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Abstract 
 
Introduction 
Acute lymphoblastic leukemia (ALL) is the most common cancer among children 
worldwide.  Despite being a rapidly progressive malignancy, the survival from ALL 
has significantly improved in the recent decades from 10% in the 1960s to >90% in 
2012 in resource-rich countries.  However, despite major improvements in survival 
from ALL, many children still may have poor outcomes or even fail to survive from 
the disease.  The prediction of the outcome depends on various prognostic factors, 
identifying which would help to gain insight into strategies to optimize the available 
treatment modalities and to improve the understanding of disease progression and 
the outcome.  To improve the disease outcome prediction, we aimed to assess the 
five-year overall survival rate in the Armenian population and to identify the 
demographic, cytogenetic, and clinical prognostic factors of five-year overall survival 
for ALL among children in Armenia. 
 
Methods 
We conducted a retrospective review of hospital inpatient and outpatient records of 
children aged 0-19 diagnosed with ALL from January 2010 – December 2014 in 
Armenia.  The data was extracted from the records of two hospitals, namely 
Hematology Center after Prof. R.H. Yeolyan and the Muratsan Hospital Complex, 
covering the whole Armenian population during the study period.  Kaplan-Meier 
analysis was utilized to assess the five-year overall survival rate in the population.  
Time-to-event analysis was conducted using Cox proportional hazard regression 
analysis to identify predictors of the overall survival.  The log-rank test was utilized to 
assess the significance of the difference between the groups of the independent 
prognostic factors. 
 
Results 
Overall, 112 ALL patients were identified during the study period.  The average age 
at diagnosis was 6.4 years (SD = 4.8), and the male:female ratio was 1.4:1.  In total, 
16 patients (14%) died during the study period.  The five-year overall survival rate 
was 82%, with a median follow-up time of 5.5 years.  Our study showed the delay in 
diagnosis for ≥30 days was an independent predictor of the overall survival (HR=3.2, 
95% CI=1.02;10.13; p<0.05) when adjusted for gender, white blood cell count at 
diagnosis, and splenomegaly at diagnosis.  
 
Conclusion 
Our study confirm the delay in diagnosis is an independent predictor of survival. This 
finding designates the need for more research on determinants of patient- and 
physician-related delays in addition to introducing raising awareness campaigns 
among patients, primary health care providers, and community health workers in the 
rural areas to increasing awareness among the population to recognize the warning 
signs and symptoms of the disease.  More methodologically rigorous research is 
needed to identify other principal prognostic factors of survival from ALL.
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Introduction 
 

Pediatric cancer  

Pediatric Cancer (PC) is a prominent cause of death among children 

worldwide.1  PC stands for malignant and benign tumors among individuals aged 0 - 

19 years old.2  PC is rare and comprises less than 1% of all cancers among all age 

groups.3  The World Health Organization (WHO) reported that every year about 

300,000 children get diagnosed with cancer.4  A study conducted by the International 

Assessment of Cancer Registries showed that the global incidence of PC has been 

increasing since the 1980s.5  The reassessment of the worldwide incidence patterns 

showed an incidence of 155.8 per one million person-year between 2001-2010.6  

Although, the incidence of PC is similar in countries with high and low 

sociodemographic index (SDI); countries with a high SDI account for only 18% of the 

total disability-adjusted life years (DALY) attributable to PC, while 60% of DALYs 

attributable to PC are from countries with low-middle SDI.7 

Every year more than 80,000 children die because of cancer.8  With the 

introduction of risk-adapted treatment and advancement in supportive care, there is 

a dramatic improvement in PC treatment outcomes.  The overall survival rates in 

higher-income countries reached 84% in 2019 from 58% in the 1970s.  On the 

contrary, the survival rate may be as low as 10% in low-resource settings.9,10  The 

low survival rates from PC in the low- and middle-income countries are attributable to 

various factors, such as late diagnosis, financial difficulties, and low adherence to the 

treatment.1,11   

The WHO introduced a global initiative to increase the overall survival rate for 

pediatric cancer to at least 60% by 2030.12  Besides, one of the aims of Sustainable 
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Development Goals (SDG) 3.4 is to reduce premature deaths from non-

communicable diseases (NCD) by 2030, where cancer is the second in the list of 

most common NCDs.13  With these efforts, it is projected to prevent about one 

million deaths from cancer among children in the upcoming decade.12  Thus, efforts 

are needed to reduce disparities in childhood cancer survival amongst high-, low- 

and middle-income countries.13,14  

Childhood ALL 

ALL is the most common form of malignancy among children comprising over 

one-fourth of all childhood cancers.15,16,17  Between 2001 – 2010, the global age-

standardized incidence of ALL was 46.4 per one million population aged 0 - 14 

years.6  The global prevalence of childhood ALL was 875,500 in 2015.7  The peak 

incidence is between ages 2 - 5, and the disease is more prevalent among male 

population.18,19 

Multiple risk factors contribute to the development of ALL, including genetic, 

environmental, sociodemographic, and parental factors.20  ALL develops when the 

mutations in the lymphoblasts enable the cellular differentiation into lymphocytes and 

cause abnormal proliferation of the immature leukocytes, also called as blasts, which 

results in cytopenia.21  The rapid accumulation of blasts in the bone marrow and 

other hematopoietic organs, such as liver and spleen, suppresses the normal 

development of the white blood cells (WBC), erythrocytes, and platelets (PLT).21,22,23  

The ALL arises in the T or B lymphocytes and is be classified into T-cell ALL or B-

cell ALL as per WHO classification.22  The clinical features of T and B 

immunophenotypes have major overlaps, including depression of marrow function 

resulting in clinical presentation with fatigue due to anemia, bruising, and petechia 

due to thrombocytopenia, fever due to neutropenia, and organ infiltration signs 
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including bone pain, lymphadenopathy, hepatosplenomegaly.  Besides, the cancer 

cells can also spread into the CNS, testicles, eyes, gastrointestinal tract and 

kidneys.18,23  

The treatment plan for ALL patients is based on the internationally accepted 

guidelines and is depends on the clinical subtype, risk group, and may also depend 

on the genetic characteristics of ALL.  The treatment includes mainly chemotherapy 

but can also involve radiotherapy, blood product support, and targeted therapy.  

CNS-targeted therapy is also utilized to achieve higher survival rates.23–25  The 

following are the phases of ALL treatment: induction, consolidation/intensification, 

and maintenance phases.  The induction phase aims to rapidly kill the majority of 

cancer cells to achieve complete remission (CR).  The consolidation phase aims to 

eliminate or reduce the remaining burden of the disease to the possible lowest level 

by providing high doses of multidrug chemotherapy.  The maintenance phase aims 

to reduce and maintain the low or total absence of the leukemic cell in the peripheric 

blood and bone marrow.26  

Despite being a rapidly progressive malignancy, the survival from ALL has 

significantly improved over the last decades from 10% in the 1960s to 90% and 

above in 2012 in resource-rich countries as reported in the study conducted by the 

Children Oncology Group.27,28,29  The improvement of the survival is attributed to the 

provision of modified and risk-adapted therapy in addition to the central nervous 

system (CNS) directed therapy, and better supportive care to children.28 

Prognostic factors of ALL 

Despite major advances in the survival of children with ALL, many children fail 

to survive or have poor outcomes.30  The disease outcome depends on various 

predictors of survival, called prognostic factors, which are defined as factors, 
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measures, or characteristics of the patients or the disease that can be associated 

with the outcome of the disease.  These can be used in clinical practice to estimate 

the chance of survival from the disease when patients are provided with standard or 

no treatment.31  Knowledge of prognostic factors of survival would help to gain 

insight into the strategies to optimize the available treatment modalities and to 

improve the understanding of disease progression and the outcome.  Moreover, the 

identification of prognostic factors of survival will provide information to patients and 

families about the chances of recovery from the disease.  Thus, to enhance the 

current understanding of disease development and improve the prediction of the 

outcome, it is important to investigate the independent prognostic factors and their 

significance in relation to overall survival.   

The following prognostic factors associated with overall survival from ALL 

were derived through the literature review: 

1. Age at diagnosis:  Age is one of the prominent factors associated with 

survival from ALL.32  Age between 1 - 9 years was shown to be associated 

with better prognosis, as shown in the study conducted in St. Jude Children’s 

Cancer Research Hospital.26  Contrary, infants and patients aged >9 years 

were shown to have worse outcomes.33,34  The reason behind this difference 

in age groups is the biological features of lymphoblastic cells for patients 

within the age group of 1-9 as it was also shown to be associated with positive 

prognostic factors hyperdiploidy and TEL/AML1 gene rearrangement.32   

2. Sex:  Cancer survival rates differ among males and females for different types 

of cancers, including ALL.  Males were shown to have more inferior survival 

when compared to females.35  This gender association with survival was 

consistently shown in the literature.34,36,37 
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3. Body Mass Index (BMI) at diagnosis:  Child’s BMI at presentation is also 

considered as a prognostic factor for the survival of ALL. The results of the 

meta-analysis of 11 articles revealed that a higher BMI of the child was 

associated with a higher risk of mortality.38  Nonetheless, the significance of 

this factor is not consistent in the literature.26,39,40 

4. Clinical subtype/Immunophenotype:  The two immunophenotypes of ALL 

(T-cell and B-cell) differ in their biology, cytological features, treatment 

response, and, finally, outcomes.  Patients with T-cell ALL have an inferior 

prognosis compared to patients with type B-cell ALL.41 

5. Philadelphia (Ph) chromosome positivity:  The translocation of 

t(12;21)(p13;q22), named as Philadelphia chromosome, is a prominent 

cytogenetic abnormality among ALL patients associated with inferior survival 

from the disease.41–44 

6. Down syndrome:  ALL patients with trisomy of 21st chromosome, also known 

as Down syndrome, have a worse prognosis of survival from ALL.45,46  The 

poor prognosis is because of the treatment-related toxicities and 

complications which are more common among these patients due to differing 

tumor biology.47 

7. TEL/AML1 rearrangement:  The TEL/AML1 fusion gene is a result of 

t(12;21)(p12;q22) translocation and its presence is an indicator of favorable 

prognosis, though there are divergent results on this predictor in the 

literature.48,49 

8. Mixed lineage leukemia (MLL) rearrangement:  MLL rearrangement on the 

chromosome band 11q23 indicates about the abnormalities in normal gene 
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transcription and chromatin folding, which was shown to be a significant 

predictor of mortality from ALL.48,50,51 

9. Chromosomal count:  Children with WBCs harboring hyperdiploidy, i.e., 

chromosomal count of >51 (normal=46) have a better prognosis in contrast to 

hypodiploidy (chromosome count of <46) which confers a poor outcome.52 

10. Hepatomegaly and splenomegaly:  Enlargement of the liver and spleen are 

associated with higher tumor burden and, thus, when markedly enlarged, are 

associated with poor prognosis for ALL patients.20  

11. Mediastinal mass involvement:  The presence of mediastinal mass at 

presentation is another factor associated with worse prognosis, though the 

evidence for it is controversial in the literature.53–55 

12. Testicular involvement at presentation:  Testicular infiltration, indicating 

disease dissemination, designates a poor prognosis for male patients with 

ALL.56,57  

13. CNS involvement at diagnosis:  CNS involvement at presentation, i.e., 

detection of blasts in the cerebrovascular fluid (CVF) is also an indicator of 

poor prognosis for children with ALL.58,59,60 

14. WBC count in the blood serum at diagnosis:  With the increasing WBC 

count at diagnosis the prognosis worsens.61,62 

15. Hemoglobin (Hb) level at diagnosis:  Children with lower Hb level at 

diagnosis generally have a more favorable prognosis compared to those with 

higher Hb level.63  

16. PLT count at diagnosis:  The prognosis of survival from ALL improves with 

the increasing PLT count at diagnosis.64 
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17. Serum lactate dehydrogenase (LDH) level at diagnosis:  LDH plays a key 

role in cancer metabolism by converting pyruvate to lactate and vice versa.  It 

is expressed in the serum during tissue damage and therefore is a biomarker 

for tissue damage in the body.65,66  High expression of LDH, its association 

with poor prognosis for ALL, and its significance is controversial in the 

literature.66–68 

18. Delay in diagnosis:  The prolonged time-lag between the manifestation of 

first signs and symptoms and the diagnosis may negatively contribute to 

having lower rates of survival as the late referral to professional delays the 

initiation of the required treatment.69  A worse prognosis was seen among 

patient having delay for ≥30 days.70,71 

19. Delay in treatment initiation:  Delaying treatment of the disease due to 

toxicities, infection or other may be associated with poor outcome, though this 

factor is poorly investigated in the literature.72,73 

20. Complete remission (CR) at the end of the induction phase of the 

treatment:  CR is defined as achieved in case of absence of blast in blood 

and CVF, and blast count of <5% in bone marrow analysis.  Failure to reach 

CR at the end of the induction phase is a predictor of survival and is 

considered one of the most important ones.25,26  

The situation in Armenia 

According to the Armenian National Institute of Health (NIH), 77 new cases 

were identified among children aged 0 – 14, while 12 new cases were reported for 

the children aged 15-17 years in 2019.  This translates into an incidence of 12.8 and 

11.8 per 100,000 population among ages 0-14 and 15-17 accordingly.74   
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There were two hospitals providing care to children with hematological 

disorders in Armenia between 2010 and 2014, namely Hematology Center (HC) after 

Professor R.H. Yeolyan75 and Muratsan Hospital Complex (MHC) of the Yerevan 

State Medical University.76  After 2018, HC became the sole provider of cancer care 

as a result of the reunion of the two centers.77  Within the study period, the treatment 

of ALL in the two Armenian institutions was based on the internationally accepted 

guidelines, mainly Berlin – Frankfurt - Münster (BFM), Moscow – Berlin (MB).25,78 

To the best of knowledge, to date, there was one abstract published reporting 

72% and 100% five-year overall survival rate for ALL among 3-7 year old and >7 

years old respectively among children treated in HC only.79 

The rationale of the study  

An accurate estimation of the prognosis of survival requires more than a 

clinical experience of the physician.80  Despite evidence from the literature on the 

average prognosis, each patient needs an individual approach.81  Prognostic 

research helps to tackle differences between the patients and helps to make 

informed decisions about the future health of the patient.80,82  Precise survival rate 

estimates, identification of prognostic factors are important to improve the 

understanding about the natural history of the disease, the characteristics of the 

study population to adjust treatment strategies accordingly, to assess the level of 

aggressiveness of cancer, for making decisions about the treatment plan, and also 

for clinical trial enrollment.80   

To the best of our knowledge, prognostic factors of ALL have not been 

evaluated in the Armenian population.  The disease was chosen as it is the 

predominant malignancy in children.15,24   Considering the importance of knowing 
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and applying the prognostic factors and survival estimates in practice, this study 

aimed to assess these predictors of survival from ALL among children in Armenia.  

Study objectives 

The objectives of this study were: 

- To assess the five-year overall survival from the childhood ALL among 

children in Armenia from January 2010 - December 2014  

- To identify the prognostic value of demographic, clinical, and laboratory 

characteristics for childhood ALL survival in Armenia 

Methods 

Study design  

For this medical record-based retrospective study, data extraction was 

conducted from the inpatient and outpatient records of the HC and MHC for all 

patients diagnosed with ALL between January 2010 and December 2014.  

Study population  

The target population included all patients aged 0-19 primary diagnosed with 

ALL between January 2010 and December 2014 in Armenia.  Within the study 

period, all the patients received cancer care in the HC and MHC.  Since the exact 

number of patients with ALL for the selected time frame was not known in advance, 

all patients were included retrospectively within the five-year period.  

Study variables 

Outcome Variable 

The outcome variable was the five-year overall survival measured by the 

proportion of individuals surviving for five years after being diagnosed with ALL. The 

second outcome was the risk of death estimated using Cox proportional hazard (PH) 
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analysis.  The time variable was measured from the date of diagnosis untill the last 

day of follow-up or death from any cause (in years).  Censoring was established 

based on the corresponding date of the last contact with the provider, as recorded in 

the hospital records.  The follow-up timeframe was chosen as the best and most 

commonly used clinical estimate in cancer survival research.83 

Predictor Variables 

  Information on the following demographic, clinical, and laboratory 

characteristics of the patients and the disease was collected from their inpatient and 

outpatient records: date of birth of the patient (discrete), gender (dichotomous - 

male/female), region (categorical - Yerevan/marz/other), residency (dichotomous - 

urban/rural), hospital (dichotomous - Hematology Center/Muratsan Hospital 

Complex), date of admission (discrete), date of diagnosis (discrete), date of onset of 

first symptoms (discrete), date of treatment initiation (discrete), vital status 

(dichotomous - dead/censored), date of last contact (discrete), weight at diagnosis 

(continuous), height at diagnosis (continuous), immunophenotype (categorical - T-

cell/B-cell/ALL - not otherwise described/other), Down syndrome (dichotomous - 

positive/negative), Philadelphia chromosome (categorical - positive/negative/not 

available (NA)), hyperdiploidy (categorical - positive/negative/NA), hypodiploidy 

(categorical - positive/negative/NA), TEL/AML1 (categorical - positive/negative/NA), 

MLL rearrangement (categorical - positive/negative/NA), hepatomegaly at diagnosis 

(categorical - positive/negative/NA), splenomegaly at diagnosis (categorical - 

positive/negative/NA), mediastinal mass at diagnosis (categorical - 

positive/negative/NA), testicular involvement at diagnosis (males only) (categorical - 

positive/negative/NA), CNS involvement at diagnosis (categorical - 

positive/negative/NA), WBC count at diagnosis (continuous), Hb count at diagnosis 
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(continuous), PLT count at diagnosis (continuous), LDH level at diagnosis 

(continuous), treatment (categorical - BFM/MB/other), response to the treatment 

(dichotomous - CR+/CR-). 

Data collection  

Three data collectors reviewed the hospital inpatient and outpatient records 

and hospital’s registry database of the patients to collect relevant information.  All the 

predictor variables were extracted into the developed chart abstraction form 

(Appendix 1).  The designed form was pre-tested on two medical records before 

passing to the data collection stage.   

Because of missing information on some patients’ survival status at five years 

in the records (54%), additional data was requested from the hospital registry. 

However, there were still 30% of patients lost-to-follow-up due to the inability to 

reach the contact person because of the inaccurate contact details or absence of the 

contact person from the country.   

Data management 

The data entry was conducted using IBM SPSS version 23.  All the electronic 

documents were kept in an encrypted computer, and the papers were kept in a 

locked drawer where only the study investigators had access.  All the data collection 

paper forms were destroyed at the termination of the study.  Data cleaning and 

analysis were conducted afterward using STATA/SE 13.0 statistical software.  We 

conducted a single data entry following a range checking of 20% of the randomly 

selected observations.  We conducted sorting, frequency testing, and graphical 

illustrations for detecting, deleting, editing the wrongly entered, or missing values in 

the database.  
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Statistical analysis 

Descriptive analysis 

 We carried out descriptive analysis summarizing categorical variables by 

frequencies and percentages, and continuous variables by their median, mean, and 

standard deviations (SD).  Survival function was estimated to describe the five-year 

overall survival via Kaplan-Meier (KM) estimated.  

Time-to-event analysis 

Time-to-event analysis was conducted using Cox PH regression analysis to 

assess the predictors of overall survival.  Variables having 20% or more missing 

values were dropped from the analysis.   

Univariable Cox PH analysis was conducted where the hazard ratios (HR), 

95% confidence intervals (CI), and p values were calculated for every prognostic 

factor to present the significance of the association between the predictor and the 

outcome.  Variables were selected through the stepwise forward selection technique 

to fit the multivariable Cox PH model after checking for PH assumptions in the 

univariable models.  The variable inclusion and exclusion criteria were set at p<0.25 

and p>0.5, respectively.  The continuous variables underwent log transformation 

prior to the inclusion in the final model in order to reduce the effect of extreme 

values.  The model having the least Akaike Information Criteria (AIC) and where all 

variables met the PH assumption was selected.   

KM analysis was utilized to graphically illustrate the significant associations 

between independent predictors and the outcome, and the Log-rank test was utilized 

to assess the significance of the difference between the groups of the independent 

prognostic factors. 

Checking for Cox PH assumptions 
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To check for Cox PH assumption that hazard function is time-independent, we 

performed the Global Schoenfeld test under the null hypothesis of “no difference” 

between the curves.84  Test results with the significance level of p>0.05 indicated no 

violation of the assumption.  Also, the log-log plots were illustrated for graphically 

checking for this assumption.   

Logistical considerations   

For conducting this study, the available sources were the database of medical 

records provided by the Pediatric Cancer and Blood Disorders Center of Armenia, 

which included the data of patients from HC and MHC.  Other available resources 

are the electronic databases provided by the library of the American University of 

Armenia (AUA). 

Ethical considerations  

The study protocol was reviewed and approved by the Institutional Review 

Board (IRB) of the AUA.  Each patient/hospital had an assigned ID in a separate 

form, which was kept in the encrypted computer.  No individually identifiable 

information was gathered from the records.   

Results  

Baseline descriptive characteristics of the cohort 

Overall, 112 patients aged 0-19 were diagnosed with ALL during the five-year 

interval from January 2010 to December 2014.  Table 1 presents the baseline 

characteristics of the cohort.  The average age at diagnosis of ALL was 6.4 years 

(SD = 4.8), and the male:female ratio was 1.4:1.  More than half of the patients were 

from the marzes of Armenia (58%), only 4% (n = 4) were from the Artsakh Republic, 

and urban areas accounted for 60%.  The specific clinical subtypes of the disease 
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were available for 44% of patients, out of which 40% (n = 45) had B-ALL, and 4% (n 

= 5) had T-ALL.  About 4% (n = 4) of patients presented with Down syndrome.  Out 

of all, two patients presented with the CNS involvement, and five patients had 

mediastinal mass involvement at diagnosis.  No male patient had testicular 

involvement at presentation.  Half of the patients (50%) had a time-lag of more than 

30 days between the onset of symptoms and diagnosis.  Though, only 3% (n = 3) of 

the patients had a delay in treatment initiation after the diagnosis of >1 day. 

The mean WBC count at diagnosis was 48.44 × 109/L (SD = 100.3).  The mean Hb 

count at diagnosis was 83.4 g/dL (SD = 27.2), and the mean PLT count at diagnosis 

was 81.1 × 103/µL (SD = 74.3).  Mean value for LDH at presentation was 939.4 U/L 

(SD = 606.6).  The average BMI of the child at presentation was 16.4 kg/m2 (SD = 

3.5). 

Overall, the cytogenetic analysis was available for 73 patients.  Among those, 

18 patients were tested positive for hyperdiploidy, four had positive TEL/AML1 

rearrangement, and three patients had MLL rearrangement.  No patient presented 

with hypodiploidy. 

The majority of the patients were admitted to Hematology Center after Prof. 

R.H. Yeolyan (83%) and 91% (n = 90) of the patients received treatment in Armenia, 

while 6% (n = 6) moved abroad for getting the treatment and only 4% (n = 5) refused 

to receive chemotherapy as prescribed by the physician.  Both of the centers 

adapted BFM and MB guidelines, and the majority of the patients (63%) were treated 

according to the BFM guideline.  Almost all of the patients (99%) reached CR at the 

end of the induction phase of the treatment. 

Overall, 16 patients (14%) died during the study period.  The five-year overall 

survival rate was 82% (Figure 1).  The median follow-up time was 5.5 years.  Table 2 
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presents the demographic, clinical, and laboratory features stratified by the disease 

outcome. 

Univariable Cox proportional hazard regression analysis 

Table 3 presents results for unadjusted predictors of five-year overall survival 

for the ALL from the univariable Cox PH regression analysis.  We excluded 13 (52%) 

variables due to having more than 20% missing observations. 

Delay in diagnosis for ≥30 days was a significant predictor associated with 

inferior survival (HR=3.23; CI: 1.02-10.20; p<0.05) in the univariable Cox PH 

regression analysis (Table 3).   

We did not observe any significant association between five-year overall 

survival and age at diagnosis, gender, region, residency, BMI at diagnosis, WBC 

count at diagnosis, Hb level at diagnosis, PLT count at diagnosis, LDH count at 

diagnosis, blast count in bone marrow at diagnosis, having splenomegaly at 

diagnosis, type of treatment protocol.  

Multivariable Cox proportional hazard regression analysis 

Table 4 presents the results from the multivariable Cox PH regression 

analysis.  Besides the significant factor of delay in diagnosis, the following variables 

were selected to be added in the multivariable models based on their clinical 

relevance: gender, age at diagnosis, WBC count at diagnosis, PLT count at 

diagnosis, and splenomegaly.  The final model included gender, WBC count at 

diagnosis, delay in diagnosis, and splenomegaly at diagnosis (Table 4).  The step-

by-step results of the model development are presented in Appendix 2.  

We did not observe an association between the gender and overall survival 

(HR=0.58; 95% CI=0.18;1.84) when adjusted for WBC count at diagnosis, delay in 

diagnosis, and splenomegaly. 
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 Every 1000 µL increase in the log WBC count at diagnosis was associated 

with a 37% increase in the hazard of death (HR=1.37; 95% CI=0.59;3.15; p=0.46) 

when adjusted for gender, delay in diagnosis, splenomegaly at diagnosis.  

Model evaluation 
 

 We checked the model for the proportionality assumption by using the 

Schoenfeld residuals (Appendix 2).  All the variables in the final model met the 

assumption as also checked with log-log plots, except splenomegaly.  Thus, the 

model was stratified by splenomegaly. 

Discussion 

This medical record-based retrospective study explored the predictors of five-

year overall survival from childhood ALL among the Armenian population.   

Based on the five-year data, the observed five-year overall survival was 82% 

without a significant difference in two hospitals.  The variables delay in diagnosis for 

≥30 days was predictive of lower survival when adjusted for gender, WBC count at 

diagnosis, and having splenomegaly at diagnosis.   

The survival rate in our cohort was comparable with the research conducted 

by Lee et al. in Korea among 295 patients reporting 82% overall survival rate for the 

cohort.85  A study conducted by Dujua and Hermandez among Filipino children 

followed from 2005 - 2009 demonstrated an 86% survival rate.86  The survival rate in 

our cohort was comparable with a population-based Australian study conducted by 

Baade et al. where the estimated five-year survival rate for ALL patients was 85% 

between 1997 - 2006.87   

However, our survival rate was higher compared to a study conducted by 

Lustosa de Sousa in Fortaleza, Brazil, among 76 ALL patients, they reported a lower 
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survival rate compared to ours (72% vs. 82%).17  A study conducted by Almasi-

Hashiani et al. among 173 ALL patients in Iran followed-up for five years estimated a 

considerably lower survival rate of 57%.88  Also, another study conducted in Saudi 

Arabia among 149 patients reported lower survival rate compared to our results 

(73% vs. 82%).89  The higher survival rate in our population may be associated with 

the improved provision of medications, increased financial support,90 and provision 

of risk-adapter therapies based on international protocols.77  Despite these results, 

our finding on the five-year survival rate is still comparably lower when compared to 

higher-income countries like the US and Germany.29,91,92  

The survival rate assessed in our study was higher when compared with the 

previous study conducted in Armenia (82% vs. 72%).  A possible reason for this 

difference could be the fact that the 72% survival rate was reported for the age group 

of 3-7 years only.  Besides, the records were extracted from one hospital, namely 

Hematology Center after Prof. R.H. Yeolyan.  There was also a higher possibility of 

selection bias due to the loss to follow-ups.   

We observed that almost half of the patients presented later than 30 days 

after the manifestation of symptoms, hence the prognosis was significantly poor 

among those with delays.  Our findings regarding the delay in diagnosis were similar 

to the findings of a study conducted in Nicaragua (50% vs. 46%).93  An Italian study 

by Flores et al. reported that only 20% of patients delayed diagnosis.94  An earlier 

study from Northern India identified a significantly higher value for mean days of late 

presentation at diagnosis among deaths when compared to cures.95   

There is a scarcity of literature investigating the delay in diagnosis as an 

independent predictor of survival.  Our findings confirm that the delay in diagnosis is 

an independent predictor of survival and designate the need to improve timely 
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access to specialists, which could be achieved by introducing raising awareness 

campaigns among primary health care providers, the parents,96 and community 

health workers97 in marzes of Armenia to be mindful of the early signs and 

symptoms of the disease.  More research is required in the scope of patient-related 

and physician-related determinants of delay in diagnosis among children with ALL 

and its relation to the outcome.  The higher delay rate may be associated with lower 

timely access because of the long distance to the hospital.70,98  A retrospective study 

of 4,940 children conducted in Mexico showed that geographic distribution and 

residency could influence the delay in diagnosis.99  Almost 60% of our cohort was 

from marzes of Armenia, while the only two centers providing specialized care for 

ALL were located in the capital of Armenia, Yerevan.  Additionally, the 

socioeconomic characteristics, such as the educational level of the parents, place of 

residency should also be considered in future studies.96   

Though age was a significant predictor in the univariable analysis, its 

significance attenuated in the multivariable model.  The age distribution of the study 

participants was similar to that reported in a Brazilian study,17 yet we did not observe 

significance for this variable.  However, age was a historically known predictor of 

outcome for ALL in various studies.17,62,100,101  A possible reason for this discrepancy 

in the results could be the limited power of our study to detect this predictor due to 

the low sample size.  This suggest methodological improvements in further studies to 

be conducted in Armenia. 

Higher WBC count at presentation is associated with an inferior outcome of 

the disease, as reported in the study conducted by Lustosa de Sousa et al., Al-Balwi 

et al., and other international studies.17,64,89  This predictor is also one of the 

traditional prognostic factors, and our findings are in line with the literature showing 
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increasing hazard with increasing WBC count.  However, the 95% CI indicated lower 

precision (0.59 – 3.15), perhaps due to the small sample size of the study. 

Although many studies showed that the male gender is predictive of poor 

survival,101–105 we did not find such association in our study.  Despite the fact that we 

added gender to the multivariable models due to its clinical relevance, we did not 

observe reliable effect ranges to conclude whether it is protective or hazardous for 

survival.  However, we detected male predominance in our study population and also 

predominance in the number of deaths, which is consistent with the international 

literature.101,106  This gender variation in death frequencies from ALL are not yet well 

understood and cannot be fully explained by testicular involvement, as it is extremely 

rare, and we did not observe any patient with testicular involvement in our cohort.  

Differences may be due to varying age at presentation.  However, more robust 

research is needed to evaluate its prognostic relevance.  

There were several limitations present in our study.  First of all, as the data 

was gathered from hospital records retrospectively, it presented with deficiencies 

and inconsistencies.  For example, the paucity of some clinical and cytogenetic data 

of the patients restricted our study to a limited number of predictors to analyze.  

During the study period, the country had limited resources to be able to provide 

unlimited cytogenetic evaluations for every patient. Thus, we failed to assess 

cytogenetic predictors such as Ph+, Down syndrome positivity, TEL/AML1 

rearrangement, MLL rearrangement, and high or low chromosomal count for 

prediction of the outcome.  Yet these predictors were shown to have a crucial impact 

on survival among ALL patients.36,42–47,49,51,52,107,108  The lack of complete follow-ups 

of the cohort may under or overestimate the rates of survival.  Besides, we had 

limited information about the sociodemographic characteristics of the patients, which 
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may also contribute to poor prognosis.  Due to limited sample, several variables 

were dropped from the analysis because of low or no variability within the groups of 

the variables.  Finally, our study was underpowered (49%) to detect 0.1 point 

difference in survival rates as assessed with the log-rank test for two survival 

curves109 given a = 0.05 and n = 112 (Appendix 3). 

Conclusion  

To summarize, this study showed an overall survival rate of 82% for ALL in 

Armenia and that delay in diagnosis was an independent predictor of survival for 

children with ALL when adjusted for gender, WBC count at diagnosis, and 

splenomegaly.  The knowledge from this study can be a baseline to evaluate future 

progress and highlight the need for more research with a larger sample and longer 

follow-ups to understand differences in characteristics, gain insight into barriers to 

optimize survival, and improve the outcomes. 

  



 
 

 

28 

References 
 
1.  World Health Organization. Cancer in Children. Published 2018. Accessed December 25, 

2019. https://www.who.int/news-room/fact-sheets/detail/cancer-in-children 

2.  WHO | International Childhood Cancer Day: Questions & Answers</br>. WHO. 

Accessed December 2, 2019. 

http://www.who.int/cancer/media/news/Childhood_cancer_day/en/ 

3.  Key Statistics for Childhood Cancers. Accessed January 3, 2020. 

https://www.cancer.org/cancer/cancer-in-children/key-statistics.html 

4.  WHO | Global Initiative for Childhood Cancer. WHO. Accessed March 6, 2020. 

http://www.who.int/cancer/childhood-cancer/en/ 

5.  Parkin DM, Stiller CA, Draper GJ, Bieber CA. The international incidence of childhood 

cancer. Int J Cancer. 1988;42(4):511-520. doi:10.1002/ijc.2910420408 

6.  Steliarova-Foucher E, Colombet M, Ries LAG, et al. International incidence of childhood 

cancer, 2001–10: a population-based registry study. Lancet Oncol. 2017;18(6):719-731. 

doi:10.1016/S1470-2045(17)30186-9 

7.  Global burden of childhood cancer: growing, but controllable - The Lancet Oncology. 

Accessed December 24, 2019. 

https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(19)30424-3/fulltext 

8.  International Agency for Research on Cancer. International Childhood Cancer Day: 

Much remains to be done to fight childhood cancer – IARC. International Childhood 

Cancer Day: Much remains to be done to fight childhood cancer. Published 2016. 

Accessed August 15, 2020. https://www.iarc.fr/news-events/international-childhood-

cancer-day-much-remains-to-be-done-to-fight-childhood-cancer/ 

9.  American Cancer Society. Cancer Facts & Figures 2019 | American Cancer Society. 

Published 2019. Accessed December 27, 2019. https://www.cancer.org/research/cancer-

facts-statistics/all-cancer-facts-figures/cancer-facts-figures-2019.html 

10.  Bonaventure A, Harewood R, Stiller CA, et al. Worldwide comparison of survival from 

childhood leukaemia for 1995–2009, by subtype, age, and sex (CONCORD-2): a 

population-based study of individual data for 89 828 children from 198 registries in 53 

countries. Lancet Haematol. 2017;4(5):e202-e217. doi:10.1016/S2352-3026(17)30052-2 

11.  Cancer in Children and Adolescents. National Cancer Institute. Published September 1, 

2017. Accessed December 25, 2019. https://www.cancer.gov/types/childhood-

cancers/child-adolescent-cancers-fact-sheet 

12.  World Health Organization. Cancer in Children. Published 2018. Accessed August 10, 

2020. https://www.who.int/news-room/fact-sheets/detail/cancer-in-children 

13.  WHO | Global Initiative for Childhood Cancer. WHO. Accessed February 11, 2020. 

http://www.who.int/cancer/childhood-cancer/en/ 



 
 

 

29 

14.  Morgan GW, Foster K, Healy B, Opie C, Huynh V. Improving Health and Cancer 

Services in Low-Resource Countries to Attain the Sustainable Development Goals Target 

3.4 for Noncommunicable Diseases. J Glob Oncol. 2018;(4):1-11. 

doi:10.1200/JGO.18.00185 

15.  Puckett Y, Chan O. Acute Lymphocytic Leukemia (ALL). In: StatPearls. StatPearls 

Publishing; 2020. Accessed July 23, 2020. 

http://www.ncbi.nlm.nih.gov/books/NBK459149/ 

16.  De Kouchkovsky I, Abdul-Hay M. ‘Acute myeloid leukemia: a comprehensive review 

and 2016 update’. Blood Cancer J. 2016;6(7):e441. doi:10.1038/bcj.2016.50 

17.  Lustosa de Sousa DW, de Almeida Ferreira FV, Cavalcante Félix FH, de Oliveira Lopes 

MV. Acute lymphoblastic leukemia in children and adolescents: prognostic factors and 

analysis of survival. Rev Bras Hematol E Hemoter. 2015;37(4):223-229. 

doi:10.1016/j.bjhh.2015.03.009 

18.  Terwilliger T, Abdul-Hay M. Acute lymphoblastic leukemia: a comprehensive review 

and 2017 update. Blood Cancer J. 2017;7(6):e577-e577. doi:10.1038/bcj.2017.53 

19.  Kiem Hao T, Nhu Hiep P, Kim Hoa NT, Van Ha C. Causes of Death in Childhood Acute 

Lymphoblastic Leukemia at Hue Central Hospital for 10 Years (2008-2018). Glob 

Pediatr Health. 2020;7. doi:10.1177/2333794X20901930 

20.  Jorge E. Cortes MD. Acute Lymphocytic Leukemia. Cancer Network. Published April 2, 

1995. Accessed March 5, 2020. https://www.cancernetwork.com/oncology-journal/acute-

lymphocytic-leukemia 

21.  Retrospective review of pediatric patients with acute lymphoblastic leukemia: A single 

center experience Khalid S, Moiz B, Adil SN, Khurshid M - Indian J Pathol Microbiol. 

Accessed March 1, 2020. http://www.ijpmonline.org/article.asp?issn=0377-

4929;year=2010;volume=53;issue=4;spage=704;epage=710;aulast=Khalid 

22.  Cancer, Acute Lymphocytic Leukemia (ALL) - StatPearls - NCBI Bookshelf. Accessed 

February 29, 2020. https://www.ncbi.nlm.nih.gov/books/NBK459149/ 

23.  PDQ Pediatric Treatment Editorial Board. Childhood Acute Lymphoblastic Leukemia 

Treatment (PDQ®): Patient Version. In: PDQ Cancer Information Summaries. National 

Cancer Institute (US); 2002. Accessed February 29, 2020. 

http://www.ncbi.nlm.nih.gov/books/NBK65947/ 

24.  Mirrakhimov AE, Voore P, Khan M, Ali AM. Tumor lysis syndrome: A clinical review. 

World J Crit Care Med. 2015;4(2):130-138. doi:10.5492/wjccm.v4.i2.130 

25.  Cooper SL, Brown PA. Treatment of Pediatric Acute Lymphoblastic Leukemia. Pediatr 

Clin North Am. 2015;62(1):61-73. doi:10.1016/j.pcl.2014.09.006 

26.  Pui C-H, Robison LL, Look AT. Acute lymphoblastic leukaemia. Lancet Lond Engl. 

2008;371(9617):1030-1043. doi:10.1016/S0140-6736(08)60457-2 



 
 

 

30 

27.  Global efforts toward the cure of childhood acute lymphoblastic leukaemia - The Lancet 

Child & Adolescent Health. Accessed August 10, 2020. 

https://www.thelancet.com/journals/lanchi/article/PIIS2352-4642(18)30066-X/fulltext 

28.  Cools J. Improvements in the survival of children and adolescents with acute 

lymphoblastic leukemia. Haematologica. 2012;97(5):635. 

doi:10.3324/haematol.2012.068361 

29.  Pieters R, de Groot-Kruseman H, Van der Velden V, et al. Successful Therapy Reduction 

and Intensification for Childhood Acute Lymphoblastic Leukemia Based on Minimal 

Residual Disease Monitoring: Study ALL10 From the Dutch Childhood Oncology 

Group. J Clin Oncol Off J Am Soc Clin Oncol. 2016;34(22):2591-2601. 

doi:10.1200/JCO.2015.64.6364 

30.  Allemani C, Weir HK, Carreira H, et al. Global surveillance of cancer survival 1995–

2009: analysis of individual data for 25 676 887 patients from 279 population-based 

registries in 67 countries (CONCORD-2). Lancet Lond Engl. 2015;385(9972):977-1010. 

doi:10.1016/S0140-6736(14)62038-9 

31.  Clark GM, Zborowski DM, Culbertson JL, et al. Clinical utility of epidermal growth 

factor receptor expression for selecting patients with advanced non-small cell lung cancer 

for treatment with erlotinib. J Thorac Oncol Off Publ Int Assoc Study Lung Cancer. 

2006;1(8):837-846. 

32.  Silverman LB. Childhood Acute Lymphoblastic Leukemia: Currently Applied Prognostic 

Factors. Published online 2010. 

33.  Pieters R, Schrappe M, De Lorenzo P, et al. A treatment protocol for infants younger than 

1 year with acute lymphoblastic leukaemia (Interfant-99): an observational study and a 

multicentre randomised trial. Lancet Lond Engl. 2007;370(9583):240-250. 

doi:10.1016/S0140-6736(07)61126-X 

34.  Hossain MJ, Xie L, McCahan SM. Characterization of Pediatric Acute Lymphoblastic 

Leukemia Survival Patterns by Age at Diagnosis. Journal of Cancer Epidemiology. 

doi:https://doi.org/10.1155/2014/865979 

35.  Williams LA, Spector LG. Survival Differences Between Males and Females Diagnosed 

With Childhood Cancer. JNCI Cancer Spectr. 2019;3(2). doi:10.1093/jncics/pkz032 

36.  Friedmann AM, Weinstein HJ. The role of prognostic features in the treatment of 

childhood acute lymphoblastic leukemia. The Oncologist. 2000;5(4):321-328. 

doi:10.1634/theoncologist.5-4-321 

37.  Steinherz PG, Gaynon PS, Breneman JC, et al. Treatment of patients with acute 

lymphoblastic leukemia with bulky extramedullary disease and T-cell phenotype or other 

poor prognostic features: randomized controlled trial from the Children’s Cancer Group. 

Cancer. 1998;82(3):600-612. doi:10.1002/(sici)1097-0142(19980201)82:3<600::aid-

cncr24>3.0.co;2-4 



 
 

 

31 

38.  Orgel E, Genkinger JM, Aggarwal D, Sung L, Nieder M, Ladas EJ. Association of body 

mass index and survival in pediatric leukemia: a meta-analysis. Am J Clin Nutr. 

2016;103(3):808-817. doi:10.3945/ajcn.115.124586 

39.  Núñez-Enríquez JC, Gil-Hernández AE, Jiménez-Hernández E, et al. Overweight and 

obesity as predictors of early mortality in Mexican children with acute lymphoblastic 

leukemia: a multicenter cohort study. BMC Cancer. 2019;19(1):708. 

doi:10.1186/s12885-019-5878-8 

40.  Hoed MAH den, Pluijm SMF, Groot-Kruseman HA de, et al. The negative impact of 

being underweight and weight loss on survival of children with acute lymphoblastic 

leukemia. Haematologica. 2015;100(1):62-69. doi:10.3324/haematol.2014.110668 

41.  Lee JW, Cho B. Prognostic factors and treatment of pediatric acute lymphoblastic 

leukemia. Korean J Pediatr. 2017;60(5):129. doi:10.3345/kjp.2017.60.5.129 

42.  Childhood acute lymphoblastic leukemia: update on prognostic factors. - PubMed - 

NCBI. Accessed March 2, 2020. https://www.ncbi.nlm.nih.gov/pubmed/19242236 

43.  Bhojwani D, Pei D, Sandlund JT, et al. ETV6-RUNX1-positive childhood acute 

lymphoblastic leukemia: improved outcome with contemporary therapy. Leukemia. 

2012;26(2):265-270. doi:10.1038/leu.2011.227 

44.  Moorman AV, Richards SM, Robinson HM, et al. Prognosis of children with acute 

lymphoblastic leukemia (ALL) and intrachromosomal amplification of chromosome 21 

(iAMP21). Blood. 2007;109(6):2327-2330. doi:10.1182/blood-2006-08-040436 

45.  Hasle H, Clemmensen IH, Mikkelsen M. Risks of leukaemia and solid tumours in 

individuals with Down’s syndrome. Lancet Lond Engl. 2000;355(9199):165-169. 

doi:10.1016/S0140-6736(99)05264-2 

46.  Chessells JM, Harrison G, Richards SM, et al. Down’s syndrome and acute 

lymphoblastic leukaemia: clinical features and response to treatment. Arch Dis Child. 

2001;85(4):321-325. doi:10.1136/adc.85.4.321 

47.  Whitlock JA. Down syndrome and acute lymphoblastic leukaemia. Br J Haematol. 

2006;135(5):595-602. doi:10.1111/j.1365-2141.2006.06337.x 

48.  Friedmann AM, Weinstein HJ. The Role of Prognostic Features in the Treatment of 

Childhood Acute Lymphoblastic Leukemia. The Oncologist. 2000;5(4):321-328. 

doi:10.1634/theoncologist.5-4-321 

49.  Organista-Nava J, Gómez-Gómez Y, Aguiar BI-, Leyva-Vázquez MA. Survival of 

Patients with Acute Lymphoblastic Leukemia. Clin Epidemiol Acute Lymphoblastic Leuk 

- Mol Clin. Published online April 17, 2013. doi:10.5772/54261 

50.  Eguchi M, Eguchi-Ishimae M, Greaves M. The role of the MLL gene in infant leukemia. 

Int J Hematol. 2003;78(5):390-401. doi:10.1007/BF02983811 



 
 

 

32 

51.  Steinhilber D, Marschalek R. How to effectively treat acute leukemia patients bearing 

MLL-rearrangements ? Biochem Pharmacol. 2018;147:183-190. 

doi:10.1016/j.bcp.2017.09.007 

52.  Woo JS, Alberti MO, Tirado CA. Childhood B-acute lymphoblastic leukemia: a genetic 

update. Exp Hematol Oncol. 2014;3:16. doi:10.1186/2162-3619-3-16 

53.  Chilcote RR, Coccia P, Sather HN, et al. Mediastinal mass in acute lymphoblastic 

leukemia. Med Pediatr Oncol. 1984;12(1):9-16. doi:10.1002/mpo.2950120105 

54.  Attarbaschi A, Mann G, Dworzak M, Wiesbauer P, Schrappe M, Gadner H. Mediastinal 

mass in childhood T-cell acute lymphoblastic leukemia: significance and therapy 

response. Med Pediatr Oncol. 2002;39(6):558-565. doi:10.1002/mpo.10164 

55.  Childhood T-cell acute lymphoblastic leukemia: the Dana-Farber Cancer Institute acute 

lymphoblastic leukemia consortium experience. - PubMed - NCBI. Accessed March 6, 

2020. https://www.ncbi.nlm.nih.gov/pubmed/14512392 

56.  Hijiya N, Liu W, Sandlund JT, et al. Overt testicular disease at diagnosis of childhood 

acute lymphoblastic leukemia: lack of therapeutic role of local irradiation. Leukemia. 

2005;19(8):1399-1403. doi:10.1038/sj.leu.2403843 

57.  Alperstein W, Boren M, Mcneer J. Pediatric Acute Lymphoblastic Leukemia: From 

Diagnosis to Prognosis. Pediatr Ann. 2015;44:e168-74. doi:10.3928/00904481-

20150710-10 

58.  Alsadeq A, Schewe DM. Acute lymphoblastic leukemia of the central nervous system: on 

the role of PBX1. Haematologica. 2017;102(4):611-613. 

doi:10.3324/haematol.2017.165142 

59.  Lenk L, Alsadeq A, Schewe DM. Involvement of the central nervous system in acute 

lymphoblastic leukemia: opinions on molecular mechanisms and clinical implications 

based on recent data. Cancer Metastasis Rev. Published online January 22, 2020. 

doi:10.1007/s10555-020-09848-z 

60.  Marwaha RK, Kulkarni KP, Bansal D, Trehan A. Central nervous system involvement at 

presentation in childhood acute lymphoblastic leukemia: management experience and 

lessons. Leuk Lymphoma. 2010;51(2):261-268. doi:10.3109/10428190903470323 

61.  Vaitkeviciene G, Heyman M, Jonsson OG, et al. Early morbidity and mortality in 

childhood acute lymphoblastic leukemia with very high white blood cell count. 

Leukemia. 2013;27(11):2259-2262. doi:10.1038/leu.2013.137 

62.  Pui C-H, Evans WE. Treatment of Acute Lymphoblastic Leukemia. N Engl J Med. 

2006;354(2):166-178. doi:10.1056/NEJMra052603 

63.  Teuffel O, Stanulla M, Cario G, et al. Anemia and survival in childhood acute 

lymphoblastic leukemia. Haematologica. 2008;93(11):1652-1657. 

doi:10.3324/haematol.13156 



 
 

 

33 

64.  Donadieu J, Auclerc MF, Baruchel A, et al. Prognostic study of continuous variables 

(white blood cell count, peripheral blast cell count, haemoglobin level, platelet count and 

age) in childhood acute lymphoblastic leukaemia. Analysis Of a population of 1545 

children treated by the French Acute Lymphoblastic Leukaemia Group (FRALLE). Br J 

Cancer. 2000;83(12):1617-1622. doi:10.1054/bjoc.2000.1504 

65.  Mishra D, Banerjee D. Lactate Dehydrogenases as Metabolic Links between Tumor and 

Stroma in the Tumor Microenvironment. Cancers. 2019;11(6). 

doi:10.3390/cancers11060750 

66.  Li S, Yang Q, Wang H, et al. Prognostic significance of serum lactate dehydrogenase 

levels in Ewing’s sarcoma: A meta-analysis. Mol Clin Oncol. 2016;5(6):832-838. 

doi:10.3892/mco.2016.1066 

67.  Hafiz MG, Rahman MM, Mannan MA. Serum lactate dehydrogenase as a prognostic 

marker of childhood acute lymphoblastic leukemia. Mymensingh Med J MMJ. 

2008;17(2):169-173. 

68.  zumárraga jp, baptista am, rosa lpdl, caiero mt, camargo opd. serum values of alkaline 

phosphatase and lactate dehydrogenase in osteosarcoma. Acta Ortop Bras. 

2016;24(3):142-146. doi:10.1590/1413-785220162403157033 

69.  Goedhart LM, Gerbers JG, Ploegmakers JJW, Jutte PC. Delay in Diagnosis and Its Effect 

on Clinical Outcome in High-grade Sarcoma of Bone: A Referral Oncological Centre 

Study. Orthop Surg. 2016;8(2):122-128. doi:10.1111/os.12239 

70.  Lins MM, Amorim M, Vilela P, et al. Delayed diagnosis of leukemia and association 

with morbid-mortality in children in Pernambuco, Brazil. J Pediatr Hematol Oncol. 

2012;34(7):e271-276. doi:10.1097/MPH.0b013e3182580bea 

71.  Gupta S, Gibson P, Pole JD, Sutradhar R, Sung L, Guttmann A. Predictors of diagnostic 

interval and associations with outcome in acute lymphoblastic leukemia. Pediatr Blood 

Cancer. 2015;62(6):957-963. doi:10.1002/pbc.25402 

72.  Yeoh A, Collins A, Fox K, et al. Treatment delay and the risk of relapse in pediatric acute 

lymphoblastic leukemia. Pediatr Hematol Oncol. 2017;34:1-5. 

doi:10.1080/08880018.2016.1276235 

73.  Wahl SK, Gildengorin G, Feusner J. Weekend delay in initiation of chemotherapy for 

acute lymphoblastic leukemia: does it matter? J Pediatr Hematol Oncol. 2012;34(1):e8-

e11. doi:10.1097/MPH.0b013e31822e9c0b 

74.  Andreasyan D, Bazarchyan A, Matevosyan M, et al. “Health and Health” Care Yearbook 

Republic of Armenia, 2020. Published 2020. Accessed August 10, 2020. 

http://institute.medorder.online/am/statistical_yearbooks/120/en 

75.  History. History. Accessed July 23, 2020. https://blood.am/eng/history 

76.  Departments – Muratsan University Hospital Complex. Accessed February 3, 2020. 

http://muratsan.am/en/departments-en/ 



 
 

 

34 

77.  Childrens hematology clinical department. Blood.am. Accessed July 24, 2020. 

https://blood.am/eng/blood-center/clinic/childrens-department 

78.  Karachunskiy A, Herold R, von Stackelberg A, et al. Results of the first randomized 

multicentre trial on childhood acute lymphoblastic leukaemia in Russia. Leukemia. 

2008;22(6):1144-1153. doi:10.1038/leu.2008.63 

79.  Tatulyan M. Incidence and survival of childhood leukemia in Armenia. Accessed 

February 18, 2020. 

https://library.ehaweb.org/eha/2017/22nd/182357/mareza.tatulyan.incidence.and.survival.

of.childhood.leukemia.in.armenia.a.html 

80.  Halabi S, Owzar K. The Importance of Identifying and Validating Prognostic Factors in 

Oncology. Semin Oncol. 2010;37(2):e9. doi:10.1053/j.seminoncol.2010.04.001 

81.  Gospodarowicz M, O’Sullivan B. Prognostic factors in cancer. Semin Surg Oncol. 

2003;21(1):13-18. doi:10.1002/ssu.10016 

82.  Royston P, Moons KGM, Altman DG, Vergouwe Y. Prognosis and prognostic research: 

Developing a prognostic model. BMJ. 2009;338(mar31 1):b604-b604. 

doi:10.1136/bmj.b604 

83.  Maruvka YE, Tang M, Michor F. On the Validity of Using Increases in 5-Year Survival 

Rates to Measure Success in the Fight against Cancer. PLoS ONE. 2014;9(7). 

doi:10.1371/journal.pone.0083100 

84.  Schoenfeld D. Partial residuals for the proportional hazards regression model. 

Biometrika. 1982;69(1):239-241. doi:10.1093/biomet/69.1.239 

85.  Lee JW, Kim S-K, Jang P-S, et al. Treatment of children with acute lymphoblastic 

leukemia with risk group based intensification and omission of cranial irradiation: A 

Korean study of 295 patients. Pediatr Blood Cancer. 2016;63(11):1966-1973. 

doi:10.1002/pbc.26136 

86.  Dujua ACC, Hernandez FG. Survival Outcome of Filipino Children With Acute 

Lymphoblastic Leukemia Treated With Modified Berlin-Frankfurt-Muenster/Hong Kong 

Acute Lymphoblastic Leukemia (BFM95/HKALL97) Protocol in a Tertiary General 

Hospital From January 2005 to December 2009: A Retrospective Cohort Study. J Pediatr 

Hematol Oncol. 2017;39(3):e116-e123. doi:10.1097/MPH.0000000000000751 

87.  Baade PD, Youlden DR, Valery PC, et al. Population-based survival estimates for 

childhood cancer in Australia during the period 1997–2006. Br J Cancer. 

2010;103(11):1663-1670. doi:10.1038/sj.bjc.6605985 

88.  Almasi-Hashiani A, Zareifar S, Karimi M, Khedmati E, Mohammadbeigi A. Survival 

Rate of Childhood Leukemia in Shiraz, Southern Iran. Iran J Pediatr. 2013;23(1):53-58. 

Accessed June 24, 2020. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3574992/ 

89.  Al-Balwi AM, Binmahfoz S, AL-Raddadi RM, Al-Trabolsi HA, Baothman AA, Qari 

MH. Prognostic Factors for Outcome of Childhood Lymphoblastic Leukemia At Cancer 

Centers in Jeddah. Published online 2017:8. 



 
 

 

35 

90.  February 15: International Childhood Cancer Day – 600 kids fully recover in Armenia in 

past years | ARMENPRESS Armenian News Agency. Accessed July 24, 2020. 

https://armenpress.am/eng/news/922646/mankakan-qaxckexyC2A0-haxtahareli-shurj-

600-erekha-buzhvel.html 

91.  Vrooman LM, Blonquist TM, Harris MH, et al. Refining risk classification in childhood 

B acute lymphoblastic leukemia: results of DFCI ALL Consortium Protocol 05-001. 

Blood Adv. 2018;2(12):1449-1458. doi:10.1182/bloodadvances.2018016584 

92.  Tai EW, Ward KC, Bonaventure A, Siegel DA, Coleman MP. Survival Among Children 

Diagnosed With Acute Lymphoblastic Leukemia in the United States, by Race and Age, 

2001 to 2009: Findings From the CONCORD-2 Study. Cancer. 2017;123(Suppl 

24):5178-5189. doi:10.1002/cncr.30899 

93.  De Angelis C, Pacheco C, Lucchini G, et al. The Experience in Nicaragua: Childhood 

Leukemia in Low Income Countries—The Main Cause of Late Diagnosis May Be 

“Medical Delay.” International Journal of Pediatrics. 

doi:https://doi.org/10.1155/2012/129707 

94.  Flores LE, Williams DL, Bell BA, O’Brien M, Ragab AH. Delay in the Diagnosis of 

Pediatric Brain Tumors. Am J Dis Child. 1986;140(7):684-686. 

doi:10.1001/archpedi.1986.02140210082031 

95.  Marwaha RK, Kulkarni KP, Bansal D, Trehan A. Pattern of Mortality in Childhood 

Acute Lymphoblastic Leukemia: Experience From a Single Center in Northern India. J 

Pediatr Hematol Oncol. 2010;32(5):366–369. doi:10.1097/MPH.0b013e3181e0d036 

96.  Abdelkhalek E, Sherief L, Kamal N, Soliman R. Factors Associated with Delayed Cancer 

Diagnosis in Egyptian Children. Clin Med Insights Pediatr. 2014;8:39-44. 

doi:10.4137/CMPed.S16413 

97.  Workman GM, Ribeiro RC, Rai SN, Pedrosa A, Workman DE, Pedrosa F. Pediatric 

cancer knowledge: assessment of knowledge of warning signs and symptoms for 

pediatric cancer among Brazilian community health workers. J Cancer Educ Off J Am 

Assoc Cancer Educ. 2007;22(3):181-185. doi:10.1007/BF03174334 

98.  Klein-Geltink JE, Pogany LM, Barr RD, Greenberg ML, Mery LS. Waiting times for 

cancer care in Canadian children: impact of distance, clinical, and demographic factors. 

Pediatr Blood Cancer. 2005;44(4):318-327. doi:10.1002/pbc.20156 

99.  Fajardo-Gutiérrez A, Sandoval-Mex AM, Mejía-Aranguré JM, Rendón-Macías ME, 

Martínez-García M del C. Clinical and social factors that affect the time to diagnosis of 

Mexican children with cancer. Med Pediatr Oncol. 2002;39(1):25-31. 

doi:10.1002/mpo.10100 

100. Bassan R, Hoelzer D. Modern Therapy of Acute Lymphoblastic Leukemia. J Clin 

Oncol. 2011;29(5):532-543. doi:10.1200/JCO.2010.30.1382 

101. Holmes L, Hossain J, desVignes-Kendrick M, Opara F. Sex Variability in Pediatric 

Leukemia Survival: Large Cohort Evidence. ISRN Oncol. 2012;2012. 

doi:10.5402/2012/439070 



 
 

 

36 

102. Effects of varying radiation schedule, cyclophosphamide treatment, and duration of 

treatment in acute lymphoblastic leukaemia. Report to the Medical Research Council by 

the Working Party on Leukaemia in Childhood. Br Med J. 1978;2(6140):787-791. 

Accessed June 26, 2020. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1607833/ 

103. Sather H, Miller D, Nesbit M, Heyn R, Hammond D. Differences in prognosis for boys 

and girls with acute lymphoblastic leukaemia. Lancet Lond Engl. 1981;1(8223):739-743. 

doi:10.1016/s0140-6736(81)92623-4 

104. Foucar K, Duncan MH, Stidley CA, Wiggins CL, Hunt WC, Key CR. Survival of 

children and adolescents with acute lymphoid leukemia. A study of American Indians 

and Hispanic and non-Hispanic whites treated in New Mexico (1969 to 1986). Cancer. 

1991;67(8):2125-2130. doi:10.1002/1097-0142(19910415)67:8<2125::aid-

cncr2820670820>3.0.co;2-a 

105. Lanning M, Garwicz S, Hertz H, et al. Superior treatment results in females with high-

risk acute lymphoblastic leukemia in childhood. Acta Paediatr Oslo Nor 1992. 

1992;81(1):66-68. doi:10.1111/j.1651-2227.1992.tb12081.x 

106. Williams LA, Spector LG. Survival Differences Between Males and Females Diagnosed 

With Childhood Cancer. JNCI Cancer Spectr. 2019;3(2). doi:10.1093/jncics/pkz032 

107. Eguchi M, Eguchi-Ishimae M, Greaves M. The Role of theMLL Gene in Infant 

Leukemia. Int J Hematol. 2003;78(5):390-401. doi:10.1007/BF02983811 

108. Lee JW, Cho B. Prognostic factors and treatment of pediatric acute lymphoblastic 

leukemia. Korean J Pediatr. 2017;60(5):129-137. doi:10.3345/kjp.2017.60.5.129 

109. Freedman LS. Tables of the number of patients required in clinical trials using the 

logrank test. Stat Med. 1982;1(2):121-129. doi:10.1002/sim.4780010204 

 

  



 
 

 

37 

Tables  
 

Table 1. Baseline characteristics of the cohort 
 

Variables  
Categories 

Values 

 

Hospital % (N)  

Hematology Center 83.0% (93) 

 Muratsan Hospital Complex 17.0% (19) 

Total 100.0% (112) 

Gender % (N)  

Male 58.9 % (66) 

Female 41.1% (46) 

Total 100.0 % (112) 

Age at diagnosis     

<2 years 13.4% (15) 

2-9 years 65.2% (73) 

≥9 years 21.4% (24) 

Total 100.0 % (112) 

Marz % (N)  

Yerevan 35.7% (40) 

Marz 59.8% (67) 

Artsakh 3.6% (4) 

Russia 0.9% (1) 

Total 100.0% (112) 

Residency % (N)  

Urban 75.0% (84) 

Rural 25.0% (28) 

Total 100.0% (112) 

Year of diagnosis % (N)  

2010 21.4% (24) 

2011 13.4% (15) 

2012 26.8% (30) 

2013 25.9% (29) 

2014 12.5% (14) 

Total 100.0% (112) 

Clinical subtype % (N)  

T-cell 4.5% (5) 

B -cell 40.2% (45) 

ALL - not otherwise specified 55.4% (62) 

Total 100.0% (112) 

Philadelphia chromosome % (N)  

Positive 3.6% (4) 

Negative 33.0% (37) 

NA 63.4% (71) 



 
 

 

38 

Total 100.00 (112) 

Down syndrome % (N)  

Positive 3.6% (4) 

Negative 96.4% (108) 

Total 100.0% (112) 

Hyperdiploidy % (N)  

Positive 16.1% (18) 

Negative 20.5% (23) 

NA 63.4% (71) 

Total 100.0% (112) 

Hypodiploidy % (N)  

Negative 34.8% (39) 

NA 65.2% (73) 

Total 100.0% (112) 

TEL/AML1 % (N)  

Positive 3.6% (4) 

Negative 31.2% (35) 

NA 65.2% (73) 

Total 100.0% (113) 

MLL rearrangement % (N)  

Positive 2.7% (3) 

Negative 32.1% (36) 

NA 65.2% (73) 

Total 100.0% (112) 

Hepatomegaly at diagnosis % (N)  

Positive 75.9% (85) 

Negative 19.6% (22) 

NA 4.5% (5) 

Total 100.0% (112) 

Splenomegaly at diagnosis % (N)  

Positive 69.6% (78) 

Negative 27.7% (31) 

NA 2.7% (3) 

Total 100.0% (112) 

Mediastinal mass at diagnosis % (N)  

Positive 4.5% (5) 

Negative 86.6% (97) 

NA 8.9% (10) 

Total 100.0% (112) 

Testicle involvement at diagnosis (males only) % 
(N) 

 

Negative 100.0% (62) 

Total 100.0% (62) 

CNS involvement at diagnosis % (N)  

 Positive 1.8% (2) 

 Negative 94.6% (106) 
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 NA 3.6% (4) 

 Total 100.0% (112) 

BMI at diagnosis  

Mean (SD) 16.3 (3.5) 

N 82 

WBC count at diagnosis [109/L]    

Mean (SD) 48.4 (100.3) 

N 110 

Hemoglobin at diagnosis [g/dL]  

Mean (SD) 83.4 (27.2) 

N 110 

PLT count at diagnosis [109/L]  

Mean (SD) 81.1 (74.3) 

N 110 

LDH level at diagnosis [IU/L]  

Mean (SD) 939.4 (606.6) 

N 72 

Blast count in blood at diagnosis [%]  

Mean (SD) 82.7% (16.4) 

N 108 

Treatment modality % (N)  

BFM 63.4% (71) 

MB 26.8 % (30) 

Other 9.8% (11) 

Total 100.0% (111) 

Treatment modality (other) % (N)    

Moved abroad for the treatment  54.5% (6) 

Abandoned the treatment 45.5% (5) 

Total 100% (11) 

Delay in diagnosis  

<30 days 50.5% (53) 

≥30 days 49.5% (52) 

Total 100% (105) 

 Delay in treatment initiation    

No (≤1 day) 97.1% (100) 

Yes (>1 day) 2.9% (3) 

Total 100.0% (103) 

Response to the treatment % (N)  

CR + 98.9% (87) 

CR -     1.1% (1) 

Total 100.0% (88) 

Follow-up time (in years)  

Median  5.5 

N 112 

Vital status % (N)  

Censored 85.7% (96) 
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NA - Not available 
ALL - Acute lymphoblastic leukemia 
CNS - Central nervous system 
BFM - Berlin-Frankfurt-Münster 
MB - Moscow-Berlin  
WBC - White blood cell 
Hb - Hemoglobin 
PLT - Platelet 
LDH - Lactate dehydrogenase 
 

Dead 14.3% (16) 

Total 100.0% (112) 
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Table 2. Demographic, clinical, and laboratory characteristics of the patients stratified by the outcome variable 
 

Variable Categories 

 

Dead 

% (N) 

Censored 

% (N) 

Gender Male 9.8% (11) 49.1% (55) 

Female 4.5% (5) 36.6% (41) 

Total 14.3% (16) 85.7% (96) 

Age  <2 3.4% (4) 9.8% (11) 

 2-9 7.1% (8) 58.0% (65) 

 ≥9 3.6% (4) 17.9% (20) 

 Total 14.3% (16) 85.7% (96) 

Marz 
 

 

Yerevan 4.5% (5) 31.2% (35) 

Marzes 8.0% (9) 51.8% (58) 

Other 1.8% (2) 2.7% (3) 

 Total 14.3% (16) 85.7% (96) 

Marz (other) Artsakh 1.8% (2) 1.8% (2) 

 Russia – 0.9% (1) 

 Total 1.8% (2) 2.7% (3) 

Residency Urban 11.6% (13) 64.3% (71) 

Rural 2.9% (3) 22.3% (25) 

Total 14.3% (16) 85.7% (96) 

Year of diagnosis 2010 4.5% (5) 17.0% (19) 

 2011 0.9% (1) 12.5% (14) 

 2012 1.8% (2) 25.0% (28) 

 2013 3.6% (6) 22.3% (25) 

 2014 1.8% (2) 10.7% (12) 

 Total 14.3% (16) 85.7% (96) 

Clinical subtype T – ALL 2.7% (3) 1.8% (2) 

B – ALL 2.7% (3) 37.5% (42) 
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ALL-not otherwise specified 8.9% (10) 46.4% (52) 

Total 14.3% (16) 85.7% (96) 

Philadelphia chromosome Positive – 3.6% (4) 

Negative 3.6% (4) 29.5% (33) 

NA 10.7% (12) 52.7% (59) 

Total 14.3% (16) 85.7% (96) 

Down syndrome Positive 1.8% (2) 1.8% (2) 

Negative 12.5% (14) 83.9% (94) 

Total 14.3% (16) 85.7% (96) 

Hyperdiploidy Positive –  16.1% (18) 

Negative 3.6% (4) 17.0 % (19) 

NA 8.9% (10) 54.5% (61) 

Total 14.3% (16) 85.7% (96) 

Hypodiploidy Positive – – 

Negative 3.6% (4) 31.2% (35) 

NA 10.7% (12) 54.5% (61) 

Total 14.3% (16) 85.7% (96) 

TEL/AML1 Positive – 3.6% (4) 

Negative 3.6% (4) 27.7% (31) 

NA 10.7% (12) 54.5% (61) 

Total 14.3% (16) 85.7% (96) 

MLL rearrangement Positive – 2.7% (3) 

Negative 3.6% (4) 28.6% (32) 

NA 10.7% (12) 54.5% (61) 

Total 14.3% (16) 85.7% (96) 

Hepatomegaly at diagnosis Positive 13.4% (15) 62.5% (70) 

Negative – 19.6% (22) 

NA 0.9% (1) 3.6% (4) 

Total 14.3% (16) 85.7% (96) 
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Splenomegaly at diagnosis Positive 11.6% (13) 58.% (65) 

Negative 2.7 % (3) 25.0% (28) 

NA – 2.7% (3) 

Total 14.3% (16) 85.7% (96) 

Mediastinal mass at diagnosis Positive 1.8% (2) 2.7% (3) 

Negative 11.6% (13) 75.0% (84) 

NA 0.9% (1) 8.0% (9) 

Total 14.3% (16) 85.7% (96) 

Testicle involvement at diagnosis Positive – – 

Negative 9.8% (11) 50.9% (57) 

NA 4.5% (5) 34.8% (39) 

Total 14.3% (16) 85.7% (96) 

CNS involvement at diagnosis Positive – 1.8% (2) 

Negative 12.5% (16) 80.4% (90) 

NA – 3.6% (4) 

Total 14.3% (16) 85.7% (96) 

Treatment modality BFM 7.1% (8) 56.2% (63) 

MB 3.6% (4) 23.2% (26) 

Other 3.6% (4) 6.2% (7) 

Total 14.3% (16) 85.7% (96) 

Treatment (other) Moved abroad 0.9% (1) 4.5% (5) 

 Abandoned 2.7% (3) 1.8% (2) 

 Total 3.6% (4) 6.2% (7) 

Induction failure  No 8.0% (9) 69.6% (78) 

 Yes 0.9% (1)  –  

 NA 5.4% (6) 16.1% (18) 

 Total 14.3% (16) 85.7% (96) 

Delay in diagnosis <30 days 9.8% (11) 36.6% (41) 

 ≥30 days 4.5% (5) 42.9% (48) 
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 NA – 6.2% (7) 

 Total 14.3% (16) 85.7% (96) 

Delay in treatment initiation  <1 day 11.6% (13) 77.7% (87) 

 ≥1 day – 2.7% (3) 

 NA 2.7% (3) 5.4% (6) 

 Total 
 

14.3% (16) 
85.7% (96) 

NA - Not available 
ALL - Acute lymphoblastic leukemia 
CNS - Central nervous system 
BFM - Berlin-Frankfurt-Münster 
MB - Moscow-Berlin  
WBC - White blood cell 
Hb - Hemoglobin 
PLT - Platelet 
LDH - Lactate dehydrogenase 
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Table 3. Results of the Cox proportional hazard univariable analysis for overall survival among children with ALL 
 

  

 

 

Overall survival 

 

Predictors Category HR 95% CI p-value 

Gender Female 1.00   

 Male 0.56 0.18 – 1.77 0.327 

Log (Age at diagnosis, in years) - 1.57 0.36 – 6.74 0.54 

 2-9 1.00   

 ≥9 1.71 0.51 – 5.68 0.383 

Geographic distribution Marz 1.00   

 Yerevan 1.10 0.36 – 3.38 0.863 

Residency Rural 1.00   

 Urban 0.79 0.22 – 2.80 0.715 

Log (BMI) - 0.54 0.03 – 21.96 0.875 

Log (WBC count at diagnosis) - 1.34 0.62 – 2.89 0.452 

Log (Hb level at diagnosis) - 3.72 0.11 – 120.85 0.460 

Log (PLT count at diagnosis)  - 0.70 0.36 – 1.38 0.307 

Log (LDH count at diagnosis) - 2.63 0.21 – 32.06 0.448 

Splenomegaly Yes 1.00   

 No 0.54 0.15 – 1.91 0.340 

Delay in diagnosis <30 days 1.00   

 ≥30 days 3.23 1.02 – 10.20 0.049* 

Treatment BFM 1.00   

 MB 1.31 0.38 – 4.49 0.663 
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Year of diagnosis 2010 1.00   

 2011 0.32 0.04 – 2.72 0.296 

 2012 0.33 0.06 – 1.71 0.187 

 2013 0.83 0.24 – 2.88 0.776 

 2014 0.69 0.13 – 3.55 0.657 

*p<0.05 
HR - Hazard ratio 
CI - Confidence interval 
BMI - Body mass index 
WBC - White blood cells 
Hb - Hemoglobin 
PLT - Platelets 
LDH - Lactate dehydrogenase 
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Table 4. Cox proportional hazard multivariable model for overall survival 
among children with ALL 
 

 

 

Predictors 

 

Overall survival 

 

 

p-value HR 95% CI 

Gender (male) 0.58 0.18 – 1.84 0.359 

Log (WBC count at diagnosis * 

103) 

1.37 0.59 – 3.15 0.461 

Delay in diagnosis (≥30 days) 3.23 1.02 – 10.13  0.047* 

Stratified by Splenomegaly 

*p<0.05 
HR - Hazard ratio 
CI - Confidence interval 
WBC - White blood cell 
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Figures 
 

Figure 1. Estimated survival function of the overall survival among children 
diagnosed with ALL within 2010-2014 using the Kaplan-Meier method 
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Figure 2. Estimated overall survival of delay in diagnosis for <30 days in 
relation to delay in diagnosis for ≥30 days using the Kaplan-Meier method 
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Appendices 

Appendix 1. Chart abstraction form 

 
 
# 

 
ITEMS 

 
Patient #_______ 

 
Patient #_______ 

 
Patient #_______ 

Q1 Patient’s ID 

 
 

___  ___  ___  ___  ___ 

 
___  ___  ___  ___  ___ 

  
___  ___  ___  ___  ___ 

Q2 Reviewer’s ID  

 
 

___ ___ 
 

___  ___  
 

___  ___  

Q3 Date of the data abstraction  
___ ___ / ___ ___ / ___ ___ ___ 

___ 

 
___ ___ / ___ ___ / ___ ___ ___ 

___ 

 
___ ___ / ___ ___ / ___ ___ ___ 

___ 

Q4 Hospital ID  

 
 

___ ___ 
 

___ ___ 
 

___ ___ 

Q5 Gender 1) ……. Male  

2) ……. Female 

1) ……. Male  

2) ……. Female 

1) ……. Male  

2) ……. Female 

Q6 Birth date of the patient  

[day / month / year]  
 

___ ___ / ___ ___ / ___ ___ ___ 
___ 

 
___ ___ / ___ ___ / ___ ___ ___ 

___ 

 
___ ___ / ___ ___ / ___ ___ ___ 

___ 

Q7 Geographic location 

 
1) ……. Yerevan  

2) ……. Aragatsotn 

3) ……. Ararat  

4) ……. Armavir 

5) ……. Gegharkunik  

6) ……. Kotayk 

7) ……. Lori  

8) ……. Shirak 

9) ……. Syunik  

10) ……. Tavush 

1) ……. Yerevan  

2) ……. Aragatsotn 

3) ……. Ararat  

4) ……. Armavir 

5) ……. Gegharkunik  

6) ……. Kotayk 

7) ……. Lori  

8) ……. Shirak 

9) ……. Syunik  

10) ……. Tavush 

1) ……. Yerevan  

2) ……. Aragatsotn 

3) ……. Ararat  

4) ……. Armavir 

5) ……. Gegharkunik  

6) ……. Kotayk 

7) ……. Lori  

8) ……. Shirak 

9) ……. Syunik  

10) ……. Tavush 
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11) ……. Vayots Dzor  

12) ……. Other ______________  

11) ……. Vayots Dzor   

12) ……. Other ______________  

11) ……. Vayots Dzor   

12) ……. Other ______________  

Q8 Residency  1) ……. Urban  

2) ……. Rural 

1) ……. Urban  

2) ……. Rural 

1) ……. Urban  

2) ……. Rural 

Q9 Date of the admission 

[day / month / year] 
 

___ ___ / ___ ___ / ___ ___  ___ 
___ 

 
___ ___ / ___ ___ / ___ ___ ___ 

___ 

 
___ ___ / ___ ___ / ___ ___ ___ 

___ 

Q10 Date of the onset of first symptoms  

[day / month / year] 
 

___ ___ / ___ ___ / ___ ___ ___ 
___ 

 
___ ___ / ___ ___ / ___ ___ ___ 

___ 

 
___ ___ / ___ ___ / ___ ___ ___ 

___ 

Q11 Date of diagnosis 

 [day / month / year] 
 

___ ___ / ___ ___ / ___ ___ ___ 
___ 

 
___ ___ / ___ ___ / ___ ___ ___ 

___ 

 
___ ___ / ___ ___ / ___ ___ ___ 

___ 

Q12 Date of discharge 

 [day / month / year] 
 

___ ___ / ___ ___ / ___ ___ ___ 
___ 

 
___ ___ / ___ ___ / ___ ___ ___ 

___ 

 
___ ___ / ___ ___ / ___ ___ ___ 

___ 

Q13 Weight of the patient at diagnosis 
[kg] 

 
___ ___ 

 
___ ___ 

 
___ ___ 

Q14 Height of the patient at diagnosis 
[cm] 

 
___ ___ ___ 

 
___ ___ ___ 

 
___ ___ ___ 

Q15 Clinical subtype 
/Immunophenotype 

1) ……. B-cell  

2) ……. T-cell 

3) ……. ALL not otherwise specified 

4) ……. Other______________ 

1) ……. B-cell  

2) ……. T-cell 

3) ……. ALL not otherwise specified 

4) ……. Other______________ 

1) ……. B-cell  

2) ……. T-cell 

3) ……. ALL not otherwise specified 

4) ……. Other______________ 

Q16 Philadelphia chromosome  

[BCR/ABL] 
1) ……. Positive 

2) ……. Negative 

3) ……. NA 

1) ……. Positive 

2) ……. Negative 

3) ……. NA 

1) ……. Positive 

2) ……. Negative 

3) ……. NA 

Q17 Down syndrome 1) ……. Positive 

2) ……. Negative 

1) ……. Positive 

2) ……. Negative 

1) ……. Positive 

2) ……. Negative 
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Q18 Hyperdiploidy 

[chromosomal count >51] 
1) ……. Positive 

2) ……. Negative 

3) ……. NA 

1) ……. Positive 

2) ……. Negative 

3) ……. NA 

1) ……. Positive 

2) ……. Negative 

3) ……. NA 

Q19 Hypodiploidy  

[chromosomal count <44] 
1) ……. Positive 

2) ……. Negative 

3) ……. NA 

1) ……. Positive 

2) ……. Negative 

3) ……. NA 

1) ……. Positive 

2) ……. Negative 

3) ……. NA 

Q20 TEL/AML1 translocation  1) ……. Positive 

2) ……. Negative 

3) ……. NA 

1) ……. Positive 

2) ……. Negative 

3) ……. NA 

1) ……. Positive 

2) ……. Negative 

3) ……. NA 

Q21 MLL rearrangement 1) ……. Positive 

2) ……. Negative 

3) ……. NA 

1) ……. Positive 

2) ……. Negative 

3) ……. NA 

1) ……. Positive 

2) ……. Negative 

3) ……. NA 

Q22 Hepatomegaly at diagnosis 1) ……. Positive 

2) ……. Negative 

3) ……. NA 

1) ……. Positive 

2) ……. Negative 

3) ……. NA 

1) ……. Positive 

2) ……. Negative 

3) ……. NA 

Q23 Splenomegaly at diagnosis 1) ……. Positive 

2) ……. Negative 

3) ……. NA 

1) ……. Positive 

2) ……. Negative 

3) ……. NA 

1) ……. Positive 

2) ……. Negative 

3) ……. NA 

Q24 Mediastinal mass involvement  1) ……. Positive 

2) ……. Negative 

3) ……. NA 

1) ……. Positive 

2) ……. Negative 

3) ……. NA 

1) ……. Positive 

2) ……. Negative 

3) ……. NA 

Q25 CNS involvement at diagnosis (blasts 

in CVF) 
1) ……. Positive 

2) ……. Negative 

3) ……. NA 

1) ……. Positive 

2) ……. Negative 

3) ……. NA 

1) ……. Positive 

2) ……. Negative 

3) ……. NA 

Q26 If male, testicle involvement  1) ……. Positive 

2) ……. Negative 

3) ……. NA 

1) ……. Positive 

2) ……. Negative 

3) ……. NA 

1) ……. Positive 

2) ……. Negative 

3) ……. NA 

Q27 WBC count at diagnosis [109 /L] 
 

 

1) ……. ___________ 

2) ……. NA 

 

1) ……. ____________ 

2) ……. NA 

 

1) ……. ___________ 

2) ……. NA 

Q28 Hemoglobin at diagnosis [g/dL] 

 
 

1) ……. ___________ 

2) ……. NA 

 

1) ……. ____________ 

2) ……. NA 

 

1) ……. ___________ 

2) ……. NA 

Q29 Platelets at diagnosis [109 /L] 

 
 

1) ……. ___________ 

2) ……. NA 

 

1) ……. ____________ 

2) ……. NA 

 

1) ……. ___________ 

2) ……. NA 
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Q30 LDH at diagnosis [IU/L] 

 
 

1) ……. ___________ 

2) ……. NA 

 

1) ……. ____________ 

2) ……. NA 

 

1) ……. ___________ 

2) ……. NA 

Q31 Blast count in bone marrow at 

diagnosis [%] 
 

1) ……. ___________ 

2) ……. NA 

 

1) ……. ____________ 

2) ……. NA 

 

1) ……. ___________ 

2) ……. NA 

Q32 Treatment  
 

1) ……. BFM  

2) ……. MB  

3) ……. Other________________  

1) ……. BFM  

2) ……. MB  

3) ……. Other________________ 

1) ……. BFM  

2) ……. MB  

3) ……. Other________________ 

Q33 Blast count in bone marrow on the 
33rd day of induction [%]  

 

1) ……. ________ 

2) ……. NA 

 

1) ……. ________ 

2) ……. NA 

 

1) ……. ________ 

2) ……. NA 

Q34 Blast count in CSF on the 33rd day of 

induction [%] 
 

 

1) ……. ________ 

2) ……. NA 

 

1) ……. ________ 

2) ……. NA 

 

1) ……. ________ 

2) ……. NA 

Q35 Date of last contact  

[dd /mm/yyyy] 
 

___ ___ / ___ ___ / ___ ___ ___ 

___  

 

___ ___ / ___ ___ / ___ ___ ___ 

___ 

 

___ ___ / ___ ___ / ___ ___ ___ 

___ 

Q36 Patient vital status at the day of the 

last contact 
 

 

1) ……. Alive  

2) ……. Dead 

 

1) ……. Alive  

2) ……. Dead 

 

1) ……. Alive  

2) ……. Dead 
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Appendix 2. Stepwise forward variable selection for the multivariable Cox 
proportional hazard regression analysis  
 

N=103 
P=0.0641 

  

 

Predictors 

Overall survival  

p-value HR 95% CI 

Gender (male) 0.43 0.13 – 1.40 0.163 

Log (Age at diagnosis) 5.64 1.06 – 30.89 0.042* 

Log (WBC count at diagnosis * 

103) 

1.26 0.86 – 1.84 0.240 

Delay in diagnosis (≥30 days) 4.94 1.43 – 17.00  0.011* 

Splenomegaly at diagnosis 0.72 0.18 – 2.78 0.631 

PLT count at diagnosis 0.76 0.54 – 1.06 0.106 

HR = Hazard ration 
CI = Confidence interval 
WBC = White blood cell 
PLT = Platelet 
 

Test of proportional-hazard assumption 
 

 

Predictors 

 

p-value 

Gender (male) 0.047 

Age at diagnosis <0.001 

Log (WBC count at diagnosis * 

103) 

0.521 

Delay in diagnosis (≥30 days) 0.792 

Splenomegaly at diagnosis 0.938 

PLT count at diagnosis 0.018 

Global test 0.006 

WBC = White blood cell 
PLT = Platelet 
 

 

Akaike's information criterion  
 

Obs ll (null) ll (model) df AIC 
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103 -64.20 -58.25 6 128.5 

Obs = Observations 
ll = log likelihood 
df = degree of freedom 
AIC = Akaike's information criterion 
 

 

Variables age at diagnosis and PLT count at diagnosis did not meet the 

proportionality assumption and thus, were removed from the model.  

N=103 
P=0.1720 

  

 

Predictors 

Overall survival  

p-value HR 95% CI 

Gender (male) 0.58 0.18 – 1.84 0.359 

Log (WBC count at diagnosis * 

103) 

1.37 0.59 – 3.17 0.461 

Delay in diagnosis (≥30 days) 3.21 1.02 – 10.13  0.047* 

Splenomegaly at diagnosis 0.64 0.17 – 2.39 0.511 

HR = Hazard ration 
CI = Confidence interval 
WBC = White blood cell 
 

Test of proportional-hazard assumption 
 

 

Predictors 

 

p-value 

Gender (male) 0.208 

Log (WBC count at diagnosis * 

103) 

0.236 

Delay in diagnosis (≥30 days) 0.156 

Splenomegaly at diagnosis 0.625 

Global test 0.310 

WBC = White blood cell 
 

 

Akaike's information criterion  
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Obs ll (null) ll (model) df AIC 

103 -64.20 -61.01 4 130.0 

Obs = Observations 
ll = log likelihood 
df = degree of freedom 
AIC = Akaike's information criterion 
 
 
After graphically checking for proportionality assumption, splenomegaly did not meet 

the assumption, thus, we stratified the model by splenomegaly. 

N=103 
P=0.115 

  

 

Predictors 

Overall survival  

p-value HR 95% CI 

Gender (male) 0.58 0.18 – 1.83 0.354 

Log (WBC count at diagnosis * 

103) 

1.37 0.59 – 3.15 0.464 

Delay in diagnosis (≥30 days) 3.23 1.02 – 10.20  0.045* 

Stratified by splenomegaly 

HR = Hazard ration 
CI = Confidence interval 
WBC = White blood cell 
 

 

Test of proportional-hazard assumption 
 

 

Predictors 

 

p-value 

Gender (male) 0.201 

Log (WBC count at diagnosis * 

103) 

0.243 

Delay in diagnosis (≥30 days) 0.161 

Global test 0.198 

WBC = White blood cell 
 

 

Akaike's information criterion  
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Obs ll (null) ll (model) df AIC 

103 -56.53 -53.57 3 121.05 

Obs = Observations 
ll = log likelihood 
df = degree of freedom 
AIC = Akaike's information criterion 
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Appendix 3. Post-hoc power analysis (STATA output) 
 

 

. stpower logrank, n(112) hratio(0.64) nratio(0.4) 

 

Estimated power for two-sample comparison of survivor functions 

Log-rank test, Freedman method 

Ho: S1(t) = S2(t) 

 

Input parameters: 

 

      alpha =    0.0500  (two sided) 

     hratio =    0.6400 

          N =       112 

         p1 =    0.7143 

 

Estimated number of events and power: 

 

          E =       112 

      power =    0.4834 


