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Abstract

Introduction: Hematopoietic stem cell transplantation (HSCT) is the standard treatment for some malignancies and hematological diseases. Many patients/year
undergoes this procedure and were at high risk of development long-term complications, including endocrine dysfunctions. The aim of this study is to evaluate the
frequency and nature of endocrine disorders in adult patients undergoing HSCT in Brazil.

Materials and methods: Retrospective study from medical records of 494 post-HSCT patients, referred for follow-up in the Endocrinology Clinic of the National
Cancer Institute INCA).

Results and discussion: Three hundred forty-two patients met criteria for inclusion, of these 52.3% had endocrine complications post-HSCT. The main endocrine
dysfunction was hypogonadism, followed by hypothyroidism, hypocortisolism and hypopituitarism. Graft-versus-host disease was diagnosed in 42.4% of total
population. Seventy-three (21.3%) patients of the cohort died during follow-up. Endocrine dysfunctions are common complications of HSCT. Early diagnosis and

treatment can improve the quality of life and morbidity.

Introduction

Approximately 50,000 people/year ~worldwide undergo
hematopoietic stem cell transplantation (HSCT) [1]. This is the
standard treatment for patients with some hematological disorders and
other malignancies [2]. HSCT is a complex and high cost procedure
and only performed in countries with more than 300,000 inhabitants
and more than 680 US$ Gross National Income (GNI) per capita [1].

In the last decade, HSCT patients have achieved a survival rate
never seen before. However, they develop chronic complications that
impaired their quality of life and associated with significant morbidity
and mortality [1], such as graft-versus-host disease (GVHD), endocrine
failure, cataracts, bone necrosis and second malignancy [3].

The endocrine system is one of the most frequent targets of these
chronic complications [4]. Available studies provide data on the
pediatric population, little is known about the long-term effects in
the adult population [4]. Endocrine dysfunction can appear earlier or
later during the follow up, and the most common are gonadal, thyroid,
pituitary and adrenal [5]. The risk factors for endocrine complications
post-HSCT are influenced by the age at HSCT, use of TBI, previous
pre-transplant therapies, conditioning for HSCT, irradiation schedule
and the underlying disease [4,5].

In this context, searching and monitoring for early diagnosis of
these pathologies are highly recommended. The aim of this study is
to evaluate the frequency and nature of endocrine disorders in adult
patients undergoing HSCT.
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Materials and methods

Study design

This study was designed as a retrospective cohort study of medical
records to direct research and consultation in electronic medical record
held from 6" May 2015 to 29" September 2015.

Patients

Eligible cases were defined as all individuals who had undergone
HSCT at National Cancer Institute (INCA), in Brazil, between June
1988 and June 2014, who had survived at least 1 year after transplant.
Patients with age below 18 years at the time of HSCT were excluded. A
minimum of two visits for endocrine evaluation was needed for enter
in the study.

Ethics aspects

This study was approved by the Institution’s Ethics Committee and
was registered under registration number: 73/-09.
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Endpoints

Were defined as primary endpoints the emergence of the following
endocrinedisorders post HSCT period: primaryhypogonadism, primary
hypothyroidism, primary hypocortisolism and hypopituitarism.

Male primary hypogonadism was considered present when there
was a need for testosterone replacement - clinical symptoms plus
low level of total testosterone and a level above laboratory limit of
luteinizing hormone (LH) and/or follicle stimulating hormone (FSH).
For the female, it was considered hypogonadal every patient who needed
hormone replacement therapy (estrogen with or without progesterone)
— clinical symptons with level of estradiol under laboratory limit and
FSH and/or LH above laboratory limit; or to submit amenorrhea after
HSCT.

For the definition of primary hypothyroidism we used thyroid
stimulating hormone (TSH) > 10mU/L with free T4 below normal
limits [6], and/or the need for hormone replacement with LT4.

Primary hypocortisolism was defined if basal cortisol were < 3ug/
dL without concomitant use of glucocorticoid and/or between 3 - 15
pg/dL in two different exams.

Hypopituitarism was defined by the presence of one or more
pituitary deficiencies: gonadotropin (LH and FSH), somatotropin
(GH), thyrotropin (TSH) and corticotropin (ACTH). The gonadotropin
deficiency (hypogonadotropic hypogonadism) was confirmed if there
were low levels of FSH and LH plus estradiol and/or total testosterone
below the lower limit of normal.

TSH deficiency was confirmed if there were low levels of free T4
with or without altered TSH in at least two steps. Adrenocorticotropic
hormone (ACTH) deficiency was documented if basal cortisol and
ACTH were low (< 3 ug/dL and < 20 pg/mL respectively) and excluded
if basal cortisol > 15 pg/dL in two different occasions.

The endocrine function was assessed in patients immediately
before and approximately 100 days post HSCT.

Statistical analysis

Continuous date is presented as mean and standard deviations with
median values. For comparing medians nonparametric Mann-Whitney
test was used and for categories we used Chi.square and Fisher’s exact
tests. Analysis was performed using SPSS software (Version 20.0 for
Macintosh, IBM, SPSS, Chicago IL) and multivariate analysis with
logistic regression.

Results

Four hundred and ninety four consecutive patients submitted to
HSCT between June 1988 and June 2014 were referred for evaluation
at the Endocrinology Clinic at the National Cancer Institute (INCA).
From those, 152 were excluded from the analysis due to age, time of
follow-up and lack of information. The remaining 342 were included
in the final analysis (Figure 1).

As shown in Table 1, the majority were patients with Hodgkin’s
disease (HD) and submitted to autologous transplantation.

Pre HSCT conditioning therapy was done with CBV
(cyclophosphamide, BCNU and VP-16) or BEAM (BCNU, VP-
16, Ara-C and Melphalan) for HD, NHD and MM, and with
cyclophosphamide and bussulphan for CML, AML, MS, SAA, ALL,
PNH, MF and CLL, as recommended by standardized protocols.
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494 transplant patients followed
in an endocrinology service for
adults

152 excluded:
- 60 were transplanted before age 18
- 57 were less than 2 visits
- 24 were transplanted out of INCA

- 11 were less than 1 year post-
transplantation

342 patients were
included in the
analysis

Figure 1. Description of patients and losses.

Table 1. Demographic and baseline clinical characteristics of patients. HSCT: hematopoietic
stem cell transplantation; HD —Hodgkin’s disease; CML — chronic myeloid leukemia; MM
— multiple myeloma; NHD — non-hodgkin disease; AML — acute myelogenous leukemia;
MS — myelodysplastic syndrome; SAA — severe aplastic anemia; ALL - acute lymphoid
leukemia; PNH — paroxysmal nocturnal hemoglobinuria; MF - myelofibrosis; CLL —
chronic lymphocytic leukemia; ERT — external radiotherapy; GVHD: graft-versus-host
disease.

Characteristic N=342 %
Age at the HSCT 37.7 (18-68.6) -
Sex (F:M) 175:167 51.2:48.8
Underlying Pathology

HD 87 25.4
CML 58 17
MM 53 15.5
NHD 40 11.7
AML 36 10.5
MS 24 7
SAA 18 5.3
ALL 15 4.4
PNH 3 0.9
MF 2 0.6
CLL 1 0.3
Others 5 1.5
Types of Transplant

Autologous 177 51.8
Allogeneic related 147 43
Allogeneic unrelated 9 2.6
Mini allogeneic 7 2
Syngeneic 2 0.6
ERT 92 26.9
Follow-up in Endocrinology (years) 5.2 (0.5-23.5) -
Endocrine Dysfunction pre HSCT 79 23.1
Endocrine Dysfunction post HSCT 263 52.3
GVHD 145 42.4
Death 73 213

GVHD was diagnosed in 145 patients (87.8%), complication
associated with the types of allogeneic transplants. All required
glucocorticoid therapy.

External radiotherapy (ERT) was performed in 26,9%.
Seventy-three patients (21,3%) died from disease.

Regarding endocrine dysfunction, 79 patients presented at least
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one hormone deficiency before the transplantation: 20 had primary
hypothyroidism and 66 were women with primary hypogonadism
(67% were over 50 years old, with physiological menopause). Therefore
263 patients were further analyzed for new onset, post HSCT
endocrinopathy. Table 2 shows the frequency of each endocrinopathy
diagnosed post HSCT and the mean time for diagnosis.

ERT applied for the treatment of the underlying disease was the
main risk factor for the development of primary hypothyroidism.
When were performed at the manthle, 24 patients evolved to
hypothyroidism vs 17 with euthyroidism (p < 0.0001). No difference
in this outcome was observed when ERT was performed in other sites.
Type of conditioning, age, sex, total body irradiation, levels of free T4
in 100 days and steroid use had no statistical significance (Table 3). The
underlying disease and the type of transplantation were risk factors in
univariate analysis, but in the multivariate it appears linked to external
radiotherapy. Seventy patients developed primary hypothyroidism and
only two recovered thyroid function (2.85%).

Women who developed primary hypogonadism more frequently
were treated with bussulphan for pre HSCT conditioning therapy
(40.6% vs. 0). They had higher levels of serum FSH and LH and lower
estradiol at the post-HSCT first visit (Table 4). Only two patients
underwent pelvic ERT and both developed permanent hypogonadism,
four irradiated the abdomen and three (75%) remained with
hypogonadism throughout follow-up.

Of the 96 patients with gonadal dysfunction after HSCT, only
12 (12.5%) recovered ovarian function, allowing discontinuation of
treatment.

Nine men developed primary hypogonadism, of these, only one
recovered testicular function. Other data on male hypogonadism can be
seen in table 5. Interestingly, three patients had high levels of FSH and
LH (more than 2 times the upper limit of the reference range) during
the entire follow-up period but with normal total testosterone levels
and did not required treatment at any time. Total testosterone levels
at the first visit were a significant factor to predict male hypogonadism
along with pelvic ERT. High serum LH level but not FSH was significant
to predict male hypogonadism.

Primary hypocortisolism and hypopituitarism occurred only in
two patients respectively and were not evaluated.

Table 2. Frequency of endocrine dysfunction post HSCT (n = 263 patients without
endocrine dysfunction pre HSCT). HSCT — hematopoietic stem cell transplantation.

Hypogonadism 105 (40.2%)

Hypothyroidism 70 (26.8%)
Hypopituitarism 2 (0.8%)
Hypocortisolism 2 (0.8%)

Table 3. Risk factors for the development of primary hypothyroidism after HSCT. HSCT
— Hematopoietic Stem Cell Transplantation; ERT — external radiotherapy; TBI — total body
irradiation.

Characteristic Hypothyroidism post HSCT  Euthyroidism p-value
(n=70) (n=193)

Age at HSCT 30.3 (18.4-61.2) 35.3 (18-68.6) 0.4

Sex (F) 35 117 0.1

TBI 9 15 0.44

TSH (mUI/L) in 100 3.43 (0.16-89.07) 2.11(0.13-8.9) 0.01

days

Free T4 in 100 days 1.0 (0.1-1.6) 1.0 (0.6-1.8) 0.12

Glucocorticoid use 25 70 0.416

Follow-up (months) 124 (4-618.3) 90.8 (1-703.9) 0.032
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Table 4. Risk factors for the development of primary hypogonadism (transient or
permanent) in women. HSCT — Hematopoietic stem cell transplantation; GVHD — graft-
versus-host disease.

Characteristic Hypogonadism post HSCT Eugonadism (n=11) p-value
(n=96)

Age at the HSCT 29 (18-49) 24 (19-30) 0.41

(years)

Conditioning

Bussulphan 40.6% 0% 0.01

Cyclophosphamide 53.1% 45.5% 0.56

ATG 4.2% 18.2% 0.15

CBV 37.5% 54.5% 0.39

Melphalan 200 6.2% 0% 0.67

GVHD 47.9% 27.3% 0.23

Glucocorticoid use 39.6% 0% 0.01

LH (mUI/L) in 100 57.1(26.3-178.4) 10.5 (0.1-48.6) 0.001

days

FSH (mUI/L) in 100 | 90.51 (52.3-200) 15.2 (3.0-51.1) 0.001

days

Estradiol (ng/dl) in 19.6 (5.0-51.1) 93.4 (20-299) 0.023

100 days

Prolactin (ng/ml) in 9.55 (3-193) 9.62 (3-45) 0.8

100 days

Table 5. Risk factors for the development of primary hypogonadism (transient or
permanent) in post HSCT men. HSCT — hematopoietic stem cell transplantation; GVHD —
graft-versus-host disease; ERT — external radiotherapy.

Characteristic Hypogonadism post HSCT Eugonadism p-value
(n=9) (n=146)

Age at the HSCT 50 (29-65) 39 (18-68) 0.45

(years)

Conditioning

Bussulphan 11.1% 38.7% 0.23

Cyclophosphamide 33.3% 56.3% 0.4

ATG 0% 4.9% 0.7

CBV 44.4% 21.8% 0.92

Melphalan 200 22.2% 16.9% 0.74

GVHD 47.9% 27.3% 0.23

ERT in the abdomen  33.3% 9.1% 0.09

and/or pelvis

LH (mUI/L) in 100 8.7 (2.5-27.6) 7.9 (1.1-66.3) 0.07

days

FSH(mUI/L) in 100 |21.8 (6.9-54.4) 17.5(2.7-75.2) 0.53

days

Total Testosterone (ng/ |3.1(1.56-4.40)
ml) in 100 days

4.9 (1.03-11.17) 0.02

Prolactin (ng/ml) in 12.0(4.2-29.0) 9,8 (2.0-36.4) 0.4
100 days
Glucocorticoid use 44.4% 36.6% 0.83

Discussion

This is the first study to report the frequency of endocrine
dysfunction post-HSCT in a Brazilian population. In the present study,
the most frequent endocrine dysfunction post-HSCT was primary
hypogonadism followed by primary hypothyroidism. Around 47%
of the HSCT were allogeneic and 52% were autologous. Almost all
patients that underwent allogeneic types of HSCT developed GVHD.
That pathology can be acute or chronic and the treatment requires
potent immunosuppressive, high doses of corticosteroids and affects
significantly the quality of life of these patients. Seattle group [7] shows
that GVHD can become chronic in about 10-50% of these patients and
have an average duration of 3-5 years, which may delay the treatment
and diagnosis of other post-HSCT dysfunctions.

The most common endocrine dysfunction post-HSCT in this study
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was hypogonadism. Gonadal failure in adult patients post-HSCT was
found at a frequency of 40.2% but according to other studies, it can
reach 92% in males and 99% in females on long-term follow-up [8]
when transplanted children were included. As previously described by
others authors [5,7-16], in our study risk factors for the development
of hypogonadism were age at the transplant, type of conditioning and
the treatments for the underlying disease (chemotherapy and ERT).
A revision by Brennan, et al. [6] showed that gonadal failure was
associated with age at transplant, conditioning and underlying disease
therapy. Older patients had more hypogonadism and the probably of
recover gonadal function decreases by a factor of 0.8 per year of age.
Mertens, et al. [8] analyzed gonadal function of 270 patients post HSCT
and showed the same association with age at transplant and gonadal
failure. The older age at HSCT, the greater the chance of hypogonadism
and an unusual recover of gonadal function. When looked at male
hypogonadism, it is know that men’s Leydig cells are the most resistant
to treatment as showed by Kauppila, et al. [12], Keilholz, et al. [13] and
Bordallo, et al. [17], and the germ cells are the most sensitive, leading
to a laboratory pattern with little or no change in total testosterone and
LH levels, with FSH elevation and possible infertility [18,19].

Regarding female hypogonadism, defined as low estradiol levels
associated with elevated FSH and LH, only a few recovered ovarian
function. These patients require hormone replacement therapy for
prolonged periods due to the young age they developed hypogonadism
(median 29 years old). One study [9] show that when gonadal recovery
occurs, there are candidates for early menopause and high-risk
pregnancies. We did not assessed this outcome.

The second most common endocrine dysfunction post-HSCT was
primary hypothyroidism. It was associated with ERT performed during
the treatment of the underlying disease, especially manthle ERT. The
Seattle group [7] described hypothyroidism in 10-15% of those who
received TBI, and Kauppila, et al. [12] showed that if the dose was >20
Gy it is more prevalent. In the present study TBI was not associated
with primary hypothyroidism. Recover thyroid function was not
common (less than 3%). The damage was transitory in these cases,
maybe because a transient hypothyroidism related to autoimmune
thyroiditis post ERT as Majhaih, et al. [20] and Vantyghem, et al. [9]
saw.

The use of glucocorticoids for a long-term in a high dose can
temporarily change the hypothalamus-pituitary-adrenal axis, as
confirmed by Majhail, et al. [20] and Vantyghem, et al. [9], and could
impair the assessment of adrenal function. Some of our patients were
using glucocorticoids at the first visit to endocrine service, but during
the follow-up we can distinguish them. Hypocortisolism had low
occurrence in our study and we did not consider it for the final analysis.

This study has some limitations. A very low frequency of
hypocortisolism and hypopituitarism was seen. Provocative tests to
assess pituitary and adrenal deficiencies were not available, so these
two pathologies were not considered in the final evaluation. Other
limitations were the lack of evaluation of infertility, which could
better explain the effects of a high FSH in men post HSCT. Also,
high hospitalization rates could influence and delay the diagnosis of
endocrine dysfunctions.
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Conclusion

Endocrine dysfunctions after HSCT are common and can cause
significant impairment in quality of life of these patients. It is extremely
necessary to pay attention to the symptoms and prevention and early
treatment of these complications. The results of this study suggest that
active monitoring in HSCT patients should be performed routinely.
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