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Abstract

The treatment of elderly patients with advanced hematological malignancies has expanded to 

include reduced-intensity conditioning (RIC) allogeneic hematopoietic cell transplantation 

(alloHCT) as a potentially curative option. We studied the association between disease risk index 

(DRI) and clinical outcomes of 196 elderly patients (median age: 64.8 [60-75] years) with 

hematological malignancies receiving RIC alloHCT (2000-2014). Donors were adult related and 

unrelated (RD, URD; n = 100, 51.1%) or umbilical cord blood (UCB) (n = 96, 48.9%). DRI 

classified 12 patients (6.1%) as low risk (LR), 146 patients (74.5%) as intermediate risk (IR) and 

38 patients (19.4%) as high-risk (HR). Two-year overall survival (OS) was 47% (52% for LR/IR 

vs. 29% for HR; p<0.01) and two-year disease-free survival (DFS) was 39% (44% for LR/IR vs. 

21% for HR; p<0.01). Relapse incidence was 30% (26% for LR/IR vs. 44% for HR; p<0.01). 

Treatment-related mortality (TRM) was 29% at 2 years; this was similar for all DRI groups. In 

multiple regression analysis, HR DRI was associated with increased risk of relapse (HR=2.07; 

95% CI 1.34-3.33; p=0.02) and treatment failure (HR=2.07; 95% CI 1.35-3.18; p<0.01), and 

decreased OS (HR=2.11; 95% CI 1.34-3.33; p<0.01). In elderly patients, DRI is a significant 

prognostic factor for post-transplant relapse, treatment failure, and mortality. Due to increased risk 

of relapse leading to poor survival in HR DRI, participation in clinical trials offering relapse 

prevention strategies after RIC alloHCT should be encouraged when available.
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Introduction

The incidence and prevalence of most hematologic malignancies increase with age. Elderly 

patients often have more comorbidities and worse performance status that makes optimal 

treatment challenging, particularly when more intensive treatment is indicated. Allogeneic 

hematopoietic stem cell transplantation (alloHCT) is a potentially curative therapy for 

hematologic malignancies;[1][2][3] however, up to 60% of elderly patients with acute 

myeloid leukemia (AML) are not treated following diagnosis due to perceived poor 

tolerance to intensive therapies including alloHCT and subsequently have very poor survival. 

[4] [5] Several studies have shown that elderly patients ≥ 60 years of age have similar 

treatment-related mortality (TRM) and overall survival (OS) post-alloHCT compared to 

younger patients, with the majority of transplants utilizing reduced-intensity conditioning 

(RIC) regimens.[6][7][8][9]

The ability of RIC to harness graft-versus-leukemia (GVL) effect with fewer transplant-

related toxicities compared to myeloablative (MA) conditioning has made it an attractive and 

increasingly popular choice for elderly patients that are not candidates for MA transplant.

[10] In order to better select patients for alloHCT, clinical risk tools including the HCT-

specific comorbidity index (HCT-CI) [11] and frailty index [12] can help clinicians assess 

patient-specific factors that influence TRM and OS after alloHCT. Additionally, a disease-

specific predictive tool, the disease risk index (DRI), [13] was developed and later revised to 

improve the ability to estimate OS after alloHCT across various hematologic malignancies 

regardless of age, conditioning regimen, graft source, or donor type.

We examined the impact of the revised DRI on clinical outcomes in elderly patients (≥60 

years old) with hematologic malignancies receiving RIC alloHCT at the University of 

Minnesota.

Methods

Study Design

We identified 196 patients ≥60 years of age that received RIC alloHCT for hematologic 

malignancies between 2000 and 2014. Data was acquired from the University of Minnesota 

Blood and Marrow Transplant database, supplemented as needed by individual medical 

record review. Criteria for transplantation was disease specific, with acute leukemia and 

MDS requiring <5% blasts by morphology prior to transplantation, non-blast phase of 

chronic myeloid leukemia (CML), and chemotherapy-sensitive lymphoma or multiple 

myeloma patients. DRI, Karnofsky Performance Score (KPS), and HCT-CI were assessed 

prior to alloHCT.

The majority of patients received conditioning consisting of cyclophosphamide 50 mg/kg IV 

on day -6, fludarabine 30 mg/m2 daily on day -5 to day -2, and total body irradiation (TBI) 

200cGy on day -1. Equine ATG at 15 mg/kg was given twice daily in patients with a 

remotely preceding (> 12 months) autologous transplant or no immunosuppressive 

chemotherapy within 3 months. GVHD prophylaxis consisted of cyclosporine A (CSA) and 

mycophenolate mofetil (MMF) starting on day -3 in matched related donor (RD) and 
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matched unrelated donor (URD) transplants. For UCB transplants, CSA/MMF was used 

prior to 2012 and CSA was replaced with sirolimus thereafter. All patients provided written 

consent and the protocol was approved by the institutional IRB.

Study End Points and Definitions

Primary study endpoint was OS. Secondary endpoints included disease-free survival (DFS; 

defined as survival without death or relapse) and relapse incidence at 2 years, neutrophil 

recovery (defined as ANC ≥ 500 for 3 consecutive days) at post-HCT day 42, platelet 

recovery (defined as platelet count ≥ 20 × 109 /L) at 6 months, grade II-IV and III-IV acute 

GVHD at day 180, chronic GVHD at 2 years, TRM (defined as death in the first 28 days 

after transplantation or any death after day 28 in continuous remission), and GVHD-free 

(acute III-IV or chronic) relapse-free survival (GRFS) at 2 years. [14]

DRI was defined as specified by Armand et al [13] and classified for analysis as low or 

intermediate risk (LR/IR) vs. high or very high risk (HR/VHR). Acute and chronic GVHD 

were graded per consensus criteria. [15][16] GRFS was defined as absence of grade III-IV 

acute GVHD, chronic GVHD requiring systemic immunosuppression, disease relapse, or 

death from any cause. [14] RIC was defined by Center for Blood and Marrow Transplant 

Research (CIBMTR) functional definitions [17]

Statistical Analysis

The Kaplan-Meier method was used to estimate OS, DFS and GRFS with 95% confidence 

intervals (CI) derived from the standard errors. Log-rank test was used for univariate 

comparisons. Cumulative incidence estimator was used to calculate the probabilities of 

neutrophil and platelet engraftment, relapse, and acute and chronic GVHD reflecting the 

nonevent deaths as competing risks. The cumulative incidence of NRM was also calculated 

reflecting relapse as a competing risk. Fine and Gray analysis was used to compare the 

differences between cumulative incidence curves for the endpoints of neutrophil and platelet 

engraftment, relapse, NRM, and GVHD.[18] Factors considered in the analysis included 

DRI group LR/IR vs. HR, year of transplant ≥2007 or ≤2006, KPS <80% vs. ≥80%, HCT-CI 

score of 0, 1 to 2, or ≥3, age <65 or ≥65, gender, recipient CMV status, and donor source. 

Prognostic factor models for all clinical outcomes were built by backward selection method, 

and a p value significance of ≤0.05 was required for remaining in the model. The study data 

were analyzed using SAS version 9.3 (SAS Institute, Cary, NC).

Results

Patient Characteristics

We identified 104 patients age 60-64 (53%) and 92 patients age ≥65 (47%) who received 

alloHCT for hematological malignancies (Table 1). AML, MDS, NHL, and ALL comprised 

90.3% of all diagnoses. DRI classified 12 patients (6.1%) as low risk (LR), 146 patients 

(74.5%) as intermediate risk (IR), and 38 patients (19.4%) as high risk (HR). There were no 

patients in our analysis with VHR DRI.
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Median age at transplant was 64.8 years (range, 60-75 years): 53% age 60-64 and 47% age 

≥65 (≥70 years, n=15). KPS was < 80% in 34 patients (17.3%) prior to transplant. Higher 

HCT-CI score (HCT-CI ≥3) was present in 70 patients (35.7%), with approximately 1/3 of 

patients with pre-transplant HCT-CI of 0, 1 to 2, and ≥3, respectively. UCB was donor 

source in 96 patients (49%), matched RD in 83 patients (42.3%), and URD in 17 patients 

(8.7%). Patient characteristics were similar between LR/IR and HR DRI groups, except 

more males than females in HR DRI group (81% in HR vs 58% in LR/IR, p < 0.01). AML 

and MDS were the most common diseases undergoing allogeneic transplantation in elderly 

patients, as these diseases comprised 72% of all transplants (71% of LR/IR DRI and 79% of 

HR DRI). NHL (n = 3), ALL (n = 4) and MM (n = 1) were remainder of HR DRI diseases 

receiving transplant. Majority of transplants were performed ≥2007 compared to ≤2006 

(77% vs. 23%), similar between LR/IR and HR DRI groups.

Overall Survival, Cause of Death and DFS

OS probability at 2 years in the entire cohort was 47% (95% CI 40% - 54%). OS was 

significantly lower for HR DRI group (52% for LR/IR vs. 29% for HR; p<0.01) (Figure 1a). 

Median OS in HR DRI group was 5 months (range 3-21 months) compared to 29 months 

(range 13-47 months) in LR/IR group. In multiple regression analysis, after adjusting for 

graft type, HCT-CI, and treatment year, OS was significantly lower for HR DRI group 

(HR=2.03; 95% CI 1.28-3.23; p<0.01) than LR/IR DRI (Table 2). HCT-CI score, graft type, 

and treatment year did not significantly influence the risk of mortality after alloHCT in 

multivariate analysis. The most common cause of death was relapse (n = 51), followed by 

infection (n = 18), GVHD (n = 15), neurotoxicity (n = 8), and respiratory failure (n = 7).

DFS at 2 years was 39%, (95% CI 0.32–0.46) and was significantly lower for HR DRI group 

(44% for LR/IR vs. 21% for HR; p<0.01)(Figure 1b). In HR DRI group, median DFS was 3 

months (range 2-8 months), while it was 15 months (range 9-24 months) for the LR/IR DRI 

group. Patient age, KPS and HCT-CI had no significant impact on DFS. In multiple 

regression analysis, treatment failure (inverse of DFS; HR=1.93; 95% CI 1.25-2.99; p<0.01) 

was significantly increased for HR DRI group after adjusting for graft type, HCT-CI score, 

and treatment year. Treatment year ≥ 2007 was significantly associated with increased DFS 

(HR 0.66, 95% CI 0.43-1; p = 0.05) in multivariate analysis.

Hematopoietic Recovery, TRM and Relapse

Neutrophil engraftment at day 42 was 96% (95% CI 92-98%) (95% for LR/IR vs. 100% for 

HR; p=0.40) and platelet engraftment was 72% (95% CI 64-81%) at 6 months (76% for 

LR/IR vs. 58% for HR; p=0.08). UCB stem cell source was associated with lower rates of 

neutrophil engraftment (93% vs. 98%; p< 0.01) and platelet engraftment (65% vs. 80%, 

p<0.01) as compared to adult donor grafts. In multiple regression analysis, after adjusting 

for graft type, platelet recovery was significantly worse for HR DRI group (HR=0.56; 95% 

CI 35-91%; p=0.02), while neutrophil recovery was not influenced by DRI. The use of UCB 

as compared to adult donor grafts was independently associated with lower recovery of both 

neutrophils (HR=0.38, 95% CI 0.27-0.52; p<0.01) and platelets (HR=0.39, 95% CI 

0.28-0.56; p<0.01).
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TRM at 2 years was 29% (95% CI 23-36%): 28% for LR/IR DRI group and 34% for HR 

DRI group (p=0.12). In multiple regression analysis, after adjusting for HCT-CI and year of 

transplant, TRM was not significantly affected by DRI. None of the factors analyzed, 

including patient age, KPS, HCT-CI, year of transplant, or graft source influenced the risk of 

TRM.

Relapse rate in entire cohort was 30% (95% CI 23-37%), and was significantly higher for 

HR DRI group (26% for LR/IR vs. 44% for HR; p<0.01). HR DRI remained the only 

significant predictor of increased risk of relapse (HR=2.07; 95% CI 1.14-3.71; p=0.02).

Acute and Chronic GVHD

Cumulative incidence of grade II-IV acute GVHD at day 180 was 42% (95% CI 35-49%) for 

the entire cohort (41% for LR/IR vs. 47% for HR, p=0.32). Similarly, the cumulative 

incidence of chronic GVHD at 2 years was 34% (95% CI 26-41%) for the entire cohort 

(35% for LR/IR vs. 31% for HR, p=0.07). UCB donor type was associated with significantly 

lower risk of chronic GVHD (22% vs. 46% for adult donor, p<0.01). In multiple regression 

analysis, UCB source was associated with significantly lower risks of chronic GVHD (HR 

0.42, 95% CI 0.25-0.72 p<0.01), while there was no risk factor associated with acute 

GVHD.

Discussion

We identified that revised DRI is the most powerful prognostic tool for OS after RIC 

alloHCT in the elderly. While encouraging 2-year OS (52%) and DFS (44%) rates were 

observed for patients in LR/IR DRI group, corresponding outcomes were lower for those in 

HR group (29% for OS and 21% for DFS). In HR DRI, graft-versus-tumor effect can control 

disease long-term in a proportion of patients with otherwise poor outcome with 

chemotherapy alone, thus the role of transplantation remains vital in the current era. It has 

been previously shown that patients with intermediate or high-risk AML and MDS, which 

comprise the majority of allogeneic transplants in the elderly in our study, have better 

outcomes with HCT consolidation than without. [19] [20] Due to increased risk of relapse 

leading to poor survival in HR DRI, participation in clinical trials offering relapse prevention 

strategies after RIC alloHCT should be encouraged when available.

There have been multiple studies assessing risk factors for outcomes of RIC transplantation 

in elderly patients, [6][7][21] but DRI was generally not considered. Similar to our 

observation, a recent study by Pohlen et al. showed 3 year OS of 43-54% for LR/IR DRI and 

18-32% for HR/VHR DRI in 187 elderly patients (≥ 60 years) with AML or MDS. [8] Our 

study broadens Pohlen's findings to a larger range of hematologic malignancies and includes 

umbilical cord donor source for elderly patients, a population not included in their analysis. 

Although our study did not include large enough numbers of each DRI subgroup to make 

generalizations, particularly in high-risk and very-high risk DRI subgroups, our findings are 

consistent with a large CIBMTR registry report showing 2-year OS rates ranging from 64% 

for LR DRI group to 24% for VHR DRI group in adults of all ages with hematologic 

malignancies. [13]
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While prior large studies have reported results of predominantly matched sibling and 

unrelated donor alloHCT, approximately half of patients in our study received UCB 

transplant. Although we observed delayed ANC and platelet engraftment in UCB transplant 

recipients, UCB source did not negatively impact OS or DFS in this population. Lower 

incidence of chronic GVHD in UCB transplants remains one of the major advantages of 

UCB transplant, and is particularly relevant to elderly patients who have poor tolerance to 

prolonged immunosuppressive therapy. [22] Here, we show that incidence of chronic GVHD 

is lower in elderly patients who receive UCB transplant than adult donors.

While several prior studies found lower OS rates with increasing age [23][24], DRI was the 

only factor that significantly influenced OS in our analysis. We did not observe any 

difference in secondary outcomes of DFS, TRM, relapse, GVHD, GRFS or hematopoietic 

recovery for age 60-64 compared to age ≥65. Our institution has previously published an 

analysis on outcomes of elderly AML and MDS patients ≥ age 70 receiving alloHCT with 

sibling and umbilical cord donors (n = 19), with 2 year OS rates of 55-60%, similar to 

patients aged 60-69 (n = 60) with 2 year OS rate of 42-43%.[25] Other studies looking at 

impact of age on outcomes similarly have not shown an association. [6][7][21]

Our study supports continued use of RIC transplantation as a potentially curative therapy for 

elderly patients with good performance status and comorbidity scores, however is limited by 

small patient sample size. Larger studies of elderly patients are needed to assess outcomes 

and improve disease risk stratification, particularly in real world settings where elderly 

patients may be frailer than those enrolled in clinical trials. Our TRM of 29% is similar to 

other reported TRM of RIC transplants among elderly patients [21][6], and higher than that 

of younger patients receiving RIC transplant (10-26% at 3 years). [26][27][28] TRM did not 

significantly differ between age groups of 60-64 vs ≥65 years in our study, consistent with 

other reports [6][21]. TRM was also not affected by DRI in our study, similar to a large 

validation cohort of the European Society for Blood and Marrow Transplantation (EBMT) 

which did not report significant differences in TRM across LR, IR, HR, and VHR DRI 

groups.[29] RIC transplantation is feasible, but with significant TRM risk, in this population.

Higher relapse rates following RIC transplantation compared to MA conditioning have been 

well described. [30] Strategies to overcome increased risk of relapse, particularly those that 

can enhance GVL, are needed in elderly patients who are usually only candidates for RIC. 

Donor lymphocyte infusions (DLI) can be used successfully as a prophylactic measure [31] 

or at time of relapse [32], however the increased risk of GVHD and DLI availability are 

limiting factors for wide utilization of this strategy. Hypomethylating agents have been used 

for post-transplant maintenance in MDS and AML. [33] Immunotherapy using inhibition of 

CTLA-4 and PD-L1 pathways has been encouraging in early phase studies of hematologic 

malignancies with acceptable rates of GVHD. [34] [35] For FLT3/ITD-mutated AML, 

sorafenib as maintenance therapy post-transplant is being adopted into practice after 

showing promising results in early phase clinical trials. [36][37]

DRI risk group is an important prognostic tool in elderly patients with hematologic 

malignancies undergoing alloHCT. However, limitations of DRI include lack of 

incorporation of minimal residual disease (MRD) status and molecular subtype of disease. 
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Pre-transplant MRD status by flow cytometry [38] or next-generation sequencing has been 

reported to be prognostic in AML, and may be even more important in setting of reduced 

intensity conditioning. [39][40] Molecular mutations have been shown to have independent 

prognostic implications in patients undergoing allogeneic transplant for MDS. [41] Larger 

studies, particularly involving non-AML and MDS disease subtypes, are needed to further 

validate DRI in a real-world setting with elderly patients.
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Highlights

• DRI is important prognostic factor for elderly patients ≥60 years

• High risk DRI group has reduced overall and disease-free survival post-

transplant

• Age group 60-64 vs ≥65 does not affect survival or treatment-related 

mortality

• Novel or alternative therapies are needed for high risk and very high risk 

disease
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Figure 1. 
(a) 2-year OS by DRI group. (b) 2-year DFS by DRI group. (c) 2-year Relapse by DRI 

group. (d) 2-year TRM by DRI group.
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Table 1
Patient Characteristics

All Groups LR/IR HR P-value

N=196 N=158 N=38

Sex <0.01

Male 123(62.8%) 92(58.2%) 31(81.6%)

Female 73(37.2%) 66(41.8%) 7(18.4%)

Age 0.76

60-64 104(53.1%) 83(52.5%) 21(55.3%)

≥65 92(46.9%) 75(47.5%) 17(44.7%)

Diagnosis

AML 101 (51.5%) 83 (52.5%) 18 (47.4%)

MDS 41 (20.9%) 29 (18.4%) 12 (31.6%)

NHL 20 (10.2%) 17 (10.8%) 3 (7.9%)

ALL 15 (7.7%) 11 (7.0%) 4 (10.5%)

Myeloma 8 (4.1%) 7 (4.4%) 1 (2.6%)

Myeloproliferative Disorder 6 (3.1%) 6 (3.8%) 0

CML 5 (2.6%) 5 (3.2%) 0

Graft source 0.08

Matched Related Donor 83 (42.3%) 72 (45.6%) 11 (29.0%)

Adult Unrelated Donor 17 (8.7%) 11 (7.0%) 6 (15.8%)

UCB 96(49.0%) 75(47.5%) 21(55.3%)

HCT-CI 0.09

0 63(32.1%) 56(35.4%) 7(18.4%)

1 to 2 56(28.6%) 41(25.9%) 15(39.5%)

3+ 70(35.7%) 57(36.1%) 13(34.2%)

Missing 7(3.6%) 4(2.5%) 3(7.9%)

KPS 0.76

≤80 34(17.3%) 27(17.1%) 7(18.4%)

>80 153(78.1%) 125(79.1%) 28(73.7%)

Missing 9(4.6%) 6(3.8%) 3(7.9%)

Recipient CMV status 0.4

Positive 120(61.2%) 99(62.7%) 21(55.3%)

Negative 76(38.8%) 59(37.3%) 17(44.7%)

Treatment Year 0.16

≤2006 45(23.0%) 33(20.9%) 12(31.6%)

≥2007 151(77.0%) 125(79.1%) 26(68.4%)
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Table 2
Multivariable Analysis of Clinical Outcomes

Variable Total N Multivariable

HR 95% CI P-value

OS at 2 years

DRI LR/IR 158 1

DRI HR 38 2.03 1.28-3.23 <0.01

Adult Donor 100 1

UCB 96 1.32 0.88-1.96 0.18

HCT CI 0-2 119 1

HCT-CI ≥3 70 1.47 0.98-2.19 0.06

TX year ≤ 2006 1

TX year ≥ 2007 0.76 0.48-1.2 0.23

DFS at 2 years

DRI LR/IR 158 1 1

DRI HR 38 2.07 1.35-3.18 <0.01

Adult Donor 100 1 1

UCB 96 1.18 0.81-1.7 0.39

HCT CI 0-2 119 1 1

HCT-CI ≥3 70 1.42 0.98-2.07 0.07

TX year ≤ 2006 1 0.04

TX year ≥ 2007 0.63 0.41-0.97

Relapse at 2 years

DRI LR/IR 158 1

DRI HR 38 2.07 1.14-3.71 0.02

TRM at 2 years

DRI LR/IR 158 1

DRI HR 38 1.26 0.66-2.53 0.46

HCT-CI 0-2 119 1

HCT-CI ≥3 70 1.45 0.84-2.52 0.18

TX year ≤ 2006 1

TX year ≥ 2007 0.75 0.4-1.42 0.37
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