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Summary
Allogeneic haematopoietic cell transplantation (HCT) offers a curative option for 
numerous haematological disorders; however, its myeloablative conditioning (MAC) 
regimens are associated with substantial toxicity. Reduced intensity conditioning 
(RIC) regimens were developed to mitigate transplant-related toxicity and broaden 
eligibility—particularly for older or medically unfit patients—though their use in 
younger, fit patients remains debated. In this retrospective study, we compared 
outcomes between MAC and RIC in patients aged younger than 65 years undergo-
ing allogeneic HCT with a unified graft-versus-host disease (GVHD) prophylaxis 
regimen comprising anti-thymocyte globulin (ATG), post-transplant cyclophospha-
mide (PTCy) and ciclosporin (CsA). Propensity score matching was applied to re-
duce confounding. At 2 years post-transplant, there were no statistically significant 
differences in overall survival (OS) between the groups (MAC: 68.6% vs. RIC: 65.9%; 
p = 0.61) or in non-relapse mortality (NRM) (MAC: 15.8% vs. RIC: 12.5%; p = 0.26). 
However, relapse incidence was significantly higher in the RIC group (27.0%) than 
in the MAC group (16.1%; p = 0.01). These findings reinforce the continued relevance 
of MAC in younger patients who are candidates for intensive therapy, as it appears to 
offer superior disease control without a concomitant increase in NRM. Prospective 
studies are warranted to further delineate the role of conditioning intensity in the 
context of contemporary GVHD prophylaxis.
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I N TRODUC TION

Allogeneic haematopoietic cell transplantation (HCT) marked 
a transformative breakthrough in medicine when the first suc-
cessful transplantation was performed in 1956.1 Since then, it 
has offered new hope as a potential cure for a range of haema-
tological disorders.2–4 Yet, it comes with significant risks that, 
in some cases, proved fatal. To address these challenges, phy-
sicians and scientists sought ways to make HCT safer, leading 
to the development of reduced intensity conditioning (RIC) 
regimens in the late 1990s.5–12

Initially reserved for patients who were elderly or too 
frail to tolerate the more intense myeloablative conditioning 
(MAC), RIC expanded transplant eligibility, enabling even 
those previously deemed unfit to undergo this life-saving 
procedure.5–9,13,14 This development has driven ongoing re-
search, with many studies seeking to validate RIC's effective-
ness against MAC, especially in terms of survival and quality 
of life.15

RIC has shown numerous benefits, including reduced 
non-relapse mortality (NRM), lower rates of graft-versus-
host disease (GVHD) and decreased organ toxicity.16–20 
However, the reduced intensity comes with trade-offs, no-
tably a higher relapse rate.17,18,21 Intriguingly, other studies, 
such as the RICMAC trial and the meta-analysis by Song 
et al., have found comparable relapse rates between the MAC 
and RIC groups, suggesting that RIC could be equally effec-
tive as MAC while offering a lower NRM.22,23

Despite the advantages demonstrated by RIC, its appli-
cation in younger and/or fit patients remains controversial, 
with conflicting findings particularly in the setting of high-
risk diseases.10,23–33 Many prior studies provided valuable 
insights but often focused on certain disease groups or spe-
cific transplant-related factors, such as donor type, without 
consistently accounting for confounding variables like a 
unified GVHD prophylaxis regimen.

In this study, we aimed to bridge these gaps by evaluat-
ing the outcomes of RIC versus MAC in a cohort of patients 
aged younger than 65 years with various haematological 
disorders. Using a unified GVHD prophylaxis regimen 
(ATG-PTCy-CSA), widely utilized at our centre for its 
demonstrated effectiveness in reducing acute and chronic 
GVHD rates,4 and employing propensity score matching, 
we sought to minimize design-related biases and provide a 
more comprehensive comparison between the two condi-
tioning approaches.

M ETHODS

Study design and patient selection criteria

This retrospective study involved data from patients who 
underwent allogeneic haematopoietic cell transplantation 
at Princess Margaret Cancer Centre between October 
2015 and October 2023. All patients were under 65 years of 
age and received a uniform GVHD prophylaxis regimen 

with anti-thymocyte globulin (ATG), post-transplant 
cyclophosphamide (PTCy) and ciclosporin (CsA). The 
study was approved by the University Health Network 
Research Ethics Board and the Cancer Registry Data Access 
Committee at Princess Margaret Cancer Centre, Toronto, 
Canada. The study was conducted in accordance with the 
Declaration of Helsinki.

Conditioning regimens and GVHD prophylaxis

Conditioning regimens used pretransplantation were 
categorized as MAC or RIC following internationally 
accepted definitions, with the majority of patients receiving 
a combination of fludarabine, busulfan and TBI (Table S1).

The GVHD prophylaxis regimen included ATG (4.5 or 
2 mg) and 50 mg/kg/day of PTCy given on days +3 and +4 
post-transplant, along with CsA at 2.5 mg/kg/12 h from day 
+5 post-transplant for all patients. It is worth mentioning that 
the ATG dose started with 4.5 mg regardless of donor type in 
2015, but later dropped to 2 mg/kg due to the increased rates 
of infections, with an exception for haploidentical donors.34

During the study period, it was institutional practice to 
prescribe FLT3 inhibitors for patients with FLT3-mutated 
AML and tyrosine kinase inhibitors (TKIs) for patients with 
chronic myeloid leukaemia as post-transplant maintenance 
therapy, when clinically indicated and tolerated.

Infectious prophylaxis

Infectious prophylaxis consisted of ciprofloxacin 500 mg 
orally daily starting on day 6 until neutrophil engraftment, 
micafungin 50 mg IV daily or caspofungin 70 mg IV 
loading dose then 50 mg IV daily starting on day +1 until 
engraftment, valacyclovir 500 mg twice daily starting on 
day +1 until 1-year post-transplant, Posaconazole 300 mg 
orally daily starting at engraftment until day +100 and 
Pneumocystis prophylaxis starting at engraftment or day 
+28 until 1-year post-transplant. Beginning in January 
2020, patients who were considered at high risk for CMV 
reactivation received letermovir once daily starting on day 
+21 until day +100.

Statistical methods, end-points and analysis

The main outcomes of interest were overall survival (OS), 
relapse-free survival (RFS), GVHD-free/RFS (GRFS) and 
the cumulative incidence of acute GVHD, chronic GVHD, 
relapse rate and non-relapse mortality (NRM). Acute and 
chronic GVHD were graded according to the established 
criteria.35,36

Categorical variables were reported as percentages and 
counts, while continuous variables were reported as means, 
medians and ranges. The Kaplan–Meier curve was used 
to report OS, RFS and GRFS. The log-rank test was used 
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to determine the statistical significance between the two 
groups for each outcome. Cumulative incidence curves, 
taking competing events into consideration, were used to 
present other variables such as NRM, relapse, incidence of 
GVHD, bloodstream infections (BSI), CMV and EBV reacti-
vation at 100 days following transplantation.

In our competing risk analyses, relapse was treated as the 
competing event for NRM, and NRM was the competing 
event for relapse. For acute GVHD, death within 100 days 
without acute GVHD was considered the competing risk, 
and for chronic GVHD, the competing risk was death with-
out prior chronic GVHD.

The Gray's test was used to determine the statistical signif-
icance between the two groups for each outcome. Multivariate 
analysis was performed to identify predictors of outcomes, 
with a p-value of <0.05 considered statistically significant.

Propensity score matching (PSM)

PSM was conducted to balance baseline covariates between 
the MAC and RIC groups. The matching procedure was 
performed using Statistica software with the ‘extract 
matched controls’ option. Variables included in the 
propensity score model were age (<40 vs. 40–65 years), 
HCT-CI (<3 vs. ≥3), ATG dose (2 vs. 4.5 mg/kg), 2017 ELN 
risk category, disease risk index (DRI) and HLA mismatch. 
Logistic regression was used to estimate odds ratios for the 
selection variables.

From the overall cohort, 155 MAC recipients were matched 
to 155 RIC recipients using a 1:1 ratio and a calliper width of 
0.2. No significant difference in total propensity scores was 
observed between the matched groups (p = 1.00). In cases 
where more than one RIC patient matched an MAC patient, 
the RIC patient closest in age was selected. Standardized 
mean differences (SMD) were 0 for the matched covariates.

R E SU LTS

Patients' baseline characteristics

Prior to PSM (i.e. unmatched cohort)

Table  1 summarizes the baseline characteristics of the 
unmatched cohort. The majority of patients received RIC. 
Acute myeloid leukaemia (AML) was the most common 
indication for transplantation, followed by myelodysplastic 
syndromes (MDS), 50.3% and 12.5% respectively. A 
statistically significant difference was noted for myelofibrosis 
(MF), with most MF patients receiving RIC (11.1%), while 
only 2.9% received MAC (p < 0.001). Patients in the RIC 
group were significantly older than those in the MAC 
group (median age: 57 vs. 45 years, p < 0.001), had a worse 
Karnofsky performance status (KPS < 90), 20.3% in the RIC 
group versus 8.7% in the MAC group (p < 0.001) and had a 
higher HCT-CI score (RIC 41.7% vs. MAC 20.9%, p < 0.001). 

The most common type of donor for the entire cohort was 
MUD (51.1%), followed by haploidentical donors (21.9%), 
with frozen grafts being used more frequently in the RIC 
group (p = 0.02).

Propensity-matched cohort

Table  2 summarizes the baseline characteristics of the 
propensity score-matched cohort. Patients were evenly 
distributed between the MAC and RIC groups, with acute 
leukaemias being the most common diagnosis (76.1%), with 
no significant difference between the groups. The median 
age in both groups was around 50 years (range 16–64). The 
RIC group in this cohort also had a worse KPS (<90), 18.1% 
vs. 9% in the MAC group (p < 0.001). The mean CD34+ 
cell dose was significantly higher in the RIC group than 
in the MAC group (8.1 × 106 cells/kg vs. 7.0 × 106 cells/kg, 
respectively, p < 0.001), and the use of frozen grafts was more 
frequent in the RIC group than in the MAC group (29.7% vs. 
18.1%, respectively, p = 0.02).

Main outcomes

Unmatched cohort

Two-year OS was significantly higher in the MAC group than 
in the RIC group (70.8% [95% CI, 63.2–77.1] vs. 61.1% [95% CI, 
56.2–65.6]; p = 0.02). Similarly, 2-year RFS favoured the MAC 
group (66.4% [95% CI, 58.9–72.9]) than the RIC group (54.7% 
[95% CI, 49.7–59.4]; p = 0.014). The cumulative incidence of 
relapse at 2 years was significantly higher in the RIC group 
(26.7% [95% CI, 22.5–31.1]) than in the MAC group (17.5% 
[95% CI, 12.2–23.6]; p = 0.018). GRFS at 2 years was also su-
perior in the MAC group (55.2% [95% CI, 47.6–62.2]) than in 
RIC group (43.2% [95% CI, 38.4–48.0]; p = 0.012). There was 
no statistically significant difference in NRM between the 
two groups (MAC: 13.9% [95% CI, 9.6–19.1] vs. RIC: 16.8% 
[95% CI, 13.4–20.5]; p = 0.54). In total, 234 patients (36.5%) 
died. Causes of death are detailed in Table S2.

Propensity-matched cohort

Figures 1 and 2 summarize the main outcomes of interest. 
Two-year OS and NRM did not differ significantly between 
the MAC and RIC groups. Relapse incidence remained 
significantly higher with RIC (p = 0.01), while RFS did not 
show a statistically significant difference (p = 0.23). There 
was no statistically significant difference in GRFS between 
the two groups (p = 0.08).

When stratified by disease status (CR1, CR2 or not in CR), 
2-year OS and NRM remained comparable between MAC 
and RIC groups. However, a significantly higher relapse in-
cidence was observed among patients in CR2 who received 
RIC (46.5% vs. 8.1%; p = 0.009), a difference that was not 

 13652141, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/bjh.70170 by U

ppsala U
niversity L

ibrary, W
iley O

nline L
ibrary on [13/10/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



4  |      MAC VS. RIC IN ALLOGENEIC HCT UNDER AGE 65

T A B L E  1   Baseline characteristics for the unmatched cohort.

Characteristics All patients RIC MAC p-value

No. 640 434 206
Age 53 (18–64) 57 (18–64) 45 (18–61) <0.001
Gender 0.53

Male 361 249 112
Female 279 185 94

Diagnosis
AML 322 (50.3) 207 (47.7) 115 (55.8) 0.07
ALL 65 (10.2) 30 (6.9) 35 (17) <0.001
MPAL 18 (2.8) 9 (2.1) 9 (4.4)
MDS 80 (12.5) 59 (13.6) 21 (10.2)
MDS/MPN 10 (1.6) 10 (2.3) 0
MPN 5 (0.8) 3 (0.7) 2 (1)
Lymphoma 29 (4.5) 25 (5.8) 4 (1.9) <0.05
CML/CLL 31 (4.8) 22 (5.1) 9 (4.4)
CMML 15 (2.3) 13 (3) 2 (1)
MF 54 (8.4) 48 (11.1) 6 (2.9) <0.001
Other malignancies 7 (1.1) 4 (0.9) 3 (1.4)
Non-malignant conditions 4 (0.6) 4 (0.9) 0

Status 0.87
CR1 354 222 132
CR2 81 41 40
Not in CR 61 46 15
NA 144 125 19

DRI 0.67
Low 37 (5.9) 28 (6.5) 9 (4.4)
Intermediate 464 (73.4) 312 (71.9) 152 (73.8)
High/very high 131 (20.7) 89 (20.5) 42 (20.4)

KPS < 90 106 (17) 88 (20.3) 18 (8.7) <0.001
HCT-CI ≥ 3 224 (35.6) 181 (41.7) 43 (20.9) <0.001
Donor's age 29 (11–73) 29 (11–73) 29 (16–67) 0.38
CD34 dose (×106 cells/kg) 7.5 (0.7–25.2) 7.8 (1.8–25.2) 7 (0.7–16.8) <0.001
Donor type 0.004

MRD 78 (12.2) 72 (16.6) 6 (2.9)
MUD 327 (51.1) 208 (47.9) 119 (57.8)
Haploidentical 140 (21.9) 88 (20.3) 52 (25.2)
MMUD 95 (14.8) 66 (15.2) 29 (14.1)

Frozen graft 170 (26.2) 128 (29.5) 42 (20.4) 0.02
CMV status

Recipient 0.66
Positive 493 337 156
Negative 147 97 50

Donor 0.79
Positive 329 221 108
Negative 311 213 98

ATG dose <0.001
2 mg/kg 353 (55.2) 205 (47.2) 148 (71.8)
4.5 mg/kg 286 (44.8) 228 (52.4) 58 (28.2)

Follow-up (months) 35.9 (0.9–95.6) 54.4 (0.9–91.3) 24.1 (1.2–95.6) <0.001

Abbreviations: ALL, acute lymphoblastic leukaemia; AML, acute myeloid leukaemia; ATG, anti-thymocyte globulin; CLL, chronic lymphoblastic leukaemia; CML, chronic 
myeloid leukaemia; CMML, chronic myelomonocytic leukaemia; CMV, cytomegalovirus; CR, complete remission; DRI, disease risk index; HCT-CI, haematopoietic cell 
transplant comorbidity index; KPS, Karnofsky performance status; MAC, myeloablative conditioning; MDS, myelodysplastic syndrome; MF, myelofibrosis; MMUD, 
mismatched unrelated donor; MPAL, mixed-phenotype acute leukaemia; MPN, myeloproliferative neoplasms; MRD, matched related donor; MUD, matched unrelated 
donor; NA, not available; RIC, reduced intensity conditioning.
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T A B L E  2   Baseline characteristics for the matched cohort.

Characteristics All patients RIC MAC p-value

No. 310 155 155

Age (years) 50 (18–64) 50 (18–64) 50 (18–61) 0.25

Age < 40 years, n (%) 74 (23.9) 37 (23.9) 37 (23.9) 1

Gender 0.82

Male 169 86 83

Female 141 69 72

Diagnosis 1.0

Acute Leukaemias 236 (76.1) 118 (76.1) 118 (76.1)

Chronic Leukaemiasa 14 (4.5) 7 (4.5) 7 (4.5)

MDS/MPNa 56 (18.1) 28 (18.1) 28 (18.1)

Lymphoma 4 (1.3) 2 (1.3) 2 (1.2)

Status 0.19

CR1 190 96 94

CR2 49 19 30

Not in CR 21 8 13

NA 50 32 18

High DRI 56 (18.1) 27 (17.4) 29 (18.7) 0.88

KPS < 90 42 (13.5) 28 (18.1) 14 (9) 0.03

HCT-CI ≥ 3 68 (21.9) 34 (21.9) 34 (21.9) 1.0

Donor's age 29 (11–67) 29 (11–66) 29 (16–67) 0.84

CD34 dose (×106 cells/kg) 7.5 (0.7–17.8) 8.1 (1.8–17.8) 7 (0.7–16.8) <0.001

Donor type 0.15

MRD 25 (8.1) 5 (3.2) 20 (12.9)

MUD 160 (51.6) 83 (53.5) 77 (49.7)

Haploidentical 81 (26.1) 46 (29.7) 35 (22.6)

MMUD 44 (14.2) 21 (13.5) 23 (14.8)

Frozen graft 74 (23.9) 46 (29.7) 28 (18.1) 0.02

CMV status

Recipient 0.59

Positive 241 123 118

Negative 69 32 37

Donor 0.49

Positive 165 79 86

Negative 145 76 69

ATG dose 1.0

2 mg/kg 202 (65.2) 101 (65.2) 101 (65.2)

4.5 mg/kg 108 (34.8) 54 (34.8) 54 (34.8)

Day 30 chimerism 0.12

Full 223 118 105

Mixed 57 23 34

Follow-up (months) 32.7 (2.9–95.6) 54 (2.9–89.9) 24.1 (3–95.6) <0.001

Note: Bold values indicates p value of statistical significance.
Abbreviations: ATG, anti-thymocyte globulin; CLL, chronic lymphoblastic leukaemia; CML, chronic myeloid leukaemia; CMML, chronic myelomonocytic leukaemia; 
CMV, cytomegalovirus; CR, complete remission; DRI, disease risk index; HCT-CI, haematopoietic cell transplant comorbidity index; KPS, Karnofsky performance status; 
MAC, myeloablative conditioning; MDS, myelodysplastic syndrome; MF, myelofibrosis; MPN, myeloproliferative neoplasms; NA, not available; RIC, reduced intensity 
conditioning.
a‘MDS/MPN’ category includes patients with MDS, MF, CMML and atypical CML. ‘Chronic leukaemia’ includes CML and CLL.
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statistically significant among those in CR1 (21.6% vs. 18.1%; 
p = 0.35). These analyses are presented in Figures S1–S3.

Graft-versus-host disease

Unmatched cohort

By day 100, the cumulative incidence of grade II–IV acute 
GVHD did not differ significantly between the MAC and 
RIC groups (MAC: 23.3% [17.8–29.3] vs. RIC: 20.0% [16.4–
23.9]; p = 0.97), nor did the incidence of severe (grade III–IV) 
acute GVHD (MAC: 6.3% [3.5–10.2] vs. RIC: 6.0% [4.0–
8.5]; p = 0.74). At 2 years, the incidence of chronic GVHD 
was comparable between groups (RIC: 26.2% [21.9–30.8] 
vs. MAC: 22.6% [16.4–29.5]; p = 0.39), including rates of 
moderate-to-severe chronic GVHD (RIC: 15.8% [12.3–19.7] 
vs. MAC: 13.8% [9.0–19.6]; p = 0.53).

Propensity-matched cohort

The incidence of acute GVHD by day 100 and chronic GVHD 
at 2 years, across all grades, did not differ significantly 
between the MAC and RIC groups, as shown in Figure 3A–D.

Graft failure and post-transplant infections

Unmatched cohort

The incidence of graft failure was significantly higher in the 
RIC group than in the MAC group (7.4% [5.2–10.2] vs. 2.9% 
[1.2–5.9]; p = 0.02). The occurrence of BSI by day 30 did not 

differ significantly between groups (RIC: 46.8% [42.0–51.4] 
vs. MAC: 49.5% [42.5–56.1]; p = 0.90). CMV reactivation 
by day 100 was observed more frequently among patients 
in the RIC group (45.5% [40.7–50.1]) than among those in 
the MAC group (30.1% [24.0–36.5]; p < 0.001). In contrast, 
Epstein-Barr virus (EBV) reactivation at day 100 occurred at 
comparable rates between the two groups (RIC: 57.3% [52.5–
61.8] vs. MAC: 53.9% [46.8–60.4]; p = 0.30).

Propensity-matched cohort

The graft failure occurred at comparable rates in the RIC 
and MAC groups (5.8% [2.8–10.3] vs. 3.9% [1.6–7.8]; p = 0.22). 
The incidence of BSI by day 30 was also comparable between 
groups (RIC: 41.3% [33.5–48.9] vs. MAC: 47.7% [39.7–55.4]; 
p = 0.89). CMV reactivation by day 100 was significantly 
more frequent in the RIC group than in the MAC group 
(47.7% [39.7–55.4] vs. 32.3% [25.0–39.7]; p = 0.007). EBV 
reactivation at day 100 was also higher following RIC (62.6% 
[54.4–69.7]) than MAC (51.6% [43.4–59.2]; p = 0.035).

DISCUSSION

The results of our study have shown no significant difference 
in OS and NRM between MAC and RIC groups in allogeneic 
HCT. However, relapse rates were significantly higher in the 
RIC group, reinforcing the role of MAC in patients who can tol-
erate it. This outcome aligns with evidence supporting MAC's 
irreplaceable role in maintaining disease control.10,24,37

Although previous studies have often linked higher NRM 
rates with MAC, this association was not observed in our 
cohort, even after PSM, in agreement with findings from 

F I G U R E  1   Non-relapse mortality and overall survival in the propensity-matched cohort. One-year non-relapse mortality (NRM) and 2-year overall 
survival (OS) in the propensity-matched cohort. (A) Cumulative incidence of 1-year NRM. (B) 2-year OS.

 13652141, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/bjh.70170 by U

ppsala U
niversity L

ibrary, W
iley O

nline L
ibrary on [13/10/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



      |  7ALYAMANY et al.

F I G U R E  2   Relapse-free survival (RFS), relapse incidence and graft-versus-host disease (GVHD)-free/relapse-free survival (GRFS) in the propensity-
matched cohort. Two-year relapse-free survival (RFS), relapse incidence and GVHD-free/relapse-free survival (GRFS) in the propensity-matched cohort. 
(A) Two-year RFS. (B) Cumulative incidence of relapse at 2 years. (C) Two-year GRFS.

F I G U R E  3   Cumulative incidence of graft-versus-host disease (GVHD)in the propensity-matched cohort. (A) Day 100 incidence of grade II–IV 
acute GVHD (aGVHD). (B) Day 100 incidence of grade III–IV aGVHD. (C) Two-year incidence of chronic GVHD (cGVHD). (D) Two-year incidence of 
moderate-to-severe cGVHD (M-S cGVHD).
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other recent studies.23,38,39 While relapse rates were notably 
elevated in the RIC group for both matched and unmatched 
cohorts, the 2-year RFS remained similar in the matched co-
hort. This discrepancy may be attributed to follow-up dura-
tion differences, as the MAC cohort had a shorter follow-up 
due to its increased use starting in 2019, while prior to that, 
RIC was the standard regimen used in the institution. Given 
that relapse was the leading cause of mortality in this cohort, 
these findings underscore MAC's continued importance in 
minimizing relapse risks.

Regarding GVHD, we found similar rates of both acute 
and chronic GVHD between the groups after applying the 
PSM, in contrast to prior studies reporting higher GVHD 
with MAC.16,20 This may reflect the use of a consistent 
GVHD prophylaxis regimen across all patients, highlighting 
the conditioning's effect on GVHD rates without the con-
founding effect of a variable GVHD prophylaxis regimen. 
Notably, our cohort's rates of moderate-to-severe chronic 
GVHD at 2-year post-transplantation were lower than pre-
vious reports, emphasizing the impact of the use of a dual 
T-cell depletion strategy with ATG and PTCy on reducing 
GVHD.40,41 Additionally, the lower GVHD rates might have 
played a role in the lower rates of NRM in the MAC group 
compared to previous reports.23 Importantly, this approach 
did not diminish MAC's benefit in reducing relapse rates, 
countering previous concerns regarding the potential in-
creased risk of relapse with ATG.42,43

The increased graft failure rate can be partially attributed 
to the higher reliance on frozen grafts, especially during the 
COVID-19 pandemic, necessitated by travel restrictions.44 
Additionally, the greater prevalence of myelofibrosis cases 
within the RIC group likely contributed to this outcome. 
RIC was also associated with higher rates of CMV and EBV 
reactivation, though this may be partly due to coinciding 
changes in the institution's practice. For instance, the in-
creased use of letermovir after 2019 and the reduced ATG 
dosing overlapped with the increased use of MAC, poten-
tially lowering CMV and EBV reactivation rates in the MAC 
group. It is noteworthy that although EBV reactivation rates 
were higher than previously reported, this did not lead to a 
high incidence of post-transplant lymphoproliferative disor-
der (PTLD). Only 17 of 640 patients (2.6%) developed PTLD, 
a rate consistent with published data.45–49

The retrospective design of our study introduces poten-
tial biases and confounding factors; however, PSM helped to 
control for major confounders. Despite this, some inherent 
differences remained, such as the greater likelihood of RIC 
patients being less physically fit and the shorter follow-up 
duration in the MAC group, which could have influenced 
the findings. Additionally, data on measurable residual dis-
ease (MRD) at the time of transplant and post-transplant 
maintenance therapy were not consistently captured and 
therefore not included in the analysis. These factors are im-
portant modifiers of relapse risk, and their absence limits 
the interpretation of relapse-related outcomes.

Limiting our study to patients under 65 may reduce the 
generalizability of our results, particularly as transplantation 

becomes increasingly feasible for older adults. Thus, balanc-
ing conditioning intensity with treatment toxicity remains 
crucial. Another notable limitation is the exclusive use of 
the ATG-PTCy-CSA regimen for GVHD prevention, which 
is not widely adopted elsewhere, potentially restricting the 
generalizability of our findings to settings utilizing differ-
ent prophylaxis protocols. Future research should consider 
prospective trials that directly compare MAC and RIC out-
comes under a unified GVHD prophylaxis regimen. Such 
studies could further clarify conditioning intensity's role in 
transplant outcomes, particularly given the recent advance-
ments in GVHD management.

In conclusion, our findings support the ongoing use 
of MAC, especially for patients who can tolerate it, as it 
appears to offer better disease control without increasing 
NRM.
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