
Page 1/15

Early Risk Prediction of BCR-ABL Kinase Domain
Acquired Mutations in Philadelphia Chromosome
Positive Acute Lymphoblastic Leukemia
Rongrong Chen 

Zhejiang University School of Medicine First A�liated Hospital
Lulu Wang 

Zhejiang University School of Medicine First A�liated Hospital
Ting Shi 

Zhejiang University School of Medicine First A�liated Hospital
Lixia Zhu 

Zhejiang University School of Medicine First A�liated Hospital
Xiujin Ye  (  yxjsunny@zju.edu.cn )

Zhejiang University School of Medicine First A�liated Hospital https://orcid.org/0000-0002-4553-2751

Primary research

Keywords: acute lymphoblastic leukemia, TKI resistance, BCR-ABL kinase domain mutations

Posted Date: February 4th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-170587/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-170587/v1
mailto:yxjsunny@zju.edu.cn
https://orcid.org/0000-0002-4553-2751
https://doi.org/10.21203/rs.3.rs-170587/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/15

Abstract
Tyrosine kinase inhibitors (TKI) resistance is a predominant cause of therapy failure of Philadelphia
chromosome-positive acute lymphoblastic leukemia (Ph+ ALL). The mutation in the BCR-ABL kinase
domain, as the indicator of drug resistance, suggested recurrence and poor prognosis. Our data aimed to
evaluate the factors having signi�cant roles in the prognostic value of the acquired BCR-ABL mutations.
Three hundred and thirteen Ph+ ALL patients (64 patients with BCR-ABL mutations and 171 patients
without BCR-ABL mutations) were enrolled in this study. Univariate and multivariable logistic regression
analysis was used to evaluate the relationship between clinical features and BCR-ABL KD mutation.
Univariate analysis showed that the patients with higher WBC (P=0.005), MMR after �rst induced
chemotherapy (P=0.053), and Age≥45 years (P=0.072) were more likely to occur BCR-ABL mutations
during the treatments. Finally, multivariable logistic regression indicated that higher WBC (≥22×109/L)
was an independent risk of resistance to TKI and raise the possibility of KD mutations in Ph+ ALL
patients. The happen of BCR-ABL mutations mean poor prognosis with shorter OS (P=0.000) and
allogeneic hematopoietic stem-cell transplantation (allo-HSCT) would improve the long-term survival
(OS: P=0.000). Conversely, for the de�ned low-risk populations, no signi�cant difference was found
between the transplant group and the non-transplant group in subgroup analysis, providing a rationale to
potentially avoid allo-HSCT in this subgroup of patients.

Introduction
The prognosis of Philadelphia chromosome-positive acute lymphoblastic leukemia (Ph + ALL) has been
substantially improved since tyrosine kinase inhibitors (TKIs) was used as a frontline treatment.
Combined chemotherapy with TKI increased Ph + ALL's 5-year overall survival rate from 10–40% ~50%
and the hematologic CR rate exceeds 90%. [1–3]. Despite the clinical improvement of TKI treatment in Ph 
+ ALL, there are quite a number of patients experiencing Tyrosine kinase inhibitors drug resistance caused
by the acquisition of secondary mutations in the BCR/ABL kinase domain (KD)[4]. The acquired gene
alteration changes the conformation of BCR-ABL and inhibits the anti-tumor effect of TKI through
in�uencing its binding to TKI. Previous studies have shown that BCR-ABL could be detected in almost
70%-80% Ph + ALL patients who own drug resistance[5]. MRD monitoring and BCR-ABL KD mutations
were generally essential for the successful management of TKI in Ph + ALL[2, 6]. Except for the
discontinuation of TKI treatment, the degree of genetic instability, and additional cytogenetic
abnormalities (ACAs) may foster the acquisition of BCR-ABL KD mutations in ALL [7, 8].

For the populations who are more likely to occur drug resistance mutations, the early choice and
management of TKI are particularly important. The identi�cation of predictive factors for patient TKI
resistance strati�cation is therefore of crucial importance in management. However, few studies have
focused on the early predictors of BCR-ABL mutations in Ph + ALL. Here, we explored the predictive value
of the disease features and the early molecular response in Ph + ALL. Meanwhile, further analysis of
survival also is performed which may guide the treatment strategies in different mutation-risk subgroups.
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Method

Patients and data collection
From January 2010 to December 2019, 313 patients with Philadelphia chromosome (Ph)–positive acute
lymphoblastic leukemia (ALL) who presented to the First A�liated Hospital, Zhejiang University, were
systematically analyzed. Patients were excluded from the study if their duration of TKI or chemotherapy
was less than 3 months or they used TKI irregularly. Finally, a total of 235 patients were involved in the
study, and according to whether mutations were happening in BCR/ABL kinase domain (KD), patients
were divided into two groups (patients with BCR-ABL mutations n = 64 and patients without BCR-ABL
mutations n = 171) See Fig. 1 for details. The diagnosis of ALL was based on the criteria of the 2018
World Health Organization (WHO). The Philadelphia chromosome t(9;22) (q34;q11) or the BCR-ABL
fusion gene was detected by conventional cytogenetic analysis. ACAs were de�ned as additional
cytogenetic abnormalities except for the Philadelphia chromosome. The P190 or the P210 BCR-ABL
fusion protein variants were detected by PCR analyses.

MRD monitoring and gene mutations assessment (Direct
sequencing)
The Monitoring of morphology and MRD used bone marrow (BM) samples. Analysis of MRD based on
BCR-ABL was performed in this research’s reference laboratory using a quantitative real-time polymerase
chain reaction (QT-PCR) and estimating the BCR-ABL1 copy numbers to quantify the residual disease
burden in Ph + ALL patients based on Pfeifer’s research[9]. MRD was monitored after the �rst induction of
chemotherapy and subsequent chemotherapy evaluations. Direct sequencing was performed to identify
mutations in BCR/ABL kinase domain in patients at the onset or progression of the disease.

Therapeutic regimen
Imatinib was the �rst treatment option for Ph + ALL patients in our study while dasatinib and ponatinib
would be considered in patients with imatinib resistance or at high risk or prone to bone marrow
suppression. The VICP regimen as the background induction treatment (vindesine 4 mg i.v. on days 1, 8,
15; idarubicin 45 mg/m2 i.v. on days1; cyclophosphamide 600 mg/m2 on day 1; dexamethasone 10 mg/
day on days 1 to 14) was the most universal treatment used in our department. Initial imatinib doses
were 400 mg per day (n = 194) and dasatinib doses were 100 mg per day (n = 41). The administration of
TKIs was based on molecular monitoring of BCR/ABL and BCR/ABL mutations: the same TKIs drug
previously used was administered as preemptive treatment in the cases without mutations; sensitive TKIs
were used in the patients with mutations. Allo-HSCT had been performed in 5 (7.8%) and 52 (30.4 %)
patients, respectively.

De�nitions of treatment response and end points
Marrow CR was de�ned as no more than 5% of lymphoblasts found with bone marrow morphology. A
relative BCR/ABL quanti�cation of less than 0.1% was de�ned as major molecular response (MMR).
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Overall survival (OS) time was de�ned as the time from the clear diagnosis of the patient's disease until
death (including the death of any cause) or missing or the end of follow-up. Disease-free survival (DFS)
refers to the interval from the date of CR to the date of leukemia relapse, death (death from any cause) or
follow-up deadline.

Statistical analysis
SPSS 19.0 software and Stata were used for statistical analysis. Measurement data were compared
using the independent-samples T-test. Count data were compared using the chi-square test or Fisher
exact test. Survival analysis using Kaplan-Meier method and the curves were performed using GraphPad
Prism. Univariate logistic regression analysis was used to evaluate the relationship between clinical
features and BCR-ABL KD mutation. We classi�ed the variables which could associated with BCR-ABL
mutation according to the median, and included these classi�ed variables in further multivariate logistic
regression analyses. The criterion for statistical signi�cance was p < 0.05.

Result

Patient characteristics
Among the 235 patients with Ph + ALL in the hematology department during the study period, there were
64 cases in the patients with BCR-ABL mutations group (35 males and 29 females) and 171 cases in the
patients without BCR-ABL mutations group (71 males and 100 females). There were relatively higher
WBC and LDH in patients with BCR-ABL mutations group (P = 0.01, P = 0.004 and P = 0.007, respectively)
when compared with the patients without BCR-ABL mutations group. There were no signi�cant
differences in the other variables between the two categories (P > 0.05). See Table 1 for details
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Table 1
The clinical characteristics of Ph + ALL patients with BCR-ABL mutation or without BCR-ABL mutation

  Patients with BCR-ABL
mutations

(n = 64)

Patients without BCR-
ABL mutations

(n = 171)

P-value

Gender (male/female, cases) 35/29 71/100 0.113

Age [years, M(range)] 51(18–76) 43(17–72) 0.077

WBC [×109/L, M(range)] 44.8(1-403) 16.2(2-403) 0.004*

Hemoglobin [g/L, M(range)] 103(36–643) 97(40–166) 0.143

Platelets [×109/L, M(range)] 38.5(6-190) 36(2-580) 0.427

Lactate dehydrogenase [U/L,
M(range)]

792(188–7638) 526(136–7209) 0.007*

Bone marrow blast percentage [%,
M(range)]

82.5(38–96) 85(25–98) 0.938

Relative BCR/ABL quanti�cation [%,
M(range)]

49.5(1-109) 55(1-195) 0.970

MMR after �rst induced
chemotherapy [%, M(range)]

    0.051

Yes 17(26.6) 69(40.4)  

No 47(73.4) 102(59.6)  

BCR/ABL subscript type [cases (%)]     0.473

P190 44(68.8) 109(63.7)  

P210 20(31.1) 62(36.6)  

WT1 [cases (%)]     0.665

≥ 0.5% 9(14.1) 28(16.4)  

0.5% 55(85.9) 143(83.6)  

Additional cytogenetic
abnormalities [cases (%)]

    0.799

Yes 17(26.6) 43(25.1)  

No 34(53.1) 94(55)  

Unknown 13(20.3) 34(19.9)  

TKI types used at diagnosis     0.108

* P < 0.05 was considered statistically signi�cant.



Page 6/15

  Patients with BCR-ABL
mutations

(n = 64)

Patients without BCR-
ABL mutations

(n = 171)

P-value

Imatinib 57(89.1) 137(80.1)  

Dasatinib 7(10.9) 34(19.9)  

* P < 0.05 was considered statistically signi�cant.

Among the 235 patients, 219 (93.2%) patients achieved CR of bone marrow after the �rst cycle of
induction therapy to be enrolled in the DFS analysis and 86 (36.6%) patients achieved MMR. Of the
patients who achieve CR, 124(56.6%) patients occurred recurrence. In the entire cohort, 57(24.3%)
patients received allo-HSCT. Finally, 75 died due to progressing disease or severe infection and 9 patients
died for post-transplant complications.

Univariate and multivariable logistic regression analysis of patients’ clinical parameters for the mutations
in BCR-ABL kinase domain (KD)

To determine independent predictors for predicting the happen of BCR-ABL mutations, multivariate
logistic regression was used for the three signi�cant variables (higher WBC (P = 0.005), MMR after �rst
induced chemotherapy (P = 0.053), and Age ≥ 45 years (P = 0.072) identi�ed by univariate analysis.
Patients were categorized into two groups according to the median. Finally, higher WBC (≥ 22×109/L;
odds ratio [OR] = 2.127, 95% con�dence interval [CI] 1.158–3.905; P = 0.015) were signi�cantly
independent predictors of the mutations in BCR-ABL kinase domain in Ph + ALL. See Table 2 for details
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Table 2
Univariate and multivariable cox regression analysis of variables associated with BCR-ABL kinase

domain mutation in TKI-resistant patients with Ph + ALL
Variable BCR- ABL kinase domain mutation in patients with Ph + 

ALL

Univariate analysis   Multivariable analysis

Hazard ratio
(95% CI)

P-
value

  Hazard ratio
(95% CI)

P-
value

Gender (male vs. female) 1.596(0.893–
2.850)

0.114      

Age (≥ 45 years vs. 45 years) 1.700(0.853–
3.302)

0.072*   1.728(1.158–
3.905)

0.071

WBC (≥ 22 vs. 22×109/L) 2.337(1.291–
4.230)

0.005*   1.728(0.955–
3.126)

0.015*

HB(≥ 100 g/L vs. 100 g/L) 1.607(0.901–
2.867)

0.108      

PLT(≥ 37×109/L vs. 37×109/L) 0.813(0.457–
1.445)

0.481      

Blasts(≥ 84% vs. 84%) 0.843(0.471–
1.507)

0.564      

Relative BCR/ABL quanti�cation (≥ 
52% vs. 52%)

0.823(0.453–
1.495)

0.523      

BCR/ABL transcript type (P210 vs.
P190)

0.755(0.417–
1.369)

0.355      

MMR after �rst induced chemotherapy
(Yes vs. No)

0.535(0.284–
1.007)

0.053*   0.595(0.309–
1.146)

0.121

LDH (≥ 620 U/L vs. 620U/L) 1.620(0.871–
3.013)

0.127      

WT1(≥ 0.5% vs. 0.5%) 0.836(0.371–
1.884)

0.665      

IgH/TcR mutation (Yes vs. No) 1.169(0.505–
2.707)

0.716      

ACAs (with ACAs vs. Ph + alone) 1.037(0.722–
1.488)

0.844      

* P < 0.05 was considered statistically signi�cant. (variables were included in the multivariate Cox
regression analysis if they were detected in ≥ 10 patients and had a univariate P value ≤ 0.1 for DFS)

Comparison of treatment options in low-risk populations
with BCR-ABL mutations
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Higher WBC ≥ 22×109/L was considered as independent predictors for BCR-ABL mutations. Among all
the patients in our study, the OS and DFS in the cases with allo-HSCT was signi�cantly longer than the
cases without transplant(P = 0.000). Since WBC count, Age and MMR after the �rst course were
signi�cant predictors examined by univariate logistic regression analysis, we combined the three factors
to explore the treatment options in low-risk populations with BCR-ABL mutations. We compared the OS
and DFS between the transplant group and non-transplant group in subgroup according to the predictors.
The advantage of transplantation therapy is not obvious as we can see in Fig. 2 in the de�ned low-risk
subtype (with ≥ 2 factors).

BCR/ABL gene mutations analysis
Of patients with BCR-ABL mutation(n = 64), most patients (n = 57) received imatinib while only 7 received
dasatinib as �rst-line therapy. The most frequent mutation detectable in Ph + ALL treated with imatinib is
T315I (detected in 54.7% of all the patients positive for mutations), followed by E255K(18.9%)and then by
Y253H (5.7%). Twenty-eight patients included in our database were analyzed at the time of resistance to
dasatinib (both after imatinib-resistance and used at initial). The Higher proportion of T315I and multiple
mutations can be observed in dasatinib-resistance patients. Ponatinib was used in 8 patients up to
December 2019. The use of nilotinib and �umatinib are occasional events. It's worth noting that 23
patients in our study get “compound” mutations during the sequential treatment by different TKIs. See
Fig. 3 for details

Discussion
The clinical course of patients with Ph + ALL has dramatically improved with the current therapies
combined with TKIs, including imatinib[10], dasatinib[11] and ponatinib[12]. Meanwhile, molecular
remission has recently become a primary goal of treatment. MRD monitoring and BCR/ABL KD mutation
are irreplaceable for the successful management of Ph + ALL patients[2]. Nevertheless, 30% of the
patients treated with imatinib relapse in a short time interval[13] and there are still some obstructions that
remain to be settled on the way to therapy optimization.

Fostered by the high genetic instability of ALL cells, patients with Ph + ALL are highly prone to develop
TKI-resistant mutations. The molecular mechanisms are poorly understood up to now and an in-depth
evaluation is in need. BCR-ABL mutation has been implicated as a major cause of resistance to TKI
therapy[5], which emphasizes the utility and signi�cance of BCR/ABL KD mutation screening analysis.

Clinically universal adjustment in TKI drugs is usually after the occurrence of resistance mutations, with a
relatively high possibility of multiple mutations or sustained resistance. The sequential use of TKI could
delay the selection of the best treatment. Therefore, the early prediction of BCR-ABL KD acquired
mutations is essential. Up to now, few studies focused on the early prediction of acquired BCR/ABL
mutation, especially for Ph + ALL.
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The most frequent detectable mutation in the Ph + ALL imatinib-resistant in our study is T315I (54.7%),
E225K(18.9%) and Y253H (5.7%), which is consistent with the earlier reports[5, 14]. Second-generation TKIs
have increased therapeutic effect and have much fewer insensitive mutations [15, 16]. However, sequential
treatment by different TKIs may favor the accumulation of multiple mutations and the majority of
dasatinib-resistant patients harbor “compound” mutations[17]. The T315I mutation is still a tough enemy
for second-generation TKIs and its proportion of dasatinib-resistant genetic alterations (57.1%) has even
increased in this research. It revealed the limitation of the e�cacy of subsequent treatments. The selected
choice of ponatinib and blinatumomab may bring bene�ts to relapsed Ph + ALL patients.

Therefore, we retrospectively analyzed clinical, cytogenetic, hematological and molecular data collected
from 235 Ph + ALL patients and identi�ed high white blood cell count for predicting the ABL1 KD
mutation. Previous studies show that high WBC count at diagnosis was a strong prognostic factor
associated with a poor outcome in Ph + ALL[18, 19]. Higher WBC count was considered as an independent
risk of resistance to TKI in patients with Ph + ALL and an arbitrary cutoff of 17× 109 WBCs/L was
calculated in this research.

The allo-HSCT has long been demonstrated to be effective for Ph + ALL patients [20, 21]. However, this
approach has become controversial with the application of more potent TKIs, as well as more precise
methods for monitoring MRD [22]. Daver et al. found that there was no survival advantage in patients
aged 41 to 60 years receiving imatinib plus chemotherapy followed by allo-HSCT[23]. Raising attention
towards a risk-modeled allotransplantation strategy could be predicted. Our results indicated that patients
with a low-risk of BCR-ABL mutation could be candidates for TKI in combination with chemotherapy
without the transplant. In other subgroups, allo-HSCT still confers superior survival for Ph + ALL patients
compared with pure TKIs combined chemotherapy. Nevertheless, it represents a tentative step of an
attempt to “free- allo-HSCT approaches” in Ph + ALL.

The study has limitations due to its retrospective nature; Patients without achieving MMR after �rst
induced chemotherapy are more prone to occur resistance mutation in univariate(P = 0.053) but not in
multivariable logistic regression analysis(P = 0.121). In the future, larger-scale researches or an in-depth
evaluation of molecular response need to be carried out.

Conclusion
Taken together, higher WBC (P = 0.015) are independent risks of resistance to TKI and raise the possibility
of KD mutations in patients with Ph + ALL. There was no transplanting survival advantage in patients
with the combination of at least two predictors of BCR/ABL mutation indicating free-transplant could be
considered in the patients with de�ned low-risk features.
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Figures

Figure 1

Flowchart of the patient enrollment process.
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Figure 2

Compare OS and DFS between transplant group and non-transplant group in the in different risk
populations
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Figure 3

BCR-ABL KD mutations happens in the imatinib era and BCR-ABL KD mutations happen in the imatinib
era (newly acquired)


