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ABSTRACT
Objective: Acute leukemia often involves comorbidities, impacting treatment decisions and patient outcomes. Clinicians commonly 
use the Charlson Comorbidity Index (CCI) and the Hematopoietic Stem Cell Transplantation Comorbidity Index (HCT-CI) to assess 
their influence. However, their effectiveness in predicting survival and non-relapse mortality (NRM) in acute leukemia patients under 
65 undergoing allogeneic stem cell transplantation remains unclear.
Patients and Methods: We conducted a retrospective single-center analysis on adults diagnosed with acute myeloid leukemia (AML) or 
acute lymphoblastic leukemia (ALL). The study included 35 patients, comprising 16 AML and 19 ALL cases. Patients were categorized 
based on age-adjusted HCT-CI and CCI scores.
Results: The 2-year NRM rate was determined to be 51.4%. Statistical analysis found no significant associations between age-adjusted 
CCI (p=0.217) and age-adjusted HCT-CI (p=0.102) with NRM. However, median overall survival significantly varied based on risk 
levels (p=0.003), HCT-CI groups (p=0.009), and CCI groups (p=0.011).
Conclusion: Using age-adjusted HCT-CI and CCI for comorbidity scoring in initial assessment of acute leukemia patients and those 
under 65 shows promise. However, these indices were ineffective in predicting NRM, emphasizing the importance of considering 
other significant pre-transplant factors like genetic risk, conditioning regimens, and donor type.
Keywords: HCT-CI, CCI, Score, Allogeneic stem cell transplantation, Age adjusted, Acute leukemia

1. INTRODUCTION

Conditions that occur concurrently with acute leukemia 
significantly impact treatment planning and outcomes. Various 
indices are employed to assess how different comorbidities 
affect the primary disease and guide treatment strategies. 
The Charlson Comorbidity Index (CCI) and Hematopoietic 
Stem Cell Transplantation Comorbidity Index (HCT-CI) are 
commonly utilized for this purpose. When evaluated before 
allogeneic hematopoietic stem cell transplantation (Allo-HSCT), 
these indices not only determine the patient’s suitability for Allo-
HSCT but also aid in predicting post-transplant survival [1, 2].
The CCI, a standardized score calculated as just a simple 
weighted sum of comorbidity item scores, was developed in 
1987 by Mary E. Charlson, and has been considered the gold-
standard tool in clinical research as a prognostic index to predict 
mortality. The original version of the CCI was based on 19 
items corresponding to different clinical comorbidities [3, 4]. 

These 19 selected conditions are weighted and totalled to an 
index on a scale of 0–37 points [5, 6] (Table I). Subsequently, 
different versions of the CCI have been developed based on 
different sources of data, including the age-adjusted CCI, ICD-9 
code based CCI and ICD-10 code based CCI [7, 8].
The HCT-CI was initially designed using clinical data from 
1055 consecutive patients treated with allogeneic HCT from 
1997 to 2004 at the Seattle Cancer Care Alliance (SCCA)/
Fred Hutchinson Cancer Research Center (FHCRC) [9]. 
The index was validated among patients who underwent 
transplantation at the SCCA/FHCRC,  [10]  as well as other 
transplant institutions world-wide [11, 12].  The HCT-CI 
includes 17 pre-transplant comorbidities assigned a weighted 
semi-quantitative impact on outcomes based on the predictive 
hazard ratio (HR) for non-relapse mortality (NRM). The 
HCT-CI has been recently developed to help estimate the 
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risk of NRM in two years after transplantation, based on pre-
transplant comorbid diagnoses and objective evidence of 
organ dysfunction [9]. The HCT-CI is assessed on a scale of 
0 to 29 [13] (Table II). In retrospective studies, the HCT-CI 
appears useful in non-myeloablative and myeloablative 
transplant recipients [14], in patients with acute myeloid 
leukemia (AML), myelodysplastic syndromes (MDS) [15], 
lymphoma [12], or chronic lymphocytic leukemia [16], and 
in patients from more than one institution [10].
The CCI was initially designed to predict survival 
following different treatments in cancer patients and those 

with severe chronic conditions, but it was not originally 
intended for HSCT recipients. Moreover, the HCT-CI is an 
adapted iteration of the original CCI developed to assess 
how patients’ comorbidities affect their post-transplant 
outcomes. There is no study in the literature that evaluates 
the performance of these indices in predicting survival and 
NRM in patients diagnosed with acute leukemia, under the 
age of 65, and undergoing allogeneic hematopoietic stem 
cell transplantation. The aim of this study was to assess the 
predictive performance of age-adjusted CCI and age-adjusted 
HCT-CI in these patients.

Table I. Age-adjusted Charlson Comorbidity Index
Comorbid condition Weight
Age  <50 years 0

 50–59 years 1
 60–69 years 2 
70–79 years 3 
≥80 years 4

Myocardial infarction (MI)

History of definite or probable MI (EKG changes and/or enzyme

changes)

1

Congestive heart failure

Exertional or paroxysmal nocturnal dyspnea and has responded to

digitalis, diuretics, or afterload reducing agents

1

Peripheral vascular disease 1
Cerebrovascular accident or transient ischemic attack

History of a cerebrovascular accident with minor or no residua and transient ischemic attacks

1

Dementia  1
Chronic obstructive pulmonary disease 1
Rheumatologic disease 1
Peptic ulcer
Any history of treatment for ulcer disease or history of ulcer bleeding

1

Hemiplegia/ paraplegia 2
Diabetes mellitus Uncomplicated 1

End-organ damage 2

Liver disease

Mild: Chronic hepatitis (or cirrhosis without portal hypertension), moderate = cirrhosis and portal hypertension but no variceal, bleeding 
history, severe = cirrhosis and portal hypertension with variceal bleeding

History

Mild 1 
Moderate to severe 3

Moderate/severe renal disease
Moderate = creatinine >3 mg/dL (0.27 mmol/L), Severe = on dialysis, status
post kidney transplant, uremia

2

Any tumor Localized 2 
Metastatic 6

Leukemia 2
Lymphoma 2
AIDS 6

EKG: Electrocardiogram, AIDS: Acquired Immunodeficiency Syndrome
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2. PATIENTS and METHODS

This retrospective single-centre analysis was conducted to 
determine the relationship between comorbidities assessed 
using existing indices, and survival in adults (age ≥18 years) 
diagnosed with AML or Acute lymphoblastic leukemia 
(ALL). The study included 35 patients as 16 cases diagnosed 
with AML and 19 cases with ALL between 2016 and 2023. 
Non-relapse mortality (NRM) is more significantly influenced 
by pretransplant comorbidities than deaths resulting from 
disease progression or relapse. Therefore, patients who died due 
to relapse or treatment resistance were excluded. Pre-primary 
treatment comorbidities were assessed using the age-adjusted 
HCT-CI and age-adjusted CCI. The age-adjusted CCI is evaluated 
on a scale of 0 to 37, considering the patient’s age and certain 
comorbidities, while the age-adjusted HCT-CI is assessed on a 
scale of 0 to 29 [13]. Patients were classified into low-intermediate 
risk (age-adjusted HCT-CI = 0, 1-2) and high risk (age-adjusted 
HCT-CI ≥3) groups according to the age-adjusted HCT-CI [9]. 
Age-adjusted CCI attributes two points for “leukemia”; therefore, 

patients are classified into two groups based on the age adjusted 
CCI scores as 0-2 and ≥3. In this study, comorbidity data were 
obtained from a central electronic database where each patient’s 
diagnoses were officially coded and recorded. In addition, all 
medical notes in the hospital records of the patients were reviewed 
to attribute comprehensive information.
The study was approved by the Marmara University, Shool of 
Medicine Clinical Research Ethics Committee (date: 03.11.2023, 
approval number: 09.2023.1455). All participants provided 
informed consent, and the study was conducted in accordance 
with good clinical practice standards and in compliance with the 
Helsinki Declaration.

Statistical Analysis

Statistical analyses were conducted using “IBM SPSS Statistics 
for Windows, Version 25.0 software (Statistical Package for the 
Social Sciences, IBM Corp., Armonk, NY, USA).” Descriptive 
statistics were presented as number (n) and percentage (%) for 
categorical variables and mean±standard deviation (SD) values 

Table II. Age-adjusted Hematopoietic Stem Cell Transplantation Comorbidity Index
Comorbid condition Weight
History of arrhythmia Atrial fibrillation or flutter, sick sinus syndrome, or ventricular arrhythmias 1
Cardiac disease

CAD = ≥1 vessel coronary stenosis requiring medical treatment, stent, or 
CABG

Coronary artery disease, congestive heart failure, myocardial infarction, or EF ≤50% 1

Valvular disease (except mitral prolapse) 3

Inflammatory bowel disease Crohn disease or ulcerative colitis 1
Diabetes mellitus Treated with insulin or oral hypoglycemics 1
Cerebrovascular accident or transient ischemic attack  1
Psychiatric disturbance

Depression or anxiety requiring psychiatric consultation or treatment

 2

Hepatic dysfunction Chronic hepatitis, bilirubin >ULN to 1.5 × ULN, or AST/ALT >ULN to 2.5 × ULN 1

Cirrhosis or fibrosis or bilirubin >1.5 × ULN or AST/ALT >2.5 × ULN 3
Obesity (body mass index ≥35 kg/m²)  1
Infection

Requiring continuation of antibiotics after day 0

 1

Rheumatologic disease  2
Peptic ulcer  2
Renal dysfunction Serum Cr >2 mg/dL (177 µmol/L), on dialysis, or prior 
renal transplant

 2

Pulmonary dysfunction Dyspnea on slight activity or DLCO and/or FEV1 66 to 80% 2

Dyspnea at rest or requires oxygen or DLCO and/or FEV1 ≤65% 3
Prior solid tumor

Treated at any point in the patient’s history

 3

Type of transplant

Allo-HCT = allogeneic hematopoietic cell transplant, ASCT = autologous 
stem cell transplant

Allo-HCT 2

ASCT 2

Age

For age-adjusted HCT-CI (allo-HCT only)

<40 years 0

≥40 years 1
CAD: Coronary Artery Disease, CABG: Coronary Artery Bypass Surgery, EF: Ejection Fraction, ULN: Upper Limit of Normal, AST: Aspartate Aminotransferase, ALT: 
Alanine Aminotransferase, DLCO: The Carbon Monoxide Diffusing Capacity Test, FEV: Forced Expiratory Volume, HCT: Hematopoietic Cell Transplantation, HCT-CI: 
Hematopoietic Stem Cell Transplantation Comorbidity Index
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for continuous variables. ROC curve analysis was utilized to 
analyze the predictive value of CCI and HCT-CI parameters for 
mortality. The Kaplan-Meier method was used to assess overall 
survival (OS) of the patients. A value of p<0.05 was considered 
statistically significant.

3. RESULTS
The baseline characteristics of the patients are summarized in 
Table III. The median age of the patients was 34 years (range, 
20-65 years), and 65.7% of the patients were males. Patients 
diagnosed with ALL constituted 45.7% of the total, while those 
diagnosed with AML comprised 54.3%. In terms of genetic 
features, 51.4% of the patients were classified as standard risk, 
while 48.6% were considered high risk (Table III).

Table III. Patient and disease characteristics
Characteristics n %
Age
Mean±SD 35.89±12.44
Median (min-max) 34 (20-65)
     ≤34 18 51.4
     >34 17 48.6
Gender
     Female 12 34.3
     Male 23 65.7
HCT-CI
     Low-intermediate risk 27 77.1
     High risk 8 22.9
CCI
     0-2 25 71.4
     ≥3 10 28.6
GVHD story
     Absent 9 25.7
     Present 26 74.3
Cytogenetic features
     Standart risk 18 51.4
     High risk 17 48.6
Diagnosis
     ALL 16 45.7
     AML 19 54.3
Progression
     Absent 17 48.6
     Present 18 51.4
Mortality
     Alive 17 48.8
     Dead 18 51.4
Cause of Death
     Covid-19 1 5.5
     GVHD 2 11.1
     Sepsis 15 83.4
Mean follow-up duration 19.80±4.94

HCT-CI: Hematopoietic Stem Cell Transplantation Comorbidity Index, 
CCI: Charlson Comorbidity Index, GVHD: Graft-versus-host-disease, ALL: 
Acute lymphoblastic leukemia, AML: Acute Myeloid Leukemia

The 2-year NRM rate was determined to be 51.4% (Figure 1). 
The estimated statistics for the parameters of the age-adjusted 
CCI (p=0.217) and age-adjusted HCT-CI (p=0.102) were 
not found to be statistically significant in distinguishing the 
presence of NRM (Table IV, Figure 2). As seen in Table V, the 
overall median OS (months) could not be reached. There was 
no significant difference in the 2-year OS among the diagnosis 
groups (p=0.243) (Figure 3). The 2-year OS of patients with 
standard-risk genetic features was significantly higher compared 
to patients with high-risk genetic features (p=0.003) (Figure 4). 
Statistically significant differences were found in median OS 
(months) according to HCT-CI groups (p=0.009), and CCI 
groups (p=0.011) (Figures 5,6).

Figure 1: The 2-year NRM rate was determined to be 51.4%.

Figure 2: ROC curves.

Figure 3: There was no significant difference in the 2-year OS among the 
diagnosis groups (p=0.243).
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Figure 4: The 2-year OS of patients with standard-risk genetic features 
was significantly higher compared to patients with high-risk genetic 
features (p=0.003).

Figure 5: Statistically significant differences were found in median OS 
(months) according to HCT-CI groups (p=0.009).

Figure 6: Statistically significant differences were found in median OS 
(months) according to CCI groups (p=0.011).

Table IV. Analysis of the predictive values of HCT-CI and CCI values in 
distinguishing non-relapse mortality
Variables AUC %95 CI Cut-off Sensitivity (%) Specificity (%) P
CCI 0.629 0.420-0.838 ≥2.50 50.0 82.6 0.217
HCT-CI 0.670 0.477-0.864 ≥0.50 66.7 65.2 0.102

AUC, Area Under the Curve; %95 CI, Confidence Interval

Table V. Comparisons of overall survival among the patients

Variables 2-year OS (%) Median OS (%95 CI) P

General 64.2 NR
Gender

Female 83.3 NR
0.121

Male 55.2 NR

Age
≤34 76.2 NR

0.067
>34 52.9 NR
Diagnosis
ALL 54.7 NR

0.243
AML 72.4 NR
Cytogenetic features
Standard 88.9 NR

0.003
High 38.6 19.73 (13.34-26.11)
HCT-CI
Düşük-orta risk 72.7 NR

0.009
Yüksek risk 37.5 12.50 (5.43-19.56)
CCI
0-2 74.4 NR

0.011
≥3 40.0 14.07 (7.56-20.57)
GVHD
Absent 66.7 NR

0.864
Present 63.6 NR

OS: Overall Survival, HCT-CI: Hematopoietic Stem Cell Transplantation 
Comorbidity Index, CCI: Charlson Comorbidity Index, GVHD: Graft-versus-
host-disease, ALL: Acute lymphoblastic leukemia, AML: Acute Myeloid Leukemia, 
%95 CI: Confidence Interval,
The Kaplan-Meier curve, Log-rank test, p<0.05 were statistically significant

4. DISCUSSION

The results of this study demonstrated statistically significant 
differences in median OS (months) according to risk levels 
(p=0.003), HCT-CI groups (p=0.009), and CCI groups 
(p=0.011). However, no relationship was found between age-
adjusted HCT-CI or age-adjusted CCI scores and NRM. 
Allogeneic hematopoietic stem cell transplantation is the 
preferred treatment for numerous hematological conditions, 
both malignant and benign. Nonetheless, it carries a notable risk 
of NRM, primarily attributable to graft-versus-host disease and 
infections. The declining trend in NRM risk and the concurrent 
improvement in long-term survival in recent years are likely 
due to more adaptable conditioning regimens, enhanced donor 
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selection, and improved supportive care. However, NRM 
continues to pose a significant challenge. Therefore, accurate 
prediction of OS and NRM is crucial for evaluating the risk-
benefit ratio of Allo-HSCT and providing better counseling to 
patients.
Since, the mortality associated with Allo-HSCT is significantly 
high, it is necessary to assess the potential risks for patients 
before undergoing this procedure. Sorror et al., identified the 
most common medical conditions in HSCT patients to establish 
a scoring system for assessing the risk and survival probability 
after allogeneic HSCT [13]. NRM, which is often affected by pre-
allogeneic HSCT comorbidities, was used instead of survival. 
The original report of the Hematopoietic Cell Transplantation-
Specific Comorbidity Index (HCT-CI) [1] is currently the most 
popular index for associating post-HSCT comorbidities with 
outcomes and included 1055 patients. This report indicated that 
38% of patients scored 0 points, 34% scored 1-2 points, and 28% 
scored ≥3 points. The authors also concluded that the previously 
used CCI had a higher overall predictive value, with nearly 90% 
concentration in the low score [17].
The CCI has been applied across various cancer types and 
leukemias, such as AML, breast cancer, colorectal cancer, 
esophageal cancer, and non-Hodgkin’s lymphomas. It has been 
observed that this score can also be employed for predicting OS in 
patients with acute leukemia [15]. Although, the HCT-CI scores 
demonstrated high efficacy in predicting patient outcomes post-
HCT, it is essential to acknowledge that other significant pre-
transplant factors also play pivotal roles. Factors such as age and 
disease stage of a specific hematological malignancy should be 
taken into consideration when assessing HCT risks [18, 19].
In our study, we observed that the age-adjusted HCT-CI and the 
age-adjusted CCI were effective in predicting overall survival, 
but it was seen that they did not effectively predict NRM. There 
could be several reasons for this discrepancy. One possibility is 
that these indices may have primarily focused on factors related 
to the primary disease and its impact on overall survival, but 
they may not have fully captured specific risk factors associated 
with nonrelapse mortality, such as graft-versus-host disease and 
infections. In addition, the development and progression of 
NRM may be influenced by a variety of factors beyond those 
assessed by these indices, including patient-specific factors, 
transplant-related complications, and variations in treatment 
protocols. Further research may be needed to identify additional 
predictive factors specifically related to NRM in the context 
of hematopoietic stem cell transplantation, or to refine these 
indices.
The ALFA-9803 trial evaluated the impact of pre-treatment 
comorbidities on survival in a large cohort of 416 AML patients 
aged ≥ 65 years treated with intensive therapy. The multivariate 
analysis model results showed that age ≥ 75 years, performance 
status (PS) ≥ 2, infection, HCT-CI, white blood cell (WBC) 
> 50 × 109/L, and high-risk cytogenetics were independent 
adverse risk factors for survival. The HCT-CI score, high-
risk cytogenetics, and infection at baseline predicted 4 and 
12-month OS as initially predefined. However, neither HCT-CI 
nor infections reached the 10% predefined prevalence level. 

It should be noted that only 5% of patients in this cohort had 
HCT-CI ≥ 3 due to the exclusion criteria. Age, PS, and WBC 
count needed to be associated to achieve a high specificity. High-
risk cytogenetics was the only independent strong risk factor. 
A risk score was developed, including high-risk cytogenetics 
and/or at least two of the following parameters (age ≥ 75 years, 
PS ≥ 2, and WBC > 50 × 109/L). Patients received intensive 
therapy if they had no risk factors, and the others were offered 
alternative therapies. This two-class decisional index identified 
24% of patients with a lower 1-year survival rate of 19% [20].
Although, several studies have shown that waiting for 
cytogenetics does not have an impact on induction treatment 
outcome, many hematologists feel compelled to start treatment 
before cytogenetics data are available [21, 22]. Scarce material 
quality or an incomplete metaphase quantity may also be reasons 
for the unavailability of cytogenetic information at the initiation 
of treatment. The CCI and HCT-CI can be determined without 
cytogenetic or molecular data.
Allogeneic hematopoietic cell transplantation (allo-HCT) 
holds potential as a curative treatment for specific patients 
with hematological diseases. Various factors influence the 
outcomes, and clinical judgment often guides patient selection 
[23]. However, allo-HCT comes with a notable risk of NRM, 
especially in the presence of comorbidities and among older 
patients [24]. NRM is commonly associated with graft-versus-
host disease, organ toxicity, and infectious complications. 
Patient age, comorbidities, donor type, remission status, and 
the conditioning regimen used are among the parameters that 
can significantly impact outcomes [9, 25, 26]. Therefore, it is 
essential that a thorough pre-transplant assessment must be 
conducted to assess the risks and benefits associated with allo-
HCT.

Limitations

There were several limitations to this study. First, the 
retrospective nature of the data collection, as reliance on data 
recorded in medical charts might have resulted in the omission 
of potentially important information, which could then have 
been excluded from this analysis. However, the introduction of 
laboratory and functional data, most of which were stored in 
the database, reduced the likelihood of missing comorbidities. 
New protocols should include prospective scoring of enrolled 
patients to be able to better address this issue.
Another limitation of the study was the heterogeneity of both 
preparative regimens and disease types. The retrospective 
nature of the analysis was a potential source of bias, although, 
age-adjusted HCT-CI scores and age-adjusted CCI scores 
were collected prospectively. Nevertheless, the importance of 
assessing single-centre data to be able to realistically predict post-
transplant outcomes within that centre has been emphasised in 
this study. New research approaches may need to be developed 
for pre-transplant risk calculation that can be applicable to 
patients from various centres characterized by heterogeneous 
practices.
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Conclusion

It is encouraging to include formal comorbidity scoring, using 
age-adjusted HCT-CI and age-adjusted CCI in the initial 
assessment of patients with acute leukemia and those under 
65 years old. It seems reasonable to classify patients for current 
treatment or protocol entry based on their age-adjusted HCT-CI 
and age-adjusted CCI scores. However, it was noted that these 
indices were not effective in predicting NRM. When predicting 
NRM, it is important to acknowledge the critical roles played 
by other significant pre-transplant factors. Factors such as the 
genetic risk of the disease, conditioning regimens, and donor 
type should be carefully considered.
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