Risks of SMNs increased with longer follow-up from AHCT. Pediatric AHCT
recipients are at considerably increased risk for SMNs and need life-long surveillance for SMNSs.
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INTRODUCTION

Autologous hematopoietic-cell transplantation (AHCT) is a well-established treatment
option for some pediatric patients with aggressive malignancies, including
neuroblastoma(1-3), brain tumors(4), Hodgkin’s disease(5), and certain sarcomas.(6) The
long-term toxicities, especially the incidence and risk factors for second malignant
neoplasms (SMNSs), have not been well characterized in this population.

The risk of developing SMNSs is higher in childhood cancer survivors than in the general
population.(7, 8) A recent study of the Childhood Cancer Survivor Study (CCSS) cohort
(n=14,358 childhood cancer survivors) showed increased risk of SMNs among all primary
childhood cancer diagnoses.(8) When compared to the general population, the overall
standardized incidence ratio of developing SMNs was 6.4 with an estimated 30-year
cumulative incidence of 9.3%. The use of high dose chemotherapy to eradicate disease in
these aggressive pediatric malignancies, specifically alkylating agents, anthracyclines, and
epipodophyllotoxins increased the risk of SMNs. Radiation has also been shown to increase
the risk of SMNs. Revelations of the long-term effects of radiation therapy began to emerge
in the 1970-1980’s with development of SMNs in known radiation fields.(9) It has been
shown that there is a close relationship between the risk of SMNs and radiation dose in
childhood cancer survivors.(8) Central nervous system (CNS) SMNs, specifically
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subsequent gliomas and meningiomas, have been associated with prior radiation therapy.(10,
11)

Allogeneic hematopoietic stem cell transplantation also increases the risk for SMNs in
children.(12-15) In one of the largest studies to date, the Center for International Blood and
Marrow Transplant Research (CIBMTR) assembled a large multi-institutional cohort of
allogeneic transplant recipients with a median age of 27 years (58% of the cohort was <30
years of age). New solid malignancies occurred at twice the rate of expected general
population rates, with risk increasing over time.(15) Furthermore, exposure to radiation was
specifically associated with risks of SMNs in pediatric transplant recipients.

In comparison to childhood cancer survivors in general and pediatric recipients of allogeneic
HCT, the incidence, characteristics, and risks of SMNs after AHCT in children have not
been well described. We present a study of the incidence and risk factors for SMNs among
pediatric AHCT survivors using a large cohort from the CIBMTR with extended followup.

PATIENTS AND METHODS

Data Sources

Patients

The CIBMTR, is a research affiliation of the International Bone Marrow Transplant Registry
(IBMTR), Autologous Blood and Marrow Transplant Registry (ABMTR), and the National
Marrow Donor Program (NMDP). The CIBMTR comprises a voluntary working group of
more than 450 transplantation centers worldwide that contribute detailed data on consecutive
allogeneic and autologous hematopoietic cell transplantation to a Statistical Center at the
Medical College of Wisconsin in Milwaukee and the NMDP Coordinating Center in
Minneapolis. Participating centers are required to report all transplants consecutively.
Patients are followed longitudinally. Computerized checks for discrepancies, physicians’
review of submitted data, and on-site audits of participating centers ensure data quality.
Observational studies conducted by the CIBMTR are performed in compliance with all
applicable federal regulations pertaining to the protection of human research participants.
Protected Health Information used in such research is collected and maintained in
CIBMTR’s capacity as a Public Health Authority under the HIPAA Privacy Rule.

Our study analyzed a cohort of patients who underwent AHCT from 1987 to 2003 in
transplant centers located in the United States or Canada and for whom CRF-level data were
reported to the CIBMTR. Patients were included in this study if they were younger than 21
years of age at time of AHCT. The cohort was restricted to survivors of first AHCT for
lymphoma or solid tumors (neuroblastoma, CNS tumors, rhabdoid tumors, Ewing’s
sarcoma, primitive neuro-ectodermal tumors, Wilms tumor, or other sarcomas).

Overall, 1,626 patients met the study eligibility criteria. Since follow-up information
regarding long-term survival and secondary malignancies was required, patients from
centers with a follow-up completeness index (ratio of total observed to potential person-time
of follow-up) of <80% at 5 years after transplantation were excluded (139 patients from 21
centers).(16) The final study population consisted of 1,487 patients from 111 centers.
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Pathology and physician reports of second cancers were reviewed centrally, and if
necessary, tumors were reclassified.

Statistical Analysis

The objectives of this study were to determine the incidence of SMNs in pediatric AHCT
survivors, to evaluate risk-factors for SMNs in this population and to compare the risks of
SMNs with an age- and gender-matched general population. The cumulative probability of a
new cancer was estimated by the cumulative incidence function that accounted for the
competing risk of death among patients who did not develop a second malignancy.(17)
Univariate probabilities of overall survival were calculated by the Kaplan-Meier estimator.
(18) Among patients who had received more than one AHCT, follow-up and time to event
were considered from the first transplant. Thirty-nine patients received an allogeneic
transplant after their first AHCT; follow-up time for these patients was censored at the time
of their allogeneic transplant.

Potential risk factors for second cancers were analyzed with the use of Cox regression
models.(19) Variables considered included age at AHCT, gender, diagnosis (lymphoma,
sarcoma, CNS tumor, Wilms tumor and neuroblastoma), remission status at AHCT
(complete remission and not in complete remission), time from diagnosis to AHCT (<6
months, 6-12 months and >12 months), use of TBI, use of etoposide as part of conditioning,
use of any irradiation pre- or post-transplantation, number of transplants (1 and >1), and
year of transplantation. Factors were tested for their association with development of SMNs
by means of backward selection of variables. Multivariate analyses were also conducted
using Poisson regression to compare risks of solid cancers for various subgroups of HCT
recipients.(20, 21) Both Cox and Poisson regression analyses yielded similar results.
Analyses for cumulative incidence and risk factors were conducted for the whole cohort as
well as separately for secondary acute myeloid leukemia/myelodysplastic syndromes (AML/
MDS) and secondary solid tumors (including new lymphomas).

We also evaluated the excess risk of SMNs compared to the general population using
methods described previously.(13-15) Briefly, for each transplant recipient, the number of
person-years at risk was calculated from the date of transplantation until the date of last
contact, death, or diagnosis of a new cancer, whichever occurred first. Age-, sex-, and
country-specific incidence rates for all SMNs combined and for cancers at specific
anatomical sites were applied to the appropriate person-years at risk to compute the expected
numbers of cancers. Incidence rates for all cancers were obtained from national registries.
(22, 23) Observed-to-expected (O/E) ratios, also called standardized incidence ratios (SIRS),
were calculated, and Poisson distribution was used to calculate 95% confidence intervals
(C1).(20)

All P-values are two-sided. All analyses were carried out using SAS statistical software
(SAS Institute Inc., Cary, NC, USA).
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Patient Characteristics

Among the 1,487 patients included in our study, the median age at AHCT was 8 years
(range, <1-21 years). Primary diagnoses were neuroblastoma (39%), lymphoma (26%),
sarcoma (18%), CNS tumors (14%), and Wilms tumor (2%). TBI was part of the
conditioning regimen in 19% of patients, 3% received other irradiation (e.g., total lymphoid
irradiation or thoraco-abdominal irradiation) as part of conditioning, and 68% received
etoposide. Fifteen percent of patients (N=227) had received more than one transplant;
among these, 39 had received a subsequent allogeneic transplant. Median follow-up of
survivors was 8 years (range, <1-21 years) from transplantation. Overall, 80% of patients
had received chemotherapy prior to AHCT. Overall survival was 43% (95% Cl, 40-45) at 5
years and 36% (33-39) at 10 years after AHCT.

As expected, there were differences in patient demographics based on the underlying disease
(Table 1). Patients with lymphoma and sarcoma were more likely to be older at AHCT
(median age 17 and 15 years, respectively) compared to patients with CNS tumors, Wilms
tumor, and neuroblastoma (median age 7, 8, and 4 years, respectively). Similarly, the pre-
AHCT exposures (e.g., pre-transplant chemotherapy, number of chemotherapy regimens,
and pre-transplant radiation therapy) varied for each disease. Patients with lymphoma,
sarcoma, and neuroblastoma were more likely to have received TBI as part of conditioning
regimen.

Incidence and Risk-factors for SMNs

SMNs were reported in 35 patients. Confirmatory pathology reports were available for 33
patients; for 2 patients, the transplant center confirmed that a SMN had occurred, but the
pathology report was not provided for review. The two patients were included in the
descriptive analyses but excluded from the multivariate analyses.

Thirteen patients had secondary AML/MDS (AML=6, MDS=7), and 20 had a secondary
solid tumor. Secondary solid cancers included cancers of the bone (N=5), thyroid (N=5),
breast (N=2), soft tissue (N=2), brain (N=1), head and neck (N=1), testis (N=1), and uterine
cervix (N=1); 1 patient had Kaposi’s sarcoma, and 1 patient had 2 separate SMNs (soft
tissue sarcoma and hepatocellular carcinoma). The median time from AHCT to occurrence
of SMNs was 6.3 years (range, 4.5 months—20.4 years). The median time from AHCT to
occurrence of AML/MDS was 2 years (range, 5 months—10 years) and for solid tumors was
7 years (range, 4.5 months—20.4 years).

The 5-year and 10-year cumulative incidence of all SMNs was 1.04% (95% Cl, 0.58-
1.63%) and 2.60% (95% CI, 1.69-3.70%). The corresponding cumulative incidence of
AML/MDS was 0.56% (95% ClI, 0.24-1.01%) and 1.06% (95% ClI, 0.52-1.77%) and for
solid tumors was 0.41% (95% ClI, 0.15-0.81%) and 1.30% (95% ClI, 0.69-2.10%),
respectively (Figure 1).

In multivariate risk-factor analysis, we did not find any association between risks of SMNs
and age, gender, diagnosis, remission status at AHCT, time from diagnosis to AHCT, use of
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TBI, use of etoposide as part of conditioning, use of any irradiation, number of transplants,
and year of transplantation. Although the number of specific SMNs was small, we also
investigated whether these risk factors were associated with risks of cancer of the bone,
thyroid, or AML/MDS. None of these factors significantly increased risks of secondary
cancers at these specific sites.

among Patients with SMNs

Tables 2 and Supplemental Table 1 describe characteristics of patients with and without
SMNs.

Although the numbers were small, we also looked at treatment exposures among patients
with specific SMNs. Among the 5 patients with secondary cancers of the bone, indications
for AHCT were neuroblastoma (N=2), Hodgkin lymphoma (N=1), sarcoma (N=1), and CNS
tumor (N=1). SMN of the bone occurred at a median of 5.5 years (range, 1.3-8.4 years) after
AHCT. Out of these 5 patients, 2 had pre-transplant radiation exposure: 1 patient with
secondary osteosarcoma of the fibula received radiation to the tumor bed after resection of
neuroblastoma followed by TBI as part of AHCT conditioning, and 1 patient with secondary
osteosarcoma of the femur received mantle field irradiation for the treatment of Hodgkin
lymphoma. Secondary thyroid cancer was reported in 5 patients at a median of 6.8 years
(range, 1.9-12.5 years) after AHCT; among these, indications for AHCT were
neuroblastoma (N=2), Hodgkin lymphoma (N=1), sarcoma (N=1) and Wilms tumor (N=1).
Radiation exposure to the thyroid region was documented in 3 patients (1 prior to AHCT, 1
received TBI and 1 received TBI plus post HCT irradiation at primary tumor bed). Of the 2
patients with breast cancer, 1 patient had non-Hodgkin lymphoma and had received pre-
transplant irradiation and TBI as part of conditioning, and 1 patient had Hodgkin lymphoma
and received mantle field irradiation pre-transplantation. Of the 2 patients with secondary
cancer of the soft tissue, 1 patient received TBI as part of AHCT conditioning, and 1 patient
had no radiation exposures.

Among the 13 patients with secondary AML/MDS, indications for AHCT were Hodgkin
lymphoma (N=5), sarcoma (N=4), neuroblastoma (N=2), non-Hodgkin lymphoma (N=1),
and CNS tumor (N=1). Only 3/13 (23%) patients had received TBI, while 11/13 (65%) had
received etoposide as part of AHCT conditioning regimen. As noted above, the median time
to occurrence of AML/MDS after AHCT was 2 years (range, 5 months-10 years).

Five patients with SMNs received more than one AHCT. Among these, 3 patients developed
secondary AML/MDS, and 2 patients had solid cancers (bone and testis each).

Outcomes of Patients with SMNs

Overall survival at 2 years and 5 years from the time of diagnosis of all SMNs (N=35) was
65% (95% ClI, 48-91%) and 33% (95% CI, 46-52%), respectively. Among patients with
secondary solid tumors, 2-year and 5-year survival from time of diagnosis of SMNs was
69% (44-89) and 41% (16-70), respectively. Survival at 2 years and 5 years after diagnosis
of AML/MDS was 54% (28-79) and 18% (2-45), respectively. Among patients with
secondary AML/MDS, 4 received a subsequent transplant (myeloablative allogeneic=3,
reduced-intensity allogeneic=1). Of these 4 patients, 2 died at 1 and 32 months after second
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transplant, and 2 are still alive with follow-up of 2 and 9 years after second transplant,
respectively (both patients received myeloablative allogeneic transplants).

SMN Risk Compared to General Population

When compared to an age- and gender-matched population, AHCT recipients had 24 times
higher risk of developing SMNs (SIR 24.0 [95% Cl, 16.0-33.0]) (Table I11). Specifically,
AHCT recipients had significantly higher risks of cancers of the bone (N=5, SIR 81),
thyroid (N=5, SIR 53), breast (N=2, SIR 93), soft tissue (N=2, SIR 34), AML (N=6, SIR
266), and MDS (N=7, SIR 6603). Higher risks were also observed for cancers of the
pharynx and for Kaposi’s sarcoma; however, only 1 patient each had SMNs at these sites.
Risks of SMNs increased over time since AHCT; SIR were 17, 18, 29, and 39 for patients
followed for <1 year, 1-4 years, 5-9 years, and =10 years after transplantation (Table 3).
The 2 patients with unknown SMN type were excluded from these analyses.

DISCUSSION

AHCT is a curative treatment modality for selected hematologic and solid tumors in
children. The conditioning regimens in AHCT use intensive, high dose chemotherapy with
or without radiation to achieve tumor kill and consolidate therapy. The aggressive nature of
these conditioning regimens raises concern for the development of SMNSs. Our large, multi-
institution study with extended followup adds important information to the emerging
knowledge of secondary cancer risks among childhood AHCT survivors. Although the
overall incidence of SMNs among pediatric recipients of AHCT is low, they are at increased
risk for SMNs compared to the general population. The risk of SMNs increases with longer
survival since transplantation and does not plateau after 10 years of follow-up. Our findings
reinforce the importance of long-term follow-up of pediatric AHCT survivors and continued
vigilance and surveillance for SMNSs in this population.

These increased risks for SMNs have also been noted in other pediatric cancer studies. In the
CCSS study, SIR for SMNs remained elevated over time, despite aging in both the case and
control group.(7) Although the two studies cannot be compared directly, the SIR’s for SMNs
overall and for specific cancers were notably higher in our study than the CCSS study. Due
to lack of sufficient data, our study could not address whether AHCT imparts any
incremental risks for SMNs over pre-transplant chemotherapy and radiation exposures. We
found no association between SMNSs risk and age, gender, diagnosis, disease status, time
since diagnosis, or use of total body irradiation or etoposide as part of conditioning. In
comparison, the CCSS study observed a modest association between SMNs and female
gender (RR=1.5), older age at cancer diagnosis (RR=1.3), radiation exposure (RR=2.7) and
primary diagnosis of Hodgkin lymphoma (RR=1.5).(7) More studies are still needed to
understand the role of inherited and acquired genetic factors in modulating risks for SMNs.
Also, since AHCT continues to be an integral part of therapy in selected children with high-
risk malignancies, more studies are still needed to better understand the risks associated with
chemotherapy and radiation versus AHCT for SMNs in this population.

Although the development of SMNSs in this relatively large cohort was rare, the incidence
doubled from 5 years post-transplant (1.04%) to 10 years post-transplant (2.60%), and it did
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not plateau over time. Another important finding from our study was the progressive
increase in SIR’s of SMNs with increasing follow-up since AHCT. These increased risks in
very long-term survivors have also been noted in other pediatric cancer survivor studies.(7—
9,24)

The major limitations of our study relate to the fact that these are registry data that did not
capture the full details of pre-AHCT treatment regimens and exposures. Of the evaluable
SMNs (N=33), the majority of both secondary solid tumors (15/20, 75%) and secondary
AML/MDS (11/13, 85%) occurred in patients with underlying neuroblastoma, sarcoma, and
Hodgkin lymphoma. These pediatric malignancies have known chemotherapeutic
backbones, including high-dose alkylating agents, high-dose topoisomerase inhibitors, and
radiation; these exposures have all been implicated in increasing risk for SMNs, and we
could not tease out the contribution of AHCT versus these previous exposures and the risks
of SMNSs. Since these data were generated by reporting from the transplant centers and long-
term survivors may no longer be in contact with the transplant center, it is possible that our
study may have under-reported the incidence of SMNSs in this population and that the actual
incidence and risks of SMNs may even be higher. The absolute number of SMNs in our
study was relatively small, and we could not evaluate the risks and risk factors for cancers at
specific sites.

Our study has important implications for future research and clinical practice related to
pediatric AHCT survivors. It emphasizes the need for ongoing life-long surveillance for
SMNs in this population. It also highlights the need for more investigation on whether
pediatric AHCT survivors have higher risks of SMNs than childhood cancer survivors in
general and whether the former require specific recommendations for secondary cancer
screening and prevention (e.g., more frequent screening, targeted screening for specific
cancer sites based on risk factors). Studies with detailed information describing pre- and
post-AHCT therapeutic exposures and genetic risk factors are critical to understand the risk
of SMNs in these patients.(25)

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

The CIBMTR is supported by Public Health Service Grant/Cooperative Agreement U24-CA76518 from the
National Cancer Institute (NCI), the National Heart, Lung and Blood Institute (NHLBI) and the National Institute
of Allergy and Infectious Diseases (NIAID); a Grant/Cooperative Agreement 5U01HL069294 from NHLBI and
NCI; a contract HHSH234200637015C with Health Resources and Services Administration (HRSA/DHHS); two
Grants N00014-06-1-0704 and N00014-08-1-0058 from the Office of Naval Research; and grants from Allos, Inc.;
Amgen, Inc.; Angioblast; Anonymous donation to the Medical College of Wisconsin; Ariad; Be the Match
Foundation; Blue Cross and Blue Shield Association; Buchanan Family Foundation; CaridianBCT; Celgene
Corporation; CellGenix, GmbH; Children’s Leukemia Research Association; Fresenius-Biotech North America,
Inc.; Gamida Cell Teva Joint Venture Ltd.; Genentech, Inc.; Genzyme Corporation; GlaxoSmithKline; Kiadis
Pharma; The Leukemia & Lymphoma Society; The Medical College of Wisconsin; Millennium Pharmaceuticals,
Inc.; Milliman USA, Inc.; Miltenyi Biotec, Inc.; National Marrow Donor Program; Optum Healthcare Solutions,
Inc.; Osiris Therapeutics, Inc.; Otsuka America Pharmaceutical, Inc.; RemedyMD; Seattle Genetics; Sigma-Tau
Pharmaceuticals; Soligenix, Inc.; Swedish Orphan Biovitrum; Tarix Pharmaceuticals; Teva Neuroscience, Inc.;
THERAKOS, Inc.; and Wellpoint, Inc. The views expressed in this article do not reflect the official policy or

Bone Marrow Transplant. Author manuscript; available in PMC 2013 September 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Danner-Koptik et al.

Page 9

position of the National Institute of Health, the Department of the Navy, the Department of Defense, or any other
agency of the U.S. Government.

References
1

10

11

12.

13.

14.

15.

16.

. Matthay KK. Intensification of therapy using hematopoietic stem-cell support for high-risk

neuroblastoma. Pediatr Transplant. 1999; 3 (Suppl 1):72—7. [PubMed: 10587975]

. Kletzel M, Katzenstein HM, Haut PR, Yu AL, Morgan E, Reynolds M, et al. Treatment of high-risk

neuroblastoma with triple-tandem high-dose therapy and stem-cell rescue: results of the Chicago
Pilot Il Study. J Clin Oncol. 2002; 20(9):2284-92. [PubMed: 11980999]

. Stram DO, Matthay KK, O’Leary M, Reynolds CP, Haase GM, Atkinson JB, et al. Consolidation

chemoradiotherapy and autologous bone marrow transplantation versus continued chemotherapy for
metastatic neuroblastoma: a report of two concurrent Children’s Cancer Group studies. J Clin
Oncol. 1996; 14(9):2417-26. [PubMed: 8823319]

. Gajjar A, Chintagumpala M, Ashley D, Kellie S, Kun LE, Merchant TE, et al. Risk-adapted

craniospinal radiotherapy followed by high-dose chemotherapy and stem-cell rescue in children
with newly diagnosed medulloblastoma (St Jude Medulloblastoma-96): long-term results from a
prospective, multicentre trial. Lancet Oncol. 2006; 7(10):813-20. [PubMed: 17012043]

. Lieskovsky YE, Donaldson SS, Torres MA, Wong RM, Amylon MD, Link MP, et al. High-dose

therapy and autologous hematopoietic stem-cell transplantation for recurrent or refractory pediatric
Hodgkin’s disease: results and prognostic indices. J Clin Oncol. 2004; 22(22):4532-40. [PubMed:
15542804]

. Burke MJ, Walterhouse DO, Jacobsohn DA, Duerst RE, Kletzel M. Tandem high-dose

chemotherapy with autologous peripheral hematopoietic progenitor cell rescue as consolidation
therapy for patients with high-risk Ewing family tumors. Pediatr Blood Cancer. 2007; 49(2):196-8.
[PubMed: 17417796]

. Friedman DL, Whitton J, Leisenring W, Mertens AC, Hammond S, Stovall M, et al. Subsequent

neoplasms in 5-year survivors of childhood cancer: the Childhood Cancer Survivor Study. J Natl
Cancer Inst. 2010; 102(14):1083-95. [PubMed: 20634481]

. Meadows AT, Friedman DL, Neglia JP, Mertens AC, Donaldson SS, Stovall M, et al. Second

neoplasms in survivors of childhood cancer: findings from the Childhood Cancer Survivor Study
cohort. J Clin Oncol. 2009; 27(14):2356-62. [PubMed: 19255307]

. Meadows AT, Baum E, Fossati-Bellani F, Green D, Jenkin RD, Marsden B, et al. Second malignant

neoplasms in children: an update from the Late Effects Study Group. J Clin Oncol. 1985; 3(4):532-

8. [PubMed: 2984346]

. Hijiya N, Hudson MM, Lensing S, Zacher M, Onciu M, Behm FG, et al. Cumulative incidence of
secondary neoplasms as a first event after childhood acute lymphoblastic leukemia. JAMA. 2007;
297(11):1207-15. [PubMed: 17374815]

. Walter AW, Hancock ML, Pui CH, Hudson MM, Ochs JS, Rivera GK, et al. Secondary brain

tumors in children treated for acute lymphoblastic leukemia at St Jude Children’s Research

Hospital. J Clin Oncol. 1998; 16(12):3761—7. [PubMed: 9850019]

Curtis RE, Metayer C, Rizzo JD, Socie G, Sobocinski KA, Flowers ME, et al. Impact of chronic

GVHD therapy on the development of squamous-cell cancers after hematopoietic stem-cell

transplantation: an international case-control study. Blood. 2005; 105(10):3802—11. [PubMed:

15687239]

Curtis RE, Rowlings PA, Deeg HJ, Shriner DA, Socie G, Travis LB, et al. Solid cancers after bone

marrow transplantation. N Engl J Med. 1997; 336(13):897-904. [PubMed: 9070469]

Majhail NS, Brazauskas R, Rizzo JD, Sobecks RM, Wang Z, Horowitz MM, et al. Secondary solid

cancers after allogeneic hematopoietic cell transplantation using busulfan-cyclophosphamide

conditioning. Blood. 2011; 117(1):316-22. [PubMed: 20926773]

Rizzo JD, Curtis RE, Socie G, Sobocinski KA, Gilbert E, Landgren O, et al. Solid cancers after

allogeneic hematopoietic cell transplantation. Blood. 2009; 113(5):1175-83. [PubMed: 18971419]

Clark TG, Altman DG, De Stavola BL. Quantification of the completeness of follow-up. Lancet.

2002; 359(9314):1309-10. [PubMed: 11965278]

Bone Marrow Transplant. Author manuscript; available in PMC 2013 September 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Danner-Koptik et al.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Page 10

Klein, J.; Moeschberger, M. Survival Analysis: Techniques of censored and truncated data. 2.
Springer-Verlag; New York, N.Y: 2003.

Kaplan EL, Meier P. Nonparametric estimation from in complete observations. J Am Stat Assoc.
1958; 53:457-481.

Cox DR. Regression models and life tables. J R Stat Soc. 1972; 34:187-202.

Breslow, NE.; Day, NE. The design and analysis of cohort studies. In: Statistical Methods in
Cancer Research. Vol. Il. International Agency for Research on Cancer Scientific Publications No.
82; Lyon, France: 1987.

Preston, DL.; Lubin, JH.; Pierce, DA. Epicure user’s guide. Seattle, WA: Hirosoft International;
1993.

Curado, MP.; Edwards, B.; Shin, HR., et al. Cancer Incidence in Five Continents. Vol. IX.
International Agency for Research on Cancer Scientific Publications No. 160; Lyon, France: 2007.
Horner, MJ.; Ries, LAG.; Krapcho, M., et al. SEER Cancer Statistics Review, 1975-2006.
National Cancer Institute; Bethesda, MD: 2009. http://seer.cancer.gov/1975_2006/, based on
November 2008 SEER data submission, posted to the SEER web site

Nottage K, Lanctot J, Li Z, Neglia JP, Bhatia S, Hammond S, et al. Long-term risk for subsequent
leukemia after treatment for childhood cancer: a report from the Childhood Cancer Survivor
Study. Blood. 117(23):6315-8. [PubMed: 21498675]

Hake CR, Graubert TA, Fenske TS. Does autologous transplantation directly increase the risk of
secondary leukemia in lymphoma patients? Bone Marrow Transplantation. 2007; 39 :59-70.
[PubMed: 17143301]

Bone Marrow Transplant. Author manuscript; available in PMC 2013 September 01.


http://seer.cancer.gov/1975_2006/

1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Danner-Koptik et al.

Cumulative Incidence

0.05

0.04

0.03

0.02

0.01

0.00

Page 11

All secondary malignancies
(AML, MDS and solid cancers)

Solid cancers

Figure 1.

Bone Marrow Transplant. Author manuscript; available in PMC 2013 September 01.

8 10



Page 12

Danner-Koptik et al.

syiuow ‘yuejdsue.y 0} sisoubelp wouy awi

(88-2) L (801-2) ST (so1-1>)6  (922-€) 6 (261-2) ST (eBurel) sypuow ‘uejdsue o} sisouBeIp WoJy awi ueIpai
89 1€ 4% 474 29T Buissin
(vv) 622 0 (¥e) ze (69) GeT (99) €51 SOA
(95) 182 0 (99) zv (Tv) v6 (¥e) 6L ON
Adelay} uoneipel uejdsues-aid
(re-1) g - (8-T) ¥ r-1)9 (tz-1) L (sbBuel) sajoAo Adeissyrowsyo 4o Jaquinu Uelpaiy
L9 1€ SYT 8¢ 187 Buissin
(66) TTG 0 (T2 vy (00T) 2€2 €6e SOA
Mo 0 (62) 8T (>)1 0 ON
Adesayiowayd juejdsuey-aid
1 T 44 L 74 Buissin
(s€) ooz (ov) 2t (e€) 09 (ev) 111 - Add/as/yd ‘lowny p1jos
(s9) €28 (09) 81 (29) gzt (85) esT - HdDA/HD Jown) pijos
- - - - (89) 512 AKioyoelyaiypasdelal ‘ewoydwA
- - - - (ev) vST 4O "ewoydwAT
juejdsues) 03 Jord snyels aseasiq
(Tv) 8€2 (ty)ee (se) 2L (9¢) 86 (Tv) 29T alewad
(69) 9ve (62) 6 (59) geT (¥9) €L1 (65) 22 3leN
Japuab jusidioay
(2)6 (€D v (e1) L2 (6v) zeT (c) v8e sk T2-9T
(e)8t (om e (92) v§ (L2) v (81) 2L SIKGT-TT
(v2) 8et (s) vT (92) €5 (s1) 0¥ (L) oz sIA0T-9
(2) 61 (ze) ot (se) €L (6) gz (e)er sikG>
sieak ‘uejdsuesy 1e aby
(Te-1>) v (Te-2)8 (0z-1) £ (Te-1) 51 (Tz-e) i1 (sBuel) sreak ‘ue|dsues ye abe uelpan
69 8T 514 LS ¥8 $J3)U3D JO JsquinN
78S 1€ 102 TLC ¥6€ sjuailed Jo JsquinN
BWOISE|OIN3N  J0WN) SWIAA  J0WN1 SND  ewodJes ewoydwA] a|gelen
sisouBelp Ag sansiis1oRIRYD JUR|dSuRI] puR ‘aseasip ‘Qualled
T 3lqel

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Bone Marrow Transplant. Author manuscript; available in PMC 2013 September 01.



Page 13

Danner-Koptik et al.

(e)oz 0 (67) O (S) vt (T)e €=
(1937 0 (8) L1 (o1) L2 (8)ze 4
(¥8) 06¥ TE (c2) o5t (s8) ogT (16) BS€E T
sjuejdsuely Jo JaquinN
(en) 2L @)z (t2) v (8)¢€e (5)srt €002-1002
(ev) eS¢ (8s) 81 (ev) 88 (99) 621 (62) 11 0002-966T
(L&) 512 (se) 11 (e€) 89 (e2) 19 (z9) €0z G66T-T66T
(8) vy 0 (€)2 (e)8 (ST) 6S 066T-286T
jue|dsuel) JO BB A
ZS 8¢ 1T T€ 7 Buissin
(ve) 187 0 S)v (sT) s (1) 29 SOA
(99) 15¢ € (s6) z8 (s8) s0¢ (e8) 91€ ON
uonelpe. juejdsuesl-isod pauue|d
(19) L6C2 (¥8) 92 (29) geT (e8) e22 (€5) 80C poojq [esayduad
(6%) .82 (9m) 5 (e€) 69 (81) 8v (2v) 981 Mousew auog
adf yeio
(L) 82 (t) ee (28) 9L (59) 6.1 (08) g1 SOA
(£2) 951 (62) 6 (e9) TET (se) 96 (02) 6L ON
uawibal Buluonipuod o ued se apisodolq
T 0 T 4 T Buissin
(1) 89 0 0 (€2) 19 (61) 9L 00ZT =
(o1) 19 0 0 (t)e )1 00ZT>
(82) vs¥ (0o1) 1€ (001) 902 (22) 902 (22) €0g 191 ON
£99 ‘asop 191
(ozGe-z86) 002T - - (00ST -008) 002T  (O¥¥T —00S) 00ZT (ebues) A9 'as0p 191 UBIPSIN
(82) €91 (e)r (T)e (s2) 89 (52) 86 SOA
(22) Tzw (26) 0€ (66) 02 (s2) g0z (s2) 962 ON
uawibal Buluonipuod jo ved se (Uolrelpel JaY10 1o |g1) uolelpell|
(s1) 88 (t) ee (zv) 98 (6€) 90T (19) ove [A%S
(T9) 55¢ (€2) L (t2) ev (se) v6 (82) 1T 219
(¥2) TvT (9)z (8e) 82 (92) 12 (1) vy 9>
BWOISe|qoINaN  Jown} SWIAA  J0WN)I SND  ewodJes ewoydwA a|gelep

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2013 September 01.

3

Bone Marrow Transplant. Author manuscript



Page 14

Danner-Koptik et al.

NEIYS
SNOAIBU |BJIUSD — SN ‘UoIeIpe.LIl ApOq [e10) — | g1 ‘aseasIp aAIssaifoid — ad ‘aseasip a)qels — As ‘uolssiwal [ered — Hd ‘uoissiwal [ersed pooh AIsn — YdOA ‘Uolssiwal 319|dwod — YO :SUoNeIASIGqAY

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Bone Marrow Transplant. Author manuscript; available in PMC 2013 September 01.



Page 15

Danner-Koptik et al.

WAISAS SNOAIBU [B43U3D — SND ‘BWO0IPUAS dnisejdsApojaAw elwayna] plojaAw ainde — SAIAI/TINY ‘wsejdoau Jueubifew Alepuodas — NIAIS :SUOIBINIQAY

14 T 6€C Buissin

(CDRS 19K (€2) ¥82 SOA

(¥6) LT (e8) 0T (22) 626 ON
uonelpe. juejdsuesl-isod pauueld

(05) o1 (se) 1T (89) €66 SOA

(09) 0T (sT) ¢ (z¢e) 6y ON
uawibBal Buluonipuos Jo ued se apisodoiq

€ 4 1A%4 Buissin

(v) 8 (s9) 9 (z9) ges SOA

(e9) 6 (s¥) g (8v) 98 ON
Adesayr uoneipel Juejdsuei-aid

(58) L (c2) ¢ (z2) vee SOA

(59) €T (L1) ot (82) 81T ON
uawiBal Buiuonipuod o ued se uoneipeL|

(ov) 8 (sT) ¢ (ov) v.5 BWOo)Se|qoINaN

()T 0 (¢)oe Jowiny swWiIpm

(om) ¢ (8)1 (#1) v0T Jown} SND

(02) ¥ (Te) v (81) €92 ew0dles

(sme (8e) g (¥1) voT ewoydwiA| uniBpoH

(ome (8)1 (e1) 221 ewoydwA) uniBpoH-uoN
asessig

(58) L ¥s) L (9v) 199 T¢-11

(s9) €1 (9v) 9 (¥5) T6L 01>
sIeak ‘aby
0z €1 a4 N
$190URD PIj0S A1epuodas  SAW/TINY A1epuodass  NINIS ON a|gelen

$J90URJ PI1j0S AIRPU0IaS YIIM pue SAIN/TINY Alepuodas — yum ‘wsejdoau jueubijew Arepuodss 1noyiim sjuaired Jo sons1Ia1oeIeyd Pa1dajes

Author Manuscript

¢ ?dlqel

Author Manuscript

Author Manuscript

Author Manuscript

Bone Marrow Transplant. Author manuscript; available in PMC 2013 September 01.



Page 16

Danner-Koptik et al.

Author Manuscript

MOUS 10U 3Je NIAIS TS AJUO UM SalIs 180uBd 10} SoNel (3/0) pe10adx3/paniasqo

1

TO'0>°NJeA-d
x

ge-o1 e g8« L8 81 o1 v saus |1V
P09ET-559Z  A€099 ;- 0 LEV08 z 0PS¢ (266 7 Saw
085-86 L99¢ 9 L8 7 ,G€ z 606 o 0 BIWSYN3| PIOJRAN
€211 «£5 s I oz LS8z o1 T - 0 pIoIAY L
0e-T0 S T - 0o - T - 0o - 0 WiaIsAs SNoAJsU ‘Urelg
8820 L T - 0o - T - 0o - 0 snsaL
0,221 8y T - 0o - 0o - 0o - 1 131N XIAI8D
9ge-TT «£6 z W9 7z - 0 - 0o - 0 Iseaig
121907 <€ z 8T T 19 T - 0o - 0  anssios ‘8A1dBUU0D
yEGT—1 LS. T - 0 - 0 - 0 - 1 BWOJES S, 1s0ded]
68192 «18 § - 0 L9 ¢ L oz - 0 auog
8672 68 T - T - 0o - 0o - 0 JBA
2959667  ££08TT T - 0o - 0o - T - 0 xuhreyd
(10 %56) 3/0 O 30 O 3O O IO O 3F/O O ausIued Arepuodss

0919 6ty 19T 8582 ovzt s Je s.eak-uosied

S8rT 991 015 9g0T S8rT sjuaned Jo JaquinN

1K0T = 1K 6-5 AR -1 KT >
1E3ENYe}

| UoITelue|dsue 8IS SLl L

1DH 9ouls awil 01 Buipiodde pue [[BISAO - SI139URI AIepuodas Jo sased (3J) paloadxs 01 (O) paalasqo Jo oley

€9lgel

Author Manuscript

Author Manuscript

Author Manuscript

Bone Marrow Transplant. Author manuscript; available in PMC 2013 September 01.



