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Background

Chronic myeloid leukaemia (CML) is rare in paediatric population, approximately 2–3% of leukaemia cases in children and 9% in adolescents. The introduction of tyrosine kinase inhibitors (TKIs) has significantly improved outcomes, but long-term use may lead to adverse endocrine effects and impact quality of life (QoL).





Methods

This prospective cross-sectional study evaluated 82 paediatric and young adult CML patients who were started on TKI therapy at <18 years of age. 71 patients were on TKI for >2 years and 11 patients were initiated on TKI during the study. Anthropometric measurements, Tanner staging, and laboratory parameters assessing endocrine function, bone health, glucose and lipid metabolism were evaluated. QoL was assessed with validated instruments.





Results

Median duration of TKI exposure was 7.5 years. Short stature was observed in 15% (11/71) of patients. Among those who were prepubertal at TKI initiation, 26.5% (9/34) were found to have short stature. Low Bone mineral density was found in 35·2% (24/68). Vitamin D deficiency was found in 84% and subclinical hypothyroidism in 9·8% (7/71). Two patients had poor sperm quality. One male patient had infertility. There was less impact on glucose, lipid profile, and adrenal function. In the QoL analysis, social functioning was affected among the functional scales, while financial difficulties, appetite loss, and fatigue were impacted in the symptom scales. Overall, QoL scores for physical, psychosocial, and school functioning remained well-preserved, but longer TKI treatment duration was associated to lower scores in these domains.





Discussion

This comprehensive evaluation highlights the need for close monitoring of BMD in patients who are on long-term TKI therapy. Evaluation of all other endocrine functions can be done as clinically indicated.
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Introduction

Chronic myeloid leukaemia (CML) is rare in paediatric population, comprising approximately 2–3% of leukaemia cases in children and around 9% in adolescents (1). The introduction of tyrosine kinase inhibitors (TKIs) has transformed the treatment landscape of CML, significantly improving outcomes without the need for allogeneic stem cell transplantation (2). CML in children may behave differently than adults (3) and unlike adults, paediatric patients with CML will likely require multiple decades of TKI treatment, which may lead to additional long-term off target adverse effects. Growing children may be possibly susceptible to a different side effect profile than adult patients. Previous research has predominantly focused on the effect of TKI on growth and development, with retrospective studies (4, 5) and meta-analysis (6) shedding light on this aspect. However, information regarding effects on other crucial aspects such as bone health (7), thyroid function (8), sexual development (9), glucose and lipid metabolism (10, 11), quality of life (QoL) remains largely unexplored. Therefore, this study aims to analyse the long term off- target adverse effects of TKI on endocrine functions and QoL in CML patients who were diagnosed at <18 years of age.

The primary objective was to study the endocrine and metabolic effects of TKIs which included bone mineral metabolism, thyroid function, gonadal function, glucose, lipid metabolism, and growth in CML patients diagnosed at age <18 years and had been on TKI treatment for at least 2 years. The secondary objectives were to study effect of TKI on endocrine function in CML patients who were newly diagnosed and initiated TKI at age <18 years during the study regardless of duration of TKI, and to study the effect of TKI on QoL in entire cohort.





Methods




Study design

In this prospective observational study, patients diagnosed with CML who were registered over 2 decades from January 2004 to January 2024 at the Department of Medical Oncology at All India Institute of Medical Sciences, New Delhi and National Cancer Institute Jhajjar were included.





Study conduct

Patients with CML who were started on TKI at age less than 18 years and had been on TKI treatment for at least 2 years, or newly diagnosed CML patients < 18 years, who started TKI during the study period were included in the study, regardless of the duration of TKI. Patients who were treated with chemotherapy regimens or who underwent bone marrow transplant were excluded from the study. Patients with major cognitive deficit, psychological problems hampering self-reported outcome evaluation were excluded from QoL assessment. Informed Consent was taken. The study was approved by institutional ethics committee.

Height (in centimetre) and weight (in kilogram) were measured by stadiometer and electronic weighing scale respectively. Body mass index (BMI) was calculated from height and weight. World Health Organisation (WHO) multicentre growth reference study group curves were utilized as reference (12). Height less than two standard deviations (SDs) for age and gender- matched reference or the inability to attain the mid-parental height (MPH) was considered as short stature (13). Growth hormone (GH) and insulin like growth factor-1 (IGF-1) levels were measured for all the patients, and were compared with age wise normal levels (14). In patients with short stature, bone age was assessed using X-ray of wrist and hand. Tanner stage was assessed, and testicular volume was measured using Prader’s orchidometer. Breast examination was done to evaluate for presence of gynecomastia. Pubertal age was defined as being younger than 9 years for girls or 11 years for boys (15). The absence of physical signs of sexual maturity in boys and girls by the age of 14 and 13 years, respectively, were defined as delayed puberty.

Sex hormonal analysis including follicular stimulating hormone (FSH), luteinising hormone (LH), and testosterone in males, oestrogen in females were done. Bone health was assessed using serum calcium, phosphorus, vitamin D3 and intact parathyroid hormone levels (iPTH), x-ray lumbo-sacral spine and dual-energy X-ray absorptiometry (DEXA) scans. Bone mineral density (BMD) Z-score between −1·0 and −2·5 was referred to as osteopenia, whereas a Z-score of −2·5 or less was defined as osteoporosis (16). Vitamin D deficiency and insufficiency were defined as 25-hydroxyvitamin D levels less than 20 and 30 ng/mL respectively (17).

Thyroid function was assessed by T4, and thyroid stimulating hormone (TSH). Adrenal function was assessed by adrenocorticotrophic hormone (ACTH) and 8AM cortisol. Fasting blood glucose, oral glucose tolerance test with 75-gram glucose and HbA1c were assessed (see Supplementary Table 1). Diabetes was diagnosed based on American Diabetes Association (ADA) guidelines (18). Homeostasis Model Assessment - Insulin Resistance (HOMA-IR) index was calculated from fasting insulin and fasting blood sugar.

All the mentioned assessments of endocrine function were done in entire cohort at initiation of study. For patients who were newly diagnosed during the study, the assessment was repeated at 6 monthly intervals. Each patient was evaluated at a single point in time, and the timing of this evaluation varied depending on the duration of TKI therapy.

QoL was assessed by EORTC QLQ-C30 questionnaire (19) for patients aged >18years and by PedsQL generic score (20) in patients with age <25years. For reference EORTC reference values manual (2nd edition) was used for QLQ-C30 scoring. A score difference of >5 was considered significant.





Statistical analysis

Data analysis was done using SPSS software (IBM Corp. (2020). IBM SPSS Statistics for Windows (Version 27·0). IBM Corp.). The baseline characteristics were represented using descriptive statistics. Categorical data was expressed in the form of percentages and continuous variables as median. The difference in categorical variables between the groups was analysed using chi-square test. The difference in continuous variables was analysed using Mann-Whitney U test. HRQoL was compared between the patients who are on TKI >2 years and patients who started on TKI during the study using unpaired T test. Correlation with type of TKI and duration of TKI with QoL was done using linear regression. A pre-specified p-value of less than 0·05 was considered as significant.






Results

A total of 82 patients of CML with age <18 years at the time of TKI initiation were enrolled in the study. Seventy-one (86·6%) patients were already on TKI for >2 years and 11 (13·4%) were started on TKI during the study. Seventy-eight (95·1%), three (3·7%) and one (1·2%) patients presented in the chronic (CP), accelerated (AP) and blastic phase (BP), respectively. The median ages of the patients at the time of diagnosis and at the time of study were 12 (2-17) and 21 (5-36) years, respectively. Of 82 patients, 66 (80·5%) were male. Median duration of exposure to TKI in the whole cohort was 7.5 years. Thirty-four (41·5%) patients were prepubertal and 48 (58·5%) were post pubertal at the time of diagnosis. Twenty-eight (34·2%) patients were <18 years and 30 (36·6%) patients were ≥25 years of age at the time of evaluation. (Table 1).


Table 1 | Baseline characteristics at presentation.



Eighty (97·6%) patients received imatinib and 2 (2·4%) received dasatinib as first-line. Nine (11·0%) patients switched to second-generation TKIs (dasatinib-8, nilotinib-1) due to lack of adequate response or loss of molecular remission. At the time of analysis, 71 (86·6%), 10 (12·2%) and 1 (1·2%) patients were on imatinib, dasatinib, and nilotinib respectively. Median duration of TKI exposure was 7·5 (0·3-22) years. Fifty (70·4%) patients had deep molecular response (DMR), and 44 out of 64 evaluated patients had major molecular response (MMR).




Patients on TKI for more than two years




BMI

BMI was normal in 39 (47·6%) patients. Thirty-two patients (44%) had an abnormal BMI; 21 (25·6%) were underweight, 11 (13·4%) were overweight, and 1 (1·2%) was obese. Patients with an abnormal BMI had a younger age at the time of TKI initiation and were more likely to be pre-pubertal compared to the ones with a normal BMI. (Supplementary Table 3). Across BMI categories, age at TKI initiation, age at time of study, and duration of TKI therapy differed significantly (all p < 0.005, Kruskal-Wallis test). Additionally, pubertal status at TKI initiation was significantly associated with BMI category (chi-squared = 8.37, p = 0.015).





Bone health, parathyroid and vit D

DEXA scan was done in 68 patients, out of which low BMD was seen in 24 (35·2%) patients with a median duration of exposure to TKI of 10·5 years (3·7-22). Of these, 15 (62·5%) and 9 (37·5%) patients had osteopenia and osteoporosis, respectively (Table 2). Median Z-scores for patients with normal BMD, osteopenia and osteoporosis were 0·6 (0 to -1.8·9), 1·53 (-1·1 to -2·3) and -3·0 (- 2·6 to -4·0) respectively. All patients with low BMD had subnormal levels of serum vitamin D. PTH was normal in 18(75%) patients. Calcium, phosphorous, alkaline phosphatase levels were normal in all the patients. On comparison of clinical and biochemical variables between patients with normal and low BMD (Table 2), no significant differences were observed in age at TKI inititation (p = 0.16), pubertal status at TKI initiation (p = 0.277), duration of TKI (p = 0.7) or proportion of patients with elevated PTH (p = 0.463). However, Vitamin D deficiency/insufficiency was significantly more frequent in patients with low BMD (p = 0.013). Nine (32·1%) patients had both short stature and low BMD.


Table 2 | Patients with normal BMD and Low BMD.



Parathyroid hormone was elevated in 17 patients with all patients having subnormal vitamin D levels (Supplementary Table 4). Among these, Six patients(6/17) had low BMD. No significant difference was found in age at TKI initiation, duration of TKI and type of TKI between patients with normal PTH and Elevated PTH. 66 (93%) patients had Vitamin D deficiency/insufficiency.





Thyroid function

Seven patients had subclinical hypothyroidism (Supplementary Table 4). One female was diagnosed with hypothyroidism with anti TPO antibodies being negative. In the patients who were started on TKI during the study, thyroid function was normal.





Gonadal function

Pubertal status was normal in all except for one male patient. Infertility with semen analysis showing poor motility of sperms and a normal sperm count was found in one patient. Poor secondary sexual characters with elevated LH, FSH and normal testosterone levels were found in another patient. Semen analysis showed only few motile sperms.

LH was elevated in 19 patients (26·3%). Of these, FSH was elevated in two patients, one had low testosterone (found to have Klinefelter syndrome), the other female refused for further evaluation. In the rest of the patients with elevated LH, the secondary sexual characteristics, FSH and testosterone were normal. Three patients had gynecomastia. Menstrual cycles and hormonal profiles were normal in female patients. Out of 13 patients who are married, 12 (92·3%) had healthy children; one had infertility. Adrenal function was normal in all the patients except for one with low cortisol levels.





Glucose and lipid metabolism

Dysglycemia was seen in eight patients (11%). Fasting Blood glucose was elevated in four patients, HbA1C was in pre diabetic range in three patients. One patient had diabetes. The mean (± SD) HOMA IR score of the patients was 3·7 (± 3·9). Dyslipidaemia was seen in 16 patients (22·2%). LDL was in above optimal levels in four (5%) patients. Eight (11%) patients had borderline high, and six (8%) patients had high triglyceride levels. VLDL was elevated in six patients (8%).





Growth

Out of 71 patients who were already on TKI >2 years, 11 patients (15·5%) had short stature. Table 3 presents a comparative analysis between patients with short stature and those with normal height. Patients with short stature had a significantly lower mean age at TKI initiation (8.7 ± 4.0 vs. 12.7 ± 3.3 years, p=0.0001) and at the time of evaluation (16.6 ± 6.3 vs. 22.9 ± 5.6 years, p=0.001) compared to those with normal height. Most of them (81.8%) had started treatment before the onset of puberty. Although the median duration of TKI therapy was shorter among those with short stature (6 vs. 10 years), the difference was not statistically significant (p=0.08). All patients with short stature were receiving imatinib.


Table 3 | Patients who are on TKI > 2years with short stature Vs normal height.



When growth outcomes were examined based on age at the time of study, short stature was notably more common in younger individuals: 8 out of 18 patients (44.4%) who were under 18 years had short stature (see Supplementary Table 2), compared to just 3 out of 53 patients (5.6%) aged 18 years or older. Importantly, the few older patients with short stature had not attained their expected height potential, suggesting long-lasting growth impairment. None of the patients with short stature had growth hormone deficiency, although low IGF-1 levels were found in three individuals.






Patients started on TKI at the start of study

In 11 patients who were started on TKI during the study, one patient had low BMD and three patients had vitamin D deficiency. No other endocrine abnormalities were identified at the time of evaluation. There was no difference in height during the follow up.





Quality of life

Quality of Life (QoL) was evaluated using the PedsQL for patients aged 25 years or younger and the EORTC QLQ-C30 for those above 18 years, with the findings summarised in Table 4. Considering the modest sample size and the non-normal distribution of scores, group comparisons were appropriately performed using the non-parametric Mann–Whitney U test. Among patients assessed with the PedsQL, those who had achieved a major molecular response (MMR) reported significantly better QoL (p = 0.0015), while no meaningful differences were noted based on sex, pubertal status at treatment initiation, or short stature (all p > 0.70). Notably, linear regression revealed a strong positive association between QoL and the time elapsed since diagnosis (p < 0.0001), suggesting that patients tended to report better well-being the longer they had been living with the disease. It is important to note that this reflects a cross-sectional analysis, with each patient contributing data at a single point in time. The regression coefficient indicates a gradual increase in QoL scores with each passing year after diagnosis. On the other hand, EORTC QLQ-C30 scores showed no significant relationship with these clinical variables, except for a borderline difference with pubertal status (p = 0.050), and were not significantly influenced by time since diagnosis (p = 0.548). This analysis reflects cross-sectional data; QoL was assessed at a single time point per patient. No longitudinal follow-up was performed.


Table 4 | Comparison of quality of life scores by clinical subgroups.








Discussion

Multiple studies on long-term effects of TKI have reported growth retardation as an important adverse effect in children who were treated with imatinib for a longer duration, but majority of them were retrospective studies (4, 5). The data regarding other endocrine effects is sparse. This study represents one of the largest cohorts of paediatric CML patients with long term follow up, providing a prospective comprehensive evaluation of the long-term side effects of TKIs on endocrine function and QoL. The median duration of TKI in our study is 7·5 years. As shown in previous studies, the majority of patients began treatment with the first-generation TKI, imatinib, due to its availability, safety profile, and the financial inaccessibility of second-generation tyrosine kinase inhibitors (2).

We found short stature in 15% of patients who were all on imatinib. The age at onset of TKI was significantly lower than those with normal height similar to studies by Moulik et al (21) and Cai et al. (22) Most of the patients were <18 years at the time of study and all patients were on imatinib. Our findings were similar to previous studies (5, 22) which showed factors like age at TKI initiation, duration of TKI has positively correlation with short stature. Growth impairment was predominantly seen in patients who started TKI in prepubertal age, which is similar to the previous studies (23, 24). Notably, there are other studies which did not find any difference in pubertal and post pubertal age of TKI initiation (4). The difference in these study results might be due to difference in definition of puberty used in different studies. Some studies (4, 24, 25) have described catchup growth after attaining puberty which could not be assessed in our study due to cross sectional nature of our study. Final height in three of our patients who were more than 18 years of age, was less than the target height potential indicating lasting effect on growth with TKI which is in similar to previous study by Rastogi et al. (26) that have shown lasting effect on height.

In patients with short stature, low IGF-1 levels were found in three cases, while growth hormone levels remained within the normal range. None of our patients required GH therapy. Normal Growth hormone levels in these patients suggest the possibility of growth hormone insensitivity as cause of short stature, which was proposed in previous studies (5). However we did not assess GH insensitivity which is a limitation of the study. The exact mechanism of growth retardation in children treated with TKIs is not known. Mechanisms such as inhibition of the activity of non-BCR-ABL1 kinases (PDGFR-β and c-KIT) resulting in disruption of the signals at the growth plate were postulated (27). In a study by Narayan et al., it was shown that imatinib results in growth failure in children with CML by disturbing the GH: IGF-1 axis. GH deficiency has also been observed with imatinib therapy (5). Our results emphasize the need for long term follow up of patients on TKI for identification of persistent effect on growth. All the previous studies have short term follow up of patients where the long-term effect on growth has not been properly assessed.

In our study, children with abnormal BMI were more likely to have started TKI therapy at a younger age and were more often prepubertal at the time of initiation. These observations were supported by statistical analysis: significant differences in age at TKI initiation, age at the time of study, and duration of TKI therapy were seen across BMI categories. Additionally, pubertal status at TKI initiation was significantly associated with BMI (p = 0.015). Taken together, these findings suggest that earlier initiation of TKI therapy and prepubertal status may influence BMI patterns over time in this patient group.

Imatinib is known to cause dysregulation of bone remodelling and mineralization (7). In our study a significant proportion (35·2%) of patients had low BMD. The mean age at the time of initiation of TKI was 11·8 years. Of these 50% were prepubertal at the time of initiation. At the time of recruitment, 79% of the participants were >18 years of age. Patients on TKIs other than imatinib were also affected. Sixty percent had vitamin D deficiency, and 24·2% patients had elevated parathyroid hormone levels. The data on effect of TKI on BMD is sparse, only case series and one retrospective study were reported (21, 24). In their previous studies, Deng et al. (28) and Moulik et al. (21) have shown prevalence of low BMD to be 42·9% and 70% respectively. Secondary hyperparathyroidism with normal BMD was reported in previous studies in adult patients (6), similarly in our study patients had elevated parathyroid hormone levels with normal and low BMD with normal calcium and phosphorous levels. Our comparison of clinical variables confirmed that Vitamin D deficiency was significantly more frequent among patients with low BMD (p = 0.013), while no significant associations were observed with pubertal status, type of TKI, or elevated PTH. Our data indicate that imatinib primarily affects bone resorption rather than osteogenesis in children and young patients, unlike in adults where it promotes bone formation and inhibits resorption, leading to lower serum calcium and phosphate levels (7).

There are only few studies regarding the effect of TKI on thyroid function, in this age group. Retrospective studies in adults have shown prevalence of both hypothyroidism and hyperthyroidism (8). An Indian study (21) has reported hypothyroidism in 7% of their patients, majority of them being less than 5 years of age. In our study 10% of patients had subclinical hypothyroidism, none of our patients were <5 years of age. These patients were kept on follow-up. Only one patient had hypothyroidism that required therapy. The median age of afore mentioned study population was 10·8 years with 15·6% patient’s underage of 5 years, which is different from our study. This might have led to the difference in the findings between the two studies. In our study two patients had poor sperm quality, and one patient had infertility which is less than that reported in study by Moulik et al. (21), which was 43%. Reduced sperm density, counts, survival rates, and activity were observed in study by Chang et al. (9) Data on the infertility is sparse, prospective studies are required to properly assess the effect.

LDL was elevated in few patients, there are no major risk factors that indicate treatment, lifestyle modifications were advised. Fasting hyperglycaemia and HbA1c in prediabetic range were observed in contrary to the prior retrospective studies in adults which have shown improvement in fasting blood glucose levels (10, 11). The mean HOMA-IR values were higher indicating impaired sensitivity to insulin. These findings are similar to study by Iurlo et al. in which diabetes/impaired fasting blood glucose were identified in 25% of the imatinib and dasatinib-treated patients, and 33% of those on nilotinib (11).

This is one of the largest prospective studies which included QoL analysis in this age group. Median QoL scores were similar to the reference scores. Although the time since diagnosis was not independently predictive of the total QoL score, it predicted various domains of PedsQL – physical, psychosocial functioning independently. There was no association of the female gender, age at diagnosis, or whether MMR was achieved or not with PedsQL. In a similar study, Zheng et al. (29) had assessed QoL in paediatric CML patients who are predominantly male children (62%) with median age of 13 years. They found that female gender and younger age at study were predictive factors of a worse HRQOL among others. In our study we did not find any association with these variables and female sex was under-represented in the cohort which may have confounded the results.

Long term follow-up of endocrine effects like growth, BMD, dysglycemia and dyslipidaemia is required. Low BMD is a significant area of concern which is to be monitored and treated appropriately. In previous studies regular follow up all for endocrine functions was recommended (30), however in our study we did not find major issues in endocrine function except for growth and low BMD. Though the prevalence of subclinical hypothyroidism and dysglycemia are slightly higher, they did not require any therapy. Our study suggests that clinical monitoring of growth and BMD is required. Evaluation of all other endocrine functions can be done as clinically indicated.

Due to rarity of the CML in children, the sample size was limited. Prospective multicentric collaboration may allow for more data collection and validation. A key limitation is the cross-sectional nature of our evaluation, which precluded real-time serial monitoring and the availability of baseline values for growth, endocrine, and quality of life parameters. Furthermore, patients were assessed at varying durations after TKI initiation, introducing some heterogeneity in exposure and outcomes. Despite these limitations, our study uniquely followed a cohort of paediatric CML patients and prospectively explores the long-term effects of TKI on endocrine system. This includes novel insights into effects of TKI on parathyroid, thyroid, gonadal function as well as glucose and lipid metabolism. Additionally, it adds valuable data on QoL of paediatric CML patients,an area with limited existing literature.
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Age at time of study 212 (+ 6:6) 22:8 (+ 57) 0-39%
Mean (SD)

Duration of TKI in 8:5 (2:3-19-5) 10:5 (3-6 0-70*
years Median (range) - 22.0)

Elevated PTH n (%) 11 (25.0) 6 (250) 046"
Vitamin-D Insufficiency = 11 (25:0) 9 (37:5) 0.01"
Deficiency n (%) 21 (47:7) 15 (62-5)

BMD, bone mineral density; PTH, Parathyroid hormone; SD, standard deviation; TKI,
tyrosine kinase inhibitor. BMD could not be done in 3/71 patients.

*Mann Whitney U test.

+ Chi-square test for categorical comparisons.
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Age at the time of study (n = 82) 20-6 (+ 6-5)
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Median duration of TKI at the time of study
Median (Range)
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Patients in DMR at the time of study, n (%)

Puberty status at TKI initiation - n (%)

50 (70-4%)
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Post-pubertal: 48 (58:5%)

ELTS-EUTOS long term survival score; DMR, deep molecular response; SD, Standard
deviation; TKI, tyrosine kinase inhibitor; WBC, white blood cell count.





