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Abstract

The Hematopoietic Cell Transplantation-specific Comorbidity Index (HCT-CI) was developed and 

validated to weigh the burden of pretransplant comorbidities and estimate their impact on post-

transplant risks of non-relapse mortality (NRM). Recently, the HCT-CI was augmented by the 

addition of both age and values of three markers namely, ferritin, albumin, and platelet count. The 

HCT-CI research so far has been almost exclusively limited to recipients of allogeneic HCT from 

human leucocyte antigen (HLA)-matched grafts. To this end, we sought to investigate the 

discriminative capacity of an augmented comorbidity/age index among 724 recipients of 

allogeneic HCT from HLA-mismatched (MM, n=345), haploidentical (n=117), and umbilical cord 

blood (UCB, n=262) grafts between 2000 and 2013. In the overall cohort, the augmented 

comorbidity/age index had a higher c-statistic estimate for prediction of NRM compared to the 

original HCT-CI (0.63 versus 0.59). Findings were similar for recipients of HLA-mismatched 

(0.62 versus 0.59), HLA-haploidentical (0.60 versus 0.54), or UCB grafts (0.65 versus 0.61). 
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Patients with scores of <4 had higher survival rates compared to those with scores of ≥4 and 

received HLA-mismatched (55% versus 39%, p<0.0008), HLA-haploidentical (58% versus 38%, 

p=0.01), or UCB grafts (67% versus 48%, p=0.004), respectively. Our results demonstrate the 

utility of the augmented comorbidity/age index as a valid prognostic tool among recipients of 

allogeneic HCT from alternative graft sources.
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INTRODUCTION

Allogeneic hematopoietic cell transplantation (HCT) is a curative therapeutic modality for 

most malignant and non-malignant hematological disorders. However, this treatment could 

be associated with a substantial risk of subsequent non-relapse mortality (NRM). Pre-

transplant comorbidities, as evaluated by the hematopoietic cell transplantation-specific 

comorbidity index (HCT-CI), have been shown to provide accurate estimates about post 

allogeneic HCT NRM [1]. The prognostic value of the HCT-CI was further augmented by 

the addition of a score of 1 for ages ≥40 years [2] and scores for values of serum levels of 

ferritin, albumin, and platelet count [3] (this index herein designated “augmented 

comorbidity/age”). Nevertheless, the prognostic validity of the comorbidities have been 

almost exclusively studied among recipients of human leukocyte antigen (HLA)-matched 

donor grafts, both in retrospective and prospective multi-center studies with consistent 

agreement on its validity among the majority of these studies [4–7].

In the U.S., more than 12,000 patients are diagnosed annually with a life-threatening 

hematological disorder that necessitates a curative allogeneic HCT. According to data from 

the National Marrow Donor Program (NMDP), a suitable HLA-matched family member is 

potentially available for only approximately 30% of allogeneic HCT candidates. The 

remaining 70% of patients are otherwise offered allogeneic HCT utilizing alternative graft 

sources. For those patients, cures could still be achieved by offering HLA-mismatched, 

haploidentical grafts, or umbilical cord blood (UCB). However, allogeneic HCT using 

previous graft sources is potentially associated with higher risks of NRM compared to HLA-

matched allogeneic HCT due to several reasons. For example, utilization of HLA-

mismatched and haploidentical grafts has been shown to carry higher risks of graft rejection 

and severe graft versus host disease (GVHD) [8,9]. The use of a cyclophosphamide-

dependent conditioning regimen in part addressed these problems but at the expense of a 

higher rate of relapse [10]. Likewise, UCB grafts have been associated with relatively higher 

risks of delayed engraftment and subsequent infections given the potentially insufficient cell 

dose [11]. Currently, there are no sufficient data to support the superior use of one graft 

source over the other.

According to data from the Center for International Blood and Marrow Transplant Research 

(CIBMTR), recipients of unrelated grafts, including HLA-mismatched and UCB grafts, 

constitute the largest group of allogeneic HCT recipients in the US. The expansion in this 
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group compared to recipients of related donor grafts was most noticeable after 2006, with 

the gap between these two groups widening steadily thereafter on an annual basis. By further 

analysis it is noted that transplants performed utilizing UCB grafts during the period of 2008 

to 2012 has also expanded compared to previous periods, constituting 40% and 10% of all 

donor sources for pediatric and adult patients, respectively. Additionally, the percentage of 

haploidentical grafts recipients has been steadily increasing between 2011 and 2015 [12]. 

Whether comorbidities could convey a prognostic influence on outcome to counsel patients 

as to their most suitable graft source is yet to be investigated. A limited number of studies 

have looked at the prognostic value of comorbidities among alternative donor grafts 

recipients [13,14], but none have investigated the impact of the incorporation of both lab 

values and age to the HCT-CI into a single model.

In the current analysis, we explored whether 1) an augmented comorbidity/age index could 

stratify outcomes after allogeneic HCT from UCB, HLA-mismatched, or HLA 

haploidentical donors; and 2) if this index could guide appropriate graft source selection for 

patients with no suitable HLA-matched donors.

METHODS

Patients

Eligible patients were those who were recipients of an allogeneic HCT from an HLA-

mismatched donor, a haploidentical donor, or from an UCB graft at the Fred Hutchinson 

Cancer Research Center (Fred Hutch) between 2000 and 2013. Patients with any 

hematological diagnoses, including non-malignant diseases, were included. Patients from all 

age groups were included. We retrospectively identified 724 patients as eligible candidates 

for the study divided as follows; HLA-mismatched graft recipients (n=345), haploidentical 

graft recipients (n=117), and UCB recipients (n=262).

The following data were obtained by extensive review of the patients’ medical records: 

demographic data: patients’ age and sex, donors’ age and sex; Karnofsky performance status 

(KPS); disease-related data: type, date of diagnosis, risk category, status at time of 

transplantation; transplantation-related data: stem cell source, conditioning regimen 

intensity, GVHD prophylaxis protocol, cytomegalovirus (CMV) serostatus, date, 

pretransplant serum albumin, ferritin, and platelet count; and cause of mortality. Augmented 

comorbidity/age scores for all patients were calculated by a single investigator as per recent 

guidelines [15].

Transplantation details

Conditioning regimens were categorized as high-dose, reduced-intensity, or 

nonmyeloablative based on their respective intensity. The choice of a specific regimen was 

determined according to the active research protocols at Fred Hutch at the time of 

transplantation.

For recipients of HLA-mismatched grafts, high-dose regimens consisted of busulfan 4/

cyclophosphamide (BU/CY), CY/high-dose total body irradiation (TBI) (1200–1440 cGy 

depending to the protocol), or etoposide/high-dose TBI. Reduced-intensity and 
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nonmyeloablative regimens consisted of CY/low-dose TBI (200–450 cGy depending on the 

protocol), or FLU/low-dose TBI, or BU (2 days)/FLU. In this group, HLA typing was 

determined at all loci by high-resolution techniques and all donors were HLA-mismatched at 

one or two loci (9/10 or 8/10) (A, B, C, DRB1, and DQB1). The majority of donors (87%) 

were unrelated.

For recipients of UCB grafts, high-dose regimens consisted of BU/CY with or without 

melphalan or CY/high-dose TBI with or without FLU. Reduced-intensity and 

nonmyeloablative regimens consisted of treosulfan/FLU/low-dose TBI or CY/FLU/low-dose 

TBI. More than half of patients (58%) received two units with a level of HLA matching of 

6/6, 5/6, or 4/6 in one or both units.

For recipients of haploidentical grafts, high-dose regimens consisted of BU/CY, CY/high-

dose TBI, or thiotepa/FLU/high-dose TBI. Reduced-intensity and nonmyeloablative 

regimens consisted of CY/low-dose TBI or CY/FLU/low-dose TBI, or thiotepa/FLU/TBI. 

Related donors with HLA mismatches at more than two loci were categorized as 

haploidentical donors.

The vast majority of GVHD prophylaxis regimens consisted of a combination of calcineurin 

inhibitor (cyclosporine or tacrolimus) and methotrexate or mycophenolate mofetil with or 

without sirolimus. Among haploidentical grafts recipients, post-transplantation CY (PTCY) 

was administered for T-cell depletion in 96% (112) of patients, while the remaining 5 

patients received non PTCY alternatives. Donors and recipients were categorized as being 

CMV positive or negative on the basis of results of CMV IgG serostatus being positive or 

negative, respectively.

Definitions

Incidence of 2-year NRM is defined as the percentage of patients dying from the date of 

allogeneic HCT (day 0) until the completion of two years from causes other than disease 

relapse. Low disease risk included acute leukemia in first complete remission (CR), chronic 

myeloid leukemia in first chronic phase, chronic lymphocytic leukemia in CR, 

myelodysplasia-refractory anemia or refractory anemia with ringed sideroblasts, lymphoma 

in CR at the time of HCT, and non-malignant disorders. All remaining other diagnoses were 

considered high-risk. Comorbidities were collected as per previously published guidelines 

[15]. The augmented comorbidity/age index was defined as the sum of the original HCT-CI 

scores with the addition of scores for age ≥40 and for pretransplant biomarkers, serum 

ferritin, platelets count, and serum albumin, as previously described (Table 1) [3]. 

Conditioning regimens were classified into high-dose, reduced- intensity, or 

nonmyeloablative based on previously published criteria [16].

Statistical methods

Cumulative incidence estimates were used to evaluate NRM, while Kaplan–Meier estimates 

were used to assess survival. Relapse or progression of the primary disease was treated as a 

competing risk for NRM. Events were analyzed over the entire follow up period. Within 

each donor graft source, adjusted hazard ratios (HRs) of the augmented comorbidity/age 

scores for 2-year NRM were derived from multivariate models adjusting for known 
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confounders, namely age (as a continuous variable), conditioning intensity (high-dose versus 

reduced-intensity versus nonmyeloablative), CMV serostatus (positive versus negative), 

disease risk (high versus low), KPS (≤80% versus >80%), and year of transplant (2000 to 

2004, 2005 to 2009, and 2010 to 3013). Multivariate P-values were based on adjustment for 

all other variables in the model. All P-values were derived from Wald statistics and were 

two-sided. C-statistics were computed for prediction of NRM and OS by the two indices as 

continuous predictors using previously published methods [17]. Standard errors for the c-

statistics and p-values comparing c-statistics between indices were estimated from 50 

bootstrap samples. All calculations and analyses were carried out in SAS (Cary, NC).

RESULTS

Patient characteristics

Patients were divided into three cohorts according to the sources of their grafts. A total 

number of 724 patients were included in this analysis, 345 received HLA-mismatched grafts, 

117 received haploidentical grafts, and 262 received UCB grafts. Table 2 summarizes 

characteristics of the three patient cohorts. Among recipients of allogeneic HCT utilizing 

HLA-mismatched grafts, 66% received high-dose conditioning regimens. The majority of 

these patients (61%) had high-risk diseases. Fifty-two percent (52%) had augmented 

comorbidity/age scores ≥4 at time of transplant. The majority of patients in this cohort 

(88%) had a KPS of ≥80%.

Allogeneic HCT recipients utilizing UCB grafts were notably younger with 61% of patients 

being less than 40 years of age. Patients in this cohort had a similar distribution of low- and 

high-risk disease at 49% and 51%, respectively. Patients with augmented comorbidity/age 

scores ≥4 constituted 48% with the majority of patients (89%) having a KPS of ≥80%.

Haploidentical graft recipients received almost exclusively nonmyeloablative and RIC 

regimens (97%). This cohort had the highest percentage of patients with high-risk diseases 

at 66%. Fifty-seven percent (57%) of patients within this cohort had augmented 

comorbidity/age scores ≥4.

The most predominant comorbidities among the three groups were moderate pulmonary 

comorbidity and infections. The frequency of various components of the augmented 

comorbidity/age index across the three alternative donor groups are presented in Table 3.

Prognostic value of the augmented comorbidity/age index among the whole 
cohort of patients and relative to the HCT-CI alone—The prognostication of the 

augmented comorbidity/age index was compared to that of the original HCT-CI as 

determined by c-statistics estimates for different outcomes. Among the whole cohort, the 

augmented comorbidity/age index had higher c-statistics estimates for 2-year NRM 

compared to the original HCT-CI, 0.63 versus 0.59 (p = 0.0001), respectively. Similarly, the 

augmented comorbidity/age index provided better prognostication for 2-year OS compared 

to the original HCT-CI, c-statistic estimates of 0.60 versus 0.57 (p = 0.0001), respectively. 

C-statistic estimates were higher for the augmented comorbidity/age index as compared to 

original HCT-CI among individual donor groups as well (Table 4). Thus, we elected to 
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utilize the augmented comorbidity/age index for the rest of the analysis. The scores of the 

augmented comorbidity/age index were collapsed into two binary risk groups with relatively 

equal patient sample distributions with scores <4 (48%) and ≥4 (52%) were considered low 

and high risk groups, respectively. Figures 1A and 1B illustrate the incidence of NRM and 

rate of OS and numbers of patients remaining at risk yearly following transplantation among 

the whole cohort of patients as stratified by the augmented comorbidity/age index.

Performance of the augmented comorbidity/age index among recipients of 
HLA-mismatched grafts—Higher augmented comorbidity/age index scores were 

statistically significantly associated with lower OS and higher NRM. Patients with scores ≥4 

had almost double the risk of 2-year NRM compared to those with scores <4, 41% versus 

23%, respectively (p<0.0001) (Figure 2A). Two-year OS rates were higher among patients 

with low-risk versus high-risk scores, 55% versus 39%, respectively, (p<0.0008) (Figure 

2B). In regression models adjusted for conditioning intensity, age, CMV serostatus, disease 

risk, and KPS, and year of transplantation, hazards of 2-year NRM were significantly higher 

with increasing augmented comorbidity/age index scores, with a hazard ratio (HR)=1.52 

[95% confidence interval (CI) 1.00–2.30, p=0.05]. Two-year OS had a HR=1.29 [95% CI 

0.94–1.75, p=0.11] (Table 5). C-statistic estimates were 0.62 and 0.60 for 2-year NRM and 

2-year OS, respectively, when the augmented comorbidity/age scores were treated as a 

continuous variable.

Performance of the augmented comorbidity/age index among recipients of 
haploidentical grafts—Cumulative incidences of 2-year NRM were not statistically 

significantly different among patients with lower (<4) versus those with higher (≥4) 

augmented comorbidity/age scores, 34% versus 41%, respectively (p=0.07) (Figure 3A). 

However, lower comorbidity burden was associated with significantly better rates of 2-year 

OS, 58% versus 38% for patients with augmented comorbidity/age scores <4 versus ≥4, 

respectively (p=0.01) (Figure 3B). In models adjusted for previous risk factors, higher 

augmented comorbidity/age scores were not associated with OS, HR=1.66 [95% CI 0.95–

2.29, p0.08], or with NRM, HR=1.19 [95% CI 0.62–2.29, p0.60], for patients with scores ≥4 

(Table 5). Continuous c-statistic estimates were the lowest among all three cohorts, 0.60 and 

0.59, for NRM and OS, respectively.

Performance of the augmented comorbidity/age index among recipients of 
UCB grafts—Cumulative incidences of 2-year NRM were 21% versus 42% for patients 

with augmented comorbidity/age scores <4 versus ≥4, respectively (p<0.0001) (Figure 4A). 

Lower augmented comorbidity/age scores <4 were associated with better 2-year OS 

compared to scores ≥4, 67% versus 48%, respectively (p=0.004) (Figure 4B). In multivariate 

regression models adjusted for previously mentioned factors, higher augmented 

comorbidity/age scores were associated with significantly higher hazards of 2-year NRM, 

HR= 2.04 [95% CI 1.20–3.47, p=0.008]. Two-year OS had an HR=1.49 [95% CI 0.96–2.31, 

p0.08] (Table 5). Continuous c-statistic estimates for the predictive power of the model for 

NRM and OS were 0.65 and 0.61, respectively.
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Can the augmented comorbidity/age index be used to choose between graft 
sources?—In a separate multi-variate analysis, we compared the three graft sources in 

regards to NRM and survival within each of the low (<4) and high-risk groups (≥4) per the 

augmented comorbidity/age scores. There were no significant differences in outcomes 

among the three graft sources whether within the low- or high-risk groups (Table 6).

DISCUSSION

Outcome research studies focusing on recipients of allogeneic HCT from alternative graft 

sources are limited. Here, we were able to validate the discriminative capacity of a 

composite model combining an augmented HCT-CI and age among a group of patients 

receiving either HLA-mismatched, HLA-haploidentical, or UCB grafts. Patients with scores 

of ≥4 consistently had worse survival compared to patients with lower scores regardless of 

graft source. Findings are important in counseling patients in the clinic about risks of HCT. 

Further, within the limitation of a retrospective study, we could not find an advantage of one 

graft source versus the other within groups of patients with either low or high risk per 

comorbidity/age burden. Pending prospective randomized studies, results indicate that either 

graft source could be used for patients who have multiple comorbidities or older age.

In the present analysis, the prognostic validity of the augmented comorbidity/age index 

among recipients of alternative graft sources was evaluated. We added another layer of data 

to augment the prognostication provided by the HCT-CI through the inclusion of both serum 

lab values of ferritin, albumin, and platelets, and age as previously described [2,3]. The 

augmented comorbidity/age index consistently stratified outcomes across the three groups of 

alternative graft sources. The augmented comorbidity/age index scores were collapsed into 

low- and high-risk groups with significant differences in outcomes, with the exception of 

recipients of haploidentical grafts where the difference did not reach statistical significance 

for NRM. Additionally, we confirm an observation that was previously reported by our 

group and by others regarding the interpretation of prognostic data provided by the HCT-CI 

scores when utilized as two binary risk groups: the HCT-CI scores were meant to capture an 

association between worse overall survival and increased NRM with increasing scores; 

however, these associations are relative and not absolute [13,18,19].

The incidences of NRM and rates of OS and their respective hazard ratios at 2 years were 

comparable across recipients of HLA-mismatched, UCB, and haploidentical grafts recipients 

in each augmented comorbidity/age index risk group; however, it should be noted that this is 

a retrospective non-randomized analysis. Other variables, for example, minimal residual 

disease, could be utilized to compare outcomes across alternative graft sources [20]. Such a 

finding emphasizes the need for prospective randomized trials comparing outcomes between 

recipients of allogeneic HCT from alternative graft sources to provide data to counsel 

patients on their most suitable graft source. The augmented comorbidity/age index could be 

used here to adjust comparisons in outcomes among different graft sources in these trials. 

Currently there is an ongoing multi-center randomized clinical trial addressing the later 

question comparing double cord versus haploidentical grafts as sources for allogeneic HCT 

(BMTCTN1101) (https://clinicaltrials.gov/ct2/show/NCT01597778). Evaluating outcomes 
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per comorbidity risk groups could be important for individualized application of study 

results per comorbidity burden.

In the current study, the augmented comorbidity/age scores for all patients were assigned by 

a single investigator (M.E.) with significant inter-rater agreement with the principal 

investigator (M.L.S.) as measured by weighted kappa estimate of 0.95 (SE 0.03), indicating 

excellent agreement on comorbidity coding. This highlights the relevance of adapting 

consistent guidelines for comorbidity coding when validating the model as was previously 

described [15]. Additionally, the augmented comorbidity/age index risk groups had 

comparable numbers of patients among different patients’ cohorts, thus providing reliable 

results.

Nevertheless, our analysis has some limitations. First is the retrospective nature of our study. 

Second, the association between augmented comorbidity/age scores and NRM among the 

haploidentical grafts recipients was weak. This is probably attributed to the lower number of 

patients included in the analysis (n=117), since we have previously shown that the lowest 

number of patients required to validate the model is at least 200 patients [4]. Despite this 

limitation, our cohort is considered among the largest single center series of haploidentical 

grafts recipients. Future application on a large cohort of patients with HLA-haploidentical 

grafts is warranted.

Our results highlight the importance of incorporating comorbidity index into the design and 

interpretation of trial results. Future research should focus on testing the role of 

comorbidities in decision making about graft source selection in a large multi-center study.
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HIGHLIGHTS

• An augmented comorbidity/age index comprising the HCT-CI, age, serum 

values of albumin, ferritin, and platelets has a higher predictive power for 

HCT outcomes among recipients of alternative donor grafts compared to the 

HCT-CI alone.

• There were no significant differences in outcomes among the three graft 

sources whether within the low- or high-risk groups per the augmented 

comorbidity/age index suggesting suitability of the current practice of using 

any available alternative donor graft.
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Figure 1. Outcomes of the entire patient cohort as stratified by the augmented comorbidity/age 
index.
A) Cumulative incidences of non-relapse mortality (NRM) among the whole cohort of 

patients as stratified by the augmented comorbidity/age index. B) Rates of overall survival 

among the whole cohort of patients as stratified by the augmented comorbidity/age index. 

Table below each graph depicts the number of patients remaining at risk by year from HCT
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Figure 2. Outcomes of recipients of HLA-mismatched grafts as stratified by the augmented 
comorbidity/age index.
A) Cumulative incidence of non-relapse mortality (NRM) among HLA-mismatched grafts 

recipients as stratified by augmented comorbidity/age index scores <4 versus ≥4. B) Rates of 

overall survival among HLA-mismatched grafts recipients as stratified by augmented 

comorbidity/age scores <4 versus ≥4.
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Figure 3. Outcomes of recipients of haploidentical grafts as stratified by the augmented 
comorbidity/age index.
A) Cumulative incidence of non-relapse mortality (NRM) among haploidentical grafts 

recipients as stratified by augmented comorbidity/age scores <4 versus ≥4. B) Rates of 

overall survival among haploidentical grafts recipients as stratified by augmented 

comorbidity/age scores <4 versus ≥4.
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Figure 4. Outcomes of recipients of umbilical cord blood grafts (UCB) as stratified by the 
augmented comorbidity/age index.
A) Cumulative incidence of non-relapse mortality (NRM) UCB graft recipients as stratified 

by augmented comorbidity/age scores <4 versus ≥4. B) Rates of overall survival among 

UCB graft recipients as stratified by augmented comorbidity/age scores <4 versus ≥4.
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Table 1.

Definitions of comorbidities included in the augmented comorbidity/age index and their corresponding scores

Comorbidity Definition Score

HCT-CI

 Arrhythmia Any type of arrhythmia that has necessitated the delivery of a specific anti-arrhythmia treatment at 
any time point in the patient’s past medical history.

1

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

 Inflammatory bowel disease Crohn’s disease or ulcerative colitis requiring treatment at any time point in patient’s past medical 
history.

1

 Diabetes Requiring treatment with insulin or oral hypoglycemic agents continuously for 4 weeks before start 
of conditioning

1

 Cerebrovascular disease Transient ischemic attack or cerebrovascular accident 1

 Psychiatric disturbance Any disorder requiring continuous treatments for 4 weeks before start of conditioning 1

 Hepatic, mild Chronic hepatitis, bilirubin > ULN to 1.5 × ULN, or AST/ALT> ULN to 2.5 × ULN; at least two 
values of each within 2 or 4 weeks before start of conditioning.

1

 Obesity Patients with a body mass index >35 kg/m2 for patients older than 18 years or a BMI-for-age of ≥ 
95th percentile for patients of ≤ 18 years of age

1

 Infection Requiring antimicrobial treatment starting from before conditioning and continued beyond day 0 1

 Rheumatologic Requiring specific treatment at any time point in the patient’s past medical history 2

 Peptic ulcer Based on prior endoscopic or radiologic diagnosis 2

 Moderate/severe renal Serum creatinine > 2 mg/dl (at least two values of each within 2 or 4 weeks before start of 
conditioning), on dialysis, or prior renal transplantation

2

 Moderate pulmonary Corrected DLco (via Dinakara equation) and/or FEV1 of 66%–80% or dyspnea on slight activity 2

 Prior malignancy Treated at any time point in the patient’s past history, excluding non-melanoma skin cancer 3

 Heart valve disease Of at least moderate severity, prosthetic valve, or symptomatic mitral valve prolapse as detected by 
echocardiogram

3

 Severe pulmonary Corrected DLco (via Dinakara equation) and/or FEV1 ≤ 65% or dyspnea at rest or 
requiring oxygen

3

 Moderate/severe hepatic Liver cirrhosis, bilirubin > 1.5 × ULN, or AST/ALT > 2.5 × ULN; at least two values of 
each within 2 or 4 weeks before start of conditioning

3

Augmented comorbidity/age index: all of the above plus

 High ferritin Values of ≥2500 as measured the closest prior to start of conditioning 1

 Mild hypoalbuminemia Values of <3.5–3.0 as measured the closest prior to start of conditioning 1

 Moderate gypoalbuminemia Values of < 3.0 as measured the closest prior to start of conditioning 2

 Thrombocytopenia Values of <100,000 as measured the closest prior to start of conditioning 1

 Age ≥40 years 1

Abbreviations: EF = ejection fraction; ULN= upper limit of normal; DLco= diffusion capacity of carbon monoxide: FEV1= forced expiratory 
volume in 1 second.

§
One or more vessel-coronary artery stenosis requiring medical treatment, stent, or bypass graft
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Table 2.

Patients characteristics according to their graft sources

HLA-mismatched grafts 
recipients (n=345)

Umbilical cord blood 
grafts recipients (n=262)

Haploidentical grafts 
recipients (n=117)

Conditioning (%)

 High-dose 66 55 3

 Nonmyeloablative/reduced-intensity conditioning 35 45 97

 ATG use 4 18 0

Age, median (range) 45 (0.6–76) 37 (0.4–73) 37 (0.5–74)

 < 40 37 61 45

 ≥ 40 63 39 55

Disease risk (%)

 Low 39 49 34

 High 61 51 66

Cytomegalovirus status

 Negative 43 40 32

 Positive 57 60 68

Donor type (%)

 Related 13 100

 Unrelated 87 100

Stem cells source (%)

 Peripheral blood stem cells 73 80

 Bone marrow 27 20

 Umbilical cord blood — 100 —

  Single unit — 42 —

  Two units — 58 —

Augmented comorbidity/age index (%)

 <4 48 52 43

 ≥ 4 52 48 57

 Median (range) 4 (0–14) 3 (0–13) 4 (0–14)

Karnofsky performance status score (%)

 > 80 88 89 81

 ≤ 80 13 11 19

Year of transplant (%)

 2000 to 2004 43 6 14

 2005 to 2009 38 40 45

 2010 to 2010 29 55 41

Follow-up of surviving patients, years

 Median (range) 8.0 (1.2–16.1) 4.1 (1.7–12.9) 5.0 (0.2–11.4)

1
missing for 1 HLA-mismatched recipient and 6 cord blood recipients

HCT-CI = Hematopoietic Cell Transplantation-specific Comorbidity Index.
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Table 3:

Distribution of the different components of the augmented comorbidity/age index among the three donor 

groups.

HLA-MM (n=345) UCB (n=262) Haplo (n=117)

Augmented comorbidity/age index components % (n) % (n) % (n)

 Arrhythmia 6 (20) 5(12) 7(8)

 Cardiac 10(33) 7(18) 8(9)

 Inflammatory bowel disease 0.2(1) 0.7(2) 0.9(1)

 Diabetes 8(29) 7(19) 5(6)

 Cerebrovascular disease 4(14) 4(10) 3(3)

 Psychiatric disturbance 21(71) 15(40) 23(27)

 Hepatic, mild 12(40) 18(49) 14(16)

 Obesity 7(25) 6(16) 8(9)

 Infection 22(76) 35(93) 26(30)

 Rheumatologic 0.6(2) 2(5) 0

 Peptic ulcer 2(8) 2(4) 3(3)

 Moderate/severe renal 0.9(3) 0.8(2) 3(3)

 Moderate pulmonary 35(122) 33(86) 37(44)

 Prior malignancy 10(36) 9(24) 9(10)

 Heart valve disease 1(4) 2(6) 2(2)

 Severe pulmonary 16(56) 16(43) 26(31)

 Moderate/severe hepatic 3(11) 3(7) 0.9(1)

 High ferritin 3 (11) 3 (8) 8 (9)

 Mild Hypoalbuminemia 14 (50) 11 (29) 25 (29)

  Moderate hypoalbuminemia 7 (23) 4 (11) 6 (7)

  Thrombocytopenia 44 (152) 30 (79) 49 (57)

 Age ≥40 years 62 (215) 39 (101) 55 (64)
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Table 4.

c-statistic estimates (s.e.
1
) for the two risk indices among the whole cohort

HCT-CI Augmented comorbidity/age index

Non-relapse mortality (266 events)

 All donors (n=724) 0.59 (0.02) 0.63 (0.02)

 Antigen mismatched (n=345) 0.59 (0.02) 0.62 (0.02)

 Cord blood (n=262) 0.61 (0.03) 0.65 (0.03)

 Haploidentical (n=117) 0.54 (0.05) 0.60 (0.04)

Overall survival (406 events)

 All donors (n=724) 0.57 (0.02) 0.60 (0.02)

 Antigen mismatched (n=345) 0.58 (0.02) 0.60 (0.02)

 Cord blood (n=262) 0.59 (0.03) 0.61 (0.03)

 Haploidentical (n=117) 0.54 (0.03) 0.59 (0.03)

1
s.e. and p-value estimated from 50 bootstrap samples
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Table 5.

*Multivariate regression model of the augmented comorbidity/age index among three sources of donor grafts

Adjusted HR (95% CI) p-value

Non-relapse mortality

 HLA-mismatched 1.52 (1.00–230) 0.05

 Umbilical cord blood 2.04 (1.20–3.47) 0.008

 Haploidentical 1.19 (0.62–2.29) 0.60

Overall survival

 HLA-mismatched 1.29 (0.94–1.75) 0.11

 Umbilical cord blood 1.49 (0.96–231) 0.08

 Haploidentical 1.66 (0.95–2.92) 0.08

*
Augmented comorbidity/age index scores ≥4 compared to augmented comorbidity/age scores <4. Adjusted for conditioning (high-dose, reduced-

intensity, or nonmyeloablative), age (<50, ≥50), cytomegalovirus serostatus (+, −), disease risk (low, high), and Karnofsky Performance Status 
score (≤80, >80), and year of transplant (2000 to 2004, 2005 to 2009, 2010to 2013).
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Table 6.

Adjusted hazard ratios for nonrelapse mortality and overall survival as stratified by augmented 

comorbidity/age index comparing alternative graft sources

HR (95% CI) p-value Adjusted
*
 HR (95% CI) Adjusted

*
 p-value

Nonrelapse mortality with augmented comorbidity/age score <4

 Antigen mismatched 1.0 1.0

 Cord blood 0.87 (0.55–1.38) 0.56 0.98 (0.59–1.62) 0.94

 Haploidentical 1.42 (0.82–2.47) 0.21 1.24 (0.58–2.63) 0.58

Nonrelapse mortality with augmented comorbidity/age score ≥4

 Antigen mismatched 1.0 1.0

 Cord blood 1.06 (0.75–1.48) 0.75 1.40 (0.88–2.24) 0.16

 Haploidentical 1.18 (0.78–1.77) 0.43 1.48 (0.82–2.66) 0.19

Overall Survival with augmented comorbidity/age score <4

 Antigen mismatched 1.0 1.0

 Cord blood 0.73 (0.52–1.04) 0.08 0.84 (0.58–1.23) 0.37

 Haploidentical 0.96 (0.61–1.51) 0.86 0.99 (0.53–1.86) 0.99

Overall survival with augmented comorbidity/age score ≥4

 Antigen mismatched 1.0 1.0

 Cord blood 0.87 (0.65–1.17) 0.36 0.94 (0.64–1.36) 0.73

 Haploidentical 1.16 (0.83–1.63) 0.38 1.20 (0.76–1.91) 0.43

*
Adjusted for conditioning (myeloablative, reduced-intensity, or nonmyeloablative), age (<50, ≥50), cytomegalovirus serostatus (+, −), disease risk 

(low, high), and Karnofsky Performance Status score (≤80, >80)
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