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Key Points

• Interaction-based
analyses generated the
RICE score, which is
the sum of 3 factors
including age,
comorbidities, and
umbilical cord blood.

• The RICE score
successfully extracts
the population in whom
reduced-intensity
conditioning reduces
the risk of NRM.
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Reduced-intensity conditioning (RIC) regimens have long-term outcomes that are generally

comparable with those of myeloablative conditioning (MAC) because of a lower risk of

nonrelapse mortality (NRM) but a higher risk of relapse. However, it is unclear how we

should select the conditioning intensity in individual cases. We propose the risk assessment

for the intensity of conditioning regimen in elderly patients (RICE) score. We retrospectively

analyzed 6147 recipients aged 50 to 69 years using a Japanese registry database. Based on

the interaction analyses, advanced age (≥60 years), hematopoietic cell transplantation–

specific comorbidity index (≥2), and umbilical cord blood were used to design a scoring

system to predict the difference in an individual patient’s risk of NRM between MAC and

RIC: the RICE score, which is the sum of the 3 factors. Zero or 1 implies low RICE score and

2 or 3, high RICE score. In multivariate analyses, RIC was significantly associated with a

decreased risk of NRM in patients with a high RICE score (training cohort: hazard ratio [HR],

0.73; 95% confidence interval [CI], 0.60-0.90; P = .003; validation cohort: HR, 0.57; 95% CI,

0.43-0.77; P < .001). In contrast, we found no significant differences in NRM between MAC

and RIC in patients with a low RICE score (training cohort: HR, 0.99; 95% CI, 0.85-1.15;

P = .860; validation cohort: HR, 0.81; 95% CI, 0.66-1.01; P = .061). In summary, a new and

simple scoring system, the RICE score, appears to be useful for personalizing the

conditioning intensity and could improve transplant outcomes in older patients.
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Introduction

Allogeneic hematopoietic cell transplantation (HCT) is a potentially
curative option for various hematologic malignancies. Although
traditional myeloablative conditioning (MAC) regimens have high
antitumor effects, they limit the application of HCT to patients with
advanced age and comorbid conditions because of their consid-
erable toxicity and high nonrelapse mortality (NRM). The develop-
ment of reduced-intensity conditioning (RIC) has made it possible
to offer HCT to patients who cannot undergo a MAC regimen.1-11

In general, previous prospective and retrospective studies sug-
gested that RIC regimens were associated with an increased risk
of relapse and a decreased risk of NRM, which resulted in equiv-
alent survival outcomes.12-14 These findings represent the overall
average effects of conditioning intensity in all patients, whereas
they might vary among patients with different baseline character-
istics. For example, the benefit of RIC regimens could be enhanced
by multiple factors, such as age or comorbidities, which are
associated with NRM.15,16 The randomized controlled trial by
Rambaldi et al17 that compared conditioning intensity in patients
aged 40 to 65 years with acute myeloid leukemia (AML) demon-
strated that RIC regimens reduced NRM, especially for patients
with higher HCT-specific comorbidity index (HCT-CI) scores. Our
previous study on older patients with Philadelphia chromosome–
positive acute lymphoblastic leukemia (ALL) who achieved nega-
tive minimal residual disease suggested that RIC regimens are
associated with superior overall survival (OS) because of a lower
risk of NRM when patients had high HCT-CI scores.18 However,
because it is unclear how we should select the conditioning
intensity for each individual patient, this clinical decision making
depends on the physician or institutional preference. In this Japa-
nese nationwide retrospective study that included patients aged
between 50 and 69 years with whom physicians often face a
dilemma in selecting a conditioning regimen, we propose a novel
scoring system to highlight the population in whom RIC reduces
the risk of NRM more than MAC does.

Methods

Data source and patient selection

Clinical data were obtained from the Transplant Registry Unified
Management Program, which is the registry database of the Japan
Society for Transplantation and Cellular Therapy.19 All patients
provided their signed informed consent locally at the time of HCT.
This retrospective cohort study included patients aged from 50 to
69 years with AML or ALL in the first or second complete remis-
sions, or with myelodysplastic syndrome (MDS), who underwent
their first allogeneic HCT from HLA-matched related donors
(MRD), HLA-matched unrelated donors (MUD), HLA-mismatched
unrelated donors (MMUD), or umbilical cord blood (UCB)
between 2008 and 2019. Cases with a haploidentical donor HCT
using in vivo T-cell depletion or posttransplant cyclophosphamide
were excluded because of the limited sample size (n = 469) during
the study period. Ultimately, we identified 6147 patients who ful-
filled the eligibility criteria.

This study was performed in accordance with the Declaration of
Helsinki and was approved by the data management committee of
12 SEPTEMBER 2023 • VOLUME 7, NUMBER 17
the Japan Society for Transplantation and Cellular Therapy and the
institutional review board of Jichi Medical University Saitama
Medical Center.

Definition

The intensity of the conditioning regimen was determined as either
MAC or RIC per consensus of the Center for International Blood
and Marrow Transplant Research criteria: MAC regimens were
defined by total body irradiation (TBI) of ≥5 Gy (single dose) or ≥8
Gy (fractionated), or a busulfan (Bu) dose of ≥9 mg/kg oral or of
≥7.2 mg/kg intravenously (IV), or melphalan >140 mg/kg IV,
whereas conditioning regimens that did not meet the MAC regi-
mens were classified as RIC.20 Related donors with a 6/6 antigen
match of HLA-A, -B, and -DR were considered to be MRD. MUD
and MMUD were defined using donor-recipient pairs matched at
the allele level at HLA-A, -B, -C, and -DRB1. Disease risk index
(DRI) and HCT-CI scores were calculated as previously
described.21,22 The use of antithymocyte globulin or alemtuzumab
as graft-versus-host disease (GVHD) prophylaxis were considered
to be in vivo T-cell depletion.

Statistical analysis

The primary end point was NRM and the secondary end points
were OS and relapse. NRM was defined as death without relapse.
Method of probability estimation by Gray was used to estimate the
probabilities of NRM and relapse. The Fine and Gray method was
used to evaluate the impact of the conditioning intensity on NRM
and relapse. Competing events were relapse for NRM and death
without relapse for relapse. The Kaplan-Meier method and Cox
proportional hazards regression models were used to evaluate the
impact of the conditioning intensity on OS.

The risk assessment for the intensity of the conditioning regimen in
elderly patients (RICE) score was developed as follows: first, to
generate and validate the RICE score, we randomly divided the
cohort with complete information of all covariates into training and
validation cohorts in a 2:1 ratio23; second, we selected the
potential covariates that interacted with the conditioning intensity
(MAC vs RIC) on NRM in the training cohort and established the
RICE score. In this process, we included each interaction term 1 at
a time in the multivariate models and identified significant interac-
tion terms based on the P value (≤ .10). To assign the weights for
the RICE score, in the final model, we included all selected inter-
action terms in addition to recipient’s age at HCT and HCT-CI,
which are theoretically important interaction terms.17,18 Weights
for the RICE score were determined by the hazard ratio (HR) of
each interaction term. Finally, we compared the MAC and RIC
regimens stratified according to low and high RICE scores in the
validation cohort.

In addition to the conditioning intensity (MAC vs RIC), the following
covariates were included in the multivariate analyses: recipient’s
age at HCT (<60 vs ≥60), sex mismatch (female to male vs others),
disease (AML vs ALL vs MDS), DRI (low or intermediate risk vs high
risk), Karnofsky performance status (KPS) (≤80% vs >80%), HCT-
CI (<2 vs ≥2), donor source (MRD vs MUD vs MMUD vs UCB),
GVHD prophylaxis (cyclosporine vs tacrolimus based), in vivo T-cell
depletion (no vs yes), and the year of receiving HCT. When we
determined the interaction between donor source (bone marrow vs
peripheral blood) and conditioning intensity, UCB was excluded
SCORING TO SELECT THE CONDITIONING INTENSITY 4739



Table 1. Patient characteristics

Training cohort

P values

Validation cohort

P values

MAC RIC MAC RIC

n = 2223 n = 1873 n = 1098 n = 953

Median age at HCT, (range) 57 (50-69) 61 (50-69) <.001 58 (50-69) 60 (50-69) <.001

Age, category

<60 1373 (61.8) 704 (37.6) <.001 676 (61.6) 398 (41.8) <.001

≥60 850 (38.2) 1169 (62.4) 422 (38.4) 555 (58.2)

50-54 746 (33.6) 206 (11.0) <.001 368 (33.5) 128 (13.4) <.001

55-59 627 (28.2) 498 (26.6) 308 (28.1) 270 (28.3)

60-64 552 (24.8) 717 (38.3) 282 (25.7) 350 (36.7)

65-69 298 (13.4) 452 (24.1) 140 (12.8) 205 (21.5)

Sex match between recipient and donor

Female to male 502 (22.6) 396 (21.1) .272 251 (22.9) 222 (23.3) .834

Others 1721 (77.4) 1477 (78.9) 847 (77.1) 731 (76.7)

Disease

AML 1112 (50.0) 769 (41.1) <.001 520 (47.4) 417 (43.8) <.001

ALL 317 (14.3) 448 (23.9) 154 (14.0) 221 (23.2)

MDS 794 (35.7) 656 (35.0) 424 (38.6) 315 (33.1)

DRI

Low risk 105 (4.7) 70 (3.7) .274 57 (5.2) 32 (3.4) .127

Intermediate risk 1627 (73.2) 1395 (74.5) 804 (73.2) 708 (74.3)

High risk 491 (22.1) 408 (21.8) 237 (21.6) 213 (22.4)

KPS

>80% 1883 (84.7) 1566 (83.6) .344 952 (86.7) 776 (81.4) .001

≤80% 340 (15.3) 307 (16.4) 146 (13.3) 177 (18.6)

HCT-CI

<2 1578 (71.0) 1244 (66.4) .002 778 (70.9) 652 (68.4) .248

≥2 645 (29.0) 629 (33.6) 320 (29.1) 301 (31.6)

Donor type

HLA MRD 443 (19.9) 309 (16.5) <.001 240 (21.9) 176 (18.5) <.001

HLA MUD 686 (30.9) 524 (28.0) 343 (31.2) 223 (23.4)

HLA MMUD 467 (21.0) 399 (21.3) 230 (20.9) 207 (21.7)

UCB 627 (28.2) 641 (34.2) 285 (26.0) 347 (36.4)

Donor source

Bone marrow 1208 (54.3) 981 (52.4) <.001 614 (55.9) 458 (48.1) <.001

Peripheral blood 388 (17.5) 251 (13.4) 199 (18.1) 148 (15.5)

UCB 627 (28.2) 641 (34.2) 285 (26.0) 347 (36.4)

GVHD prophylaxis

CSA-based 621 (27.9) 452 (24.1) .006 298 (27.1) 223 (23.4) .053

TAC-based 1602 (72.1) 1421 (75.9) 800 (72.9) 730 (76.6)

In vivo T-cell depletion

No 2031 (91.4) 1716 (91.6) .779 1002 (91.3) 870 (91.3) 1

Yes 192 (8.6) 157 (8.4) 96 (8.7) 83 (8.7)

Median y of HCT, (range) 2015 (2008-2019) 2014 (2008-2019) <.001 2015 (2008-2019) 2015 (2008-2019) <.001

Conditioning regimens

Cy/TBI-based MAC 466 (21.0) NA 208 (18.9) NA

Bu/Cy-based MAC 269 (12.1) NA 137 (12.5) NA

Flu/Bu-based MAC 1350 (60.7) NA 697 (63.5) NA

CSA, cyclosporine; Cy, cyclophosphamide; Flu, fludarabine; Mel, melphalan; NA, not applicable; TAC, tacrolimus.
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Table 1 (continued)

Training cohort

P values

Validation cohort

P values

MAC RIC MAC RIC

n = 2223 n = 1873 n = 1098 n = 953

Other non-TBI MAC 82 (3.7) NA 35 (3.2) NA

Other TBI-based MAC 56 (2.5) NA 21 (1.9) NA

Flu/Bu-based RIC NA 746 (39.8) NA 390 (40.9)

Flu/Mel-based RIC NA 985 (52.6) NA 492 (51.6)

Flu/Cy-based RIC NA 106 (5.7) NA 49 (5.1)

Other RIC NA 36 (1.9) NA 22 (2.3)

CSA, cyclosporine; Cy, cyclophosphamide; Flu, fludarabine; Mel, melphalan; NA, not applicable; TAC, tacrolimus.
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from the model. Although other thresholds for recipient’s age at
HCT (55 and 65 years) were examined, a cutoff of 60 years was
selected because of the smallest interaction P value.

Two-sided P values ≤ .05 were considered to reflect statistical
significance. All statistical analyses were performed with EZR
version 1.53 (Saitama Medical Center, Jichi Medical University),
which is a graphical user interface for R (The R Foundation for
Statistical Computing, version 3.2.2, Vienna, Austria).24

Results

Establishment of the RICE score using the training

cohort

In the training cohort, 2223 (54.3%) and 1873 (45.7%) patients
received MAC and RIC regimens, respectively (Table 1). The
median age at HCT was 57 years (range, 50-69 years) and
61 years (range, 50-69 years) in MAC and RIC, respectively (P <
.001). Of 2223 and 1873 patients who received MAC and RIC,
respectively, 298 (13.4%) and 206 (11.0%) were relatively
younger and older (aged 50-54 and 65-69), respectively. Disease,
HCT-CI, donor type, donor source, GVHD prophylaxis, and the year
of receiving HCT were significantly different between the MAC and
RIC groups. A fludarabine/Bu-based regimen was the most com-
mon in the MAC group, followed by cyclophosphamide/TBI-based
and cyclophosphamide/Bu-based regimens. The most common
RIC regimen was fludarabine/Bu based or fludarabine/melphalan
based. The median observation period of the survivors was 3.3 and
3.6 years in the MAC and RIC groups, respectively.

The cumulative incidence of NRM at 4 years was 28.9% (95%
confidence interval [CI], 26.9-31.0) and 28.5% (95% CI, 26.3-
30.7) in the MAC and RIC groups, respectively (P = .654). In a
multivariate analysis, RIC had marginally lower NRM compared with
MAC, but this difference was not statistically significant (HR, 0.90;
95% CI, 0.79-1.01; P = .080) (Table 2). Age, sex mismatch, dis-
ease, KPS, HCT-CI, donor type, GVHD prophylaxis, and the year of
receiving HCT significantly affected the risk of NRM.

Next, we determined the interaction between conditioning intensity
and each covariate. An interaction term was included 1 at a time in
a multivariate model and we identified UCB (P = .087) as a sig-
nificant interaction term (Table 2). Because adding UCB to the
multivariate model, which consisted of the 2 predetermined
12 SEPTEMBER 2023 • VOLUME 7, NUMBER 17
theoretically important interaction terms including recipient’s age at
HCT and HCT-CI, decreased the Akaike information criterion from
18 101.23 to 18 101.1, these 3 factors were used to design a final
model, the RICE score, to predict the difference in an individual
patient’s risk of NRM between MAC and RIC. We assigned the
weight for the RICE score based on the final model. HRs of
interaction term was 0.83 (95% CI, 0.64-1.07; P = .150) in UCB,
0.85 (95% CI, 0.67-1.10; P = .210) in HCT-CI, and 0.88 (95% CI,
0.69-1.12; P = .300) in age. Therefore, the RICE score is calcu-
lated by summing the number of factors present at HCT (age [≥60
years], HCT-CI [≥2], and UCB). Based on their number of factors,
patients were then assigned to either of 2 groups: 0 or 1 implied
low RICE score and 2 or 3, high RICE score.

Testing the RICE score

In the validation cohort, 1098 (53.5%) and 953 (46.5%) patients
received MAC and RIC regimens, respectively (Table 1). The
median age at HCT was 58 years (range, 50-69 years) and 60
years (range, 50-69 years) in MAC and RIC (P < .001), respec-
tively. Disease, KPS, donor type, donor source, and the year of
receiving HCT were significantly different between the MAC and
RIC groups. The median observation period of the survivors was
3.2 and 3.4 years in the MAC and RIC groups, respectively. There
were no differences in patient characteristics between the training
and validation groups (supplemental Table 1).

In total, 1307 (31.9%) and 642 (31.3%) patients were considered
to have a high RICE score in the training and validation cohorts,
respectively (supplemental Table 2). In the training cohort, the
cumulative incidence of NRM at 4 years in patients with a low RICE
score was 26.5% (95% confidence interval [CI], 24.3-28.8) vs
27.9% (95% CI, 25.1-30.8) (P = .442), and NRM in patients with a
high RICE score was 36.5% (95% CI, 32.1-40.9) vs 29.4% (95%
CI, 25.9-33.0) (P = .005) between the MAC and RIC groups
(Figure 1A-B). Similarly, in the validation cohort, the cumulative
incidence of NRM at 4 years in patients with a low RICE score
was 28.8% (95% CI, 25.4-32.2) vs 25.6% (95% CI, 21.9-29.5)
(P = .194), and NRM in those with a high RICE score was 39.5%
(95% CI, 33.1-45.8) vs 26.7% (95% CI, 22.0-31.5) (P = .001)
between the MAC and RIC groups (Figure 1C-D). In analyses
limited to the RICE score = 1, RIC did not reduce the risk of NRM
compared with MAC in both the training and validation cohorts
(supplemental Figure 1).
SCORING TO SELECT THE CONDITIONING INTENSITY 4741



Table 2. Multivariate analysis on NRM and interactions between

conditioning intensity and each covariate in the training cohort

HR (95% CI) P values

Interaction

P values

Conditioning intensity

Myeloablative 1 Reference

Reduced intensity 0.90 (0.79-1.01) .080

Age, category

<60 1 Reference .200

≥60 1.21 (1.07-1.37) .003

Sex match between recipient and donor

Female recipient or male to male 1 Reference .300

Female to male 1.19 (1.04-1.36) .014

Disease

AML 1 Reference

ALL 1.18 (1.00-1.39) .049 .580

MDS 1.23 (1.07-1.43) .004 .420

DRI

Low or intermediate risk 1 Reference .240

High risk 0.89 (0.76-1.04) .140

KPS

>80% 1 Reference .240

≤80% 1.36 (1.16-1.58) <.001

HCT-CI

<2 1 Reference .077

≥2 1.16 (1.02-1.31) .021

Donor type

HLA-MRD 1 Reference

HLA-MUD 1.27 (1.03-1.56) .025 .640

HLA-MMUD 1.67 (1.34-2.08) <.001 .660

UCB 1.41 (1.16-1.72) <.001 .087

Donor source*

Bone marrow 1 Reference

Peripheral blood 1.08 (0.87-1.35) .500 .700

GVHD prophylaxis

CSA-based 1 Reference .490

TAC-based 0.87 (0.74-1.02) .089

In vivo T-cell depletion

No 1 Reference .250

Yes 0.76 (0.60-0.97) .027

Median y of HCT, (range) 0.98 (0.96-0.99) .010

CSA, cyclosporine; TAC, tacrolimus.
*Donor source was included in different multivariate model that exclude UCB.
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There were no significant differences in relapse between the MAC
and RIC groups regardless of the RICE score (supplemental
Figure 2). In the training cohort, the 4-year OS in patients with a
low RICE score was 54.6% (95% CI, 51.9-57.2) vs 53.3% (95%
CI, 50.0-56.4) (P = .580), and OS in those with a high RICE score
was 41.1% (95% CI, 36.5-45.7) vs 48.9% (95% CI, 44.9-52.8)
(P < .001) between the MAC and RIC groups (Figure 2A-B). In the
4742 AKAHOSHI et al
validation cohort, the 4-year OS in patients with a low RICE score
was 56.3% (95% CI, 52.5-55.8) vs 55.8% (95% CI, 51.3-60.1)
(P = .974), and OS in those with a high RICE score was 42.0%
(95% CI, 35.3-48.4) vs 50.4% (95% CI, 44.6-55.8) (P = .031)
between the MAC and RIC groups (Figure 2C-D).

In multivariate analyses, RIC was significantly associated with a
decreased risk of NRM in patients with a high RICE score (training
cohort: HR, 0.73; 95% CI, 0.60-0.90; P = .003; validation cohort:
HR, 0.57; 95% CI, 0.43-0.77; P < .001), but no significant differ-
ences were observed in patients with a low RICE score (training
cohort: HR, 0.99; 95% CI, 0.85-1.15; P = .860; validation cohort:
HR, 0.81; 95% CI, 0.66-1.01; P = .061) (Table 3). In contrast, RIC
was significantly associated with an increased risk of relapse in
patients with a high RICE score only in the validation cohort (HR,
1.47; 95% CI, 1.02-2.12; P = .037) (Table 3). Similar to NRM, RIC
was significantly associated with a superior OS in patients with a
high RICE score (training cohort: HR, 0.76; 95% CI, 0.65-0.90;
P = .001; validation cohort: HR, 0.79; 95% CI, 0.63-0.99;
P = .048), but no significant differences were seen in patients with
a low RICE score (training cohort: HR, 0.96; 95% CI, 0.85-1.08;
P = .457; validation cohort: HR, 0.93; 95% CI, 0.79-1.11;
P = .422) (Table 3).

Entire cohort

Next, the training cohort and validation cohort were combined to
validate the robustness of the RICE score in alternative cohorts.
In the multivariate analysis limited to either AML (n = 2818), ALL
(n = 1140), or MDS (n = 2189), RIC was significantly associated
with a lower risk of NRM compared with MAC in patients with a
high RICE score (AML: HR, 0.73; 95% CI, 0.56-0.94; P = .016;
ALL: HR, 0.59; 95% CI, 0.38-0.90; P = .015; MDS: HR, 0.67;
95% CI, 0.52-0.87; P = .002), but NRM in patients with a low RICE
score was not different between MAC and RIC (AML: HR, 0.99;
95% CI, 0.82-1.20; P = .910; ALL: HR, 0.84; 95% CI, 0.62-1.12;
P = .230; MDS: HR, 0.93; 95% CI, 0.76-1.13; P = .470)
(supplemental Figures 3-5). In the multivariate analysis limited to a
fludarabine/Bu-based regimen, which is a common conditioning in
the MAC and RIC groups (n = 3183, median Bu dose in the MAC
and RIC was 12.8 and 6.4 mg/kg, respectively), RIC was also
related to a lower NRM in patients with a high RICE score (HR,
0.62; 95% CI, 0.49-0.80; P < .001) but not in patients with a low
RICE score (HR, 0.85; 95% CI, 0.71-1.02; P = .080)
(supplemental Figure 6).

In addition, we evaluated the cause of nonrelapse death stratified
by the RICE score. Regardless of the RICE score, the profiles of
the cause of nonrelapse death were not significantly different
between MAC and RIC (low RICE score: P = .444; high RICE
score: P = .226) (supplemental Table 3).

Discussion

Although, over the past few decades, the use of RIC has dramat-
ically increased in patients that are older, frail, or that have
comorbidities, and even in those who are considered to be able to
tolerate MAC, optimization of the conditioning intensity is chal-
lenging.12-14 Several prospective randomized trials have compared
MAC with RIC in patients with AML or MDS.6,17,25-28 However, the
limited sample size in subgroup analyses did not have enough
power to detect effect modification based on patient
12 SEPTEMBER 2023 • VOLUME 7, NUMBER 17
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Figure 1. Cumulative incidence of NRM in patients with low and high RICE scores. Comparison of MAC and RIC in the training cohort (A-B) and validation cohort (C-D).

These plots represent the unadjusted cumulative incidence of NRM in patients with a low RICE score for panels A and C and a high RICE score for panels B and D.

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/7/17/4738/2077051/blooda_adv-2022-008706-m

ain.pdf by guest on 07 M
ay 2024
characteristics such as age, performance status, or comorbidities.
In contrast, retrospective observation studies comparing MAC with
RIC have potential selection biases. Therefore, to minimize selec-
tion bias, we included only patients aged 50 to 69 years who are
possible candidates for both MAC and RIC regimens in Japan. As a
result, this study generated the RICE score, which consisted of 3
factors: advanced age (≥60 years), HCT-CI (≥2), and UCB. Finally,
we found that RIC was associated with a decreased risk of NRM
compared with MAC only when patients had a high RICE score
(≥2), which was confirmed in the validation cohort.

No significant differences in NRM were seen among patients with a
RICE score of 1. In other words, RIC is considered to be a pref-
erable regimen only if 2 or 3 of the factors overlapped, indicating
that a clinical decision should not be made solely based on a single
factor. This is a reasonable conclusion because experienced phy-
sicians usually select the conditioning intensity by taking into
consideration multiple factors. Indeed, several studies have rec-
ommended that clinical decisions should not be made solely based
12 SEPTEMBER 2023 • VOLUME 7, NUMBER 17
on the recipient’s age.1,3,29 The important point of the this study is
that objective statistical analyses proposed an alternative method
for selecting the conditioning intensity that totally depends on the
insight of transplantation physicians, which is simple and easy to
use for all clinicians.

Our scoring system was made to detect the difference in NRM
between MAC and RIC but was not designed to predict a differ-
ence in relapse. The prospective Blood and Marrow Transplant
Clinical Trials Network (BMT-CTN) study showed that MAC was
associated with better survival in patients with a high risk of relapse
and without comorbidities,27 and the Center for International Blood
and Marrow Transplant Research study also suggested that the
conditioning intensity had different effects on transplant survival
stratified by DRI.30 Because many studies have suggested that
MAC is associated with less relapse,7,8,31-40 selection of the
conditioning intensity should be balanced between the risk of NRM
and relapse. For example, widespread adoption of minimal residual
disease testing including polymerase chain reaction, flow
SCORING TO SELECT THE CONDITIONING INTENSITY 4743
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Figure 2. Probability of OS in patients with low and high RICE scores. Comparison of MAC and RIC in the training cohort (A-B) and validation cohort (C-D). These plots

represent the unadjusted probability of OS in patients with a low RICE score for panels A and C and a high RICE score for panels B and D.
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cytometry, and next-generation sequencing in various hematologic
disorders has dramatically changed clinical practice regarding
predicting relapse and monitoring the therapeutic efficacy.41-44

Hourigan et al45 previously demonstrated that MAC rather than
RIC in patients with positive results of minimal residual disease
before HCT results in lower relapse and improved survival. How-
ever, given the absence of standardization and different sensitivity
for each minimal residual disease detection technique, it is
currently difficult to include and analyze minimal residual disease
data in multicenter registry studies. Although future studies need to
make a scoring system that takes into consideration the risk of
relapse such as minimal residual disease and/or molecular profiles
of tumor cells, we believe that the current scoring system should
contribute to clinical decisions regarding the selection of condi-
tioning regimens.

This study has other limitations. First, although we roughly divided
conditioning regimens into MAC and RIC based on the conven-
tional criteria,20 there should be some difference in regimen toxicity
4744 AKAHOSHI et al
even in the same category of MAC or RIC. In addition, different
toxicity profiles of each conditioning agent or TBI might require
additional assessments per individual conditioning regimen to
personalize clinical decisions.46 Second, interaction terms
between the conditioning intensity and 3 covariates were not sta-
tistically significant in the final model because the interaction
analysis often lacks sensitivity. However, despite the lack of enough
power to detect interaction, the RICE score was able to extract the
population in whom RIC reduces the risk of NRM. Third, we could
not include patients who underwent haploidentical HCT using
in vivo T-cell depletion or posttransplant cyclophosphamide
because of the limited sample size. Instead, HCT from UCB is
increasing in Japan and accounted for ~30% of the cases in this
cohort, which is a less-common donor source in western coun-
tries.9 In addition to donor selection, there are several differences in
patient baseline characteristics such as a lower rate of comorbid-
ities and genetic homogeneity in the Japanese population.47-50

Therefore, the RICE score should be validated in independent
cohorts or similar scoring tools need to be made using the same
12 SEPTEMBER 2023 • VOLUME 7, NUMBER 17



Table 3. Multivariate analysis on transplant outcomes stratified by the RICE score

Low RICE score (0-1) High RICE score (2-3)

HR (95% CI) P values HR (95% CI) P values

Training cohort

NRM

Myeloablative 1 Ref 1 Ref

Reduced intensity 0.99 (0.85-1.15) .860 0.73 (0.60-0.90) .003

Relapse

Myeloablative 1 Ref 1 Ref

Reduced intensity 1.05 (0.88-1.25) .570 1.04 (0.82-1.33) .740

OS

Myeloablative 1 Ref 1 Ref

Reduced intensity 0.96 (0.85-1.08) .457 0.76 (0.65-0.90) .001

Validation cohort

NRM

Myeloablative 1 Ref 1 Ref

Reduced intensity 0.81 (0.66-1.01) .061 0.57 (0.43-0.77) <.001

Relapse

Myeloablative 1 Ref 1 Ref

Reduced intensity 1.24 (0.97-1.58) .088 1.47 (1.02-2.12) .037

OS

Myeloablative 1 Ref 1 Ref

Reduced intensity 0.93 (0.79-1.11) .422 0.79 (0.63-0.99) .048

All models were adjusted for recipient’s age, sex mismatch disease, DRI, KPS, HCT-CI, donor source, GVHD prophylaxis, in vivo T-cell depletion, and the year of receiving HCT.
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methodology for different regions. Nevertheless, we believe the
current interaction analysis–based scoring system can promote the
strategy used to select conditioning regimens.

In summary, we have developed the RICE score, which could
identify patients who could be expected to receive significant ben-
efits regarding NRM if they underwent HCT with RIC. This simple
and validated scoring system may help us to choose appropriate
conditioning regimens and improve transplant outcomes.
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