1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Bone Marrow Transplant. Author manuscript; available in PMC 2016 May 18.

-, HHS Public Access
«

Published in final edited form as:
Bone Marrow Transplant. 2016 January ; 51(1): 83-88. doi:10.1038/bmt.2015.203.

Survival of patients who develop solid tumors following
hematopoietic stem cell transplantation

Matthew J Ehrhardt, MD, MS?, Ruta Brazauskas, PhD2:3, Wensheng He, PhD, MS3, J
Douglas Rizzo, MD, MS3, and Bronwen E Shaw, MD, PhD3

1Division of Cancer Survivorship, Department of Oncology, St. Jude Children’s Research
Hospital, Memphis, TN

2Division of Biostatistics, Institute for Health and Society, Medical College of Wisconsin,
Milwaukee, WI

3CIBMTR® (Center for International Blood and Marrow Transplant Research), Department of
Medicine, Medical College of Wisconsin, Milwaukee, WI

Abstract

Allogeneic hematopoietic cell transplantation is associated with late adverse effects of therapy,
including secondary solid cancers. Most reports address risk factors; however outcomes after
secondary solid cancer development are incompletely described. Our objective was to estimate
survival probabilities for transplant recipients dependent on secondary solid cancer subtype. We
used a previously identified and published cohort who developed secondary solid cancers
following allogeneic transplant. Follow-up for these 112 previously identified patients was
extended and their survival probabilities were studied. Median duration of follow-up from the
development of secondary cancer for survivors was 11.9 years (range: 0.8 — 23.4) and 75% were
followed greater than 7.0 years. The 5- and 10-year overall survival probabilities were 50% (95%
Cl: 41 - 60%) and 46% (95% CI: 37 — 57%), respectively. Overall survival varied by secondary
cancer type. Secondary cancer was the cause of death in most patients who died following
development of melanoma, central nervous system, oral cavity, thyroid, lung, lower
gastrointestinal tract, and bone cancers. Extended follow-up allowed for the most comprehensive
longitudinal evaluation to date of this rare condition. These findings will enhance clinician ability
to predict outcomes and counsel transplant survivors who develop secondary solid cancers.

INTRODUCTION

Allogeneic hematopoietic cell transplantation (HCT) has become a widely accepted therapy

for a variety of malignant and benign conditions. As utilization of HCT continues to
increase, the number of transplants performed worldwide now exceeds 50 000 per year.
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Among these, more than 15 000 are performed yearly in the United States alone (1). With
modern transplant approaches, over 85% of individuals surviving 2 years from the time of
transplant will go on to experience long-term survival (2—4).

Improved survival after HCT has brought a realization of the many late-effects experienced
by long-term survivors (5—9). Among the most significant late-effects are secondary cancers.
Risk factors associated with the development of secondary cancers include genetic
predispositions, age at the time of transplantation, use of total body irradiation (TBI),
chronic graft-versus-host disease (GVHD), use of immunosuppressive therapy, and lifestyle
factors (10, 11). Although much of the risk for secondary cancers is derived from transplant-
related factors, development of secondary cancers likely results from the complex interaction
between these various host, tumor, and environmental characteristics (12).

Risk for second cancers becomes apparent beginning at 5 years after transplant (10, 11).
Several studies report incidences ranging from 2.2% to 6.4% at 10 years post-transplant (13—
18). Two studies report cumulative incidences of 2.8% and 3.3% at 20 years post-transplant
(11, 17). Outcomes for populations as a whole acquiring secondary malignancies have been
described in the literature (2, 14 17). These reports show patients with secondary solid
cancers to have a 42-44% 5-year overall survival rate from the time of secondary cancer
diagnosis (14, 17). The provided overall survival estimates are derived from studies
containing between 19 and 55 patients with secondary solid cancers. There are no
comprehensive reports describing mortality rates for specific subcategories of secondary
solid tumors and therefore the significance of a particular diagnosis is unknown. Given that
most individuals surviving beyond the first 2 years post-transplant will go on to experience
excellent long term survival, a better understanding of the impact of secondary cancers on
this group is needed (2—4). The current study therefore seeks to analyze survival after the
diagnosis of a secondary solid cancer, using a well-characterized cohort of patients reported
to the CIBMTR for whom the diagnosis of secondary cancer has been confirmed.

MATERIALS AND METHODS

Data Source

The CIBMTR collects transplant outcome data from patients at over 500 transplant centers
worldwide. Longitudinal patient follow-up is collected on standardized data collection forms
in a prospective manner until death or loss to follow-up and includes the occurrence of
secondary malignancies. Compliance is monitored by routine on-site audits. All patients
and/or their guardians are required to provide written informed consent. The Institutional
Review Boards of the Medical College of Wisconsin and the National Marrow Donor
Program approved this study.

Patients

This study provides extended follow-up on the cohort previously identified and published by
Rizzo and colleagues (11). The original cohort was identified in order to describe the
incidence of secondary solid cancers after allogeneic transplant. To achieve that aim, the
cohort contained patients who received allogeneic bone marrow transplantations between
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1964 and 1994 at participating CIBMTR transplant centers for a variety of malignant and
nonmalignant indications. Those transplanted for Fanconi anemia or primary
immunodeficiency diseases were excluded due to each condition’s inherent susceptibility for
cancer. Those without detailed information regarding HLA match, GVHD prophylaxis, and
irradiation were excluded. The cohort was followed for the development of secondary solid
cancers through 1995. Date of diagnosis, type of malignancy, site of occurrence, duration of
follow-up, and outcome were recorded. Only those tumors for which the pathology and
clinician reports underwent central review and reclassification for accuracy when necessary
by the methods previously described were included (11, 19).

For the purpose of the current study, only those secondary cancers identified in the original
study by Rizzo (11) were included. Extended follow-up of patients from the Fred
Hutchinson Cancer Research Center was not available; therefore these patients have been
excluded. We did not attempt to identify new secondary cancers, as the purpose of this study
was to provide extended follow-up on previously validated secondary cancers. Follow-up of
surviving patients was extended through 2014 to ascertain whether patients who were alive
at close of previous study file were still alive. For deceased patients, date of death and the
primary cause of death were obtained. The follow-up completeness indices at 5, 10, and 15
years were 100%, 97%, and 91%, respectively.

Study Objectives

The primary objective of this study was to describe survival following development of a
secondary solid cancer, defined as death from any cause. A secondary objective was to
describe the causes of death in this cohort.

Statistical Analysis

Descriptive statistics were used to summarize sample characteristics of those allogeneic
transplant recipients who developed invasive secondary solid cancers. Individuals
developing basal cell skin carcinomas and those whose secondary cancers were diagnosed at
the time of autopsy were excluded from all survival analyses. For the purposes of outcomes
analyses, secondary solid cancers were categorized into 14 groups: oral cavity and pharynx,
lower gastrointestinal, liver, lung, bone, soft tissue, melanoma skin, non-melanoma skin,
breast, female reproductive, male reproductive, central nervous system (CNS), thyroid, and
miscellaneous/unknown primary cancers.

The probability of overall survival and median time from the development of a secondary
solid cancer to death or last follow-up were calculated using the Kaplan-Meier estimator
(21). Survival was calculated from the time of diagnosis of secondary solid cancer. Death
from any cause was considered an event and data on patients alive at last follow-up were
censored. The 95% confidence interval was calculated using log transformation. Median
survival times were used to define stratified groups with similar overall survival rates. Cox
proportional hazards model was used to evaluate the effect of lag time between transplant
and the development of a secondary cancer on overall survival. Time dependent covariates
were used to confirm that the proportional hazards assumption was met. The cumulative
incidence of death from secondary solid cancer was estimated considering death from all
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other causes as competing risk. A p-value < 0.05 was considered statistically significant. All
statistical analyses were performed using SAS software, version 9.3 (SAS Institute, Cary,
NC, USA).

Patients, Disease, and Transplant Characteristics

Survival

Among 23 471 patients who underwent allogeneic bone marrow transplantation, 146 new
cases of solid cancers were observed at 68 treating institutions. These patients represent a
subset of those considered by Rizzo and colleagues (11), as described in the methods above.
Individuals developing basal cell skin carcinomas (n=28) and those whose secondary
cancers were diagnosed at the time of autopsy (n=6) were excluded from further analysis in
this study. Thus, there were 112 patients from 60 treating institutions evaluable for the
current survival analysis (Figure 1). Among those diagnosed at autopsy (in all cases this was
an incidental finding unrelated to the main reported cause of death), reported solid cancers
included 1 clear cell carcinoma of the kidney, 1 metastatic neuroendocrine tumor of
unknown primary, 1 malignant fibrous histiocytoma, 2 papillary thyroid carcinomas, and 1
squamous cell carcinoma of the lung (in situ). Patient, disease, and transplant characteristics
are presented in Table 1. The most common indication for allogeneic transplantation was
leukemia (78%). The donor source was an HLA-identical sibling for most (88%) transplants,
and bone marrow the predominant graft. Most patients (75%) received transplant-
conditioning regimen that included total body irradiation (TBI) and half (50%) reported
chronic GVHD.

The characteristics of the 112 secondary solid cancers are shown in Table 2. There were 99
invasive solid cancers and 13 carcinomas in situ. Most (80%) secondary cancers were
diagnosed 1 to 4 (43%) and 5 to 9 (37%) years post-transplant. No clear temporal pattern for
the development of secondary cancers was evident among the different diseases.

The median duration of follow-up of the 112 patients, from the time of development of
secondary cancer, was 11.9 years (range: 0.8 — 23.4). Seventy-five percent of patients were
followed for more than 7 years, while 64% were followed for more than 15 years post-
transplant.

Of the 112 patients evaluable for survival analysis, 65 have died. The median survival times
and 5-year overall survival rates for individual cancer diagnoses are presented in Table 3.
The overall survival probabilities at 1, 5, 10, and 15 years following development of an
invasive or in situ secondary solid cancer was 73% (95% ClI: 65 — 82%), 50% (95% ClI: 41 —
60%), 46% (95% CI: 37 — 57%), and 40% (95% CI: 31-52%), respectively (Figure 2).
Those who developed cancers of the male reproductive, thyroid, breast, and skin
(melanoma) experienced the highest overall survival, with 5-year rates in excess of 70%.
Conversely, those who developed cancers of the liver, lung, and CNS experienced 5-year
overall survival rates lower than 10%.
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Figure 3 represents the excess mortality risk for the study cohort when compared to the
general population. From this figure we observe that after 6 years from secondary cancer
diagnosis, the mortality rate of the study population is similar to that of the general
population.

Regression analysis did not show a statistically significant increase in risk of death
associated with longer time between transplant and secondary cancer diagnosis. More
specifically, for each additional year from transplant to the secondary cancer diagnosis, the
relative risk (RR) of mortality was 1.01 (95% ClI: 0.94 — 1.08; p=0.72).

Cause of Death

The 5- and 10-year cumulative incidences of death due to secondary solid cancer were 12%
and 26%, respectively, from the onset of secondary cancer (Figure 4). Secondary cancer was
the most commonly reported cause of death for patients who died subsequent to the
development of a secondary solid cancer. Among the 65 deaths in the study population, 41
(63%) were due to secondary cancer and 24 (37%) were due to other causes (5 (8%) deaths
from graft versus host disease, 5 (8%) deaths from recurrent primary disease, 4 (6%) deaths
from other causes, 3 (5%) deaths from unknown causes, 3 (5%) from organ failure, 2 (3%)
deaths from infection, 1 (2%) death from interstitial pneumonitis, and 1 (2%) death from
veno-occlusive disease). Secondary cancer was the leading cause of death for those patients
who died at any time point (including beyond 5 years) following the development of CNS
(n=9/9, 100%), lung (n=4/4, 100%), thyroid (n=1/1, 100%), miscellaneous/unknown
primary (n=4/5, 80%), bone (n=3/4, 75%), oral cavity (n=5/7, 71%), melanoma (n=3/5,
60%), and lower Gl tract (n=3/5, 60%) secondary solid cancers.

DISCUSSION

This study extends follow-up on our previously identified cohort and provides more
complete characterization of the survival patterns for this group. The 50% 5-year overall
survival for this cohort is slightly higher than previously described in other studies, likely
due to our inclusion of in situ carcinomas (14, 17). However, our study demonstrates that the
highest risk for mortality after secondary cancer occurs primarily within the first 5 years
after secondary cancer diagnosis, as evidenced by 10- and 15-year overall survival estimates
of 46% and 40%, respectively. Additionally, we identified solid cancers for which mortality
rates approached 100% within 5 years from diagnosis. Knowledge of the likely outcome
from an individual diagnosis of malignancy may be helpful for both patients and providers
when balancing decisions between treatment intensity and quality of life planning.

This study additionally describes outcomes of allogeneic transplant survivors specific to the
types of secondary solid cancers they developed. Overall survival was particularly poor for
those patients who developed secondary solid cancers of the CNS, liver, and lung. The
median survival time was 6 months or less from diagnosis of secondary cancer, and nearly
all died within 15 years from transplant, sharply contrasting the 75% 15-year overall survival
rate anticipated by others surviving =2 years post-transplant who have not developed
secondary cancers (2, 4). Secondary cancer was the cause of death for the majority (86%) of
these individuals. This group represents a cohort of patients with an exceptionally poor
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outcome, consistent with that of their de novo counterparts. Thus, close secondary cancer
surveillance remains a crucial component of long-term follow-up for allogeneic transplant
survivors (22).

Conversely, greater than 50% of the patients who developed male reproductive, thyroid,
breast, and skin (melanoma) cancers were alive at the time of last follow-up. Among those
who died following any of these diagnoses, secondary cancer was the cause of death in 63%.
Whether the improved survival in these patients is reflective of current screening practices
and shorter time to detection, more effective treatment regimens, or less aggressive tumor
biology remains unclear. Figure 5 depicts the 5-year survival rates for specific secondary
solid cancer groups with respect to their de novo counterpart taken from the Surveillance,
Epidemiology, and End Results (SEER) data (23). It should be noted that the figure reflects
only observational comparisons. In general, however, the 5-year survival rates for most
secondary solid cancers appear comparable to similar de novo cancers. Notable exceptions
include female reproductive, bone and joint, lower Gl tract, and CNS tumors. These
observed differences suggest a group of tumors that may have worse survival outcomes
when developing as a secondary malignancy. Several explanations may explain these
differences: 1) aggressive cancers in a heavily pretreated population may portend a worse
prognosis; 2) time to secondary cancer development may impact survival following
diagnosis; 3) stage at presentation may differ between de novo and secondary solid cancers;
4) tumor responsiveness to therapy may be worse for secondary cancers; or 5) these findings
may simply represent our sample size limitations. Despite our robust cohort, the inability to
determine second cancer stage, treatment, and existing comorbidities present at the time of
secondary cancer diagnosis precludes the ability to perform meaningful statistical
comparisons to primary cancers in the general population.

Transplant related risks factors which have been associated with the development of
secondary solid cancers include age at the time of transplantation, use of total body
irradiation, chronic GVHD, and use of immunosuppressive therapy (10, 11). Specifically,
irradiation has been shown to increase the risk for non-squamous cell carcinomas while
chronic GVHD appears to increase the risk of squamous cell carcinomas. Among patients
with secondary cancers in our study in whom survival is poorest, only those of CNS, bone,
and soft tissue have been shown to be significantly associated with radiation exposure (11).
Given the limitations of these data, we cannot determine any association between previous
irradiation and prognosis following the development of a secondary solid cancer.

These findings have several limitations. First, this study is subject to the limitations common
to all retrospective, observational cohort studies. While outcomes registries represent an
excellent resource to evaluate rare late effects of treatment, there is a risk of under-reporting
of rare events due to loss to follow-up, which would serve to underestimate incidence and
possibly over-estimate survival. Second, even in this large cohort, relatively small numbers
of specific tumor types exist. Interpretation of the overall survival for specific tumor types
should be made with caution, however, as we do not know whether individuals were treated
or not, and thus what subsequent impact this decision had on overall survival. The limited
sample size and heterogeneity of the cohort preclude the ability to reasonably investigate the
impact of treatment related factors on overall survival. Finally, we describe second cancers
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and subsequent outcomes in a patients transplanted before 1995. While transplant
approaches and treatments have changed, and patients undergoing HCT in a more recent
cohort may have different specific exposures and cancer risk, the outcomes for this historic
cohort provide generalizable guidance for subsequent cohorts of recipients who develop
second malignancies.

In conclusion, we report a large cohort of allogeneic transplant survivors who develop
secondary solid malignancies. Utilization of the large CIBMTR cohort allows for more
representative longitudinal evaluation of an otherwise uncommon condition. In particular,
we are able to show long term survival rates for each tumor type. These findings will
enhance the ability of clinicians to predict outcomes and subsequently counsel transplant
survivors who develop secondary solid cancers.

ACKNOWLEDGMENTS

Thank you to Drs M Kelly, R Tower, J Panepinto, A Brandow, M Eapen, D Margolis, A Maguire, and D Mulrooney
for their support of and insight into this project.

The CIBMTR is supported by Public Health Service Grant/Cooperative Agreement U24-CA076518 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 5U10HL069294 from NHLBI and
NCI; a contract HHSH250201200016C with Health Resources and Services Administration (HRSA/DHHS); two
Grants N00014-12-1-0142 and N00014-13-1-0039 from the Office of Naval Research.

REFERENCES

1. Gratwohl A, Baldomero H, Aljurf M, Pasquini MC, Bouzas LF, Yoshimi A, et al. Hematopoietic
stem cell transplantation: a global perspective. Journal of the American Medical Association. 2010;
303(16):1617-1624. [PubMed: 20424252]

2. Bhatia S, Francisco L, Carter A, Sun CL, Baker KS, Gurney JG, et al. Late mortality after allogeneic
hematopoietic cell transplantation and functional status of long-term survivors: report from the
Bone Marrow Transplant Survivor Study. Blood. 2007; 110(10):3784-3792. [PubMed: 17671231]

3. Socie G, Stone JV, Wingard JR, Weisdorf D, Henslee-Downey PJ, Bredeson C, et al. Long-term
survival and late deaths after allogeneic bone marrow transplantation. Late Effects Working
Committee of the International Bone Marrow Transplant Registry. The New England Journal of
Medicine. 1999; 341(1):14-21. [PubMed: 10387937]

4. Wingard JR, Majhail NS, Brazauskas R, Wang Z, Sobocinski KA, Jacobsohn D, et al. Long-term
survival and late deaths after allogeneic hematopoietic cell transplantation. Journal of Clinical
Oncology. 2011; 29(16):2230-2239. [PubMed: 21464398]

5. Geenen MM, Cardous-Ubbink MC, Kremer LC, Van den Bos C, Van der Pal HJ, Heinen RC, et al.
Medical assessment of adverse health outcomes in long-term survivors of childhood cancer. Journal
of the American Medical Association. 2007; 297:2705-2715. [PubMed: 17595271]

6. Sun CL, Francisco L, Kawashima T, Leisenring W, Robison LL, Baker KS, et al. Prevalence and
predictors of chronic health conditions after hematopoietic cell transplantation: a report from the
Bone Marrow Transplant Survivor Study. Blood. 2010; 116(17):3129-3139. quiz 377. [PubMed:
20656930]

7. Bresters D, van Gils IC, Kollen WJ, Ball LM, Oostdijk W, van der Bom JG, et al. High burden of
late effects after haematopoietic stem cell transplantation in childhood: a single-centre study. Bone
Marrow Transplantation. 2010; 45(1):79-85. [PubMed: 19421172]

8. Oeffinger KC, Mertens AC, Sklar CA, Kawashima T, Hudson MM, Meadows AT, et al. Chronic
health conditions in adult survivors of childhood cancer. The New England Journal of Medicine.
2006; 355(15):1572-1582. [PubMed: 17035650]

Bone Marrow Transplant. Author manuscript; available in PMC 2016 May 18.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ehrhardt et al. Page 8

9. Hudson MM, Ness KK, Gurney JG, Mulrooney DA, Chemaitilly W, Krull KR, et al. Clinical
ascertainment of health outcomes among adults treated for childhood cancer. JAMA : the Journal of
the American Medical Association. 2013; 309(22):2371-2381. [PubMed: 23757085]

10. Majhail NS. Old and new cancers after hematopoietic-cell transplantation. Hematology / the
Education Program of the American Society of HematologyAmerican Society of Hematology
Education Program. 2008:142-149.

11. 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):1175-1183. [PubMed:
18971419]

12. Hudson MM. A model for care across the cancer continuum. Cancer. 2005; 104(11 Suppl):2638—
2642. [PubMed: 16258932]

13. Gallagher G, Forrest DL. Second solid cancers after allogeneic hematopoietic stem cell
transplantation. Cancer. 2007; 109(1):84-92. [PubMed: 17131350]

14. Shimada K, Yokozawa T, Atsuta Y, Kohno A, Maruyama F, Yano K, et al. Solid tumors after
hematopoietic stem cell transplantation in Japan: incidence, risk factors and prognosis. Bone
Marrow Transplantation. 2005; 36(2):115-121. [PubMed: 15908969]

15. Bhatia S, Louie AD, Bhatia R, O'Donnell MR, Fung H, Kashyap A, et al. Solid cancers after bone
marrow transplantation. Journal of Clinical Oncology. 2001; 19(2):464-471. [PubMed: 11208840]

16. Kolb HJ, Socie G, Duell T, Van Lint MT, Tichelli A, Apperley JF, et al. Malignant neoplasms in
long-term survivors of bone marrow transplantation. Late Effects Working Party of the European
Cooperative Group for Blood and Marrow Transplantation and the European Late Effect Project
Group. Annals of Internal Medicine. 1999; 131(10):738-744. [PubMed: 10577296]

17. Baker KS, DeFor TE, Burns LJ, Ramsay NK, Neglia JP, Robison LL. New malignancies after
blood or marrow stem-cell transplantation in children and adults: incidence and risk factors.
Journal of Clinical Oncology. 2003; 21(7):1352-1358. [PubMed: 12663726]

18. Ringden O, Brazauskas R, Wang Z, Ahmed I, Atsuta Y, Buchbinder D, et al. Second solid cancers
after allogeneic hematopoietic cell transplantation using reduced-intensity conditioning. Biology
of Blood and Marrow Transplantation. 2014; 20(11):1777-1784. [PubMed: 25042734]

19. Curtis RE, Rowlings PA, Deeg HJ, Shriner DA, Socie G, Travis LB, et al. Solid cancers after bone
marrow transplantation. The New England Journal of Medicine. 1997; 336(13):897-904.
[PubMed: 9070469]

20. Friedman DL, Leisenring W, Schwartz JL, Deeg HJ. Second Malignant Neoplasms following
Hematopoietic Stem Cell Transplantation. International Journal of Hematology. 2004; 79(3):229-
234. [PubMed: 15168589]

21. Klein Jp, MML. Survival Analysis: techniques of censored and truncated data. New York, NY:
Springer-Verlag; 2003.

22. Rizzo JD, Wingard JR, Tichelli A, Lee SJ, Van Lint MT, Burns LJ, et al. Recommended screening
and preventive practices for long-term survivors after hematopoietic cell transplantation: joint
recommendations of the European Group for Blood and Marrow Transplantation, Center for
International Blood and Marrow Transplant Research, and the American Society for Blood and
Marrow Transplantation (EBMT/CIBMTR/ASBMT). Bone Marrow Transplantation. 2006; 37(3):
249-261. [PubMed: 16435004]

23. Howlader, N.; Noon, AM.; Krapcho, M.; Garshell, J.; Miller, D.; Altekruse, SF., et al. SEER
Cancer Statistics Review, 1975-2011. Bethesda, MD: National Cancer Institute; 2013. http://
seer.cancer.gov/csr/1975_ 2011/, based on November 2013 SEER data submission, posted to the
SEER web site, April 2014.

Bone Marrow Transplant. Author manuscript; available in PMC 2016 May 18.


http://seer.cancer.gov/csr/1975_2011/
http://seer.cancer.gov/csr/1975_2011/

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Ehrhardt et al.

146 previously identified
individuals with secondary
solid cancers

Page 9

Exclusions:
28 - Basal cell skin carcinomas
6 - Diagnosed at autopsy

112 individuals retained for
survival analysis

Figure 1.
Patient selection.
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Probability of overall survival for entire cohort.
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Estimated excess mortality risk with 95% confidence interval for those with a secondary
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Cumulative incidence of death due to secondary solid cancer.
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Characteristic N (%)
Number of patients 112
Number of centers 60
Sex
Male 61 (54)
Female 51 (46)
Age at transplant
0-9 15 (13)
10-19 15 (13)
20-29 28 (25)
30-39 25 (23)
40-49 22 (20)
50 or older 7(6)
Primary disease
ALL 14 (12)
ANLL 40 (35)
CML 28 (25)
Other leukemia 4(4)
NHL 5 (4)
MM 2(2)
Other malignancy 2(2)
MDS 2(2)
SAA 13 (12)
Hemoglobinopathies 2(2)
Donor type
Identical twin 1(1)
HLA-identical sibling 98 (88)
HLA-mismatched sibling, other relative 7(6)
Unrelated 6(5)
Conditioning regimen
TBI + Cy + other drugs 78 (70)
TBI + other drugs (No Cy) 6(5)
LFIl + CY = other drugs 7(6)
Bu + Cy + other drugs 16 (14)
Cy * other drugs 4(4)
Other 1(1)
GVHD prophylaxis
T-cell depletion 17 (16)
CSA + MTX 33 (29)
CSA (no MTX) 29 (26)
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Characteristic N (%)
MTX (no CSA) 33(29)
TBI dose
No TBI or TLI 21 (19)
TLI only 7(6)
Single dose 27 (24)
Fractionated dose, less than 12 Gy 13 (12)

Fractionated dose, 12 Gy to less than 14 Gy 36 (32)
Fractionated dose, 14 Gy or more 8(7)

ALL indicates acute lymphoblastic leukemia; ANLL, acute nonlymphocytic leukemia; CML, chronic myelogenous leukemia; NHL, non-Hodgkin
lymphoma; MM, multiple myeloma; MDS, myelodysplastic syndromes; and SAA, severe aplastic anemia. HLA indicates human leukocyte
antigen. TBI indicates total body irradiation; Cy, cyclophosphamide; CsA, cyclosporine; MTX, methotrexate; and TLI, total lymphoid irradiation.

Bone Marrow Transplant. Author manuscript; available in PMC 2016 May 18.



Page 16

Ehrhardt et al.

1 anIsenu| Bun ewoaJes apelb ydiH
T BAISEAU| eIna|d BLWIOUIDIED [[39 snowenbs
z AAISEAU| snyauoiq/bun BWOUIDIBI0UBPY
W v Bun
/ AAISBeAU| - rwioulased Aejjided
1 AAISEAU| - ewiouape Jueubije|y
() 8 proJAyL
2z BAISEAU| pno.ed BUWOUIDIBD plowapidaoaniy
1 AAISEAU| dm BWOUIDIRD Je|n||ao0ulds
S anIsenu| anbuo]. BWIOUIDIRI |90 showenbs
T AAISBeAU| xuAreydodAH BWIOUIAIRI [|32 Snowenbs
€ AAISEAU| dm BWOUIDIED []39 snowenbs
z AAISEAU| inow Jayio ‘wno BLIOUIDIED []89 snowenbs
(e1) ¥T Anned [eio
1 AAISEAU| ureig Jowiny [ewJap01d304nau aAIIWLA
9 AAISEAU| ureig 3ULIO|NW BWOISe|qo1 D)
T BAISEAU| pJ09 [eulds BWw0lA01SY
z AAISEAU| ureig BWOIA011SY
(6) 0T WaISAS SNOAIBU [RNUSD
T nuis uj - 1BYI0
2z AAISEAU| - BWOUIDIRD Je|n||ad0ulds
! AAISEAU| - BLIOUIDIRD []89 snowenbs
€ nys uj - BLWIOUIDIED [[39 snowenbs
2z AAISEAU| - BWOUIDIRD Snowrenbsoseg
(¥1) <t UID}S eWOU.|aW-UON
vT BAISEAU| - BWOUBIBN
2z nyis uj - EIVETET]
1) ot UIs eLoue|aIA
(%) N Joineyeg IS dnoJbgns Jeoue)

¢ 9lqeL

Author Manuscript Author Manuscript

(ZTT=N) S190ued pIjos A1epuodas ay) J0 sonsLIsloRIEYD

Author Manuscript

Author Manuscript

Bone Marrow Transplant. Author manuscript; available in PMC 2016 May 18.



Page 17

Ehrhardt et al.

W g anssi Jos
1 aMISEAU] Buim geiy| SON ‘BWodIes
T BAISeAU] eIq1L BWIOUIDIEI08ISO
T aAISEAU] 206 BWI0IILS03ISO
1 aMISEAU] wniyos| BLUI0IJESOIPUOYD
T aAISEAU] eIq1L BLU02JESOIPUOYD
W g auog
Z aMISEAU] salsal BLIOUIWAS
@ ¢ annanpodal afe
T aAISEAU] XINISD BWIOUIIED |[99 SNoWwenbs
1 aMISEAU] XIAISD L0 eSOAWOPTRUY
Z nuis uj XINIRD eisejdoau [erjaymdsenu
T BAISEAU] sniain oW 1[99 punoJ ansejdowssq
1 aAISEAU] eAINA SON ‘BUWOUIDIED
T aAISEAU] XINIRD SON ‘BUIoUIDIBD
T nyis uj XINISD BWIOUIDIED
1 anisenul  (wniawopua) snisin BUIOUIDIRI0UBPY
® 6 annanpoudal ajewia
T aAISEAU] wnjosy BIOUIIED |[99 SNoWwenbs
1 nis uj snuy BIOUIIED |[99 Sowenbs
T aAISeAU| aunselul [[ewS BWO02IBSOAWOIS]
Z aAISEAU] uoj09 BLIOUIDIEIOUSPY
1 nis uj wnjoey BLIOUIDIRI0USPY
e o9 19€1) [eUNSB)UIONSED JaMOT]
T aAISEAU] - ew0}A20ns1y snoJquy Jueubiei
I aMISEAU] B, oM
T aAISeAU| - eWO02IeSOIBUY
W v 1BAIN
g aMISEAU] - BLIOUIDIRI0UIPY
Z nuis uj - BLUOUIDIEIO0USPY
@ ¢ 158319
(%) N Joweuyegd als dnoubgns Jeoued

Author Manuscript

Author Manuscript

Author Manuscript Author Manuscript

Bone Marrow Transplant. Author manuscript; available in PMC 2016 May 18.



Page 18

Ehrhardt et al.

‘([z=u] aniseaur ‘ewourdsed prosAyy Arejjided ([T=u] aAlseAul ‘1aAl| JO eWOIAD0NSIY Snoiqly Jueubijew ([T=u] aAIseAul
‘Arewiid umouun JO Jown] aULIY0PUDINaU d1jeISelaW :[T=u] aAISeAul ‘Asupiy| JO ewouIdIBI |13 Jea]d ([T=u] nuis u1 ‘Bun| Jo ewouldled |132 snowenbs) Asdolne Je pasoubelp s1adued A1epuodas 9 sapnjox3

1 anIseAu| lappelg BLIOUIDJED |30 [BUOIISURIL
1 aNISeAU| sluad BLOUI2JED |32 snowenbs
1 anISeAU| aulds a19e10y | Arewid umouxun “ewourdsed d1jelsels|N
z anIsenu| eIngld  Asrewinid umousun ‘BWoUIIBIOUPUE JIFRISEIIN
1 aNISeAU| Baj/ums ewodJes 1soded
T BAISeAU| snbeydosa/yoewols BWOJES 1sodey
() Asewid UMOUYUN/SNOBUE||8SIIAl
1 aNISeAU| ybiy L ewodesoAwopageyy
1 anISeAU| SNJ0J0ad ewoiAo0nsty snoiqy ueubifeln
1 aAISeAU| ybyL Jowny yreays anlau essyduad jueubieiy
1 aNISeAU| 398N BL021es0Iq1
T BAISeAU| ybiyl ewodJes Buim3
(%) N Joweyeg als dnoubgns Jeoued
Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Bone Marrow Transplant. Author manuscript; available in PMC 2016 May 18.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Ehrhardt et al.

Table 3

Median survival from time of second cancer development

Cancer N  Median survival 5-Year overall survival, %
(years) (95% confidence interval)

Male reproductive 2 - 100

Thyroid 8 - 100

Breast 7 - 71 (45-100)

Soft tissue 5 - 60 (29-100)

Melanoma skin 16 20.1 88 (73-100)

Oral cavity 14 13.7 64 (42-95)

Non-melanoma skin 15 4.5 47 (27-80)

Lower gastrointestinal tract 6 2.6 17 (3-100)

Bone 5 24 20 (4-100)

Female reproductive 9 2.0 44 (21-92)

Central nervous system 10 0.5 10 (2-64)

Miscellaneous/unknown primary 7 7 0.5 29 (9-92)

Lung 4 0.4 0

Liver 4 0.1 0

Page 19

fMisceIIaneous/unknown primary cancers included Kaposi sarcoma (n=2), metastatic adenocarcinoma of unknown primary (n=2), metastatic

carcinoma of unknown primary (n=1), squamous cell carcinoma of the penis (n=1), and transitional cell carcinoma of the bladder (n=1).
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