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Simple Summary: The introduction of tyrosine kinase inhibitors (TKIs) in chronic myeloid leukemia treatment 

has significantly improved patient prognosis and reduced the necessity for allogeneic hematopoietic stem cell 

transplantation (allo-HCT). However, the influence of TKIs on allo-HCT outcomes remains underexplored. 

This retrospective, double-center analysis included 240 patients treated between 1993 and 2013, categorized 

based on prior therapy with either imatinib, dasatinib/nilotinib or TKI-naïve before matched related or matched 

unrelated donor allo-HCT. The primary objective was to evaluate the impact of prior TKI treatment on acute 

(aGvHD) and chronic graft-versus-host disease (cGvHD). Results indicated a lower incidence of cumulative 

incidence of aGvHD and cGvHD in patients receiving second-generation TKIs (2G-TKIs) compared to those 

on imatinib or TKI-naïve (40.7% vs 61.4% vs 70.7%, p=0.044; 25.0% vs 76.4% vs 51.2%, p<0.001, respectively). 

Additionally, lower-grade aGvHD and cGvHD were significantly less frequent in the 2G-TKI group. We 

observed no significant differences in 3-year overall survival. 

Abstract: Background: The implementation of tyrosine kinase inhibitors (TKIs) in the treatment of chronic 

myeloid leukemia (CML) has brought a significant improvement in the prognosis for CML patients and a 

decrease in the number of patients requiring allogeneic hematopoietic stem cell transplantation (allo-HCT). 

Nevertheless, the impact of TKIs on allo-HCT outcomes have not been thoroughly explored. Objectives: The 

main endpoint of our research was to assess the impact of prior TKI treatment on acute graft-versus-host 

disease (aGvHD) and chronic graft-versus-host disease (cGvHD). Methods: In our retrospective analysis we 

included 240 patients treated between 1993 and 2013, and divided them into 3 groups according to the therapy 

administered prior to matched related or matched unrelated donor allo-HCT (imatinib group n=41, 

dasatinib/nilotinib group n=28, TKI naïve group n=171). Results: Both the cumulative incidence of aGvHD 

(p=0.044) and cGvHD (p<0.001) in individuals receiving second generation TKIs (2G-TKIs) prior to allo-HCT 

compared to patients receiving no TKIs or imatinib (IMA) (40.7% vs 61.4% vs 70.7%, p=0.044; 25.0% vs 76.4% 

vs 51.2%, p<0.001, respectively). In case of the 2G-TKI cohort, the number of low-grade aGvHD and cGvHD 

was significantly lower compared to the IMA and TKI-naïve groups (p=0.018, p=0.004; p<0.001 versus TKI-
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naïve, respectively). In terms of 3-year overall survival (OS) there were no important variations between TKI-

naïve, IMA and 2G-TKI (55% vs 49.9% vs 69.6%, p=0.740). Conclusions: The results of our study suggest that 

TKI treatment prior to allo-HCT may have protective impact on immune-mediated outcomes. 

Keywords: allogeneic hematopoietic stem cell transplantation; chronic myeloid leukaemia; tyrosine kinase 

inhibitors; imatinib; dasatinib; nilotinib 

 

1. Introduction 

Tyrosine kinase inhibitors (TKIs) have become a widely accepted therapeutic approach for 

patients diagnosed with chronic myeloid leukaemia (CML) ever since the introduction of the first TKI 

in the late 1990s, that is imatinib mesylate [1]. The groundbreaking outcomes of the IRIS trial further 

solidified their pivotal role in revolutionising the management of this hematopoietic malignancy [2]. 

2G-TKIs, especially dasatinib and nilotinib, have demonstrated highly promising results in cases of 

imatinib resistance or intolerance, yielding a long-term OS rate exceeding 70% [3,4]. Moreover, in 

newly diagnosed CML patients, the 5-year cumulative probability of achieving a major molecular 

response (MMR) exceeds 75%, markedly surpassing the corresponding rate attained with imatinib 

[5,6]. Although TKIs have proven to be effective, allo-HCT continues to be a viable and potentially 

curative alternative for patients who do not achieve long-lasting responses to TKI-based therapies or 

for those with advanced-stage disease [7–9]. 

The significance of allo-HCT in achieving long-term survival and potential cure for patients 

diagnosed with chronic phase CML (CML-CP) was well-established before the advent of TKIs [10,11]. 

The concept of a graft-versus-leukemia effect in CML gained support from studies demonstrating 

that donor lymphocyte infusion could effectively salvage relapsed disease after allo-HCT [12,13]. 

However, the number of performed allo-HCTs for CML in the first chronic phase (CP1) has 

substantially diminished following the introduction of TKIs [14]. Currently, the majority of patients 

referred to allo-HCT are those considered at high-risk, that is at disease stages beyond CP1, or those 

that have experienced treatment failure with TKIs [15,16]. According to the latest update on CML 

management [17], allo-HCT has been suggested to be a viability in CML-CP with resistance to 2G-

TKI therapy with no guiding mutations or in cases of a potential T315I mutation after either ponatinib 

or asciminib treatment on a trial basis [18,19]. The blast phase of CML (CML-BP) is different from the 

CP, as it rather resembles acute leukaemia, displaying substantial changes in proliferation, 

differentiation, and apoptosis, leading to pronounced alterations in treatment response [20]. Despite 

a significant reduction in the incidence of CML-BP with the introduction of TKIs compared to the 

pre-TKI era [21], responses to TKI treatment in CML-BP patients are of temporary character, and their 

prognosis remains poor despite advancements in drug development [22]. Hence, allo-HCT remains 

the sole curative option for this subgroup of patients, and TKIs may offer a therapeutic window that 

allows for the possibility of allografting [21,22]. Currently individuals with CML accelerated phase 

(CML-AP) or CML blast phase (CML-BP) might undergo TKI treatment in order to lower the CML 

burden (preferably with newer generations of TKIs such as ponatinib or dasatinib), and should 

afterwards be considered for early allo-HCT [23]. 

According to previous research, the use of imatinib does not negatively impact transplant 

outcomes including acute and chronic graft-versus-host disease (aGvHD/cGvHD) [24–28]. Similarly, 

trials designed to evaluate 2G-TKI treatment prior to allo-HCT have not provided any evidence of 

2G-TKIs having a harmful effect on the post-transplantation period [29–32]. Also, prior exposure to 

TKIs could potentially result in patients having better allo-HCT outcomes if transplantation is 

performed in a better molecular response status [27,29]. Considering the numerous roles of kinases 

in the GvHD pathophysiology, it was supposed that the administration of TKIs could represent a 

potentially effective approach for regulating the activation of B and T cells, resulting effective in the 

treatment of GvHD [33]. Both first generation TKIs (1G-TKIs) as well as 2G-TKI therapies (dasatinib, 

nilotinib) have been demonstrated to be effective in the treatment of steroid-refractory cGvHD (SR-

cGvHD), including sclerotic cGvHD [34–37]. Furthermore, inhibitors targeting Janus Associated 
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Kinases (JAK1 and JAK2) hold promise in the management of SR-cGvHD and steroid-refractory 

aGvHD (SR-aGvHD) with, for instance, ruxolitinib (targeting both JAK1 and JAK2) being approved 

by the Food and Drug Administration (FDA) and European Medicines Agency (EMA) for cGvHD 

after failure of one or two lines of systemic therapy and SR-aGvHD [33,38,39]. It should be noted that 

increased direct drug toxicity [40] or immune dysfunction [41,42] may also limit the success of allo-

HCT, considering that each TKI has multiple off-target effects. 

This retrospective study on behalf of the Polish Adult Leukaemia Group (PALG) aims to 

compare GvHD and survival outcomes of allo-HCT of three groups comprising a cohort of patients 

from the pre-TKI era and individuals underwent either 1G-TKI or 2G-TKI treatment prior to 

transplantation, all of whom suffered from CML. 

2. Materials and Methods 

Patients 

This analysis is focused on CML patients treated with allo-HCT in different treatment eras. We 

analysed three groups of patients: TKI naïve, so called historic group, collecting patients transplanted 

before imatinib era, the second one (IMA) with patients transplanted after imatinib failure before 2G-

TKIs became widely available and he last one transplanted after second generation TKIs failure (2G-

TKI; dasatinib or nilotinib) used as a second line treatment after imatinib failure. The patients were 

treated in several PALG associated centres between 1993 and 2013. Into the statistical analysis there 

were taken variables such as sex, patients’ age, disease duration before transplant, using interferon 

alfa (IFNα) and TKIs during the treatment and its duration, CML phase at day of transplant, 

conditioning regimen, application of GvHD prophylaxis, presence and grade of acute and chronic 

GvHD after the procedure of allo-HCT, evaluation in Karnofsky scale, AB0 mismatch, transplant risk 

category (using the Grathwohl scale), CMV status. All of the patients underwent matched related or 

matched unrelated donor (MRD/MUD) allo-HCT with reduced intensity or myeloablative 

conditioning regimens (RIC/MAC). GvHD prophylaxis followed standard protocols, which 

comprised cyclosporine A (CsA), methotrexate (MTX), and in cases of a MUD also anti-thymocyte 

globulin (ATG). Patient-, donor- and transplant-related characteristics can be found in Tables 1 and 

2. 

Table 1. Patient-, donor- and transplant-related characteristics. Abbreviations: IMA - imatinib, 2G-TKI - 

2nd generation tyrosine kinase inhibitor, BM - bone marrow, PBSC - peripheral blood stem cells, WBC - 

white blood cell count, CML - chronic myeloid leukaemia, Ph+ CML - Philadelphia chromosome positive 

chronic myeloid leukaemia, HU - hydroxyurea, IFNα - interferon-alfa, RIC - reduced intensity 

conditioning, TBI - total body irradiation, ATG - anti-thymocyte globulin, MTX - methotrexate. 

 

 

p-value TKI naïve 

N = 171 

IMA 

N = 41 

2G-TKI 

N = 28 

Patient sex, n (%)       0.211 

Male 100 58.8% 26 63.4% 12 42.9%  

Female 71 41.2% 15 36.6% 16 57.1%  

Patient age (years), Me [Q1; Q3] 37 [28; 44] 35 [26; 40] 48 [33; 57] < 0.001 

Donor sex, n (%)       0.766 

Male 101 58.7% 26 63.4% 0 0.0%  
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Female 70 41.3% 15 36.6% 28 100%  

Donor age (years), M ± SD 37.0 ± 10.4 37.6 ± 11.3 - 0.769 

Type of donor, n (%)       <0.001 

Sibling 129 75.5% 14 34.1% 10 35.7%  

Unrelated 37 21.6% 27 65.9% 18 64.3%  

Other 5 2.9% 0 0.0% 0 0.0%  

Source of stem cells, n (%)       <0.001 

BM 100 58,5% 19 46,3% 4 14,3%  

PBSC 71 41,5% 22 53,7% 24 85,7%  

Transplant risk category, Me 

[Q1; Q3] 2 [1; 3] 3 [3; 4] - 
1.000 

Median CD34+ count ×106/kg,  

Me [Q1; Q3] 4.0 [2.7; 5.7] 5.5 [2.2; 7.1] 4.0 [3.6; 4.7] 
0.543 

Donor positive CMV status, n 

(%) 99 77.3% 21 51.2% NA 
0.006 

CML phase at day of transplant, 

n (%)       
<0.001 

Chronic Phase 147 88.0% 14 37.9% 20 71.4%  

Accelerated Phase 14 8.4% 8 21.6% 4 14.3%  

Blast Crisis Phase 0 0.0% 3 8.1% 4 14.3%  

Second/next Chronic Phase 6 3.6% 12 32.4% 0 0.0%  

HU 1 year before transplant 140 98.6% 14 66.7% NA <0.001 

IFNa (yes), n (%) 22 14.8% 16 47.1% 0 0.0% <0.001 

RIC (yes), n (%) 20 11.8% 7 17.1% 13 46.4% <0.001 

High dose TBI (yes), n (%) 6 3.5% 11 28.9% 1 3.6% <0.001 

ATG in condtioning regimen 48 28,1% 27 71,1% NA <0.001 
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Table 2. Patient-, donor- and transplant-related characteristics (continuation). The comment “for 

(number) pt.” means the number of patients for whom data was available. Abbreviations: IMA - imatinib, 

2G-TKI - 2nd generation tyrosine kinase inhibitor, aGvHD - acute graft-versus-host disease, cGvHD - 

chronic graft-versus-host disease, VOD - veno-occlusive disease, ANC - absolute neutrophil count, PLT - 

platelet count, Hgb - haemoglobin, HU - hydroxyurea. 

 

 

p-value TKI naïve 

N = 171 

IMA 

N = 41 

2G-TKI 

N = 28 

aGvHD day, Me [Q1; Q3] 36 [24; 54] 44 [23; 59] 32 [24; 49] 0.894 

cGvHD day, Me [Q1; Q3] 
139 [103; 250] 131 [120; 151] 257 [132; 317] 0.625 

aGvHD (yes), n (%) for 163 pt.   for 27 pt. 0.044 

 100 61.4% 29 70.7% 11 40.7%  

aGvHD grade, n (%) for 163 pt.   for 27 pt. 0.002 

0 63 38.7% 12 29.3% 16 59.3%  

1 25 15.3% 9 22.0% 9 33.3%  

2 33 20.2% 13 31.7% 2 7.4%  

3 18 11.0% 6 14.6% 0 0.0%  

4 24 14.7% 1 2.4% 0 0.0%  

cGvHD (yes), n (%) for 157 pt.     <0.001 

 120 76.4% 21 51.2% 7 25.0%  

cGvHD grade, n (%) for 157 pt.     <0.001 

0 37 23.6% 20 48.8% 21 75.0%  

1 49 31.2% 7 17.1% 2 7.1%  

2 71 45.2% 14 34.1% 5 17.9%  

Karnofsky scale at the day 

of last contact, Me [Q1; Q3] 85 [0; 100] 90 [80; 100] NA 
1.000 

Patient status at the day of 

last contact, n (%)       
 

Dead 76 44,4% 16 39,0% 8 29,6% 0.268 

Relapse 73 42,7% 14 35,9% 3 11,1% 0.007 

Definitions 
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CML chronic and advanced phases were diagnosed according to ELN criteria [43,44]. aGvHD 

diagnosis and grading was based on 1994 consensus [45] with an update of MAGIC consortium [46]. 

The diagnosis and global scoring of chronic graft versus host disease came from National Institute of 

Health 2005 criteria [47] but we had to combine cases scored 2 and 3 in one group to standardise the 

grading in all three groups. The historic group grading was based on traditional Seattle 1980 criteria 

[48] referring to “limited” and “extensive” chronic GvHD cases. To make the analysis clear we put 

NIH 2005 score 2 and 3 cases (from ”new era” transplantations) and Seattle “extensive” cases in one 

advanced group - 2. NIH score 1 and “limited” Seattle cases were put in one group as well - 1. 

Study endpoints 

The main objective of this retrospective analysis is to assess the impact of 1G-TKI and 2G-TKI 

treatment on the development of aGvHD and cGvHD in individuals with CML undergoing allo-

HCT. The secondary outcomes included 3-year OS. 

Statistical Analysis 

Statistica v.13.3 (TIBCO Software Inc., Palo Alto, CA, USA) was used for statistical analysis. 

Verification of normality of quantitative variables was performed using the Shapiro-Wilk test. Due to 

the absence of normal distribution characteristics or heterogeneity of variance, the statistical 

significance of differences between the three groups was assessed using the non-parametric Kruskal-

Wallis test. The significance of differences in frequencies for qualitative variables was calculated using 

the chi-square test. The Kaplan-Meier estimator was used to estimate survival probabilities. The 

significance of differences between survival curves in the three groups was verified by the chi-square 

test. Statistical test results were deemed statistically significant when the p value was < 0.05. In 

multivariate analysis, considering that aGvHD and cGvHD are binary variables, logistic regression 

was employed. The results of multivariate analysis are presented in Table 3. 

Table 3. Results of multivariate analysis based on patient, disease and transplant characteristics for 

patients for all cohorts. Note: only statistically significant results were included. The full results of 

multivariate analysis are included as Supplementary Materials. Abbreviations: GvHD - graft-versus-host 

disease, ATG - anti-thymocyte globulin, CML - chronic myeloid leukaemia. 

Variable Risk Factor for  HR 95% CI p Value 

Donor sex: female 
Acute GvHD 

2.17 1.15-4.08 0.017 

GvHD prophylaxis: ATG 2.80 1.15-6.79 0.023 

Donor sex: female 

Chronic GvHD 

2.43 1.26-4.69 0.009 

RIC conditioning 0.24 0.11-0.51 <0.001 

CML accelerated phase 3.13 1.05-9.36 0.041 

3. Results 

Patient-, disease-, and transplantation-related characteristics 

The characteristics for all individuals divided into 3 subgroups - TKI-naïve (n=171), IMA (n=41) 

and 2G-TKI (n=28) are presented in Tables 1 and 2. The 2G-TKIs used prior to allo-HCT were either 

dasatinib or nilotinib while the 1G-TKI was imatinib. The disproportion in the number of individuals 

in each cohort is a consequence of the introduction of TKIs, which drastically reduced the number of 

performed allo-HCTs. The characteristics n the three groups were comparable with regard to patient 

sex and donor sex/age. The individuals in the 2G-TKI group were significantly older (37 vs 35 vs 48 

years of age, p<0.001), likely due to the refinement of CML therapy resulting in a longer time-to-

transplant period. The ratios of MRD/MUD allo-HCTs were 75.5%/21.6% for TKI-naïve, 34.1%/65.9% 

for IMA, 35.7%/64.3% for 2G-TKI (p=<0.001), with either BM or PBSC being the source of stem cells 

(58.5%/41.5%, 46.3%/53.7%, 14.3%/85.7%, p<0.001, respectively). At the day of transplant, most 
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individuals in every cohort were in CP1: 88% vs 37.9% vs 71.4%, p=0.002 for TKI-naïve, IMA and 2G-

TKI respectively. Of note, there were significantly more patients in their second or next CP at the 

moment of allo-HCT in the IMA group (3.6% vs 32.4% vs 0%), which might have influenced survival 

outcomes. The number of individuals receiving RIC conditioning was significantly higher in 2G-TKI 

(11.8% vs 17.1 % vs 46.4%, p<0.001). Also, the median CD34+ count was comparable among the three 

cohorts (4.0x106/kg vs 5.5x106/kg vs 4.0x106/kg, p=0.543, respectively). The median follow-up time 

was 41 months for TKI-naïve, 19 months for IMA, and 30 months for 2G-TKI (p<0.001).  

Acute and chronic graft-versus-host disease 

Data about aGvHD and cGvHD can be found in Table 2 and Figures 1 and 2A,B. Out of the 240 

patients included in the analysis, GvHD grade assessment was performed in 231 individuals for 

aGvHD, and 226 for cGvHD. The outcomes of both the cumulative incidence of aGvHD and cGvHD 

were the least favorable in the TKI-naïve and IMA cohorts compared to 2G-TKI (61.4% vs 70.7% vs 

40.7%, p=0.044; 76.4% vs 51.2% vs 25%, p=25.0%, p<0.001 respectively). Also, the 2G-TKI cohort 

yielded significantly more low-grade aGvHD compared to TKI-naïve and IMA (p=0.004, p=0.018, 

respectively) and cGvHD in contrast to TKI-naïve (p<0.001). By multivariate analysis, a female donor 

setting (HR 2.17, 95% CI 1.15-4.08, p=0.017) and ATG-based GvHD prophylaxis (HR 2.80, 95% CI 1.15-

6.79, p=0.023) had an adverse impact on aGvHD incidence. Also, CML accelerated phase (HR 3.13, 

95% CI 1.05-9.37, p=0.041) and female donor (HR 2.43, 95% CI 1.26-4.69, p=0.009) were a predictor of 

cGvHD. RIC conditioning lowered the occurrence of cGvHD (HR 0.24, 95% CI 0.11-0.51, p<0.001). 

The median day of aGvHD and cGvHD onset was comparable among the three groups (36 vs 44 vs 

32, p=0.894; 139 vs 131 vs 257, p=0.625, respectively). 

 

Figure 1. Impact of 1-generation and 2-generation TKIs on the cumulative HR of aGvHD (12 months) 

and cGvHD (36 months). 

 

Figure 2. Impact of 1-generation and 2-generation TKIs on the grade of aGvHD (A) and cGvHD (B). 

Survival outcomes 
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Survival outcomes are shown in Table 4 and Figure 3A,B. The 3-year OS was comparable 

between the three cohorts (55% vs 49.9% vs 69.6%, p=0.740). 

Table 4. Patient-, donor- and transplant-related characteristics (continuation). The comment “for 

(number) pt.” means the number of patients for whom data was available. Abbreviations: IMA - imatinib, 

2G-TKI - 2nd generation tyrosine kinase inhibitor, OS - overall survival. 

 

 

p-value TKI naïve 

N = 171 

IMA 

N = 41 

2G-TKI 

N = 28 

Median follow-up time, months 41 [28; 73] 

for 163 pt. 
19 [14; 24] 30 [16; 40] <0.001 

3-year overall survival OS (t=3 years) 55% 49.9% 69.6% 0.740 

 

Figure 3. Impact of 1-generation and 2-generation TKIs on OS probability. 

4. Discussion 

The introduction of TKIs had a pivotal role in the changing landscape of CML-CP management 

[49]. In the frontline treatment of CML-CP, imatinib and the three 2G-TKI formulations (bosutinib, 

dasatinib, and nilotinib) yield comparable survival outcomes. However, 2G-TKIs can induce deep 

molecular response (DMR) more rapidly, potentially shortening the time to achieve treatment-free 

remission (TFR) [50]. With optimal follow-up seeking for signs of treatment resistance and adequate 

patient compliance all of the available therapeutic options result in near-normal life expectancy and 

quality of life [51–56]. It is believed that the occurrence is 10 % in case of primary and 30% in case of 

secondary resistance to frontline TKI therapy [57]. Taking into account TKI-related toxicities, there is 

an ongoing debate about the most appropriate moment for considering the discontinuation of TKI 

therapy. Most experts currently lean towards sustaining TKI treatment in the absence of adverse 

effects, as it was proved that ceasing TKIs after 2 years of DMR yields 3-year TFR rates of 40%–50% 

[58–60], while discontinuation after achieving a DMR for at least 5 years results in a 5-year TFR of 

over 80% [61]. In spite of this promising results, the current recommendations indicate that allo-HCT 

should be considered in case of treatment failure or intolerance to at least one 2G-TKI, or in case of a 

T315I mutation - after a trial therapy with ponatinib or asciminib [18,19]. Also, allo-HCT should be 
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considered in CML-AP and CML-BP after lowering the CML burden through a new-generation TKI 

[27,29]. In our retrospective study, we sought to assess the influence of IMA and 2G-TKI therapy prior 

to allo-HCT compared to a historic group from the pre-TKI era on transplant-related toxicity, that is 

the occurrence of aGvHD and cGvHD, as well as analyse survival outcomes. 

Our subgroup analysis revealed that individuals from the 2G-TKI cohort experienced aGvHD 

significantly less frequently and, if it occurred, its grade was lower compared to TKI-naïve and IMA 

(40.7% vs 61.4% vs 70.7%, p=0.044; p=0.018 vs TKI-naïve, p=0.004 vs IMA, respectively, as shown in 

Figures 1 and 2A). We demonstrated similar results for cGvHD, with 2G-TKIs guaranteeing more 

favorable outcomes both with regard to overall cGvHD incidence (25% vs 76.4% vs 51.2%, p<0.001) 

and cGvHD grade (2G-TKI vs TKI-naïve p<0.001, Figure 2B). No differences were found with regard 

to the day of onset of aGvHD and cGvHD (day +32 vs day +36 vs day +44, p=0.849; 139 vs 131 vs 257, 

p=0.625, respectively). According to the results of multivariate analysis, neither MAC nor MUD or 

the recipient’s age influenced the occurrence of GvHD. Among the retrievable literature, four studies 

included a comparison of the influence of prior IMA therapy on post-transplant outcomes with 

historical groups [25,26,62,63], and one perfomed a similar analysis but with 1-, 2- and 3-generation 

TKIs [64]. In terms of aGvHD incidence, none of the aforementioned papers demonstrated 

statistically significant differences between the TKI-treated and TKI-naïve cohorts, regardless of the 

TKI generation [25,26,62–64]. Discrepancies have been found concerning cGvHD despite most 

studies corroborating towards TKI treatment not having an impact on its incidence[62–64]. In the 

research by Oehler et al. [26] analyzing allo-HCT outcomes of 145 individuals administered IMA and 

231 from the historical groups, IMA therapy resulted in a significantly lower hazard of cGvHD (HR 

= 0.33, 95% CI 0.22-0.48, p=<0.001). A similar observation was made in a trial by Deininger et al. [25] 

which consisted of a comparison of 70 patients with CML and 21 with Ph+ ALL receiving pre-

transplant IMA with historical controls identified in the EBMT database. The individuals exposed to 

IMA prior to allo-HCT yielded a significantly lower incidence of cGvHD in comparison to control 

(36.7% vs. 58.8%, p=0.03), which was confirmed by multivariate analysis (OR=0.44, p=0.027) [25]. 

In order to be able to draw more accurate conclusions, besides a thorough analysis of the 

available literature we sought to include a few considerations for other factors that could have 

influenced GvHD-related outcomes. PBSC as a source of stem cells has been previously associated 

with a higher incidence of aGvHD and cGvHD [65] and cGvHD alone [66,67]. In our analysis, the 2G-

TKI group had the highest percentage of PBSC vs BM in comparison with TKI-naïve and IMA (85.7% 

vs 41.5% vs 53.7%, p<0.001; 2G-TKI vs IMA p=0.02, 2G-TKI vs TKI-naïve p=0.001). Furthermore, RIC 

conditioning was significantly more frequent in 2G-TKI group (11.8% vs 17.1 % vs 46.4%, p<0.001). 

There are comparative studies confirming reduced overall incidence of aGvHD grades 2-4 in patients 

conditioned with RIC [68–72] but none of them has been able to show a difference in terms of cGvHD 

incidence depending of the type of conditioning regimen. Moreover, recent studies surprisingly 

revealed RIC to be a factor increasing incidence of cGvHD [73] which, however, is in contradiction to 

the results of our multivariate analysis as it revealed that RIC conditioning lowered the occurrence of 

cGvHD (HR 0.24, 95% CI 0.11-0.51, p<0.001). Taking into account these results, we could assume that 

RIC conditioning might have had a positive impact on aGvHD occurrence in the 2G-TKI cohort, but 

it is not certain whether it should be enrolled into the list of cGvHD protective agents Also, Cox 

logistic regression demonstrated that a female donor setting (HR 2.17, 95% CI 1.15-4.08, p=0.017) and 

ATG-based GvHD prophylaxis (HR 2.80, 95% CI 1.15-6.79, p=0.023) negatively influenced aGvHD 

incidence. As for cGvHD, CML-AP (HR 3.13, 95% CI 1.05-9.37, p=0.041) and female donor (HR 2.43, 

95% CI 1.26-4.69, p=0.009) were a predictor of its occurrence. The number of female  donors was 

comparable among the three groups with, however, significant differences in the ratio of CML-AP 

(8.4% for TKI-naïve vs 21.6 % for IMA vs 14.3% for 2G-TKI, p<0.001). 

We did not demonstrate important variations of 3-year OS between TKI-naïve, IMA and 2G-TKI 

(55% vs 49.9% vs 69.6%, p=0.740), but we found surprising that the IMA group manifested a tendency 

towards a lower 3-year OS compared to the TKI-naïve one. This observation is most likely the result 

of a substantial variance in the number of individuals in second or next CP at the moment of allo-

HCT (3.6% vs 32.4% vs 0% for TKI-naïve, IMA and 2G-TKI respectively), which might have 
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negatively impacted survival outcomes in the IMA subgroup. In a  retrospective study by Shen et al. 

[63] the use of IMA was also associated with a significantly higher 0.5 year transplant-related 

mortality (27.8% vs. 5.9%, p=0.001) compared to no prior TKI therapy. It should be noted that like in 

our study, it is probable that this finding could be related to a relevant difference in disease stage at 

the moment of allo-HCT between the two groups (total BC+AP+CP2+CP3 in 47.2% for IMA vs. 8.6% 

TKI-naïve, p=0.001) [63]. The other papers found that long-term survival outcomes were not affected 

neither by the use of IMA prior to allo-HCT [25,26,62,63] nor 1-, 2-, and 3-generation TKIs [64]. 

Attempts are known to use TKIs in GvHD treatment, particularly in cGvHD. Experimental 

therapies for cutaneous cGvHD with imatinib and nilotinib in mouse models have shown promising 

outcomes, lowering the intensity of the symptoms compared to the group treated with prednisone 

[48]. A recent study published in 2023 by a group of Canadian researchers aimed to assess the 

feasibility of numerous therapeutic agents in the treatment of cGvHD, including ruxolitinib, imatinib, 

and ibrutinib [74]. Over time, 80% of patients achieved clinical benefit, which enabled a decrease in 

prednisone dosage across all three TKIs. The 12-month failure-free survival (FFS) rate was notably 

higher in the imatinib (71%) and ruxolitinib groups (67%) compared to the ibrutinib group (46%). 

However, the 12-month OS rate remained consistent across all three groups, ranging from 96% to 

100% among patients [74]. Up to date, ibrutinib, ruxolitinib, and belumosudil are the only drugs 

approved by the Food and Drug Administration for the treatment of steroid-refractory cGvHD [75]. 

Our study has some limitations, such as its retrospective design and a relatively short follow-up 

time. Also, we did not have access to all of the necessary data including hematopoietic recovery, 

causes of mortality and infections, which could have made our paper more comprehensive. 

Finally, not all of the patients who developed GvHD could have been assessed utilizing the same 

tools, hence the need for standardization (as described in the Materials and Methods section). 

Despite the aforementioned caveats to our study, the results we obtained confirm that TKI 

treatment prior to allo-HCT does not negatively impact the post-transplantation outcomes, including 

aGvHD and cGvHD. Our analyses suggests that 2G-TKI therapy could significantly lower the 

cumulative incidence of cGvHD and aGvHD as well as their grade in case of their occurrence. Also, 

we demonstrated no variations in terms of 3-year OS between the three cohorts. In our view, this 

analysis remains relevant despite the prevalent use TKIs which have drastically changed the 

landscape of CML therapy in the past decades. Unlike CML-CP patients, who often proceed to allo-

HCT following resistance or intolerance to 2-generation TKIs therapy or after a trial therapy with 

asciminib or ponatinib in case of T315I mutation, allo-HCT in CML-AP or CML-BP should be 

considered after lowering the CML burden with new-generation TKIs [18,19]. This study offers an 

analysis of the outcomes of allo-HCT for these subgroups of patients. 

5. Conclusions 

In conclusion, our study provides valuable insights into the impact of TKI therapy prior to allo-

HCT on post-transplantation outcomes, particularly concerning the incidence and severity of aGvHD 

and cGvHD. Our findings indicate that 2G-TKI therapy may significantly reduce the occurrence and 

grade of both aGvHD and cGvHD, without negatively affecting overall survival rates. These results 

are particularly relevant given the transformative role TKIs have played in the management of CML, 

especially in achieving deep molecular responses and potentially allowing for treatment-free 

remission in certain cases. 

Despite some limitations, including the retrospective nature of our study and the variability in 

follow-up times and data completeness, our analysis suggests that TKI therapy, especially with 2G-

TKIs, does not compromise the success of allo-HCT. Moreover, our study highlights the importance 

of continued research into optimizing pre-transplant therapies to improve post-transplant outcomes 

in cases where allo-HCT should be considered. As CML treatment continues to evolve, our findings 

underscore the need for personalized approaches in selecting pre-transplant therapies to enhance 

patient outcomes in this challenging setting. 
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