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TO THE EIDTOR:
Chronic myeloid leukemia (CML) is a triphasic myeloproliferative
disorder that accounts for 15–20% of adult leukemias [1]. The
cytogenetic hallmark is a reciprocal translocation between
chromosomes 9 and 22, resulting in BCR::ABL1 fusion gene.
Lymphoid blast crisis (LBC) is one of the most dreaded
complications of CML, with the B-cell lineage being more common
[2]. Although the incidence of CML-LBC has decreased markedly in
the tyrosine kinase inhibitor (TKI) era, responses to TKIs in CML-
LBC are infrequent and of short-lived [3]. Chimeric antigen
receptor T (CAR T) is an effective therapy for refractory/relapsed
(R/R) B acute lymphoblastic leukemia (ALL) patients [4–6], but the
therapeutic response and long-term prognosis of CML-LBC
patients are unclear. We retrospectively collected the clinical data
from 13 CML-LBC patients who received CAR T treatment at our
center from February 2017 to March 2023 and compared their
outcomes with those of 121 Philadelphia chromosome-positive
(Ph+ ) ALL patients who underwent CAR T treatment at our center
during the same period (Figs. S2B and S3A). All patients were
diagnosed and differentially diagnosed by past medical history,
morphology, immunology, cytogenetics and molecular biology.
This study was approved by the Institutional Review Board of our
hospital.
The clinical timeline of CML-LBC patients is shown in Fig. 1A.

Baseline characteristics of the two groups are summarized in Table
S1 and the use of TKIs of these patients are shown in Fig. S1. The
CAR T therapy was given for both overt relapse and MRD-positive
patients. Before CAR T-cell treatment, 7.7% (1/13) CML-LBC
patients and 9.9% (12/121) Ph+ ALL patients had primary
refractory disease, 38.5% (5/13) CML-LBC patients and 16.5%
(20/121) Ph+ ALL patients experienced the first relapse, 7.7% (1/
13) CML-LBC patients and 9.9% (12/121) Ph+ ALL patients
experienced a second or more relapse, and 46.2% (6/13) CML-
LBC patients and 63.6% (77/121) Ph+ ALL patients experienced
MFC MRD positive. Among all MFC MRD-positive patientis,
BCR::ABL1 transcripts were detected by PCR in some of them,
but in a few patients the test results were negative (Fig. S3B, Table
S6). Notably, patients with CML-LBC carried a higher proportion of
ABL kinase domain mutations (46.2%, 6/13 vs. 17.4%, 21/121;
P= 0.036) (Table S1). The ABL kinase domain mutations and other
gene mutations in the cohort are summarized in Fig. S2A.
Response to treatment was judged by morphological, cytological
or molecular level. For refractory and relapse patients, response to
treatment means reaching CR. For MRD-positive patients,
response to treatment means persistent morphological CR or
reaching CMR (Supplemental data 2). The treatment response rate
(61.5%, 8/13 vs. 90.8%, 108/119; P= 0.009) of CML-LBC patients
was significantly lower than that of Ph+ ALL patients after CAR

T-cell infusion, as was the MRD-negative CR rate (23.1%, 3/13 vs.
74.8%, 89/119; P < 0.001) (Fig. 1B–C). Furthermore, the MRD-
negative CR rate of R/R (14.3%, 1/7 vs. 57.1%, 24/42; P= 0.049) and
MRD positive (33.3%, 2/6 vs. 84.4%, 65/77; P= 0.011) patients with
CML-LBC were also significantly lower than those in Ph+ ALL
patients (Fig. S2C). Univariate analyses revealed that overt relapse
status, BM blasts ≥ 10%, ABL kinase domain mutation and CML-
LBC were significantly associated with an unfavorable therapeutic
response (Table S2 and S3). Through multivariate logistic
regression analyses of CR and MRD-negative CR, CML-LBC were
also an independent risk factor for therapeutic response (Table 1).
Moreover, ABL kinase region mutation remained a significant
independent predictor of poor treatment response (Table 1).
All adverse events and organ toxicity associated with CAR T-cell

therapy were graded as shown in Table S4. CRS occurred in 44.0%
(59/134) patients, and severe CRS (grade 3-4) occurred in 7.7% (1/
13) of CML-LBC patients and 8.3% (10/121) of Ph+ ALL patients
(P= 1.000). There was no significant difference in the incidence of
adverse events and organ toxicity events between the two groups.
One hundred and twenty-six patients had their levels of serum
cytokines monitored regularly from the day of CAR T-cells infusion,
and consistent results were detected in the two groups (Fig. S2D).
Besides, there was no statistically significant difference between
the two groups with regard to CAR T-cell copy numbers within
one month after infusion (Fig. S2E). However, in all patients with
active disease at baseline, CML-LBC patients (n= 7) had lower CAR
T-cells copies peak (P= 0.003) than Ph+ ALL patients (n= 44).
Moreover, there was no statistically significant difference in CAR
T-cells expansion in MRD-positive patients between the two
groups (Fig. S2F).
The median follow-up time of all patients was 30 months (range

0.5–77 months). The 2-year prognosis of CML-LBC patients was
worse than that of Ph+ ALL patients (overall survival (OS): 49.5%
vs. 74.5%, P= 0.0076; leukemia-free survival (LFS): 37.5% vs. 82.6%,
P= 0.0041; cumulative incidence of relapse (CIR): 83.9% vs. 37.5%,
P= 0.0073) (Fig. 1D–F). In addition, among all patients bridging
allo-HSCT (CML-LBC, n= 3；Ph+ ALL, n= 47), 66.7% (2/3) CML-
LBC patients and 19.1% (9/47) Ph+ ALL patients experienced
relapse. Univariable analyses were performed to identify baseline
and therapy-related factors associated with improved LFS in
patients who achieved CR and could be included in subsequent
multivariable analyses (Table S6). In addition to the worse LFS in
CML-LBC patients described above (Fig. 1E), patients with ABL
kinase domain mutations showed a significantly worse LFS than
those without ABL kinase domain mutations (2-year LFS: 49.9% vs.
84.5%, P= 0.0024) (Fig. S2G). Cox regression multivariable model
also showed that patients carrying ABL kinase region mutations
(HR: 3.411, 95% CI: 1.118–10.408; P= 0.031) and patients with
CML-LBC (HR: 10.604, 95% CI: 2.647–42.477; P= 0.001) were
independent risk factors for LFS (Fig. 1G).
Recently, TKIs have revolutionized the treatment of CML,

clinical outcomes remain suboptimal for LBC [7]. While a small
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Fig. 1 Clinical timeline of CML-LBC patients, treatment response rates, MRD negative CR rates, OS, LFS, CIR and Multivariate analysis
for LFS. A The clinical timeline of 13 patients with CML-LBC; B The treatment response rate of CML-LBC and Ph+ ALL patients; C The MRD-
negative complete remission rate of CML-LBC and Ph+ ALL patients; D Overall survival of CML-LBC and Ph+ ALL patients; E Leukemia free
survival of CML-LBC and Ph+ ALL patients; F Cumulative incidence of relapse of CML-LBC and Ph+ ALL patients; G Cox regression
multivariable analysis for LFS.
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number of case reports also elaborated their experience with
CAR T treatment for CML-LBC patients [8, 9], long-term follow-up
and comparative analyses with other patients are still lacking,
but are needed to determine the true efficacy of CAR T therapy
in CML-LBC patients. In this study, we compared the efficacy and
safety of CAR T-cell therapy in patients with CML-LBC and Ph+
ALL. We found worse treatment response and prognoses in
CML-LBC patients and there was no evidence of difference in
toxicity. The higher frequency of ABL kinase domain mutations
and poor CAR T cells expansion may account for worse
outcomes in CML-LBC patients. Hitherto, more than 100
mutations have been reported to be related to various degrees
of resistance to TKIs [10]. Among them, T315I and P-loop
mutations are associated with the worst clinical outcome and
patient’s rapid entrance into the blast phase [11, 12]. Moreover,
reduced CAR T-cell persistence, T-cell exhaustion and tumor
intrinsic factors have been identified as mechanisms of CAR T
resistance. Several reports suggested that a regimen of CAR
T cells combined with BTKs is well tolerated in R/R CLL patients,
with low CRS severity and high response rates [13, 14]. Hence, it
is of paramount importance to select TKIs and further explore
the efficacy and safety of TKIs combined with CAR T-cell therapy
in CML-LBC patients. In addition, In cases of de novo Ph+ ALL,
the neoplasm arises from a committed lymphoid progenitor cell,
which is the rationale for currently approved CAR T-cell
therapies. However, it is well known that at least two groups
of clones exist in CML-LBC, one in the chronic phase and the
other in the blast phase [15]. CAR T-cell therapy is effective only
against cancerous B lineage cells but fails to eliminate target-
free blasts derived from CML stem cells. We propose that future

studies may find potential in exploring the use of a bispecific or
compound CAR that can target both myeloid and lymphoid
precursor leukemia cells. We acknowledge that case-size
limitations preclude more detailed subgroup analyses, and
real-world clinical trials are needed to more accurately
investigate the efficacy of CAR T therapy in CML-LBC patients.
In conclusion, we retrospectively compared the outcomes of

CAR T therapy in patients with CML-LBC and Ph+ ALL. CML-LBC
was an independent risk factor of treatment response and survival
profiles. Additionally, we observed a higher proportion of ABL
kinase domain mutations in CML-LBC patients, possibly respon-
sible for unfavorable outcomes.
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