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ABSTRACT 
 
Aim: Treatment-related mortality during remission induction (also known as induction-related 
mortality) is a significant contributing factor to poor outcome of acute myeloid leukemia (AML) 
patients. This is true especially for resource limited countries where there is dearth of adequate 
supportive care. This study is carried to analyze the frequency of induction mortality in AML patients 
in Pakistan and the factors that contribute to it.      
Methodology: This descriptive case series was conducted in AML patients admitted in INMOL 
Hospital, Lahore from November 2017 to April 2018. 80 Patients aged 5-50 years of age with de-
novo AML were included in the study. Their progress over 28 days following start of induction 
chemotherapy, including complications experienced and the outcome at end of 28 days was 
observed. All patients received prophylactic anti-fungal therapy as part of supportive care. 
Results: The progress and outcomes of 80 patients were analyzed including 8 patients less than 15 
years of age and 4 patients of acute promyelocytic leukemia. The induction-related mortality was 
27.5% (n=22). Of the patients alive at the end of 28 days of start of induction, 38 achieved complete 
morphological remission (65.5%). Poor performance status was associated with higher induction 
mortality (P = .01). The cause of death in 90% of the patients was sepsis and fulminant infections.  
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Conclusion: The frequency of induction mortality in our population was 27.5%. This is a 
significantly high number when compared with data from the developed resource abundant 
countries. Thus it highlights the importance of allocation of increased resources to provide adequate 
supportive measures and infection control for this population. 
 

 
Keywords: Acute myeloid leukemia; induction-related mortality; performance status; supportive care; 

resource-limited countries. 
 

ABBREVIATIONS 
 
1. AML: Acute myeloid leukemia 
2. APML: Acute promyelocytic leukemia 
3. ASCO: American Society of Clinical 

Oncology 
4. ATRA: All Trans Retinoic Acid 
5. CN-AML: Cytogenetically Normal Acute 

Myeloid Leukemia  
6. CR: Complete Remission 
7. ECOG: Eastern Cooperative Oncology 

Group 
8. HEPA: High-Efficiency Particulate Air 
9. IDSA: Infectious Diseases Society of 

America 
10. INMOL: Institute of Nuclear Medicine and 

Oncology Lahore 
11. MD Anderson: Monroe Dunaway Anderson 
12. MRC: Medical Research Council 
13. NCCN: National Comprehensive Cancer 

Network 
14. SPSS21: Statistical Package for the Social 

Sciences Version 21 
15. SWOG: Southwestern Oncology Group 
16. TLS: Tumor lysis syndrome 
17. WBC: White blood cell 
18. WHO: World Health Organization 
 

1. INTRODUCTION 
 
Acute myeloid leukemia (AML) is a malignant 
proliferation of poorly differentiated myeloid blast 
cells in the marrow, peripheral blood and rarely 
other organs [1]. This results in fever, infections 
and signs and symptoms of bone marrow failure 
such as anemia and thrombocytopenia. The 
diagnosis of AML is established, when >20% of 
blasts of myeloid lineage are demonstrated in the 
blood or bone marrow, the lineage being 
confirmed by Multi-parameter Flowcytometry [2]. 
It is a genetically and molecularly heterogeneous 
disease, as reflected in the 11 distinct entities 
that compose the WHO classification [3]. 
 
Throughout the world, the incidence of AML has 
increased gradually in the past 28 years from 
63.84 × 10

3
 in 1990 to 119.57 × 10

3
 cases in 

2017 (an increase of 87.3%); with India, China 

and USA being the countries reporting the 
highest incidence [4]. The survival data of AML 
shows better outcome in the developed world 
(35-40%) as compared to the developing world 
(20-35%) [5]. This is due to the better health 
infrastructure, patient support facilities, improved 
nutrition and infection control in the developed 
world as compared to resource limited 
developing countries. Otherwise, the backbone 
of AML induction treatment (the 7+3 regime) has 
remained essentially the same globally in the 
past few decades. 
 
With the 7+3 chemotherapy regimen (Cytarabine 
and Daunorubicin), the complete remission rate 
is approximately 60–80% in younger patients and 
40–60% in elder patients [6]. However, the 
challenge in treating AML is not only to attain 
remission and cure with intense 
myelosuppressive chemotherapy but also to 
minimize treatment related mortality by adequate 
supportive care. Treatment related mortality, is 
an important cause of therapeutic failure in AML 
especially during induction, the most intensive 
treatment phase. It has been seen that the risk of 
death is maximum in the first four weeks 
following start of chemotherapy (the induction 
mortality) and declines rapidly thereafter [7]. This 
is due to high disease burden, treatment related 
cytopenias and increase incidence of infections 
during this phase [8].  In children, even though 
AML accounts for 15-20% of childhood 
leukemias, it causes more than half of the 
disease-related deaths primarily because of 
treatment related toxicity and mortality [9]. 
 
To identify the high risk patients who are 
particularly prone to death during induction, 
several scoring systems have been formulated. 
These have identified factors contributing to 
increased induction mortality and include age, 
performance status, complete blood count 
parameters, metabolic factors and peripheral 
blood blast percentage [10,11]. 
 
There is a significant difference in the induction 
mortality in the resource abundant and the 
resource limited countries. Studies conducted in 
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the United States demonstrate an induction 
mortality of <5% [7,12]. On the contrary, India 
has a mortality rate of about 15%-20% [13,14]. In 
Pakistan the data related to incidence and 
mortality of this disease is scarce, with one study 
dating back in 2002 showing induction mortality 
of 29.1% [15], and one in 2007 showed induction 
mortality as high as 50% [16]. Another study in 
pediatric age group in the year 2020 showed a 
mortality of 19.2% [17].  
 
In this study we aim to identify the frequency of 
induction mortality in Pakistan in the current 
decade and the associated factors. A wider 
spectrum of Pakistani population, with varied 
socio-cultural, economic and ethnic backgrounds 
and a wider age group including both adults and 
children having treatment in a specialized cancer 
center will be studied. This will help identify the 
burden of mortality during induction of AML, and 
to help allocate appropriate health-care 
resources towards the higher-risk individuals 
suffering from this disease in our resource limited 
country. 
 

2. MATERIALS AND METHODS 
 
In this descriptive case series, data was collected 
in a predesigned proforma of all patients of Acute 
Myeloid Leukemia enrolled from 1

st
 November 

2017 to 30th April 2018 in the Hem-oncology 
wards of INMOL Hospital Lahore. This data 
included demographic details of patients, 
baseline disease characteristics and laboratory 
parameters, course and complications that 
occurred during induction, the outcome and 
remission status at the end of induction. 
Collected data was entered in SPSS 21 and 
analyzed for description and results.  
 
Quantitative variables i.e. age and duration of 
illness were measured as mean, median and 
standard deviation while qualitative variables i.e. 
gender, cytogenetic data and induction-related 
mortality were described as frequency and 
percentages. Patients were stratified in the 
favorable, intermediate and adverse risk groups 
according to cytogenetics status [3], and were 
also categorized according to age, gender, 
baseline white blood cell (WBC) count on 
presentation and ECOG status [18]. Groups were 
compared by using the chi square test taking P 
value ≤ .05 as significant. The primary outcome 
measure was the frequency of induction related 
mortality and its association with age, 
cytogenetics, performance status, white blood 
cell count, serum bilirubin and serum creatinine. 

The secondary outcome measure was the 
frequency of complete remission and induction 
failure in patients alive at the end of induction 
period. 
 
All patients aged 5-50yrs, diagnosed with AML 
on bone marrow biopsy and flow-cytometry and 
who gave informed consent to be part of the 
study were included. Informed consent was 
obtained from both parents in patients whose 
age was less than 18 years. The age criteria set 
was in accordance with the institutional selection 
criteria for admission and treatment of AML 
patients. Also, the majority of AML patients in 
Pakistan fall below the 50yrs age bracket unlike 
the west. Those with relapsed disease, 
secondary AML, ECOG status >3 and those who 
left the hospital against medical advice before 
the completion of 28 days following start of 
induction were excluded from the study.  
 
Induction mortality was defined as death within 
28 days of start of induction chemotherapy due 
to complications related to AML [10]. Complete 
Remission was defined in patients who were 
alive at the end of 28 days and having < 5% 
blasts in the bone marrow biopsy on morphology. 
These patients had no extramedullary       
disease, had neutrophils ≥ 1,000/µL, platelets     
≥ 100,000/µL and were transfusion independent 
[6]. 
 

2.1 Treatment Protocol 
 
Patients were categorized according to age. 
Patients who were less than 15 years of age 
received ADE chemotherapy according to the 
Medical Research Council (MRC)-17 pediatric 
version (containing Daunorubicin 50 mg/m

2
/day 

on day 1, 3 and 5; Cytarabine 100 mg/m
2
/dose 

twice daily day 1–10 and Etoposide 100 
mg/m

2
/day on day 1–5). Patients above 15 years 

of age received the ‘7+3’ Regime for induction 
chemotherapy. This included Cytarabine in a 
dose of 200mg/m

2
 from day 1-7 and 

Daunorubicin 60mg/m2 on Day 1, 3 and 5. 
Patients diagnosed with Acute Promyelocytic 
leukemia (APML) were started with capsule 
ATRA (all trans retinoic acid) before induction 
chemotherapy and continued throughout 
induction and consolidation till evidence of 
hematological and clinical remission were 
obtained. The patients of APML that were of high 
risk category received the European APML 
Regime (ATRA + Daunorubicin + Cytarabine) 
and those with intermediate to low risk disease 
received Arsenic Trioxide (ATO) and ATRA. 
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2.2 Supportive Care 
 
Patients remained admitted in the inpatient 
facility throughout the induction period where 
supportive care was given and management of 
complications were done. Only about one third of 
the patients could benefit from a single HEPA 
filter in the facility. Platelets were transfused in 
case of bleeding or when platelet counts dropped 
to < 10 x 10

9
/L (< 20 x 10

9
/L in case of APML or 

febrile patients). Packed red cell concentrates 
were transfused in case the hemoglobin dropped 
below 8 g/dl.  All patients received prophylactic 
antifungal treatment in the form of fluconazole or 
itraconazole. However colony stimulating factors 
were strictly avoided. Fever in neutropenic 
patients was defined as a single oral temperature 
of ≥ 38.3°C (101°F) or a temperature of ≥ 38.0°C 
(100.4°F) sustained over a 1-hour period [19]. 
Institutional guidelines were followed for 
treatment of febrile neutropenia. These 
guidelines were generated by taking guidance 
from IDSA and ASCO guidelines and also 
considering the availability of hospital resources. 
First line treatment choice was fourth    
generation cephalosporin and amikacin              
or meropenem. If fever continued beyond 48 
hours Piperacillin-Tazobactam was given. Anti-
fungal treatment in the form of Amphotericin B 
was added empirically if fever continued     
beyond 96 hours or in case of strong suspicion of 
fungal infection. In case of suspected or      
proven venous line infection vancomycin was 
added.   
 

3. RESULTS 
 

Among the AML patients admitted in the Hem-
oncology wards of INMOL Hospital for treatment, 
92 fulfilled the inclusion criteria. Of these patients, 
12 did not receive induction chemotherapy, either 
because of death before induction could be 
started, or because patients left treatment due to 
financial constraints. These were excluded from 
the study. 80 patients were finalized for the study 
in accordance with the selection criteria. 
 

Among these 80 patients 52 (65%) were male 
and 28 (35%) females. Their baseline 
characteristics are described in Table 1. The 
median age was 32 years. 8 patients were less 
than 15 years old (10%) and given ADE 
chemotherapy regime. The patients of AML ≥15 
years of age received 7+3 induction therapy. All 
patients had undergone bone marrow 
cytogenetics and FLT3 testing by PCR (Table 2). 
The four (5%) patients diagnosed with APML 

were all adults (>15 years of age) and their 
diagnosis was confirmed by cytogenetics and/or 
molecular genetics. Only one patient of high risk 
APML had CSF cytology sent, which came out 
negative. The remaining 3 patients of APL were 
of intermediate risk category. 
 

Patients were categorized according to 
performance status, WBC count and 
Cytogenetics. ECOG categorization of 
performance status was used. Majority i.e. 50 
patients (62.5%) were of ECOG 2; 7 (8.8%) were 
of ECOG 1 and 23 (28.8%) were of ECOG 3. 
56% of the patients had WBC count greater than 
10,000/mm3. Regarding biochemical parameters, 
the majority had normal liver function tests, renal 
function tests and serum electrolytes. Only 2 
patients had raised serum bilirubin and 15 
patients had raised serum creatinine. Among the 
patients enrolled, 4 presented with tumor lysis 
syndrome (TLS) and chemotherapy was delayed 
till resolution of TLS. 
 

Risk stratification was done on the basis of 
cytogenetics in accordance with NCCN 
guidelines. Majority patients (52; 65%) had 
intermediate risk cytogenetics while only 16.2% 
(13 patients) had favorable cytogenetics. 6% of 
the population was FLT3 positive (extremely poor 
prognosis). The cytogenetic and molecular 
abnormalities identified are mentioned in detail in 
Table 2.  
 
Regarding primary outcome measure, 22 
patients died within 28 days of start of induction 
chemotherapy (induction mortality: 27.5%) (Table 
3). Of the patients that were alive, 38 achieved 
complete remission (CR) confirmed by bone 
marrow biopsy (CR: 65.5% of alive patients). The 
remaining were in induction failure. All 4 patients 
of APML were alive at the end of induction and in 
CR. The cause of death in 20 out of 22 patients 
was fulminant infections leading to sepsis (Table 
3). Only 2 patients died of uncontrolled 
hemorrhage. Of the patients dying of sepsis, 
75% (n=15) had developed pneumonia and 
related pulmonary complications before death; 3 
had neutropenic enterocolitis and in 2 patients no 
source of infection could be identified.  
 
71% of patients had ECOG ≤ 2, while 29% of 
patients had ECOG 3. ECOG 3 was associated 
with higher induction mortality (P = .01) when 
compared with patients having ECOG ≤ 2. Thus 
performance status was the most significant 
factor influencing induction mortality (Fig. 1). Age 
was not associated with higher induction 
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mortality (P = .23). Similarly WBC count, 
cytogenetics and biochemical parameters 
(creatinine and bilirubin) had no significant 
association with induction mortality (P >.05 for all 

these parameters) (data not shown). More over 
cytogenetics did not influence the probability of 
achieving remission in the patients alive at the 
end of induction period (P = .80) (Fig. 2).   

  
Table 1. Baseline characteristics of acute myeloid leukemia patients 

 
Baseline Characteristics n (%) 
Age ≤ 15 years 8 (10%) 
 > 15 years 72 (90%) 
Gender Male 52 (65%) 
 Female 28 (35%) 
AML vs APML AML 76 (95%) 
 APML 4 (4%) 
White blood cell count (WBC) at 
presentation (cells/mm3) 

> 10,000 45 (56%) 
4000-10,000 20 (25%) 
< 4000 15 (19%) 

Creatinine (μmol/L) Normal 65 (81.3%) 
Raised 15 (18.7%) 

Bilirubin (μmol/L) Normal  78 (97.5%) 
Raised 2 (2.5%) 

ECOG Status 1 7 (8.8%) 
2 50 (62.5%) 
3 23 (28.8%) 

Cytogenetics Favorable 13 (16.2%) 
Intermediate 52 (65.0%) 
Adverse 15 (18.8%) 

Treatment Protocol Given (Regime) MRC-17 8 (10%) 
7+3 68 (85%) 
European APML 1 (1%) 
ATO + ATRA 3 (4%) 

 
Table 2. Cytogenetic/ molecular abnormalities detected in study population 

 

Cytogenetic/Molecular Abnormality n (%) 

CN-AML
a
 (Intermediate Risk) 49 (61.3%) 

CN-AMLa with FLT3 Positivity (Adverse) 5 (6.0%) 

t(15;17) (APML) (Favorable) 4 (5.0%) 

t(8;21) (Favorable) 6 (7.5%) 

Trisomy 8 (Adverse) 5 (6.0%) 

Monosomy 7 (Adverse) 3 (3.8%) 

Inversion 16 (Favorable) 3 (3.8%) 

Complex cytogenetics (Adverse) 2 (2.5%) 

Others
b 

3 (3.8%) 
Notes: 

a
 CN-AML: Cytogenetically Normal Acute Myeloid Leukemia 

b 
Other cytogenetic abnormalities include: del (5), trisomy 11, t (5;6) 

 
Table 3. Outcome at the End of Induction Period: Induction-related mortality and Frequency of 

Complete Remission 
 

Outcome n  TOTAL: n (%) 

Alive Complete Remission 38 58 (72.50%) 

Induction Failure 20 

Dead Sepsis/ Infections 20 22 (27.50%) 

Hemorrhage 2 



 
Fig. 1. Association Of Performance Status With Induction Mortality

(ECOG 3) was associated with higher induction mortality (
 

 
Fig. 2. Impact of Cytogenetics on Remission Status
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4. DISCUSSION 
 
This study describes the frequency of induction 
mortality in AML in a specialized cancer center in 
Pakistan, where standard of care treatment is 
being offered in a subsidized manner. Acute 
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Performance Status With Induction Mortality. Poor performance status 
(ECOG 3) was associated with higher induction mortality (P =.01) 

Impact of Cytogenetics on Remission Status. Cytogenetics had no statistically 
significant association with frequency of complete remission (P = 0.80)

This study describes the frequency of induction 
mortality in AML in a specialized cancer center in 
Pakistan, where standard of care treatment is 
being offered in a subsidized manner. Acute 
myeloid leukemia is especially notorious for its 

dismal outcome, high induction mortality and 
high relapse rate. The primary goal of this small 
cases series was to underline the challenges 
faced in the treatment of acute leukemia mainly 
during the induction course and recognize 
induction outcomes for all recorded cases. I
Pakistan no formal cancer registry exists to 
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record its mortality, morbidity and outcomes. 
Very few studies have been conducted to 
determine the induction mortality in AML in our 
population, and to the best of our knowledge this 
is the only study till date which covers a subset of 
both the pediatric and adult population.  
 

A 2002 study by Kakepoto et al. demonstrated 
induction mortality of 29.1% in 55 patients who 
received treatment in a private hospital [15]. In 
the patients alive at the end of induction period 
65.4% achieved CR. This is comparable to the 
results of our study where induction mortality is 
27.5% and CR rate is 65.5%. However, it also 
reflects that there has been hardly any 
improvement in the outcomes of AML patients in 
our country in almost 16 years. A similar study 
which aimed to assess the outcomes of AML in 
Pakistan reported induction mortality as high as 
50% [16].  Unlike Pakistan, the west has shown 
significant improvement in rates of induction 
mortality, as is evident from data from MD 
Anderson and SWOG [20]. In these centers the 
induction mortality declined from 16-18% in the 
1990s to 3-4% in the late 2000s.  
 

Induction mortality is a significant challenge in 
low and middle income countries (LMICs). This is 
because of delayed presentation, higher disease 
burden, baseline infections, higher rates of 
resistant infections and social and financial 
constraints. It is evident from data that when 
treating patients of AML, around 85% of cost is 
spent on providing adequate supportive care to 
the patients [21]. Many patients simply refuse 
treatment due to financial constraints, lack of 
social support and logistic issues.  The outcomes 
of Pakistan are comparable with that of India 
(mortality ranging from 15-25%) [5, 13, 14] and 
other resource limited countries [22]. The 
majority of the deaths (90%) in our study were 
due to infectious complications and sepsis. The 
same is true for other resource limited countries 
where MDR gram negative sepsis and invasive 
fungal infections are a significant cause of 
mortality and morbidity [23, 24]. All our patients 
received antifungal prophylaxis in the form of 
itraconazole or fluconazole as per resource 
availability. Voriconazole despite having a better 
anti-fungal spectrum was not available for 
primary prophylaxis [25]. Also majority patients 
couldn’t avail the facility of HEPA filter which has 
a possible role in decreasing frequency of fungal 
infections [26]. It has also been observed that the 
presence of baseline infections significantly 
increase mortality during induction as compared 
to in those patients where no baseline infections 

were detected [27]. However, this aspect was not 
studied in our population.  
 
In the patients aged less than 15 years, 50% 
(n=4) died during the first four weeks of the start 
of treatment. Even considering this very small 
cohort our results are comparable with other 
LMICs [28]. It has been seen that late 
presentation, malnutrition and high treatment 
related mortality result in reduced survival rates 
of childhood AML in Pakistan [29]. In         
contrast, the resource‐rich countries have a 
mortality of around 2-5% in the recent years    
[30]. The poor risk old aged population           
(>50 years) were altogether excluded from our 
study.  
 
Regarding the various prognostic factors 
effecting mortality, only performance status had a 
statistically significant impact on induction 
mortality. Other characteristics were also studied 
including age, WBC count, creatinine and 
bilirubin, but none had any statistically significant 
association with mortality. International data also 
reveals that the most important factor influencing 
induction mortality is performance status, even 
more so then age [10]. A wider cohort and 
prospective trials might help in validating the 
various treatment-related mortality scores in our 
population.  
  
The major limitation of our study was that the 
organisms involved were not studied, and 
cultures and antibiotic sensitivities were not 
analyzed. This was primarily because culture 
sensitivity testing had to be outsourced and 
majority of the patients couldn’t afford its cost. 
Newer antifungals and antivirals are not easily 
available as these drugs are not registered in our 
country and those that are available are not 
affordable for everyone [31]. Therefore, it would 
had been appropriate to identify the culprit 
organisms and their antibiotic sensitivity patterns 
so that resources could be targeted towards 
obtaining those specific antibiotics and 
antifungals. This is an important aspect of 
supportive care considering that 90% of our 
patients died due to infection-related 
complications. Moreover, the cohort of APML 
patients was very small to adequately represent 
the mortality risks in these patients.             
However, the study did highlight how far behind 
we are in providing adequate supportive 
measures for our population at risk despite 
providing standard of care chemotherapeutic 
agents. 
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5. CONCLUSION 
 

We conclude that infection is the leading cause 
of death in the first 28 days following start of AML 
treatment. Poor performance status significantly 
enhances risk of acquiring fatal infections and 
contribute to increased induction mortality. The 
identification of culprit organisms and targeted 
therapy against them along with better infection 
control and supportive measures is paramount in 
reducing mortality and improving outcome of 
AML patients.   
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