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Abstract: Therapy guidelines for acute leukemias (ALs) have focused on an arbitrary age cut-off as a guide for intensity of
therapy. However, treatment outcomes depend on more important prognostic factors, such as performance status (PS) and the
presence of comorbidities. This study aims to evaluate clinical scales as predictors of mortality in patients with acute leukemia
during intensive induction therapy. This prospective cohort study included all patients diagnosed with Acute Myeloid
Leukemia (AML) or Acute Lymphoblastic Leukemia (ALL) who received induction treatment at Ophir Loyola Hospital
(HOL) in Belém-PA, from February 2018 to February 2019. The following scales were assessed: Eastern Cooperative
Oncology Group (ECOG), Haematopoetic Cell Transplantation Comorbidity Index (HCT-CI), Cumulative Illness Rating Scale
(CIRS), Charlson Comorbidity Index (CCI), Adult Comorbidity Evaluation 27 (ACE-27), Katz and Lawton scales, G8
Questionnaire and Mini Nutritional Assessment (MAN). The median age of the 40 patients included was 37 years old (range,
19-65) and sex distribution was equal. Univariate analysis showed that higher age (OR = 5.74, p 0.024), ACE 27 >0 (OR = 5.7,
p 0.003) and HCT-CI >0 (OR = 3.87, p 0.02) were contributing factors to 40-day mortality, but no meaningful association was
noticed with the other scales. Therefore, this study reaffirms the significant impact of comorbidities on the survival of patients
with AL, suggesting that comorbidity assessment may be extremely helpful for making decisions on intensive induction
therapy.
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1. Introduction
Leukemia is responsible for approximately 3% of all
cancer cases in Brazil and worldwide [1]. For Brazil, 5,940
new cases are estimated in men and 4,860 in women for each
year of the 2018-2019 biennium [2]. Acute leukemias (ALs)
are life-threatening diseases if not quickly treated [3].
Mortality in this disease reflects, in part, its inherent
resistance to therapy and, in part, the deleterious and
sometimes lethal effects of treatment [4].
The decision on whether to pursue a curative approach
with intensive induction chemotherapy followed by

allogeneic haemopoietic stem cell transplantation (HSCT)
has to be made before the start of the regimen [5]. Therapy
guidelines have largely focused on an arbitrary age cut-off as
a guide for intensity of therapy [4]. However, treatment
outcomes for patients treated with different therapeutic
approaches depend on more important prognostic factors,
such as performance status (PS) and the presence of
comorbidities [6].
Pretreatment factors that affect prognosis for patients with
AL can be divided into those related to the patient’s ability to
tolerate therapy and those related to the inherent
chemosensitivity or chemoresistance of the disease itself.
Patient-related variables that affect a patient’s ability to
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receive adequate therapy include advanced age, poor
performance status, and the presence of clinically significant
medical comorbidities [7, 8].
The comorbid involvement of major organs is a poor
prognostic factor for worse survival [6]. It is defined by the
presence of one or more chronic health conditions that are
etiologically different from the primary disease, and may
contribute through different mechanisms to the poor
prognosis of AL patients [9]. Patients with this risk factor
have higher treatment-related mortality when treated with
intensive chemotherapy. Because of the possible
complications of induction therapy and prolonged
neutropenia, evaluation of comorbidity may yield different
results, depending on the time of assessment [5-7].
Therefore, the assessment of comorbidities may better
reflect biological age and may be more useful to evaluate
prognosis at the time of initial diagnosis, also having a greater
influence on treatment-related clinical decisions [8, 9].
Given the importance of a better understanding of the
impact of baseline comorbidity and PS on early mortality and
long-term outcomes in AL to improve clinical decisions and
reduce treatment-related mortality, this study aims to
evaluate clinical scales as predictors of mortality in patients
with acute leukemia during intensive induction therapy, in a
reference hospital in the Amazon region.

2. Methods
2.1. Study Population
This prospective cohort study included all patients
diagnosed with Acute Myeloid Leukemia (AML) or Acute
Lymphoblastic Leukemia (ALL) who received induction
treatment at Ophir Loyola Hospital (HOL) in Belém-PA - a
reference hospital in the treatment of haematological
malignancies in the Amazon region - from February 2018 to
February 2019.
All participants of the study were aged 18 years or older
and provided informed consent. Patients with acute
promyelocytic leukemia (APL) or those receiving less
intense regimens (palliative chemotherapy) were excluded
from the study.
Patient follow-up began at the time of admission, with
clinical interviews to apply clinical scales until a maximum
of 10 days after induction therapy had started. Outcomes
were assessed at subsequent visits during the period.
2.2. Covariates
Covariates in this analysis included sociodemographic
information, clinical data, and the type and date of
induction chemotherapy. The following scales were
assessed in the cohort: Eastern Cooperative Oncology
Group (ECOG) scale to evaluate performance status;
Haematopoetic Cell Transplantation Comorbidity Index
(HCT-CI) score, Cumulative Illness Rating Scale (CIRS),
Charlson Comorbidity Index (CCI) and Adult
Comorbidity Evaluation 27 (ACE-27) to evaluate

comorbidities.
Other parameters were also collected: functionality
using the Katz Index of Independence in Activities of
Daily Living and Lawton Instrumental Activities of Daily
Living scale; evaluation of outcomes in oncology using
the G8 Questionnaire; and nutritional evaluation using the
Mini Nutritional Assessment (MAN).
2.3. Outcomes
Outcomes were overall survival (OS) from date of
induction chemotherapy initiation, and treatment response,
defined as complete remission, refractoriness or 40-day
mortality. Forty-day mortality was calculated from the date
of initiation of induction chemotherapy. Complete remission
was defined as a morphological leukemia-free state,
including less than 5% blasts in the bone marrow and
recovery of haematological parameters.
2.4. Statistical Analysis
All statistical analyses were performed with SPSS
statistics® version 18. A two-sided alpha level of 0.05 was
used to indicate statistical significance. Relative risks for
association between covariates and the events were estimated
with a 95% confidence interval (CI).
The probability of overall survival and cumulative relapse
rate were evaluated by the Kaplan–Meier method. The log
rank test for overall survival was employed to study the
prognosis significance of each variable.

3. Results
The median age of the 40 patients included was 37 years
old (range, 19-65) and sex distribution was equal. All patient
characteristics are listed in Table 1. At the time of therapy
response assessment, 55% achieved complete remission, 20%
had refractoriness to induction therapy and 40-day mortality
rate was 25%.
Table 1. Patient characteristics.
Variables
Age (19–65)
<37
>36
Gender
Male
Female
Marital status
Single
Married
Divorced
Origin
Metropolitan region
Non-metropolitan Region
Education level
Primary
Secondary
High
Diagnosis

Total
N=40 (%)
19 (47.5%)
21 (52.5%)
20 (50%)
20 (50%)
12 (30%)
26 (65%)
2 (5%)
7 (17.5%)
33 (82.5%)
21 (52.5%)
18 (45%)
1 (2.5%)
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Variables
ALL
AML
Line of therapy
First
Second and further
Treatment Response
Complete Remission
Refractoriness
40-day mortality
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meaningful association was noticed between CCI CIRS,
ECOG PS, Katz, Lawton, MNA, G8 with induction
mortality, as shown in Table 2.
Older patients (>36 years) had a higher risk of death
within 40 days after the initiation of induction therapy
compared to younger patients (<36 years), with an overall
survival rate of 57.1% x 89.5%, respectively (OR = 5.74,
p 0.024).

Total
N=40 (%)
19 (47.5%)
21 (52.5%)
22 (55%)
18 (45%)
22 (55%)
8 (20%)
10 (25%)

Table 2. Distribution of comorbidities and P-value of association with 40day mortality.
Variables
ECOG
>1
<2
CIRS
>5
<6
HCT-CI
>0
<1
CCI
>2
<3
ACE-27
>0
<1
G8
>14
<15
MNA
>11
<12
KATZ
>4
<5
LAWTON
>24
<25

Total
N=40 (%)

P-value
0.836

16 (40%)
24 (60%)
0.203
14 (35%)
26 (65%)
0.02
10 (25%)
30 (75%)
0.194
11 (2.5%)
29 (72.5%)
0.003
10 (25%)
30 (75%)
0.512
7 (18.4%)
31 (81.6%)
0.683
6 (15.8%)
32 (84.2%)
0.216

Figure 2. Kaplan-Meier Estimates of Survival according to (A) age, (B)
ACE-27 and (C) HCT-CI.

0.753

4. Discussion

34 (85%)
6 (15%)
18 (45%)
22 (55%)

Figure 1. Univariate Cox proportional hazard regression model with factors
predicting overall survival.

Univariate analysis showed that ACE 27 >0 (OR = 5.7,
p 0.003) and HCT-CI >0 (OR = 3.87, p 0.02) were
contributing factors to 40-day mortality, but no

The measurement of comorbidity burden to predict
treatment outcomes in patients with cancer has been
frequently investigated [10]. In this study, univariate analysis
demonstrated that higher age, ACE 27 > 0 and HCT-CI > 0
were contributing factors for 40-day mortality. The other
indexes studied were not associated with worst survival.
There are reports that identify age as a risk factor for
worse OS in patients with AML [10, 11]. According to this
result, Master et al. [12] found that patients with older age
and a higher comorbidity index also had the worst AML
survival: age-related mortality increased to approximately
double in the 50–64 years group compared to 18–49 years.
Risk of death was even higher in those aged 65 years and
older.
A different study, on the other hand, could not demonstrate
an association between age and OS in multivariate analysis
when comorbidity scores were included. It concluded that the
influence of age on survival is probably due to an age-related
comorbidity burden [8].
ECOG performance status did not seem to have a
meaningful association with 40-day mortality, which is not
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consistent with another cohorts, such as Wass et al. [8] who
identified an ECOG performance status ≥ 2 as a single
independent risk factor for early death, and even reported that
this score is a stronger predictor for early death than
comorbidity burden.
In this study, only ACE-27 and HCT-CI demonstrated
significant correlations between comorbidity and higher risk
of death. Patients who had an ACE-27 > 0 presented a 40-day
OS rate of 30%, compared to 83,3% of those who had ACE27 < 1, which means an approximately 6 times higher chance
of death in 40 days. Likewise, a study that analysed patients
with head and neck cancer showed a dose–response
relationship between comorbidity collected by ACE-27 and
survival [13].
Previous reports using HCT-CI to determine the impact of
comorbidities on the survival of AML patients also
concluded that it is a significant predictor of early death [4, 8,
11]. In keeping with previous research, our baseline data
confirmed the association. HCT-CI > 0 represented a 4 times
higher chance of 40-day mortality, with an OS rate of 40%,
in contrast with an OS rate of 80% in the HCT-CI < 1 group.
In a retrospective cohort study, HCT-CI, ACE-27 and
CIRS-G were applied to analyse the association between
indices-based comorbidity scores with AML patient
outcome, but, in multivariate analysis, only the ACE-27
score was associated with outcomes [8].
Ito et al. [14] demonstrated that a CCI score of less than 2
points correlated with a favourable clinical outcome in cancer
patients aged over 75 years. This was not reproduced in our
younger aged cohort.
These findings may be due to the fact that ACE-27 covers
a wider range of comorbidities in comparison to CCI,
identifying different number, types, and severity of
comorbidities. [15]. Furthermore, CCI seems to be more
subjective than other scales such as HCT-CI [6].
Nutritional status is another condition that is widely
associated with the prognosis of AL patients. Li et al. [16]
suggested that severely malnourished patients are more likely
to have side effects of chemotherapy and, therefore, shorter
survival time. Similarly, Baumgartner et al. [17]
demonstrated that low initial body mass index and more
pronounced weight loss were strong indicators for lower
survival and worse disease outcomes in their study with
AML patients.
However, nutritional status, measured by MNA and G8,
did not present a relationship to clinical outcomes in our
study. That may be due to the fact that this study does not
have a significant number of malnourished patients.
Besides, although an evaluation of functional capacity can
allow an understanding of factors that go beyond
chronological age, such as expectation and quality of life,
risks and benefits of treatments, patients functionality,
evaluated by Katz and Lawton scales, were not associated
with any outcomes in this study. That finding may have
occurred because patients in this study were younger
compared to those in which those functionality scales were
applied [18].

This study has several limitations. The sample size was
small, limiting the detection of differences in assessment
measures: small differences in comorbidity scores may not
achieve significance in a sample of this size. Also, this is a
single institution study which may limit the generalisability
of findings.
However, the inclusion of only those patients receiving
intensive therapy and the prospective character of the study
minimised the confounding effects of treatment on
comorbidity: longitudinal changes could be observed over
time.

5. Conclusion
Despite the study limitations, such as small sample size,
the prospective character of the study allowed it to
observe the same patients and their changes over time.
Higher age, ACE 27 > 0 and HCT-CI > 0 were shown to
have a positive association with 40-day mortality, which
reaffirms the significant impact of advanced age and
comorbidities on patient’s ability to receive adequate
therapy for AL and their survival. Although further study
with a larger number of cases in a multi-institutional
setting is required, these findings support the need of
comorbidity assessment through clinical scales for making
decisions on intensive induction therapy and to provide
more accurate survival estimates.
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