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ABSTRACT 
Introduction. Acute lymphoblastic leukemia (ALL) is the most common form of cancer in the pediatric popula-
tion (1). The survival rate has increased in recent years due to the continuous adjustment of therapeutic proto-
cols (2). Despite all the efforts made alongside the evolution of new therapeutic protocols, the treatment related 
mortality (TRM) is around 2-4% in the Western European countries (3,4).
Materials and methods. This retrospective is an analytical, observational and cohort-type study, the first of this 
kind in Romania, performed in a single pediatric hematology center, Clinical Institute Fundeni, between 2014 
and 2017. It assesses the incidence of global mortality, the incidence of mortality due to any cause other than 
progression of disease (NRM = Non Relapse Mortality) and the main cause of death in children diagnosed with 
ALL.
Results. We included 142 patients diagnosed between January 2014 and June 2017, with follow-up of 48 
months post-diagnosis. The overall mortality of the cohort is 10.5% (15/142). The mortality rate for any other 
cause except disease progression (NRM) is 7.04% (10/15). These ten patients, in molecular remission, have as 
main cause of death complications that occurred during treatment (TRM= treatment related mortality with / 
without IRM = infection related mortality). The study showed increased percentages of IRM 6.3%, over value of 
other studies, explaining and increasing also the value of NRM and also the value of global mortality; In contrast 
to TRM 2.1%, this being in the reference range (12,17,19,20). The most common cause of NRM was Clostridi-
um difficile infection (4/10).
Conclusion. There are important to note the high percentage of achievement of complete remission (98%) and 
impressive global survival at 4 years (89.4%).
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INTRODUCTION

Acute lymphoblastic leukaemia (ALL) is the 
most common form of cancer in children, being a 
condition characterized by malignant proliferation 
of lymphoid cells blocked in primitive differentia-
tion stages (1,2). The current incidence of the dis-

ease is increasing. In the United States the reported 
incidence is 41 to 1,000,000/year, i.e. 3,100 new 
cases in children annually, and in Europe it varies 
according to the geographic area approximately 
30/100,000/year in Eastern Europe and 40/100,000/
year in Western Europe (3,4).
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In 2016, the American Cancer Society estimated 
an incidence of 6,590 new cases of ALL with a 
mortality of 1,400 cases/year (5).

Some of the multiple etio-pathogenic factors 
quoted as being associated with a high risk of de-
veloping ALL are: familial predisposition, associ-
ated genetic pathology, race, sex and external fac-
tors such as exposure to chemicals, ionizing 
radiation, pollution, infections, etc. these ones be-
ing under constant investigation (6,7).

The significant increase of survival rates for pa-
tients with ALL from 10% in the 1970s to over 80% 
at present, without the use of new drugs, has dem-
onstrated the importance of including patients in 
randomized clinical trials that have allowed the 
permanent adaptation of therapeutic protocols to 
individual risk factors (9,10).

Increasing the performance of supportive treat-
ment correlate with the optimization of individual 
risk-adjusted chemotherapy protocols, the treat-
ment-related mortality (TRM) rate is around 2-4% 
in the Western European countries (11,12).

The multiple complications that may occur at 
the onset of the treatment are determined by both 
the pathology itself (complex blast proliferation 
with leukostasis) and complex chemotherapeutic 
treatment (secondary immunosuppression, infec-
tions, coagulation disorders, severe hydroelectro-
lytic and acido-basic, metabolic, neurological dis-
orders etc.) influencing the survival by increasing 
morbidity and mortality (13).

This study, the first of this kind in Romania, 
conducted in a single pediatric hematology centre, 
Fundeni Clinical Institute, between January 2014 
and June 2017, assesses the incidence of global 
mortality, the incidence of all-cause mortality other 
than dissease progression (NRM = Non-Relapse 
Mortality) and the leading cause of death in chil-
dren diagnosed with ALL.

MATERIALS AND METHODS

The study is an analytical, observational, retro-
spective, cohort-type study conducted at the Paedi-
atric Haematology Department of Fundeni Clinical 
Institute for a period of 4 years. There were includ-
ed patients whose cause of death was other than 
disease progression (NRM = Non-Relapse Mortal-
ity).

Patients diagnosed were classified in risk groups 
and monitored according to the ALL-BFM 2009 
protocol, with the indication that L-asparaginase 
was administered instead of PEG-L-asparaginase, 
unavailable in Romania.

The diagnostic algorithm involves: anamnesis, 
clinical and para-clinical examination: peripheral 
blood smear count, identification of morphologi-
cal, immune-phenotypic, cytogenetic and molecu-
lar characteristics of lymphoblasts on the onset, 
based on which subsequent monitoring is also per-
formed – minimal residual disease (MRD). This 

FIGURE 1. Schematic classification on risk groups according to BFM 2009 (15)
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way we obtain a complete and complex diagnosis 
of the leukemic form, a stratification on risk groups, 
which leads to the establishment of an individual-
ized treatment, drawing the premises of the progno-
sis in the long and short term.

Stratification on risk groups according to ALL-
BFM 2009 protocol includes the following param-
eters: age, leukocyte count at diagnosis, prednisone 
response, MRD on days 15, 33, 78 and leukemic 
cell genetics (structural and / or numerical abnor-
malities) (14,15).

This classification on risk groups (see Fig. 1) re-
quires personalized therapy per patient group with 
a decrease in mortality and morbidity rates. Adapt-
ing the degree of chemotherapy intensity (dose, fre-
quency, duration) reduced toxicity without affect-
ing the remission and the cure of acute leukaemia 
(13).

The chemotherapy treatment followed the 4 
steps of the ALL-BFM 2009 protocol: induction, 
consolidation, reinduction and maintenance adapt-
ed to the appropriate risk degree.

Assessing the response to treatment on day 8 is 
an important parameter. According to studies, the 
level of blasts in peripheral blood on day 8 corre-
lates with MRD for early classification in risk 
groups (see Fig. 1). MRD level on day 15 is di-
rectly proportional to the risk of relapse in children 
with ALL, the role of this parameter being a major 
one (see Fig. 2) (16).

 Long-term monitoring of patients included in 
the study was performed by MRD, using flow cy-

tometry method, FCM-MRD, and sought to identi-
fy relapses.

The measurable objectives were:
1) NRM = the total of deaths, of any other cause 

except from the disease progression, detected in 
ALL patients included in the study 

NRM = Σ (TRM + IRM) –Number of patients 
with progressive ALL / relapsed ALL.

2) TRM = treatment related mortality;
3) IRM = infection related mortality - para-clin-

ically documented 
The NRM was classified into two categories: 
–  the first one according to the time at which 

the death occurred, so we deduct a sub-clas-
sification a) NRM in induction = deaths oc-
curring within the first 33 days after diagno-
sis and b) NRM after induction, after day 33 
post-diagnosis 

–  a second one depending on the causes of 
death A) infection related mortality = IRM 
and B) TRM = deaths from other complica-
tions except from infection and progression / 
recurrence of malignant disease.

We analysed the NRM for each risk group: 
standard, intermediate and high risk as well as the 
patient’s therapeutic stages (induction and post-in-
duction).

Calculation of cohort survival rate, progression-
free survival over the study period, and survival on 
risk groups are required in such a study given that 
the basic diagnosis is a malignant disease.

FIGURE 2. Patients’ monitoring in the first part of the induction - adaptation according to the ALL-BFM protocol
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Patient data were extracted from the medical re-
cords and with the help of Hipocrate’s operator, 
which were later included in the Word-Excel 2010 
program. 

The calculation and graphic lay-out of the sur-
vival curves used the Kaplan-Meier method, and 
the comparison of the TRM incidence on the risk 
groups was performed with the Chi square test.

RESULTS

The study was conducted in a single haemato-
logical centre, the Paediatrics Department of 
Fundeni Clinical Institute; it included a total of 142 
patients diagnosed with ALL between January 2014 
and June 2017, monitored until 31.12.2017. Of 
these, 10 (7.04%) patients died of other cause than 
disease progression (NRM), and 5 patients had pro-
gressive malignancies and were excluded from this 
study. The characteristics of the cohort are shown 
in Table 1.

TABLE 1. Statistical data on the number, epidemiological 
characteristics, diagnosis, initial response to treatment and 
classification on risk groups

General characteristi cs of the 
cohort

Values %

Total number of pa� ents diagnosed 
with ALL between January 2014 – 
June 2017

 142 100%

Environment of origin Urban / Rural 86 / 56 60.5% / 39.5%
Sex Male / Female 80 / 62 56.3% / 43.6%
Age average (range 1-17)  6.5  -
B cell / T cell ALL 119 / 23 83.8% / 16.2%
PGR / PPR (Prednisone Good / Poor 
Responder)

 110 / 32 77.5% / 22.5%

Risk groups SRG = standard risk 
group 
BFM 2009IRG = intermediate risk 
group
HRG = high risk group

 57 40.14%
 43 30.28%
 42 29.57%

The distribution of the included patients sup-
ports the increased incidence of ALL in urban are-
as, in male sex, and the increased frequency of B 

cell proliferation as compared with T cell prolifera-
tion, and it is consistent with published literature 
(12,14).

All deceased patients were diagnosed with B-
cell ALL (10/10), the form with a more favourable 
prognosis, and a lower mortality rate than T-cell 
ALL (see Table 2).

TABLE 2. Final percentage results related to the mortality 
in the cohort
FINAL RESULTS VALUES
% Incidence of mortality in this cohort 10.5%
% Another cause of mortality except from 
progression of the disease (NRM) 

7.04%

% Mortality on risk groups SRG 
IRG
HRG

3.5% 
9.3% 
9.5%

% Overall survival at 4 years 89.4%

The overall mortality of the cohort includes all 
causes of mortality involving the diagnosis of acute 
lymphoblastic leukaemia. The value obtained is a 
10.5% (15/142) figure which is comparatively 
higher with BFM data (see Table 2) (15).

The mortality rate of any other cause except for 
disease progression (NRM) is 7.04% (10/15). 
These patients have the treatment-related mortality 
as main cause of death (TRM = treatment related 
mortality with / without IRM = infection related 
mortality) (see Table 3).

Determination of the mortality on risk groups 
and of the treatment stage in which most of the pa-
tients died revealed a 4.2% of induction mortality 
rate (6/142), the period known with the highest 
mortality risk among all treatment stages (see Table 
3) (17). Death of patients during induction had a 
value above that of recent studies (17).

The mortality of those in complete remission, 
post-induction NRM (> day 33) was 2.8% (4/142) 
being in the range quoted by other studies (16).

The study demonstrates an increased mortality 
rate of 9.5% (4/42) also in the high risk ALL group. 
NRM calculation performed on risk groups demon-
strated values with no statistical significance 
(p> 0.05).

TABLE 3. Mortality on risk groups / treatment stages

Risk 
groups

No. of 
pa� ents/ 

risk groups

Deaths
in induc� on

Deaths in 
consolida� on/
re-induc� on 

Infec� on related 
mortality

(IRM)

NRM mortality/ 
risk groups

Mortality on risk 
groups

SRG 57 1 1 2 2 3.5%
IRG 43 3 1 2 4 9.3%
HRG 42 2 2 4 4 9.5%

- 142 6 4 8 10 7.04%
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Event-free survival (EFS) is represented in Dia-
gram 1. EFS in the standard group is 93.8% and 
HRG around 83%, which is a value comparable to 
that reported in the BFM protocol.

The overall survival rate of the cohort at 4 years 
is even higher compared to EFS. (see Fig. 5).

DISCUSSIONS

Determining the exact cause of death for each 
patient is difficult to identify due to the multitude 

of simultaneous post-chemotherapy complications 
per patient that precipitates the infection, thus dem-
onstrating the close cause-and-effect relationship 
between TRM and IRM.

This aspect was also revealed by Hadel Hassan 
et al. (19), which presents a new mortality classifi-
cation system to demonstrate the common denomi-
nator between these notions: NRM, IRM, TRM; 
Because The toxicity of chemotherapy produces 
immunosuppression that precipitates the infection, 
so IRM is secondary to TRM and together they pro-

FIGURE 3. Final results by type of mortality 

FIGURE 5. Global cohort survival at 48 months (4 years) from diagnosis

FIGURE 4. Event-free survival of the cohort at 4 years
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duce NRM, the notion of TRM becomes a general 
term valid for any cause of death not directly relat-
ed to cancer, excluding progression or recurrence 
of the disease (19). In this study, we used the no-
tions in the above-defined sense, in the material 
and methods section, precisely to identify the most 
common cause of mortality other than progression 
of disease / relapse.

NRM = total deaths, of any other cause, except 
for disease progression, detected in patients with 
AL included in the study; So NRM includes TRM 
+ IRM

TRM = mortality due to treatment-related com-
plications, excluding infection, progression / recur-
rence of malignancy

IRM = infection related mortality – para-clini-
cally documented

The most common acute complications with a 
direct impact on mortality in these patients (TRM) 
were: post-chemotherapy aplasia (10/10), neutro-
penic enterocolitis (4/10) with/without toxic mega-
colon and/or intestinal perforation, (3/10), neuro-
logical disorders (thrombosis / ischemia / cerebral 
haemorrhage 3/10, PRESS, SIADH 4/10), meta-
bolic disorders (hyperglycaemia +/- diabetes insip-
idus 1/10) and severe hydro-electrolytic disorders 
(hyponatremia, hypokalaemia 10/10). All ten pa-
tients had simultaneusly multiple post-chemothera-
py complications.

Chemotherapy by adverse reactions and by cu-
mulative toxicity raises the occurrence of infection, 
which, despite antibiotic, prophylactic and curative 
treatment, leads to sepsis (IRM). The starting point 
of infections in a neutropenic child severely immu-
nocompromised in the context of chemotherapy is 
hard to identify. For this reason, antibiotic, antifun-
gal and antiparasitic prophylaxis, as well as regular 
screening of the bacterial port, is part of the thera-
peutic protocol of such a patient. Within the cohort, 
the most common outbreaks of infections were 

found in the digestive tract (5/10), followed by 
those in the ENT sphere (transmission in nasal and 
/ or pharyngeal exudates 3/10). Dysmicrobisms oc-
curring in conjunction with the strictly hygienic-
dietetic oncology regimen, intensive chemotherapy 
associated with antibiotic therapy, long-term hospi-
talization, and high immunosuppression have led to 
digestive colonisations with the following bacteria: 
Enterococcus sp. + / VRE +, ESBL + E. coli, 
Clostridium and nasal or pharyngeal transmission 
with Staphylococcus MRSA, Pseudomonas aerug-
inosa, Acinetobacter, Stenotrophomonas maltophi-
la (see Fig. 6). These are possible starting points for 
sepsis and influence the mortality rate by infec-
tions. At the same time, it has been observed that 
Enterococci sp + / VRE + binding precipitates 
Clostridium difficile infection.

The most common cause of death was Clostrid-
ium difficile infection (4/10) despite continued pro-
phylactic administration of metronidazole therapy 
and, when necessary, of vancomycin orally / intra-
venously (see Fig. 2).

Despite the efforts made in terms of hygiene, 
patient isolation, prophylactic and curative treat-
ments, most of the deaths were due to infections. 
8/10 bacterial infections, 1/10 flu, and 1/10 patients 
died of massive cerebral thrombosis non-respon-
sive to pharmacological and surgical therapy, as-
sociating with evolution of sepsis with Acinetobac-
ter. In conclusion, we can say that all ten patients 
presented concomitant infections, thus confirming 
the difficulty of establishing the exact cause of 
mortality and the close cause-and-effect relation-
ship of the two major categories of TRM and IRM 
(see Fig. 7). 

The most common cause of NRM was nosoco-
mial infection.

The increased IRM percentage of 6.3% com-
pared to the outcomes of the study conducted by 
David O’Connor et al. draws the attention, although 

FIGURE 6. Graphic representation of transmissions / bacteriemia in deceased patients
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the 2.1% TRM value is one in the reporting range 
(20,21).

The increased IRM values of the study, both in 
induction (5/10/142) and after this therapeutic pe-
riod (4/10/142), led to the conclusion that infec-
tions (IRM) are the main source of the mortality 
percentage increase, of any other cause except from 
disease progression (NRM).

The value represented on our NRM group is 
7.04%, increased compared to the data presented 
by the study conducted by Blanco E et al. (17), re-
porting an incidence of 3.6%. The source of differ-
ence is the increased percentage, of approximately 
two-three times, of infection-related mortality 
(IRM), as evidenced by our study compared to others.

FIGURE 7. The close cause-and-effect relationship of the 
two major categories of TRM and IRM

On the chosen group there were no differences 
between NRMs on risk groups during the induction 
or remission period, unlike the data presented in the 
meta-analysis conducted by Blanco E et al. show-
ing a lower NRM during the remission period for 
patients at standard risk.

CONCLUSIONS

Currently, infections are the leading cause of 
death in children with acute lymphoblastic leukae-
mia in remission, despite all prophylactic meas-
ures. The most common cause of death was noso-
comial infection with Clostridium difficile (4/10).

The infection related mortality rate is increased 
(IRM 6.3%), thus the mortality rate of any other 
cause has increased, except from the progression of 
the disease (NRM 7.04%) and the overall mortality 
rate of the cohort (10.5%).

However, it is important to note the high per-
centage of achieving complete remission (98%), as 
well as the survival at 4 years of 89.4%. Survival is 
high compared to reported data including by the 
BFM consortium with a relative difference in the 
patients with ALL of the high-risk group HRG.
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