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Abstract: As chronic myeloid leukemia become a regular disease, spreading regardless, age, gender and race with highly 
incidences. Anti-proliferative drugs used in CML are mainly tyrosine kinase inhibitors, work as anti-proliferative agents.  Side 
effects of these drugs needed to be checked. So this study aimed to evaluate thyroid function test among CML patients, from 
different location of Sudan. They were new case group, as no anti-proliferative drug was administered yet, beside group 
receiving anti-proliferative drug. Blood samples were collected from both groups and measured for TFTs via enzyme linked 
immunoassay (ELISA) kit and device. Data analyzed with statistical program SPSS. All CML patients were presented with 
increased levels of TFTs, T3, T4 and TSH. In regard of treatment administration, CML patients showed increased levels of TFT 
more than new cases, but both were increased than reference ranges giving significant differences as P value for each was less 
than 0.05. 
Keyword: thyroid function test, Enzyme linked immunoassay, anti-proliferative and statistical. 

I. INTRODUCTION 
Chronic myeloid leukemia (CML) is characterized by a reciprocal translocation between chromosomes 9 and 22, resulting Abl-
proto-oncogene on chromosome 9 with Bcr (breakpoint cluster region) on chromosome 22 (1). The translocation will result in a 
fusion gene termed BCR-ABL or the Philadelphia chromosome that codes for a protein with excess tyrosine kinase activity (2) 
which deregulated cellular proliferation and development of growth factor independence, decreased adherence of the leukemic cells 
to the bone marrow stroma, and a reduced apoptotic response to mutagenic stimuli (3).  The disease can pass into three distinct 
phases: The chronic phase (CP) followed by the accelerated phase and finally the blast phase. Most of the patients are commonly 
diagnosed in the CP (4). The only risk factors for chronic myeloid leukemia (CML) are: a). Radiation exposure: Being exposed to 
high-dose radiation (such as being a survivor of an atomic bomb blast or nuclear reactor accident) increases the risk of getting CML, 
b). Age: The risk of getting CML goes up with age and c). Gender: This disease is slightly more common in males than females, but 
it's not known why (5). 
Allogeneic stem cell transplant has been used in the treatment of CML (3) and is the only curative therapy for CML; however, it 
bears a significant mortality risk. Age, disease status, disease duration, recipient-donor gender combinations, degree of 
histocompatibility between donor and recipient and the source of the transplant product have all been identified as significantly 
influencing long-term survival. Evidence in the pre imatinib era suggests that bone marrow transplant is best performed in the early 
phase of chronic CML (3-6), which reduced intensity conditioning treatments or non-myeloablative transplants have been proposed. 
This endeavors to produce graft-versus-leukemia effects without exposing the patient to the potential toxicity of conditioning 
treatments. Here, reconstitution of the immune system and associated anti-leukemia effect of the donor graft, compete against the 
growth of the malignancy. Preliminary data suggests that this approach may confer benefit, particularly in chronic phase CML (6). 
The BCR-ABL protein is an ideal drug target for CML treatment. Unique to leukemic cells, the BCR-ABL protein is expressed at 
high levels and its tyrosine kinase activity of the SH1 domain, which  is essential for its ability to induce CML (7) as TK proteins 
are a broad group of cell membrane proteins (about 500 different proteins) involved in important cellular activities such as 
proliferation, differentiation, and apoptosis. TKIs are new and small designed targeted molecules that are analog to ATP molecule 
structure and arrive to compete with real ATP for binding to tyrosine part of TK molecule. Thus, they preclude TK phosphorylation 
via an inhibitory competitive replacement and cutting-off TK-dependent oncogenic pathways (8-9).  
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The incidence of overt thyroid dysfunction may depend on population iodine intake (10). The main causes of hypothyroidism in the 
developed world are Hashimoto's disease, and thyroid ablation (radioactive iodine, surgery, and drugs); and of thyrotoxicosis are 
Graves' disease in 70%, toxic multinodular goiter, and toxic adenoma. Subclinical thyroid dysfunction (commonly in women and 
the elderly population) is diagnosed more often because of widespread thyroid testing in modern clinical practice. Clear 
management strategies are however yet to emerge (11). Thyroid dysfunction, mostly hypothyroidism, is a well-recognized side 
effect of treatment with tyrosine kinase inhibitors (12-13). Its incidence ranged from 53% to 85% in retrospective and from 36% to 
71% in prospective studies. Tyrosine kinase inhibitors (TKIs) block tyrosine kinase signaling pathways that modulate oncogenesis.2 
They exhibit vascular and antiangiogenic properties by interacting with VEGF (14), which can be one of the Possible mechanisms 
causing thyroid dysfunction, beside the induction of a destructive thyroiditis (15-16-17), the inhibition of peroxidase activity (14), 
the blocking of iodine uptake (15), irreversible thyroid destruction (16), or capillary dysfunction (18-19).  

II. MATERIAL AND METHOD 
This cross sectional study involved 120 patients diagnosed with chronic myeloid leukemia; they were attended to Khartoum hospital 
of atomic and radiation therapy. Data collection via direct questionnaire included age, gender, duration of the disease and therapy 
used. Whole blood samples were collected under hygienic condition in heparinized containers, plasma used to measure thyroid 
function tests, T3, T4 and TSH by means of enzyme linked immunoassay (ELISA) method using fortress TD ELISA kits for TFT. 
Data analysis was performed by statistical package of social science (SPSS) program version 22. 

III. RESULT 
This cross sectional study involved 120 patients diagnosed with chronic myeloid leukemia; they were attended to Khartoum hospital 
to atomic and radiation therapy. 80 (66.7%), under treatment, their mean+SD of age was 41.35+16.5 years and duration of the 
disease 22.6+8.9 years and 40 (33.3%) were new cases and their mean+SD of age was 36.23+0.38 years and duration of the disease 
was 0.7+0.4 years. Considering home residence for those patients; 32 (27%) came from northern Sudan and the rest 78 (73%) from 
western Sudan. 
TFTs measured were increased levels and when compared with reference ranges, each of them; T3, T4 and TSH brought significant 
difference, as p value for each was 0.000 

Table 1: comparing of TFTs among CML patients with reference range 
parameters 

 
Mean±SD reference range  P-value 

T3 3.72±2.13 0.8-1.6 n/ml 0.000 
T4 129.0±48.7 4.9-77 ug/dl 0.000 

TSH 16.36±30.4 0.4-4.3 mIU/m 0.000 
Significant difference p value less than 0.05 

Considering the status of the CML, patients were two groups, new and under treatment groups, comparing TFTs among them 
showed that T3 and T4 and TSH gave significant difference for each (p value 0.00) as they were increased among under treatment 
group than new case one, in which all hormones were increased than the reference range as well. TSH among new case group 
revealed as in table 2  

Table 2: comparing of TFTs among new case and under treatment CML patients 
parameters 

 
under treat 
Mean±SD 

new case 
mean+SD 

P-value 

T3 2.79±1.19 5.58±2.36 0.000 
T4 112.5±39.78 161.9±48.4 0.000 

TSH 6.01±18.48 37.0±38.27 0.000 
Significant difference p value less than 0.05 
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Considering gender, TFT between CML males and females did not differ, as they brought p value more than 0.05 as In table 3  

parameters 
 

male  
Mean±SD 

females 
mean+SD 

P-value 

T3 2.75±1.11 2.82±1.28 0.739 
T4 111.1±38.89 113.9±41.0 0.751 

TSH 7.27±3.42 4.83±2.41 0.560 
Significant difference p value less than 0.05 

IV. DISCUSSION 
Chronic Myeloid Leukemia (CML) is a clonal, myeloproliferative disease that develops when a single, pluripotential, hemopoetic 
stem cell acquires the Philadelphia chromosome. CML was the first hematological malignancy to be associated with a specific 
genetic lesion. First recognized in 1845, CML exhibits a consistent chromosomal abnormality in leukemic cells, identified in 1960 
and termed the Philadelphia (Ph) chromosome (3). 
Justifying thyroid dysfunction among CML patients under anti- proliferative drugs, one of them called Imatinib is the first generated 
tyrosine kinase Inhibitor, which prevents ATP binding to a specific situation of tyrosine kinase molecules that are involved in 
phosphorylation of membranous proteins and activation of the pathways that are necessary for tumor cell survey and proliferation. 
Therefore, tyrosine kinase inhibitor inhibits signaling proteins, which are responsible for tumor growth, invasion, angiogenesis and 
even metastasis. Although tyrosine kinase inhibitor are specific targeted-designed compounds, every agent interacts with many 
kinds of tyrosine kinases and produces many unwanted effects. One of the undesirable adverse effects is thyroid dysfunction. It has 
been have demonstrated that thyroid disturbances ranging from subclinical thyroid dysfunctions to overt clinically thyroid disorders 
during tyrosine kinase inhibitor therapy (21). 
This study depended on  if diagnoses of chronic myeloid leukemia has obvious effect on thyroid function tests, as new cases with no 
anti-leukemic drug were recruited beside old ones under treatment. Generally TFTs were increased among all leukemic patients 
when compared to the reference ranges of each hormone level. Comparing TFTs among new case group with under therapy group; 
also showed increased levels, but among treatment group TFT levels were massive high than new case patients. Gender has no 
effect on TFT levels, as they were increased among males and females and no significant difference was revealed. An  agreement 
obtained by a Sudanese study aimed for evaluation of thyroid function tests while these patients diagnosed with CML and set for 
drugs anti to the proliferation drug and observing TFT among new cases as well. Thyroid dysfunction appeared to be related to the 
CML itself rather than be affected with significant difference more than those of under treatment, as variation revealed (20). Other 
study reached in disagreement of this study, as when measured TSH among both groups of CML patients, aimed to evaluate thyroid 
function at baseline and at 1, 3, 6 and 12 months after initiation of anti-proliferative drug therapy in 20 newly diagnosed BCR-ABL 
positive CML patients., 20 new cases with Philadelphia chromosome-positive CML without any underlying thyroid disorder or drug 
history interfering with anti-proliferative drug were enrolled. Thyroid function tests including serum TSH was assessed at baseline 
and during follow-up. TSH, during 1, 3, 6, and 12 months after initiation of anti-proliferative drug were not statistically significant 
change in thyroid function tests during treatment and all laboratory variables were in normal ranges (22). Other study reviewed all 
relevant studies regarding clinically approved TKIs, in respect to hypothyroidism as a side-effect, and to investigate the possible 
predictive value of hypothyroidism in patients taking these drugs. In order to identify studies regarding hypothyroidism as a side-
effect of TKIs, a systematic PubMed/Medline literature Results: In USA 26 different TKIs were approved for use in clinical 
practice. According to some current studies, patients who develop hypothyroidism during TKI therapy have prolonged progression-
free survival (23). 

V. CONCLUSION 
This study measured T3, T4 and TDH among chronic myeloid leukemia patients, they were attended for diagnoses and follow up, 
thyroid dysfunction was found among CML patients and they were increased among those under treatment more than new cases 
involved. 

VI. RECOMMENDATION 
In spite of the main purpose of applying anti-proliferative drug is to control CML, side effects of these drugs should be avoided and 
new version of treatment with less side effects needed.  
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Table 3.6 shows that there is  no association between duration of treatment and age of patient and T3,T4,and TSH levels in patients 
with CML 

P a r a m e t e r s   M a l e  ( M e a n ± S D )  n - 1 5 F e m a l e  ( M e a n ± S D )  n - 2 5 P - v a l u e 
T 3  ( n g / m l ) 5 . 7 3 ± 2 . 4 0 5 . 4 9 ± 2 . 3 9 0 . 7 6 2 
T 4  ( u g / d l ) 1 6 2 . 5 ± 5 0 . 6 1 6 1 . 7 ± 4 8 . 2 0 . 9 6 1 
T S H  ( I U / m l ) 2 9 . 8 ± 1 8 . 2 4 4 1 . 4 ± 2 0 . 4 1 0 . 3 5 2 

Table 3.7 shows that there is  no association between duration of treatment and age of patient and T3,T4,and TSH levels in patients 
with CML. 

P a r a m e t e r s   M e a n ± S D P - v a l u e 
N - S u d a n C - S u d a n W - S u d a n E - S u d a n 

T 3  ( n g / m l ) 2 . 7 1 ± 0 . 7 4 2 . 4 0 ± 0 . 8 8 2 . 9 2 ± 1 . 3 6 1 . 9 2 ± 0 . 9 6 0 . 3 5 3 
T 4  ( u g / d l ) 1 1 8 . 2 ± 3 3 . 6 1 0 7 . 0 ± 3 3 . 6 1 0 8 . 8 ± 4 3 . 2 1 3 5 . 5 ± 3 7 . 9 0 . 5 2 1 
T S H  ( I U / m l ) 2 . 0 3 ± 1 . 3 7 2 . 1 9 ± 1 . 7 7 8 . 3 1 ± 3 . 1 2 3 . 1 2 ± 3 . 1 5 0 . 5 6 2 

Table 3.8 shows that there is  no association between duration of treatment and age of patient and T3,T4,and TSH levels in patients 
with CML. 

P a r a m e t e r s M e a n ± S D P - v a l u e 
N - S u d a n C - S u d a n W - S u d a n 

T 3  ( n g / m l ) 5 . 1 7 ± 1 . 9 6 5 . 4 8 ± 3 . 4 9 5 . 7 9 ± 2 . 2 9 0 . 7 7 8 
T 4  ( u g / d l ) 1 5 1 . 7 ± 5 4 . 2 1 6 7 . 0 ± 4 6 . 3 1 6 5 . 6 ± 4 7 . 6 0 . 7 2 1 
T S H  ( I U / m l ) 2 8 . 8 ± 2 5 . 1 3 9 . 6 ± 3 1 . 1 4 0 . 3 ± 3 5 . 1 0 . 6 1 9 

Table 3.9 shows that there is  no association between duration of treatment and age of patient and T3,T4,and TSH levels in patients 
with CML. 

P a r a m e t e r s   A g e D u r a t i o n  ( M o n t h ) 
T 3  ( n g / m l ) R - v a l u e   - 0 . 1 4 8 - 0 . 0 8 3 
 P - v a l u e   0 . 1 8 9 0 . 4 6 2 
T 4  ( u g / d l ) R - v a l u e   - 0 . 0 7 6 - 0 . 1 9 5 
 P - v a l u e   0 . 5 0 3 0 . 0 8 4 
T S H  ( I U / m l ) R - v a l u e   0 . 0 3 7 - 0 . 1 5 4 
 P - v a l u e   0 . 7 4 5 0 . 1 7 4 

Table 3.10 shows that there is  no association between duration of treatment and age of patient and T3,T4,and TSH levels in patients 
with CML. 
New case 

P a r a m e t e r s   A g e D u r a t i o n  ( M o n t h ) 
T 3  ( n g / m l ) R - v a l u e   - 0 . 0 1 1 0 . 0 1 7 
 P - v a l u e   0 . 9 4 7 0 . 9 1 9 
T 4  ( u g / d l ) R - v a l u e   - 0 . 1 2 2 0 . 1 9 0 
 P - v a l u e   0 . 4 5 5 0 . 2 4 1 
T S H  ( I U / m l ) R - v a l u e   - 0 . 1 3 4 - 0 . 1 8 1 
 P - v a l u e   0 . 4 0 9 0 . 2 6 3 

 



 


