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Total body irradiation is a crucial risk factor for developing secondary

carcinomas after allogeneic hematopoietic stem cell transplantation in
childhood
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Allogeneic hematopoietic stem cell transplantation (HSCT) has become a standard part of therapy for a variety of
malignant and non-malignant disorders. With improved outcomes after HSCT, increasing attention has been drawn to late
complications in long-term survivors. The development of secondary malignancies is recognized as one of the most serious
complications. We have evaluated data from 426 patients (272 males, 154 females) who underwent allogeneic transplanta-
tion at a median age of 7.9 years from 1989 till 2017 and were alive more than one year after transplantation for the occur-
rence of secondary solid tumors. We have documented the occurrence of secondary solid tumors in 20 patients (4.7%). The
median duration of the development of secondary solid cancer from HSCT was 11.7 (range, 5.4-21.5 years). 18 out of 20
patients (90%) had total body irradiation (TBI) 12-14.4 Gy as a part of a conditioning regimen. All but two had transplanta-
tion for malignant disease. All patients underwent surgery and/or chemo-radiotherapy. Eighteen are alive, and two died due
to the progression of their secondary malignancy. The most frequent solid cancer was thyroid carcinoma (n=9). Cumula-
tive incidence of secondary solid cancer in all groups was 15.2£3.9%, in a group using TBI based regimen 34.7+8.9%, in
non-TBI (only chemo) group was 1.5£1.1%. Overall, the cumulative incidence is statistically significantly different between
the TBI based and non-TBI (chemo only) group. The incidence and number of complications following allogeneic HSCT
in childhood are increasing in time. The early diagnosis of secondary malignancies is one of the key tasks of long-life multi-
disciplinary post-transplant care.
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Allogeneic hematopoietic stem cell transplantation ment of second cancers has been carried out in a combina-

(HSCT) has become a standard part of therapy for a variety
of malignant and non-malignant disorders. The number of
HSCT survivors is growing [1], with a current estimate of
one half million worldwide. Long term survivors are at high
risk for many late effects including the development of subse-
quent solid cancer [2]. The incidence of second cancers is
two-eight-fold higher than the rate expected in the general
adult population and being in 2-6% at ten years and 6-13% at
fifteen years after HSCT. The increased rate of second cancers
may be a result of chemotherapy and radiation conditioning
used for transplantation, immunosuppression, immune
dysregulation after transplantation, the chemotherapy, and
radiotherapy the patient received before transplantation [3].
Much of the long-term complication, including the develop-

tion of adults and children or adult patient population only,
and survival and outcome observed in these cohorts may
not reflect the expected results among pediatric transplanted
patients. Children may be mainly at increased risk secondary
to their long-life expectancy and potentially increased
sensitivity of proliferating tissue to carcinogens. Those who
undergo allogeneic HSCT are at significantly increased risk of
secondary cancers compared with pediatric cancer survivors
treated without HSCT [4, 5]. The risk of radiation-induced
second cancers is well described in the pediatric Hodgkin
disease population. Bhatia et al. [6] reported the cumulative
incidence for second solid malignancy at 7.3% at 20 years,
increasing to 23.5% at 30 years. Breast cancer was a common
solid malignancy, followed by thyroid, bone, colorectal, and
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gastric cancers. Some studies of second malignancy occur-
rence after allogeneic HSCT describe a significant associa-
tion with total body irradiation (TBI). Curtis et al. found a
highly significant dose-related with high dose TBI [7]. Socie
etal. reported a 3.1-fold risk with high dose TBI [8]. The risk
of developing a non-squamous cell cancer is highly associ-
ated with younger age at HSCT and the use of radiation in
the conditioning regimen. Radiation is also a significant
factor for the other solid tumors, particularly cancers of
the breast, thyroid, brain, central nervous system, bone and
connective tissue, and melanoma. Chronic graft versus host
disease (GVHD) and immunosuppressive therapy are associ-
ated with squamous cell cancers of the skin and mucosa [3].
Overall survival varied by secondary cancer type. Secondary
cancer was the cause of death in most patients, who died
following the development of melanoma, central nervous
system, oral cavity, thyroid, lung, lower gastrointestinal tract,
and bone cancers [9].

The primary objective of our study was to analyze and
describe the incidence and characteristics of secondary
solid cancers in patients who have undergone HSCT at our
center (HSCT Unit, University Hospital Motol, Prague). A
secondary objective was to analyze the cumulative incidence
of second cancer in all group patients in correlation with TBI
group patients.

Patients and methods

A retrospective review of clinical records was conducted
for patients who had undergone allogeneic HSCT in child-
hood and were subsequently diagnosed with secondary solid
tumors. Patients are followed longitudinally, with yearly
follow-up, including clinical and laboratory assessments.
Other secondary malignancies, such as post-transplant
lymphoproliferative disease or treatment-related myelodys-
plastic syndrome and secondary leukemia were excluded.
Cases were collected from only one single center - HSCT
Unit, Department of Pediatric Hematology and Oncology,
University Hospital Motol, Prague. Clinical data included
primary diagnosis, conditioning regimen, donor charac-
teristics, GVHD history, and details of secondary cancer
including the type of cancer, time of occurrence, tumor site
and treatment (surgery, chemotherapy and/or radiation),
and outcome of patients. Statistical analysis was carried out
using the SPSS Statistical Package.

Results

From November 1989 to December 2017, 572 patients
underwent allogeneic HSCT at HSCT Unit, Department of
Pediatric Hematology and Oncology, University Hospital
Motol, Prague. 426 patients (272 males, 154 females) who
survived more than one year after transplant were enrolled
in the study cohort. Eight patients with Fanconi anemia
were excluded because of their susceptibility to cancer. The

median age of the study cohort at transplant was 7.9 years
(range 0.1-20.5). The median follow-up period after trans-
plant was 9.9 (range 1.0-29.8 years). Patient characteristics
and the conditioning regimens used are shown in Table 1.
287 (67.3%) patients were transplanted due to malignant
disease, mostly due to acute leukemia. 139 patients under-
went HSCT for non-malignant disease, including severe
immunodeficiency, aplastic anemia, and some metabolic

Table 1. Patient characteristics.

n=total n=total (%)

Patients 426
Gender Male 272 63.9%
Female 154 36,1%
Age at 1" alloHSCT 0-6 years 166 39.1%
7-15 years 201 47.1%
16 years and above 59 13.8%
Diagnosis ALL 125 29.3%
Malignancies AML 56 13.1%
n=287 (67.4%) MDS 61 14.3%
CML 29 6.8%
other 16 3.8%
Immunodeficiency 62 14.6%
Non—malign;mcies Metabolic disease 17 4%
n=139 (32.6%) SAA (+DBA) 50+3 12.5%
Osteopetrosis 4 1.0%
other 3 0.7%
Donor MRD 143 32.2%
n=444 MUD (9-10/10) 256 57.7%
MM related donor 8 1.8%
MM unrelated donor 37 8.3%
Stem Cell Source BM 259 56.8%
n=456 PBSC 166 36.4%
Cord blood 31 6.8%
Conditioning total 146 32.1%
TBI n=146 (34.3%) 2-10 Gy 8 5.5%
12 Gy 112 76.1%
14.4 Gy 26 17.8%
Conditioning Busulfan (MAC) 175 62.5%
Non-TBI n=280 (65.7%)  Treosulfan 34 12.1%
Cy only 28 10%
other 43 15.3%
aGVHD no 176 41.3%
I-11 231 54.2%
II-1v 19 4.5%
cGVHD no 308 72.3%
limited 78 18.3%
extended 40 9.4%

Abbreviations: ALL - acute lymphoblastic leukemia; alloHSCT - allogeneic
hematopoietic stem cell transplantation; AML - acute myeloid leukemia;
BM - bone marrow; BMFS - bone marrow failure syndrome; CML —
chronic myeloid leukemia; MAC - myeloablative conditioning; MDS —
myelodysplastic syndrome; MM — mismatched; MRD - matched related
donor; MUD - matched unrelated donor; PBSC - peripheral blood stem
cells; SAA - severe aplastic anemia; TBI - total body irradiation
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disorders. One hundred and forty-six patients (34.3%) had
total body irradiation (TBI), mostly 12.0-14.4 Gy as a part of
the conditioning regimen.

Twenty patients (4.7%) developed secondary solid tumors
in median 11.7 (range, 5.4-21.5 years) after HSCT. The
median patient’s age at diagnosis of solid cancer was 23.4
(range, 11.8-35.1 years). Eleven patients (55%) were males,
and nine (45%) were females. The most frequent cancer was
thyroid carcinoma (n=9), followed by oral cavity cancers
(n=3), melanomas (n=3), malignant schwannomas (n=2),
peritoneal mesothelioma (n=1), basal cell carcinoma (n=1),
breast cancer (n=1). The duration from HSCT to solid cancer
diagnosis according to the cancer type is shown in Table 2.
All but two patients underwent HSCT for malignant disease.
The most frequent primary diagnosis was acute lympho-
blastic leukemia (n=13), chronic myeloid leukemia (n=3),
myelodysplastic syndrome (n=2). Two patients were trans-
planted due to severe aplastic anemia (SAA). TBI based
conditioning using 12-14.4 Gy was the most common
preparative regimen, documented in 18 out of 20 patients
(90%). Cumulative incidence of secondary solid cancer in all
groups (426 patients/20 tumors) was 15.2+3.9% (Figure 1).
In a group using TBI based regimen (146 patients/18 tumors)
was 34.7£8.9% (Figure 2), in non-TBI (only chemo) group
(280 patients/2 tumors) was 1.5+1.1%. Overall, the cumula-
tive incidence is statistically significantly different between
the TBI based and non-TBI (chemo only) group (Log Rank

<0.001; Figure 3). All patients were managed with surgery
(100%) with (40%) or without (60%) adjuvant radiation
and/or chemoradiation therapy. With a duration follow-up
of 5.2 years, 17 patients (85%) are second cancer-free, one
patient alive with breast cancer in palliative treatment. Two
females died due to other carcinomas (invasive carcinoma
of the tongue, malignant schwannoma) 2.5 and 3.0 years
after diagnosis. Characteristics and management of second
cancers are shown in Table 2, TBI and ¢cGVHD history in
Table 3.

Discussion

The risk of malignancy following stem cell transplanta-
tion, especially after irradiation in conditioning seems to
depend not only on the dose of radiation administered but
also on the type of first cancer, the type of chemotherapy
used, the age, the presence of chronic graft versus host
disease (cGVHD) and duration of follow-up [5, 10, 11]. Only
a few studies have investigated survivors who received total
body irradiation for HSCT, especially in childhood. Most of
these studies describe especially the risk of thyroid cancers
[11-14]. Three retrospective studies reported the results of
ultrasound examination for the detection of thyroid nodules
and/or carcinoma during the follow-up of patients receiving
TBI as a part of the conditioning regimens during childhood.
One of these studies, on 42 patients surviving for at least ten

Table 2. Characteristics and management of patients with secondary solid cancer.

G dg Type of tumor ﬁgsecillf gosng conlt_ilisti((::ling tu“?f;ra:lg H&S;I;su Site of tumor treatment outcome
F ALL Oral Ca 16.6 MSD TBI12+Cy 31.9 15.3 tongue surgery Alive
F SAA Thyroid Ca 3.2 MFD TBI14.4+Cy 18.5 15.3 thyroid gl. surgery Alive
F ALL Oral Ca 14.8 MSD TBI12+Mel 32.6 17.8 tongue RT, CH Died
M ALL Melanoma 17.0 MUD TBI12+Cy 29.8 12.7 skin surgery Alive
F ALL Thyroid Ca 6.5 MUD TBI12+Cy 23.6 17.1 thyroid gl. surgery Alive
M  ALL Oral Ca 6.9 MSD TBI12+VP 17.8 10.9 tongue surgery, RT Alive
F CML Thyroid Ca 124 MUD TBI14.4+Cy 27.9 15.5 thyroid gl. surgery Alive
M SAA Schwannoma 11.9 MUD TBI14.4+Cy 232 11.3 neck surgery, RT Alive
M  ALL Mesothelioma 15.5 MSD TBI12+VP 26.0 10.5 peritoneum surgery, CH Alive
F ALL Schwannoma 5.3 MSD TBI12+VP 16.8 11.5 mediastinum surgery, CH, RT Died
M ALL Thyroid Ca 3.6 MSD TBI12+VP 15.4 11.8 thyroid gl. surgery Alive
F CML Thyroid Ca 8.7 MUD TBI14.4+Cy 16.3 7.6 thyroid gl. surgery Alive
M  ALL Thyroid Ca 6.7 MUD TBI12+VP 16.5 9.8 thyroid gl. surgery Alive
M  ALL Thyroid Ca 6.4 MFD TBI12+VP 11.8 5.4 thyroid gl. surgery, IA Alive
M  ALL Breast Ca 15.4 MUD TBI12+VP 25.1 9.7 breast surgery, CH Alive
F MDS Thyroid Ca 9.5 MUD BuCyMel 17.7 8.2 thyroid gl. surgery, IA Alive
F CML Basal cell Ca 17.4 MUD TBI14.4+Cy 35.1 17.7 skin surgery Alive
M  MDS Melanoma 13.1 MUD BuCyMel 24.4 113 skin surgery Alive
M  ALL Thyroid Ca 6.2 MUD TBI12+VP 27.7 21.5 thyroid gl. surgery, IA Alive
M  ALL Melanoma 5.8 MSD TBI12+VP 18.5 12.7 skin surgery Alive

Abbreviations: M - male; F - female; G - gender; ALL - acute lymphoblastic leukemia; CML - chronic myeloid leukemia; MDS - myelodysplastic syn-

drome; MFD - matched family donor; MSD — matched sibling donor; MUD —

matched unrelated donor; TBI - total body irradiation; Bu — busulphan; Cy

- cyclophosphamide; Mel - melphalan; VP - etoposide; RT - radiotherapy; CH - chemotherapy; IA - iodine ablation
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Figure 1. The cumulative incidence of secondary cancer. All patients
n=426, second tumor n=20, cumulative incidence 15.2+3.9%
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Figure 2. The cumulative incidence of secondary cancer in TBI patients
only. TBI patients only - n=146, second tumor n=18, cumulative inci-
dence 34.7+8.9%
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Figure 3. The cumulative incidence of secondary cancer - comparison
TBI vs non TBI group. Comparison TBI vs. non-TBI group (n=426): TBI
n=146/18 patients and chemo (non-TBI) n=280/2 patients, cuamulative
incidence TBI 34.7+8.9% and chemo 1.5+1.1% sign. Log Rank: p<0.001

years after TBI (median follow-up of 12 years), shows the
incidence of thyroid carcinoma in 25% of 24 patients with
nodules. This result is consistent with another study in which
thyroid carcinomas have occurred in 29% of patients with
detectable nodules [11, 15, 16]. Most of the cancers observed
were papillary carcinoma and its follicular variants, with no
observed systemic metastasis. The probability of developing
metastatic disease is small. In our cohort, thyroid carci-
noma was the most frequent subsequent solid tumor. We
documented thyroid cancer in 9/20 patients (45% of all) in
a median of 11.8 years (range 5.4-21.5) years after HSCT.
All but one underwent TBI as a part of the conditioning
regimen. Histology confirmed the diagnosis of papillary
cell carcinoma in all patients, therefore, surgery and subse-
quent substitution treatment with L-thyroxine were used in
all of them. Three patients also received radioactive iodine
ablation therapy. All were alive at the time of study 0.7 to
10.3 (median 5.1) years after surgical treatment. Cohen
et al. in a large cohort (70,859 patients including adults
and children) noted that the risk of developing secondary
thyroid cancers after HSCT is higher in younger age groups
(<10 years, RR, 24.61) and the time between HSCT and the
diagnosis of secondary thyroid cancer is shorter compared
with other solid tumors, particularly in children [12]. Pole
et al. documented in their cohort (796 patients after HSCT),
that secondary thyroid carcinoma developed at a median
of 13.5 years (range 4.9-22.7), for other solid cancers, the
time to develop was 13.8 years (range 1.3-17.3 years) [4].
In our cohort, patients with secondary thyroid carcinoma
were also younger at the time of transplant. The age at
HSCT was 3.5 to 12.4 years (median 6.5) in comparison
with other solid tumors group, where the age at HSCT was
5.3 to 17.4 (median 14.8) years. Secondary thyroid cancers
occurred at a median of 11.8 years (range 5.4-21.5), similar
for other solid cancers the time to diagnosis was 11.4 years
(range 9.7-17.8). Only a part of patients found to have carci-
noma had some clinical symptoms or abnormal thyroid
gland function, most of them were asymptomatic. In our
cohort, 4/9 (44%) patients had abnormal thyroid gland tests.
Physical examination is not a reliable method for detecting
thyroid nodules, and ultrasound scans are generally required
for thyroid nodules screening followed by FNAB (fine-

Table 3. Patients with secondary solid cancer - GVHD and TBI history.

Total of 20 patients Yes/No N %
TBI based conditioning Yes 18 90%
No 2 10%
cGVHD after HSCT Yes 10 50%
No 10 50%
c¢GVHD at time of secondary cancer diagnosis ~ Yes 4 20%

No 16 80%

Abbreviations: GVHD - graft versus host disease; cGVHD - chronic graft
versus host disease; — total body irradiation
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needle aspiration biopsy) for the management of suspected
lesions. FNAB was performed in case if an ultrasound scan
revealed thyroid nodules >5-8 mm in diameter, depending
on the ultrasound characteristics of these nodules [11]. With
the increasing use of ultrasound scans and FNAB, thyroid
carcinoma tends to be diagnosed very accurately at the early
stages [17]. An annual routine thyroid ultrasound examina-
tion, a non-invasive and relatively inexpensive procedure
should be carried out on all HSCT survivors, especially
those who were transplanted at an early age and following
TBI-based conditioning [11, 12, 15]. Irradiation has shown
to increase the risk for non-squamous cell carcinomas, while
chronic GVHD appears to increase the risk of squamous cell
carcinomas [18]. CNS, bone, and soft tissue cancers have
shown to be significantly associated with radiation exposure
too [9, 18]. Analysis of a large and highly characterized
series of patients with oral epithelial dysplasia (OED) and
oral squamous cell carcinoma (OSCC) showed that oral
c¢GVHD might be considered a potential risk factor for oral
cancer. The tongue was the most common site (56%) and
the most frequent clinical features at diagnosis were plaques
(50%), exophytic masses (39%), and ulcers (28%). Carefully
coordinated long-term follow-up by a comprehensive cancer
team that includes oral medicine expertise is recommended,
and patients should be well-informed of cancer risk. The
frequent oral evaluations may have contributed to an earlier
diagnosis of oral cancer [10]. In our cohort, three patients
developed OSCC; all after TBI based conditioning, all with
oral GVHD. In all of them, the primary site was tongue;
clinical features at diagnosis were plagues (1 patient) and
ulcers (2 patients). Two of them were managed with surgery;
one also received radiotherapy and had neck dissection as
a part of the surgical management. One remaining patient
with involvement of the back of the tongue was treated with
repeating chemoradiation and died after relapse. Patients
with Fanconi anemia (FA) were excluded from our cohort
due to higher susceptibility to cancer. There is increasing
risk and an earlier median age for cancer in FA transplanted
patients [19, 20]. In our center, only one out of eight FA
patients developed malignancy. He was transplanted in
5.2 years of age using the FluCy conditioning regimen and
was diagnosed with colorectal carcinoma 10.2 years after
HSCT. He underwent total colectomy and proctectomy and
remained in remission 1.8 years after diagnosis.

In summary, allogeneic hematopoietic stem cell trans-
plantation is a potentially curative therapy for a variety of
malignant and non-malignant disorders. With the improved
outcome, increasing attention has been drawn to late compli-
cations in long-term survivors. Secondary malignancies
are rare but devastating complications. Pediatric patients
who undergo allogeneic transplantation are at significantly
increased risk of developing a secondary malignancy. Many
of these cancers occurred at a younger age than primary
cancers in the general population. The findings of our
study present a single-center experience with the develop-

ment and outcome of subsequent cancers. Patients with TBI
based regimen had high and in time, increasing incidence
of secondary cancers. TBI remains an important part of
the conditioning regimen, especially in patients with ALL.
Data of prospective international study show that pediatric
patients with ALL older than 4 years transplanted from MSD
or MUD have benefit more from TBI/etoposide compared
to chemotherapy conditioning only (unpublished, personal
communication). Lifelong screening is recommended for all
transplant survivors according to established center guide-
lines, including guidelines for secondary cancer screening
and prevention. Primary care and especially transplant
physicians must be aware of the risk of subsequent malig-
nancy following HSCT.
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