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Introduction
The survival rate of acute lymphoblastic 
leukemia (ALL) in Thailand has improved 
significantly during the last decade. Notably, 
the 5‑year overall survival of ALL in 
Thailand reached 67.2%.[1] Approximately 
90% of childhood cancer survivors develop 
medical complications or deficiencies.[2] 
Endocrinopathies, including hypothalamic–
pituitary axis (HP axis) dysfunction and 
metabolic derangements, represent the most 
frequent long‑term complications associated 
with leukemia treatment. These endocrine 
abnormalities are mainly characterized 
by growth hormone deficiency (GHD), 
precocious puberty, gonadal dysfunction, 
metabolic syndrome, and obesity.[3,4]

HP axis dysfunction is frequently observed 
in ALL survivors following chemotherapy 
and cranial radiotherapy (CRT).[5,6] Growth 
patterns among ALL survivors commonly 
display height deficit and impairment of 
growth hormone (GH)/insulin‑like growth 
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Abstract
Aims: To determine the prevalence and severity of endocrine and metabolic derangements in 
childhood‑onset ALL survivors from Thailand and to describe the associated risk factors. Settings 
and Design: Paediatric department in medical school hospital, cross‑sectional study. Methods: 
Insulin Tolerance Test (ITT), IGF‑I and IGFBP‑3 levels, Thyroid and gonadal function, serum 
sodium and metabolic profiles were investigated in 30 childhood onset ALL survivors. (16 males, 14 
females, mean age: 14.66 ± 7.16 years). Results: Endocrine abnormalities were displayed in 73.33 
% of patients, 46.7% had two or more abnormalities. Grade3 of severity were present in 16.67%. 
Growth hormone deficiency (GHD) was detected in 10 patients (33%). Early onset of ALL was 
the potential risk factor of GHD.  Adult height was more deteriorated in the female group. Twenty 
percent of patients were found with subnormal cortisol responses. Gonadal failure was evidenced 
in one case that experienced testicular irradiation. No diabetes insipidus was detected.  Among 6 
obese patients, 2 patients developed metabolic syndrome.  Moreover, one patient was diagnosed 
with insulin‑depleted diabetes mellitus. Conclusion: Our results highlighted various endocrine and 
metabolic sequelae occurring in childhood‑onset ALL survivors after completion of their therapy. The 
prevalence of GHD was higher than the one previously described in Japan population. Subclinical 
hormonal abnormalities may affect health outcomes. Biochemical and hormonal abnormalities should 
be carefully monitored for immediate treatment.
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factor (IGF‑I) axis, especially in young 
age patients with ALL diagnosis who were 
treated by CRT.[7] Central hypothyroidism 
was rarely observed in ALL survivors. 
Central adrenal insufficiency (CAI) could 
also occur by moderate‑dose CRT (18–24 
Gy).[8,9] ALL survivors treated with CRT 
initiated their puberty significantly earlier 
than those who were not treated with 
CRT.[10]

Posterior pituitary complication such as 
central diabetes insipidus (central DI), was 
rarely observed in ALL survivors treated 
with standard dose‑based CRT.[3,4]

Obesity and metabolic syndrome also 
affect a substantial proportion of ALL 
survivors with a prevalence of 30%–40%. 
CRT and prolonged exposure to high‑dose 
glucocorticoids represents significant 
risk factors for the development of these 
disorders.[11]

HP axis dysfunction and metabolic 
derangements remain poorly investigated 
in Asian population, especially in Southeast 
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Asians.[12‑15] Pharmacoethnicity, which refers to ethnic 
variance in drug response and toxicities, may affect the 
long‑term health outcomes, together with health behavior 
and lifestyle differences.[16]

The goal of the present study was to measure the 
prevalence and severity of hormonal abnormalities and 
metabolic disturbances in Thai childhood ALL survivors as 
well as to identify the associated risk factors for prevention 
or better control of subsequent complications.

Materials and Methods
Selection and description of participants

Forty ALL survivors, who were in complete remission 
for more than 1 year, were invited to participate in this 
study. Thirty patients completed the full study. ALL was 
diagnosed when subjects were <15 years old from 1990 to 
2007. No patient treated with bone marrow transplantation 
was recruited into this study. Twenty‑five patients (83.33%) 
were in the first clinical remission whereas five patients 
were in their second remission after treatment for a 
recurrence. A review of all medical records was performed.

All of the patients were treated for 2–3 years by 
chemotherapy including traditional drugs used for 
induction, consolidation and maintenance phases 
(vincristine, L‑asparaginase, methotrexate, prednisolone, 
6‑mercaptopurine, etc.) according to the Thai Pediatric 
Oncology Group protocol.[1] Twenty‑four patients (80%) 
received central nervous system (CNS) prophylaxis 
through cranial 18 Gy radiation dose. Six patients were 
not submitted to prophylactic CRT because their ages were 
under 2‑year‑old at the time of diagnosis; however, one 
underwent CRT at a later point in time for the treatment 
of CNS relapse. Two of the 16 male patients had testicular 
irradiation (18 Gy) because of testicular relapse.

This study has been approved by the Ethics Committee of 
the Faculty of Medicine, Chulalongkorn University. (IRB 
approval number 18452).

Methods
All participants attended the outpatient unit from the 
specified time period of 7–8 a.m. Baseline data were 
collected. Due to the lack of standard sex and age matched 
childhood body mass index (BMI) curves for Thai children, 
we used the International Obesity Taskforce childhood BMI 
reference instead.[17] Patients with a BMI of more than the 
85th percentile was classified as overweight; patients with a 
BMI of more than the 95th percentile was classified as obese. 
Skeletal age was determined by pediatric endocrinologists 
using the Greulich and Pyle method.[18] Predicted adult 
height (PAH) was calculated with the Bayley–Pinneau 
method.[19] The Final adult height (FAH) was considered 
achieved when annual increment was <1 cm, with bone 
age of over 15 years mid‑parental height (MPH) following 

the formula: (father’s height [cm] + mother’s height [cm] 
+ 13)/2 for boys and (father’s height [cm] + mother’s 
height [cm] − 13)/2 for girls. All height was adjusted into 
standard deviation (SD) and SD scores (SDS), based on the 
Thai National Survey of Health 1997.[20]

Serum samples were collected after overnight fasting for the 
measurement of IGF‑I, IGF binding protein‑3 (IGFBP‑3), 
thyroid‑stimulating hormone (TSH), free T3, free 
T4, luteinizing hormone (LH), follicle‑stimulating 
hormone (FSH), estradiol (in female), testosterone (in male), 
serum sodium, fasting plasma glucose (FPG), insulin and 
lipid profiles (cholesterol, triglyceride [TG], high‑density 
lipoprotein [HDL] and low‑density lipoprotein).

To evaluate GH status, insulin tolerance test (ITT) was 
performed using blood samples collected at 0, 15, 30, 45, 
and 90 min. GHD was considered if GH level was lower 
than 5 µg/L or 10 µg/L for patients who either attained or 
did not attain final height, respectively.[21] The IGF‑I and 
IGFBP‑3 concentrations were measured by an automated 
chemiluminescent assay (IMMULITE®, Diagnostic 
Products Corp, Los Angeles, CA, USA).[22] IGF‑I and 
IGFBP‑3 levels were categorized into age‑related −2, −1, 
0, +1, +2, SD using reference ranges for normal population 
as reported by Elmlinger et al.[23]

HP‑adrenal (HPA) axis was also evaluated during ITT. 
The cortisol response was considered as normal based on 
achievement of a peak level of 18 µg/dL or above. Patients 
with peak cortisol level <4 µg/dL and 18 µg/dL were 
classified in the cortisol deficiency group and subnormal 
cortisol response group, respectively.[2]

Hypothyroidism was considered when a patient had lower 
free T3 and free T4 than normal range and subclinical 
hypothyroidism was diagnosed when a patient displayed 
normal free T3, free T4 and TSH level above the limit 
(4.1 mU/L).

Hypogonadism was characterized by failure to initiate 
puberty at 13 and 14‑year‑old for female and male subjects, 
respectively or by a failure to progress through puberty 
after the occurrence of secondary sex characteristics.

DI was screened by episodes of polyuria and polydipsia as 
well as high serum sodium levels.

FPG and hemoglobin A1c were assayed for diabetes 
mellitus (DM). DM was defined according to American 
Diabetes Association criteria.[24] Metabolic syndrome 
was defined following International Diabetes Federation 
clinical criteria (waist circumference ≥90th percentile, 
TG ≥150 mg/dL, HDL ≤40 mg/dL in male and <50 mg/dl 
in female, systolic blood pressure ≥135, diastolic blood 
pressure ≥85 mmHg and FPG, FPG ≥100 mg/dL.).[25]

The severity of specific late complication was graded 
based on the Common Terminology Criteria of Adverse 
Events version 5.0.[26] The late effects were scored from 
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Grades 1–5 with descriptions of severity for each adverse 
event (Grade 1, mild; 2, moderate; 3, severe; 4, life 
threatening or disabling; 5, death‑related adverse event).

Statistics

Data were presented as mean ± SD or as mean (range). Mean 
of MPH and FAH (or PAH) was compared and analyzed 
using Paired‑Sample t‑test. Pearson’s and Spearman’s 
correlation coefficients were used to assess relationships 
between normally and nonnormally distributed variables, 
respectively. P < 0.05 was considered statistically significant. 
All computations were performed using the SPSS Statistics 
for Windows, Version 17.0. (SPSS Inc., Chicago, IL, USA).

Results
A total of 30 patients were recruited in this study, 16 male 
and 14 female survivors of childhood‑onset ALL. Study 
participant baseline characteristics are shown in Table 1. 
The onset of leukemia appeared between the ages of 
1.1 years and 14.1 years. Twenty‑five patients (83.33%) 
received CRT for CNS prophylaxis. None of the patients 
was diagnosed with endocrine deficiency or continued 
hormonal therapy before their participation in this 

study. Endocrine abnormalities were recently detected 
in 22 patients (73.33%). Ten survivors (33.33%) had 
Grade 1 (mild) and 7 (23.33%) had Grade 2 (moderate) 
severity of late effects. Grade 3 was found in 16.67% of 
survivors.

Two patients (6.67%), one male and one female, 
had FAH SDS (or PAH SDS) <−2SD. Eighteen 
of the 30 patients (60%) were shorter than MPH. 
Subgroup analysis showed that females had a significant 
reduction of FAH (or PAH) (152.83 ± 5.47 cm) 
compared to their MPH (156.82 ± 3.83) (P = 0.009). 
The survivors’ adult height was shown not to be 
correlated with CRT or age at diagnosis or years of 
follow up after completion of treatment. Two patients 
with short stature (shorter than −2SD) had psychological 
distress for growth disorders, requiring psychiatric 
consultation.

Growth hormone, insulin‑like growth factor ‑I, and 
insulin‑like growth factor binding protein‑3 axis

GHD was diagnosed in patients <18 years old, with a 
prevalence reaching 45.5% (10/22 patients) [Figure 1]. The 
development of ALL in subjects with an age <5‑year‑old 

Table 1: Characteristics of the patients, final adult height or predicted adult height standard deviation scores, severity 
of late effects

Total Male Female
n 30 16 14
Age (years), n (%)
<18 22 (73.33) 12 (75) 10 (71.43)
>18 8 (26.67) 4 (25) 4 (28.57)
Age at diagnosis, median (range) 5 years (1 years 1 months‑14 

years 1 months)
5 years 4 months (1 years 8 
months‑14 years 1 months)

4 years 9 months (1 years 1 
months‑14 years)

Age at assessment, median (range) 14 years 8 months (7 years 2 
months‑21 years 9 months)

14 years 9 months (7 years 2 
months‑21 years 1 months)

14 years 6 months (10 years 2 
months‑21 years 9 months)

Follow up after completion of 
treatment, median (range)

6 years 2 months (1 years‑14 
years 3 months)

5 years 6 months (1 years‑10 
years 7 months)

6 years 9 months (1 years 9 
months‑14 years 3 months)

CRT/non‑CRT (n) 25/5 14/2 11/3
MPH, mean±SD (cm) 163.78±8.15 169.87±5.56 156.82±3.83¶

MPH SDS, mean±SD 0.02±0.92 0.0519±1.048 −0.165±0.797π

FAH or PAH, mean±SD (cm) 161.82±10.67 169.67±7.28 152.83±5.47*
FAH or PAH SDS, mean±SD −0.388±1.32 0.146±1.373 −0.848±1.14**
FAH SDS <−2SD, n (%) 2 (6.67) 1 (3.33) 1 (3.33)
Existence of late effects, n (%) 22 (73.33) 10 (62.5) 12 (85.71)
Number of late effects, n (%)

1 8 (26.67) 3 (18.75) 5 (35.71)
2 9 (30) 6 (37.5) 3 (21.43)
3 5 (16.67) 1 (6.25) 4 (28.57)

Severity of late effects per 
survivors, n (%)

Grade 1 (mild) 10 (33.33) 3 (18.75) 7 (50)
Grade 2 (moderate) 7 (23.33) 3 (18.75) 4 (28.58)
Grade 3 (severe) 5 (16.67) 4 (25) 1 (7.14)

*P<0.05 versus ¶, **P<0.05 versus π. FAH (or PAH) in female patients was significantly reduced compared to their MPH (P=0.009). FAH 
– Final adult height; PAH SDS – Predicted adult height standard deviation scores; MPH – Midparental height; CRT – Cranial radiation 
therapy; SD – Standard deviation
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was statistically correlated with peak GH and 
GHD (P = 0.0089, 0.033, respectively). CRT and dosage of 
CRT was not correlated with GH response.

As shown in Figures 2 and 3, IGF‑I and IGFBP‑3 levels 
reached the normal age‑related reference range (−2SD 
to + 2SD) and the IGF‑I z‑score was strongly correlated to 

IGFBP‑3 z‑score (P = 0.000581). Patients diagnosed with 
GHD displayed lower IGF‑I z‑score (−0.50 ± 0.972) and 
IGFBP‑3 z‑score (−0.20 ± 1.033) compared with subjects 
from the non‑GHD group (0.05 ± 1.146, 0.05 ± 0.887, 
respectively. FAH (or PAH) SDS showed no statistical 
correlation with GHD, IGF‑I z‑score and IGFBP‑3 z‑score.

Thyroid axis

One female with infantile ALL was diagnosed with 
subclinical hypothyroidism but without evidence of 
goiter or family history of autoimmune thyroiditis. She 
did not receive CRT. The thyroid dysfunction of this 
subject was characterized by TSH, FT4 and FT3 serum 
concentrations of17.73 mU/L, FT4 1.24 ng/dL and 
FT3 3.34 pg/mL, respectively. Antibodies to thyroglobulin 
and thyroperoxidase were not detected.

Gonadal function

Primary hypogonadism, low testosterone and high LH, 
FSH, was evidenced in one male patient who experienced 
two courses of chemotherapy, testicular biopsy and 
testicular irradiation due to testicular relapse. This subject 
did not show any signs of puberty at 14.8 years old.

Central precocious puberty was found in 2 of 14 female 
patients, both of whom underwent low dose CRT. 
Spontaneous puberty and menarche were observed in other 
female patients appropriately with their Tanner pubertal 
staging.

Hypothalamic‑pituitary‑adrenal axis

Six out of 30 subjects (20%) developed subnormal cortisol 
response (cortisol peak <18 µg/dL) in ITT. No correlation 
was found between cortisol peak and the onset age of 
ALL, range of follow‑up years after treatment completion 
or CRT. None of the patients displayed impaired HPA 
axis (cortisol peak ≤4 µg/dL).

Diabetes insipidus

None of the participants had a history of polyuria, 
polydipsia or had hypernatremia suggestive of DI.

Obesity and metabolic disturbances

One female and three males out of 30 patients (16.67%) 
were considered obese whereas one female and one male 
were overweight. All of them underwent CRT for CNS 
prophylaxis.

One out of 30 patients was recently diagnosed with DM. 
He had a normal BMI together with mild symptoms of 
polyuria and polydipsia. The patient’s blood test showed 
no evidence of hyperinsulinism according to the levels of 
fasting insulin.

Five out of 30 patients (16.66%) had hypertriglyceridemia 
(TG ≥ 150 mg/dL) while 10 out of 30 patients (33.33%) 
had reduced HDL. No patient in the study group developed 
systolic or diastolic hypertension [Table 2]. Two out 

Figure 1: Peak of Growth hormone (µg/L) in ITT

Figure 2: Insulin‑like growth factor‑I (ng/mL) in age‑matched reference curve

Figure 3: Insulin‑like growth factor binding protein 3 (mcg/ml) in age‑
matched reference curve
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of 30 patients (6.67%) were diagnosed with metabolic 
syndrome due to high TG and low HDL.

Discussion
With an average follow‑up of 6 years, this study revealed 
that 73.33% of Thai leukemia survivors showed endocrine 
and metabolic derangement. The point prevalence was 
33.33% for GHD, 20% for subnormal cortisol responses, 
3.33% for subclinical hypothyroidism, 33.33% reduced 
HDL and 16.67% for obesity.

GHD was demonstrated in one‑third of the patients and this 
prevalence was much higher than the one previously reported 
in Japan (2.8%),[12] but lower than the frequency measured in 
a large US cohort (46.5%).[27] This might be caused by the 
different method of GH assessment and also could be due 
to fewer subjects in our study. Nevertheless, the IGF‑I and 
IGF‑BP3 serum concentrations in our GHD cases were low 
to normal and height SDS was not compromised significantly. 
These data suggest that ALL treatment marginally reduced 
pituitary function at the level of GH production and/or 
secretion. Survivors with ALL onset appearing in the first 
5 years of life were at risk of GHD, as described previously.[27] 
Therefore, continuous screening and subsequent treatment for 
GHD disorder should be implemented. Untreated GHD is 
commonly associated with abdominal obesity, low muscle 
mass, low energy expenditure, muscle weakness, and poor 
exercise tolerance over the following years.[28]

A previous study in Thailand[29] demonstrated that girls 
completing their ALL treatment had less adult height 
deficit than boys, resulting from more consistent weight 
gain. Conversely, in our population, we found remarkable 
decrease in height of female patients, which could be 
explained by the phenomenon of early onset puberty which 
is more commonly observed in female than male patients.

Abnormal thyroid function due to primary and secondary 
hypothyroidism has been reported after high dose CRT 

and even during a long period of time after treatment 
completion.[30] In our study, most patients received 
CRT at a lower dose (18 Gy) and only two received 
higher doses (36 and 39 Gy). However, all of them had 
normal thyroid function test results during our 4 year‑10 
month follow‑up. Nevertheless, it would be interesting 
to screen this thyroid disorder over a longer period as 
central hypothyroidism could arise at any time following 
treatment.[31] One female with subclinical hypothyroidism 
of unknown origin had been treated with CRT and did not 
develop thyroid‑specific autoantibodies. The etiology of her 
subclinical hypothyroidism is inconclusive.

Reproductive abnormalities could result from direct damage 
of the gonads by systemic chemotherapy, alteration of the 
HP ‑gonad axis and cancerous cell infiltration in the gonad.[2] 
One out of 16 male patients suffered from gonadal failure due 
to testicular relapse, a direct effect of testicular irradiation 
and repeated course of chemotherapy. Consequently, 
long‑term reproductive analysis including sperm cell 
counting and fertility rate should be monitored in all male 
survivors. In female patients, 2 of 14 patients (14.28%) 
were diagnosed with precocious puberty. This abnormality 
can be associated with low‑dose CRT.[32] None of the female 
patients from our study were reported with delayed puberty 
or primary amenorrhea. Nevertheless, we cannot exclude 
the development of other late effects such as pregnancy rate 
and premature menopause during a longer follow‑up.

In this study, 6 subnormal cortisol responses (20% of all 
patients) were detected. Five of these 6 subjects were 
female. Although female gender seems to have poorer 
cortisol increment in testing, this observation remains to be 
explained and should be further investigated.[8,33] Clinical 
signs and symptoms of adrenal insufficiency as well as 
a record of adrenal crisis were not evidenced in subjects 
with subnormal cortical response. However, glucocorticoid 
supplementation during major stress is considered to 
prevent consequences of adrenal crisis.

Table 2: Metabolic profiles
Total Male Female

n 30 16 14
BMI, mean±SD 21.31±6.65 21.69±7.19 20.85±6.14
Normal BMI, n (%) 25 (83.33) 13 (81.25) 12 (85.71)
Overweight, n (%) 1 (3.33) 0 (0) 1 (7.14)
Obesity, n (%) 4 (13.33) 3 (18.75) 1 (7.14)
Fasting plasma glucose (mg/dL), mean±SD 83.9±17.70 86.75±22.29 80.64±5.63
Fasting insulin (µU/mL), mean±SD 9.29±5.95 9.55±6.72 9.01±6.34
HbA1C (mg%), mean±SD 5.63±0.39 5.74 ±0.44 5.51±0.39
HOMA‑IR, mean±SD 1.95±1.30 2.04 ±1.40 1.85±1.31
Fasting TG (mg/dL), mean±SD 101.26±48.89 101.38±51.53 101.14±51.89
HDL (mg/dL), mean±SD 57.43±16.99 54.43±11.83 60.85±11.88
Metabolic syndrome, n (%) 1/30 (3.33) 1/16 (6.25) 0/14 (0)
DM, n (%) 1/30 (3.33) 1/16 (6.25) 0/14 (0)
BMI – Body mass index; Hb1AC – Hemoglobin A1c; HOMA‑IR – Homeostatic Model Assessment of Insulin Resistance; Fasting TG – 
Fasting Triglycerides; HDL – High‑density lipoprotein; DM – Diabetes mellitus; SD – Standard deviation
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In agreement with previously reported studies, none of 
the participants suffered from DI.[34,35] It must be pointed 
out that, in ALL survivors, DI does not usually result 
from hypothalamic and pituitary tumors because standard 
ALL treatment protocols are commonly based on cranial 
irradiation.

Some evidences suggest that cancer survivors in general 
and particularly survivors of childhood ALL are highly 
susceptible to develop metabolic syndrome.[15] Metabolic 
syndrome is a significant risk factor for further cardiovascular 
disease and DM.[36] Our present data highlighted that 
reduced HDL (33.33%) is the most common of metabolic 
disturbance which could represent the first emerging 
metabolic complication in childhood ALL survivors.

One patient of our cohort, without family history of DM but 
having mild symptoms of diabetes and no signs of insulin 
resistance, was newly diagnosed with DM. The measured 
insulin level (5.6 mU/L) and the absence of anti‑GAD 
autoantibodies suggested that the etiology of DM for this 
patient resulted from pancreatic β‑cell deterioration.[37]

Conclusion
The present study described the higher prevalence of 
subclinical abnormalities of metabolic and hormonal 
profiles than previously reported findings among Asian 
population. These disorders will negatively influence the 
health and quality of life of ALL survivors in the future. 
A systematic and periodic monitoring of growth parameters, 
GH axis, adrenal function and obesity is consequently 
recommended for all childhood‑onset ALL survivors.
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