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Introduction: More than 85% of childhood malignancies occur in developing countries with less than a 30% cure rate as opposed to
more than 80% cure rate in developed countries. This disproportionately significant difference might be due to delays in diagnosis,
treatment initiation, lack of adequate supportive care, and treatment abandonment. We aimed to determine the impact of overall
treatment delay on induction mortality of children with acute lymphoblastic leukemia treated at Tikur Anbessa specialized hospital
(TASH).

Methods: A cross-sectional study was conducted among children who were treated from 2016 to 2019. Children with Down
syndrome and relapsed leukemia were excluded from this study.

Results: A total of 166 children were included; most patients were males (71.7%). The mean age at diagnosis was 5.9 years. The
median time interval from the onset of symptoms to the first TASH visit was 30 days and the median period from TASH’s first clinic
visit to diagnosis was 11 days. The median time to initiate chemotherapy after diagnosis was 8 days. The total median time from the
first onset of symptoms to chemotherapy initiation was 53.5 days. Induction mortality was 31.3%. High-risk ALL and patients with an
overall delay between 30 and 90 days were more likely to experience induction mortality.

Discussion: Patient and healthcare system delay is high compared to most studies done and a significant association has been noted
with induction mortality. Efforts to expand the pediatric oncology service in the country and efficient diagnostic and treatment
approach need to be established to reduce mortality associated with overall delay.
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Introduction

Cancer is a public health, social and economic threat. More than 85% of worldwide childhood cancers are diagnosed in
low- and middle-income countries (LMICs) such as Ethiopia.' Despite a 65% decline in childhood cancer mortality from
1970 to 2016, cancer remains the leading cause of childhood death. The cure rate for childhood cancer in high-income
countries has reached more than 80% but remains <30% in LMICs.*"

Acute lymphoblastic leukemia (ALL) is the most common cancer in children and adolescents and accounts for more
than 26% of all childhood cancers in the U.S.,* and 30% in Europe and LMICs.>® The 5-year survival rate of childhood
ALL among high-income countries is >90%, but it remains low in LMICs ranging from 40% to 70%.”® This
disproportionately low cure rate in LMICs is because of presentation at an advanced stage due to delays in presentation
and/or limited access to care, inadequate and/or lack of supportive care such as antibiotics, and a high rate of treatment
abandonment.”’

There is increasing attention within health care on the issue of waiting times and the potential effect of these waiting
times on outcomes. Even though there is no universal agreement on the specific duration in the definition of delays, the
literature defines delays as more than 30 days from the onset of symptoms to initial treatment.'”
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Generally, “delay” is broadly classified into patient delay (from the onset of symptoms to first healthcare visit) and
healthcare system delay which is further sub-classified as diagnosis delay (from initial healthcare visit to confirmed
diagnosis) and treatment delay (from confirmed diagnosis to treatment initiation). There are controversies regarding the
impact of delay in diagnosis and initiation of treatment on survival rate among patients treated for ALL.'%'2

Hence, this study aimed to describe the delay in treating children with ALL and to determine the impact on the early
survival of these children. Early (induction mortality) is defined as death occurring within 42 days of initiation of
induction treatment.'®> !¢ Hence findings from this study might lay the foundation for possible ways to decrease the delay

in diagnosis and treatment initiation.

Study Setting and Design

The study was conducted at TASH where the country’s first and biggest dedicated pediatric oncology center is housed.
The pediatric oncology-hematology unit of TASH has 39 beds for inpatient service and a separate outpatient clinic for
ambulatory patients. On average, up to 500-600 new childhood cancer patients have enrolled annually. This study was
conducted using a hospital-based cross-sectional study from March 1 to August 31, 2019.

Eligibility Criteria and Data Collection

All pediatric ALL patients (under the age of 14 years old) whose diagnosis was confirmed morphologically from 2016 to
2019 were included in the study. Patients with relapse, Down syndrome, and incomplete medical records were excluded
from the study.

As we do not routinely do flow cytometry or cytogenetics for immunophenotyping and risk assessments, we classify
ALL patients as standard and high-risk patients based on the 1993 NCI risk classification., Those patients with WBC less
than 50,000/uL and ages between 1 year and less than 10 years are treated as standard risk ALL.'® The rest including
CNS positive are treated as high risk with four drugs regimen containing prednisolone, vincristine, L-asparaginase,
doxorubicin, and intrathecal methotrexate. For CNS positive we add intrathecal cytarabine and hydrocortisone. For
patients with standard-risk ALL, we omit doxorubicin.

A structured questionnaire was developed by reviewing similar studies'® "

to collect the data from the patient’s
medical record. Trained final-year medical interns under close supervision of the principal investigator and collected data
retrospectively.

Phone contact was used to extract sociodemographic data that was not available in the medical record. Measurements
and responses were crosschecked for missed values, irregularities, inconsistencies, and corrective measures were taken as

required.

Statistical Methods

Data were cleaned and coded before being entered and analyzed using Statistical Package for Social Sciences (SPSS)
version 25. Descriptive statistics such as frequency, percentage, mean, and median with interquartile range (IQR) were
used to summarize the data. Median with IQR was used to summarize patient and healthcare system delay times since the
delay times were not normally distributed. Logistic regression was used to determine factors associated with induction
mortality and delay in diagnosis. The multivariate logistic regression analysis included all variables that showed
a significance level <0.2 in the univariate analysis.

Ethical Considerations

Ethical clearance was obtained from the Pediatrics and Child Health Department’s Research and Publications Committee of
the School of Medicine, College of Health Sciences, and Addis Ababa University. Privacy and confidentiality of collected
information were ensured at all levels using de-identification, password-protected computers, and storing of questionnaires in

a lockable cabinet. Informed consent was done in accordance with the current revision of the Declaration of Helsinki.
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Results

Clinical Characteristics

A total of 166 children were included in this study. The majority of the patients were males (71.1%). The mean age at
diagnosis was 5.9 (£ 3.1) years and 81.9% were below 10 years of age. As shown in Table 1, the most common
presenting symptoms were fatigue (42.4%), fever (40.4%), and neck swelling (19.6%). Of those 79 patients with
complete weight and height information, 16.5% had severe wasting. The respective median white blood cell count,
hemoglobin, platelet count, and lactate dehydrogenase levels at presentation were 17,400/mm3(IQR: 5500—76,000/mm3),
7.0 g/dl (IQR:5.18.8 g/dl), 27,000/mm3(IQR:27-59,300/mm3 and 1070 (IQR: 633-1742). About 83.7% of patients were
diagnosed and treated for neutropenic fever during the induction period.

Fifty-two of the 166 children (31.3%) died during the induction period.

Delay in Diagnosis and Induction Chemotherapy Initiation

The median time interval from the onset of symptoms to the initiation of chemotherapy (overall delay), from arrival to
TASH to confirmed diagnosis (diagnosis delay), and confirmed diagnosis to chemotherapy initiation (treatment delay)
was 53.5 days (IQR: 38-93.5 days), 11 days (IQR: 7—17 days) and 8.5 days (IQR: 3—13 days), respectively. Only 13.3%
(n = 22) of patients started treatment within 30 days of symptom onset.

Causes of Delay
Patients coming from outside of Addis Ababa town and repeated bone marrow procedures were associated with patient
delay and diagnostic delay, respectively (Table 2 and Table 3).

Induction Mortality vs Overall Treatment Delay

As shown in Figure 1, children whose overall treatment delay was less than 30 days had a statistically significantly
improved survival (86.4%) compared to those children whose overall treatment delay was 30-120 days (60%)
(p=0.02). Similarly, survival in children with a delay of >120 days was better than in the 30-120-day delay group.
As shown in Table 4, there were no statistically significant differences among the different groups of patients regarding
overall treatment delay.

Table | Clinical Characteristics of Children Diagnosed with ALL at Presentation

Variable, N=166 N (%)

Presenting symptoms, denominator =166 Fatigue 70(42.4)
Fever 67(40.4)
Neck swelling 32(19.3)
Epistaxis 24(14.5)
Cough 19 (11.4)
Bone pain 14(8.4)
Abdominal swelling 9(5.4)
Shortness of breath 6(3.6)

Weight for height (WFH) for the 79 patients | Normal 58(73.4)
Moderate 8(10.1)
Severe 13(16.5)

(Continued)
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Table | (Continued).

Variable, N=166 N (%)
White blood cell counts: <4 x 10°counts/mm> 33 (19.9)
Median:17.4 x 10°counts/mm? 4-49.9 x 10°counts/mm? 81(48.8)
IQR: 5.5-76 x 103counts/mm® 250 x 10*counts/mm? 52(31.3)
Hemoglobin <7 g/l 76(45.8)
Median: 7.0 g/dI 7-10 g/dl 63(38.0)
IQR: 5.1-8.8 g/dI >10 g/dl 27(16.3)
Platelet count <20k 58 (34.9)
Median: 27x |10°counts/mm® 20-150k 108 (59.1)
IQR: 27 —59.3 x 103counts/mm? >150k 11 (6.0)
Lactate dehydrogenase level <1000 61(36.7)
Median: 1070; IQR: 633—1742 =100 105(63.3)
Acute Lymphoblastic Leukemia Risk status Standard risk 94(56.6)
High risk 72(43.4)

Frequency of Bone Marrow Once 110(66.3)
Twice 38(22.9)

= Three times 18(10.8)
Neutropenic fever Yes 139 (83.7)
No 27(16.3)
Induction treatment outcome among the Alive 114 (68.7)
retrieved charts (<30 days from diagnosis) Died 520313)

Predictors of Induction Mortality

As shown in Table 5, after univariate logistic regression analysis, and screening for multivariable binary logistic
regression, only 10 variables (one continuous variable is age in years at diagnosis and nine categorical variables) were
included in the final model. In the final multivariable logistic regression model, only ALL risk status and diagnosis delay
were significantly associated with induction mortality.

After controlling all possible confounding variables, patients diagnosed with high-risk ALL were nearly four times
(AOR: 3.63; 95% CI: 1.11-12.30, p-value=0.039) more likely to experience induction mortality compared to standard-
risk ALL patients. Patients with an overall delay between 30 and 60 days and 61-90 days were 3.96 times (AOR: 3.96;
95% CI: 1.06—-14.88; p-value=0.041) and 5.44 times (AOR: 5.44; 95% CI: 1.31-22.58; p value=0.020) more likely to die
compared to patients with <30 days of overall delay.

Discussion

Delay in diagnosis and treatment has been described in many studies, with variable results according to the type of cancer studied.
Generally, acute leukemia is diagnosed quickly compared to other pediatric cancers. This could be secondary to the early
presentation of symptoms within the disease course. Our study had include 166 patients, included in the study and 71.1% of the
patients were male. This finding is consistent across many studies. Reasons underlying sex differences in childhood ALL risk are
still unknown, as it has not been extensively evaluated. But underlying genetic differences might have played a role.'” The median
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Table 2 Association Between Patients’ Sociodemographic Status and Patient Delay

Variable Patient Delay
</30 >30
Count | Row N % | Count | Row N %
Age </I | 20.0% 4 80.0% 0.075
1-10 72 54.5% 60 45.5%
>/10 10 35.7% 18 64.3%
Sex m 55 46.6% 63 53.4% 0.133
f 28 59.6% 19 40.4%
Order | 14 53.8% 12 46.2% 0.814
2 16 57.1% 12 42.9%
3 12 44.4% 15 55.6%
More 16 51.6% 15 48.4%
Address AA 12 60.0% 8 40.0% 0918
Outside of Addis Ababa 46 31.5% 100 68.4 0.02
Care giver Mother 5 55.6% 4 44.4% 0.850
Father | 50.0% | 50.0%
Both 32 49.2% 33 50.8%
Relative 2 50.0% 2 50.0%
Marital status Married 34 47.9% 37 52.1% 0.677
Divorce 4 66.7% 2 33.3%
Widow | 50.0% | 50.0%
llliterate 6 40.0% 9 60.0% 0.892
Mother’s level of Read/write | 33.3% 2 66.7%
education Primary 8 53.3% 7 46.7%
Secondary 10 52.6% 9 47.4%
College 7 53.8% 6 46.2%
Father’s level of education | llliterate 2 66.7% | 33.3% 0.759
Read/write 3 42.9% 4 57.1%
Primary 5 45.5% 6 54.5%
Secondary | 25.0% 3 75.0%
College 7 58.3% 5 41.7%

time interval from the onset of symptoms to the initiation of chemotherapy was 53.5 days. Compared to studies done in Brazil,'’
Nicaragua,'' Bangladesh,'® Mexico,? and Nigeria (Enugu),>' where the median overall delay lies between 30 and 35 days, our
results showed greater delay. But it is comparable to studies done in Nigeria (Ibadan),** and Kenya.>* As our hospital spans a large
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Table 3 Association Between the Number of Bone Marrow Aspiration

Procedures and Diagnosis Delay

Frequency | N Mean 95% Confidence Interval for Sig.
Mean
Lower Bound | Upper Bound
Ix 99 | 11.5354 9.3997 13.6710 | 0.000
2x 37 | 19.9730 10.4333 29.5126
>[3x 17 | 43.0588 23.3145 62.8031

catchment area and is the major comprehensive cancer treatment center for the nation, longer travel time and the large volume of
patients might have contributed to the longer overall delay compared to those studies showing less lag time.

The place of residence outside Addis Ababa showed a significant association with overall delay. But other variables
such as age, sex, birth order, marital status, and types of major presenting symptoms showed no associations. Similar
results had been reported in Bangladesh'® and Botswana® but a positive association has been depicted in those studies
done in Iraq,25 Brazil,'° and Central America.'®

Healthcare system delays were further subclassified as diagnostic and treatment delays in our study. Our median
diagnostic and treatment delay was 11 and 8.5 days, respectively. Compared to a study done in Egypt,*® our diagnosis
and India."? It is

a challenge to compare our data with other studies regarding diagnostic delay as they defined “diagnosis delay” as the

delay is comparable, but the median treatment delay is longer than studies done in Egypt,?® Canada,’
time from any first healthcare contact to cancer diagnosis; however, we defined it as the time interval to establish
a diagnosis after the child has reached our cancer treatment facility. In addition, as it is a retrospective study, collecting
data regarding the first healthcare contact was not possible.

The number of bone marrow aspiration procedures required to confirm the diagnosis is strongly associated with diagnosis
delay. In our study, more than 1/3 of our patients required a BMA procedure more than once. Those patients who required bone
marrow aspiration procedures 3 or more times were four times more likely to have a diagnosis delay compared to those who had
once. Although the reason for doing repeated bone marrow aspirations was not addressed in this study, inconclusive results have
been frequently noted in the pathologist’s report. Techniques of the procedure, inadequate experience as it is done by residents,

100.0%
p- valuc 0.02

Lhnil

<30 days 30-60 days 60-90 days 90-120 days >120 days
86.4% 62.9% 56.3% 62.5% 88.5%
13.6% 37.1% 43.7% 37.5% 11.5%

90.0%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%
0.0%
m Alive

M Death

Figure | Association between overall treatment delay and survival status of patients at the end of induction treatment.
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Table 4 Patient Characteristics Among the Subgroup with Overall Treatment Delay

Overall Delay in Days p-value
<30 | 30-60 | 61-90 | 91-120 | >120

Weight for height (WFH) for the 79 patients | Normal 9 24 10 7 8 0518
Moderate 0 4 3 0 |
Severe 2 3 2 2 4

White blood cell counts, counts/mm? <4 x 10° 6 8 6 9 0.168
4499 x 10° 7 26 19 8 I
250 x 10° 9 36 7 4 6

Platelet count <20k 6 25 9 7 I 0.661
20-150k 16 45 23 9 15

Lactate dehydrogenase level <1000 6 24 10 6 15 0.174
21000 16 46 22 10 I
High risk I 32 13 6 10

Frequency of Bone Marrow Once 16 51 19 7 17 0.149
Twice 3 17 8 5 5
2 Three times 3 2 5 4 4

Risk stratification Standard ] 38 19 10 16 0.89
High ] 32 13 6 10

Neutropenic fever Yes 18 59 24 15 23 0.482
No 4 I 8 | 3

Residence Addis Ababa 5 6 4 3 3 0.456
Out of Addis Ababa 17 64 28 13 23

quality of equipment, staining method, absence of appropriately sized needles for children below the age of 2 years, and patient
condition, are likely reasons why the procedure might have been done multiple times. And even for those who required only
a single bone marrow procedure once, a timely procedure could be difficult. There may have been delays because of the child’s
condition. In our experience, children with severe thrombocytopenia, severe anemia, and respiratory problems are not cleared by
anesthesia until deemed stable, thus resulting in further delays in diagnosis.

Another facet of health care system delay is a delay in starting treatment once the diagnosis is established. We found
that patients needed to wait a median of 8.5 days to start the treatment and 25% of the patients had to wait more than 13
days in the emergency room before admission to the ward to start chemotherapy. Although reasons for treatment delay
were not assessed in this study, we observed that most patients could not be admitted to the ward sooner because of a lack
of bed availability. Further studies should be done to explore reasons for treatment delay.

Induction mortality in this study is high compared to most studies done. Reports vary depending on the setting and
timing of the report. High-income countries report between 0.2% and 2% whereas low and middle-income countries
report between 10% and 30%. Our report was on the higher end (33%). Though our study did not investigate the causes
of death, high-risk patients died more frequently than standard-risk patients underscoring. The treatment-related mortality

of doxorubicin which is well-proven in many studies shifting their treatment approach towards three-drug regimens till
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Table 5 Predictors of Induction Mortality Among Ethiopian Children Treated for ALL

Variable End of Induction Treatment, n(%) | COR(95% CI) AOR(95% CI)
Alive Died
Age in years 1.08(0.91-1.20) 1.02(0.90-1.16)
Sex Female 35(30.7) 12(23.1) 1.00 1.00
Male 79(69.3) 40(76.9) 1.48(0.69-3.15) 1.54(0.64-3.75)
Nutritional status Normal 30 28 1.24(0.78-1.95) 1.3(0.6-01.1)
Malnourished 17 I 1.52(0.7-2.93) 1.7(0.5-2.03)
Residence From Addis Ababa 12(10.5) 9(17.3) 1.00 1.00
Out of Addis Ababa 102(89.5) 43(82.7) 0.56(0.22-1.43) | 0.34(0.11-1.03)
WBC count <4000 26(22.8) 7(9.6) 1.00 1.00
4000-50,000 54(47.4) 27(51.9) 1.86(0.72—4.82) 1.82(0.37-9.03)
>50,000 34(29.8) 18(34.6) 1.97(0.72-5.41) 2.56(0.73-9.05)
Platelet count <50,000 75(65.8) 42(80.7) 2.33(0.89-6.14) 2.52(0.88-7.22)
50,000-100,000 14(12.3) 4(7.7) 1.19(0.29-4.95) 1.40(0.31-6.35)
>100,000 25(21.9) 6(11.5) 1.00 1.00
Frequency of bone marrow aspiration | Once 73(64.0) 37(71.2) 1.00 1.00
Twice 26(22.8) 12(23.1) 0.91(0.41-2.00) | 0.86(0.36-2.07)
2Three times 15(13.2) 3(5.8) 0.40(0.11-1.45) | 0.40(0.09-1.69)
ALL risk status Standard risk 70(61.4) 24(46.2) 1.00 1.00
High risk 44(38.6) 28(53.8) 1.86(0.96-3.60) | 3.63(l.11-12.30)
Neutropenic fever No 20(17.5) 7(13.5) 1.00 1.00
Yes 94(82.5) 45(86.5) 1.37(0.54-3.47) 1.62(0.57-4.57)
Overall delays <30 days 19(86.4) 3(13.6) 1.00 1.00
30-60 days 44(62.9) 26(37.1) 3.74(1.01-13.88) | 3.96(1.06—14.88)
61-90 days 18(56.3) 14(43.7) 4.93(1.21-20.05) | 5.44(1.31-22.58)
91-120 days 10(52.5) 6(37.5) 3.80(0.78-18.51) | 4.26(0.86-21.22)
>120 days 23(88.5) 3(11.5) 0.83(0.15—4.58) | 0.89(0.16-5.01)

they improve their supportive care.'>**>* Most studies emphasized examining the duration of lag time with its

determinant factors.'”2® In our study, we also analyzed the impact of overall treatment delay on induction mortality.

We found an association between delay in diagnosis and treatment with early mortality of patients with ALL.

One exception to this is, that the mortality rate for children whose delay was >120 days was lower than for

shorter delays (30-120 days). One possible explanation is that these children may have had a more indolent

disease.

Kulkarni et al showed that survival probability decreased as a symptom-to-diagnosis interval increased.’® Julian

et al showed that those with a treatment delay >3 days after diagnosis had inferior overall survival and event-free
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survival.”” Mecneide et al found no association between overall delay and mortality. This study took 30 days as
a cut-off to define delay.'”

Agrawal et al showed that a delay of more than seven days after presentation to the hospital has no association
with worse outcomes.'? Wahl et al demonstrated a weekend delay in the initiation of chemotherapy showed an
increased trend of bacteremia and intensive care unit admissions but no impact on mortality or relapse.*® Most of
these studies looked at shorter delay time than we examined; hence that may explain why fewer noted increased
mortality with delay. Other studies of the impact of delay on mortality looked at mortality beyond the induction
period.***!

To strongly consider delay as a cause for early mortality, cytogenetics, immunophenotype, causes of death, and
course of the patient were not assessed. And how exactly delay is associated with increased mortality remains to be
proven. It is difficult to conclude the death is sole because of the delay as high-risk patients were more likely to die.
As the research is retrospective, it suffers from missing data. Most of this study’s clinical and laboratory findings are
initial values. Subsequent changes were not reflected. Therefore, we recommend a prospective study for further
analysis.

In conclusion, there is a strong association between overall delay and induction mortality. Some potential areas
of intervention can improve the delays associated with timely presentation and early initiation of treatment.
Education of provincial practicing physicians on signs and symptoms of acute leukemia, improvement in the process
of obtaining bone marrow samples, and working with the pathology team to determine how to improve diagnostic
quality of samples and with the hospital level to improve bed space and equipment availability will reduce the
overall treatment delay.
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