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| appreciate Arcuri LJ et al. for the opportunity to address this important issue in our study of
CMV reactivation on leukemia relapse *. They have raised a concern regarding the potential
spurious and secondary nature of the protective effect of CMV reactivation in relapse due to our
statistical approach using the Fine and Gray method 2. Through simulation results, they
advocated for the use of a cause-specific Cox model, treating competing events as censoring, to

demonstrate our findings.

First of all, I would like to clarify that we employed cause-specific Cox models with CMV
reactivation and acute GVHD treated as time-dependent covariates in our original paper . We
found a protective effect of CMV reactivation on relapse using the Cox models (Table S2 in the
original paper). While I initially considered these data sufficient for sensitivity analysis, |
followed the suggestions by Arcuri LJ et al. and performed additional analysis. As a result, | also
observed a significant association between CMV reactivation and decreased risk of subsequent
relapse from the landmark point using the cause-specific Cox regression model (HR 0.85; 95%

Cl1 0.75-0.96; P = 0.010).

Understanding the discrepancy in how these approaches handle competing events is important in
selecting a statistical method. In the Fine and Gray model, patients who experience death without
relapse are retained in the number at risk and are considered to have zero risk of relapse. The
cause-specific Cox proportional hazard regression model treats deaths without relapse as

censored observations, assuming that they have the potential to experience relapse at a
2
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comparable rate to other individuals still at risk. The simulations by Arcuri LJ et al assume that
relapse risk in patients with nonrelapse death is the same as others. However, the graft-versus-
leukemia (GVL) effect is proportional to the severity of acute GVHD *°, and patients with

severe acute GVHD often experience early mortality before relapse °

. Given the strong
association between GVHD and CMV reactivation ’, patients who develop nonrelapse death with
concurrent CMV reactivation could potentially exhibit a more robust GVHD-related GVL effect
if they survive. Additionally, in cases of high CMV viral load reactivation, donor immune cells
might effectively eliminate CMV-infected leukemia cells, and the risk of nonrelapse death is
higher in patients with a high CMV viral load and CMV end-organ disease ® °. Consequently, we
believe that the true risk of relapse lies between the estimated values derived from the two
statistical models. Taken together, it is important to validate the protective effect of CMV

reactivation on relapse using both statistical approaches, aligning with the viewpoint of Arcuri LJ

et al.

Finally, | would like to comment on their simulation because the relapse and NRM rates differed
significantly from our cohort, despite similar HR for NRM. | adjusted the annual relapse and
NRM risks to 6% and 5%, respectively, which resulted in observed 4-year relapse and NRM
rates of 19.1% (in actual cohort: 19.6%) and 18.9% (in actual cohort: 17.9%), respectively. |
used the code provided by Arcuri LJ et al., with the exception of this adjustment 2 As a result,
both the Fine and Gray model and the cause-specific Cox model detected a protective effect of
CMV reactivation on relapse in 6.8% and 4.2% of 1,000 simulations, respectively, which did not
indicate a large difference among models (close to the alpha error at 5%). On the other hand,

99.2% of the simulations detected significant differences in NRM. | then adjusted the annual
3
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relapse and NRM risks to 10% and 20%, respectively. In this scenario, the median 4-year relapse
and NRM rates were calculated to be 22.0% and 51.8%, respectively. Notably, CMV reactivation
demonstrated a significant reduction in the risk of relapse using Fine and Gray model and Cox
model in 49.4% and 3.9% of the set of 1,000 runs, respectively. These simulations used identical
HR for NRM, highlighting that the discrepancy between the two statistical approaches becomes
more pronounced when the absolute difference of competing events between groups is high and

it needs caution in such a scenario unlike in our cohort.

Acknowledgement
Yu Akahoshi is a recipient of the Japan Society for the Promotion of Science Postdoctoral

Fellowship for Research Abroad.

Authorship Contributions:

Y. A. designed the study, analyzed the data, and wrote the manuscript.

Competing interests:

The author declares no conflict of interest.

20z Ae 81 uo 3sanb Aq ypd'| | /21 0¥20Z SeOUBAPEPOO|G/ZZY L2221 L LT ) 0YZ0T SeoUBAPEPOO|d/Z8] | 0 L/10p/jpd-ajoile/SaouBAPEPOO|qARU SUOHEDlgNdysE//:djlY WOl papeojumoq



88

89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108

109

Reference

1. Akahoshi Y, Nakasone H, Takenaka K, et al. CMV reactivation after allogeneic HCT is associated
with a reduced risk of relapse in acute lymphoblastic leukemia. Blood Adv. 2023;7(12):2699-2708.

2. Arcuri L, Santos FPS, Perini GF, Hamerschlak N. Fine and Gray or Cox model? Blood Adv. 2024.

3. Storb R, Gyurkocza B, Storer BE, et al. Graft-versus-host disease and graft-versus-tumor effects
after allogeneic hematopoietic cell transplantation. J Clin Oncol. 2013;31(12):1530-1538.

4, Yeshurun M, Weisdorf D, Rowe JM, et al. The impact of the graft-versus-leukemia effect on
survival in acute lymphoblastic leukemia. Blood Adv. 2019;3(4):670-680.

5. Akahoshi Y, Igarashi A, Fukuda T, et al. Impact of graft-versus-host disease and graft-versus-

leukemia effect based on minimal residual disease in Philadelphia chromosome-positive acute
lymphoblastic leukemia. Br J Haematol. 2020;190(1):84-92.

6. Akahoshi Y, Spyrou N, Hogan WJ, et al. Incidence, clinical presentation, risk factors, outcomes,
and biomarkers in de novo late acute GVHD. Blood Adv. 2023;7(16):4479-4491.
7. Akahoshi Y, Kimura SI, Inamoto Y, et al. Effect of Cytomegalovirus Reactivation With or Without

Acute Graft-Versus-Host Disease on the Risk of Nonrelapse Mortality. Clin Infect Dis. 2021;73(3):e620-
e628.

8. Green ML, Leisenring W, Xie H, et al. Cytomegalovirus viral load and mortality after
haemopoietic stem cell transplantation in the era of pre-emptive therapy: a retrospective cohort study.
Lancet Haematol. 2016;3(3):e119-127.

9. Akahoshi Y, Kimura SI, Tada Y, et al. Cytomegalovirus gastroenteritis in patients with acute graft-
versus-host disease. Blood Adv. 2022;6(2):574-584.

202 AeIN 81 U0 158NB Aq Jpd- || /Z10¥Z02 SEOUBAPEPOOIA/ZZ Y LZZZ/ | L L2 0YZ0Z SSOUBADEDOOIG/Z8 | L '01/10p/3pd-8|0iLIE/SeouBAPEPOO|d/oU suonEaliandyse//:djy woy papeojumod



	Cover Page
	Article File

