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Case Report
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chromosome-positive acute lymphoblastic  
leukemia: a case report and literature review
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Abstract: Historically, treatment outcomes for patients with Philadelphia-positive chromosome (Ph+) acute lympho-
blastic leukemia (ALL) have been extremely poor. The introduction of tyrosine kinase inhibitor (TKI) and chimeric 
antigen receptor-engineered T (CAR T)-cell therapy mark crucial advancements in the treatment of Ph+ALL. In this 
case, we investigated a 42-year-old woman who was diagnosed with Ph+ALL and experienced multiple relapses. 
She was first treated with imatinib combined infusion chemotherapy and achieved complete remission (CR). She 
stayed disease free for 13 months until later diagnosed with central nervous system lymphoma (CNSL). Subse-
quently, she was treated with intrathecal injection, multi-agent chemotherapy along with dasatinib at 140 mg/d. 
Despite her initial recovery, she experienced her second relapse at a later stage during the infusion chemotherapy. 
She then received CAR T-cell therapy and responded well until a third relapse occurred 10 months later. She was 
again administered dasatinib at 140 mg/d and ever since then, no recurrence in peripheral blood, BM or CNS 
was observed. We suspect that a synergistic effect between CAR T-cell therapy and TKI exists in the treatment of 
Ph+ALL. Furthermore, we hypothesize that dasatinib may have in some way stimulated CAR T-cells proliferation in 
vivo, thereby restoring their function.
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Introduction

Philadelphia-positive chromosome acute lym-
phoblastic leukemia (Ph+ALL) is an aggressive 
heterogeneous group of hematologic malignan-
cies. It is resulted from reciprocal translocation 
fusing the c-ABL1 tyrosine kinase gene on chro-
mosome 9 and the BCR gene on chromosome 
22 [1]. Generally, patients with Ph+ALL are 
more likely to develop central nervous system 
(CNS) diseases [2].

Prior to the tyrosine kinase inhibitor (TKI) era, 
patients with Ph+ALL suffer from dismal sur-
vival time. Imatinib, the earliest clinically 
approved TKI, substantially improved prognosis 
for Ph+ALL. Dasatinib, a second generation TKI 
that possesses a broader spectrum of multi-
target kinase inhibition activity and overcomes 
imatinib’s inability to penetrate the blood-brain-

barrier (BBB), yielded superior outcomes in 
patients resistant to imatinib or with CNS 
involvement. Nonetheless, in a substantial pro-
portion of patients, TKI involved regimen alone 
does not guarantee prolonged remission with-
out hematologic cell transplant (HCT).

Several immunotherapies have entered clinical 
phase in the past few years. Chimeric antigen 
receptor-engineered T (CAR T)-cell infusion, for 
instance, is one remarkable leap forward in the 
treatment of relapsed B-ALL [3-8]. Despite the 
overall satisfactory clinical outcomes, there are 
still several weaknesses such as the selection 
of CD19-negative clones, down-regulation of 
CD19 expression, lack of CD19 persistence or 
CD19 escape variants and limited T cell traffick-
ing or immunosuppression of CAR T cells within 
the extramedullary tumor microenvironment 
[3-5, 7, 9, 10]. Up till now, no publications have 
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explored the synergetic effect of CAR T-cell 
therapy and dasatinib combined regimen. The 
current case may provide some insights regard-
ing this aspect. 

Case presentation

A 42-year-old female was admitted to our hos-
pital with sore throat and fatigue. Complete 
blood counts on admission showed the follow-
ing: hemoglobin, 77 g/L; platelet count, 40× 
109/L; white blood cell count, 61.8×109/L with 
89% lymphoblast, and bone marrow (BM) sam-
ple showed 89% lymphoblast. The leukemia 
cells were positive for HLA-DR, CD10, CD13, 
CD19, CD34, CD38, CD123, cCD79a and TdT 
but negative for T-cell and myeloid cell markers 
using flow cytometry. Chromosomal analysis 
revealed normal female karyotype and PCR 
analysis of positive expression of the BCR/ABL 
(p210) fusion gene. She was diagnosed with 
Ph+ALL. We treated her with multi-agent induc-
tion chemotherapy, VDP regimen (vincristine, 
daunorubicin and prednisone) and hyper-CVAD 
A and B regimen (cyclophosphamide, vincristi- 
ne, doxorubicin, dexamethasone, methotrexate 
and cytarabine) along with oral administration 
of imatinib capsules (400 mg/day). Complete 
remission (CR) was achieved on the 43th day of 
chemotherapy. However, 13 months after initial 
diagnosis, CNS relapse occurred during main-
tenance treatment with Hyper-CVAD A and B 
regimens. Subsequently, she underwent intra-
thecal injection (IT) (methotrexate, cytarabine 
and dexamethasone) twice per week, a series 

of induction regimens (ifosfamide, methotrex-
ate, doxorubicin, L-asparaginase and pre- 
dnisone) and dasatinib intake at 140 mg/day. 
The patient achieved a second CR and contin-
ued with dasatinib only maintenance treat-
ment, during which she stopped dasatinib for 3 
weeks due to pancytopenia and resumed once 
the adverse reaction was gone.

The patient maintained disease free for 3 
months until BM examination and lumber punc-
ture test revealed a relapse in both BM and 
CNS. Due to the lack of a HLA-matched donor, 
she did not receive hematologic cell transplant 
(HCT). Instead, three cycles of induction regi-
mens with COATD (cyclophosphamide, cytara-
bine, teniposide and dexamethasone) were 
administrated. She did not respond well and 
was enrolled in a clinical trial (Chictr.org num-
ber, ChiCTR-OCC-15007008).

On September 19, 2015, the patient received 
FC regimen (fludarabine and cyclophospha-
mide), followed by an infusion of CAR T cells. 
The total dose was 2.7×106 CAR T cells/kg, 
given over a period of 3 consecutive days. On 
day 11, the patient achieved a third CR, which 
maintained for 10 months. On day 320, she 
suffered a relapse with 7% lymphoblast in the 
BM, and a positive BCR-ABL p210 transcript. 
Pituitary magnetic resonance imaging (MRI) 
showed pituitary enlargement along with local-
ized nodular thickening of the pituitary stalk 
(Figure 1A). She was diagnosed with central 
nervous system lymphoma (CNSL) and dasat-

Figure 1. Magnetic resonance imaging of the pituitary images taken at the onset of the CNS blast crisis. A. Pituitary 
mass and a thickened pituitary stalk (white arrows). B. Significant regression of the brain lesion following treatment 
with dasatinib treatment. CNS, central nervous system.
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inib at a dose of 140 mg/day was administrat-
ed. 21 days later, leukemia cells were not found 
in the peripheral blood and BM and MRI showed 
depletion of the brain lesion (Figure 1B). She 
achieved a fourth CR again. 

On October 2016, the patient developed fever, 
alternating constipation, diarrhea, and muscle 
weakness and numbness in both lower limbs. 
Cytokine detection revealed high level of inter-
leukin (IL)-6 (23.20 pg/ml, 0-3.4), IL-10 (13.70 
pg/ml, 0-9.1) and TNF-α (29.00 pg/ml, 0-8.1), 
which indicated grade 3 cytokine release syn-
drome (CRS). However, no signs of recurrence 
in peripheral blood, BM and CNS were found. 
Hormone treatment was provided but her con-
dition worsened and severe pneumonia 
occurred. Subsequent broad-spectrum antibi-
otic and hormone treatment was ineffective 
and the patient died eventually. Her clinical 
course is shown in Figure 2.

Discussion

Imatinib was introduced as a first-line treat-
ment for Ph+ALL back in 2001 and substan-
tially improved therapeutic outcomes. However, 
it is suboptimal under certain conditions due to 
two major drawbacks. First, it is ineffective in 
dealing with cancer cells containing mutation 
within the BCR-ABL kinase domain (e.g., T315I) 
[11, 12]. Second, it is inadequate to penetrate 
the BBB [11, 13, 14]. On the other hand, dasat-
inib is a second-generation kinase inhibitor 

relapse occurred. After that, she no longer 
responded to dasatinib-based chemotherapy 
and we thereby infused her with CD19-targeted 
CAR T-cells. Up till then, multiple studies have 
confirmed the efficacy of genetically modified 
T-cells against B-cell malignancies. Lee and col-
leagues [4] assessed the feasibility, response 
rate, and of toxicity and maximum tolerated 
dose of CD19 CAR T-cell therapy. Among 20 
patients with B-ALL, 14 achieved CR and 12 
achieved MRD-negative CR. Additionally, the 
rise of CD19 CAR T-cells count in CSF coincides 
with the disappearance of CNSL in 2 patients, 
which suggests CD19 CAR T-cell therapy as a 
favorable profile for CNSL [4]. 

Nonetheless, there are still cases in which 
patients experienced relapse after CAR T-cell 
therapy. Grupp and colleagues [8] reported 2 
children with advanced B-ALL who achieved 
remission with the robust expansion of CD19 
CAR T-cells in BM and cerebrospinal fluid (CSF), 
yet one patient had a clinical relapse due to the 
occurrence of CD19-blasts. Table 1 is a sum-
mary of clinical trials involving CAR T-cell thera-
py, including those failed to induce prolonged 
remissions. 

Here, the patient remained healthy for 10 
months after the CAR T-cell therapy before she 
again experienced BM and CNS relapse. 
Unfortunately, we are unable to retrieve detailed 
information regarding the proliferation level of 
CAR T-cells because the patient was taken care 

Figure 2. Clinical course of the patient with Ph+ALL undergoing a series of 
regimen involving imatinib, dasatinib and CAR T-cells/dasatinib in combina-
tion. The MRD and BCR-ABL/ABL transcript level responded towards each 
session of treatment. Ph+, Philadelphia-positive chromosome; ALL, acute 
lymphoblastic leukemia; CAR T, chimeric antigen receptor-engineered T; 
MRD, minimal residual disease.

with a wider spectrum. It inhib-
its SRC family kinase, which is 
involved in a signaling path-
way in imatinib-resistant ALL 
[12]. It also penetrates the 
BBB more effectively and wo- 
rks against imatinib-resistant 
ABL kinase mutations [15]. 
Therefore, dasatinib is consid-
ered a superior alternative to 
imatinib. In our case, the 
patient initially achieved CR 
under imatinib integrated regi-
men but later suffered relapse 
in the CNS. We replaced ima-
tinib with dasatinib and 
induced complete remission. 

After the treatment, the 
patient remained disease free 
for 3 months until a second 
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Table 1. A summary of parts of clinical trials involving CAR T-cell therapy

Reference Patients (n) CNS  
involvement

Infused CAR T  
cells (Ts/kg)

CAR  
transduction  
efficiency

Response
Identified  

CAR T cells 
persistence

Relapse-up (n) Relapsed reason Toxicities Post CAR-T  
allo-SCT

Grupp SA [3]
2 NR

1.4×10^6 or 
1.2×10^7

NR MRD-CR: 2/2 (100%) NR 1 CD19 escape variant
Fever and 
CRS: 100%

None

Lee DW [5]
20 2 1×10^6 or 3×10^6 Mean: 66%

CR: 14/20 (70%);  
MRD-CR: 12/20 (60%) 

Up to 68 days 2; at 3 and 5 months All CD19-negative
CRS: 30%; 
CNS: 30%

10/12 in MRD-CR

Davila ML [7]
16 (4 Ph+ALL) 2 3×10^6

Mean: 24%;  
Range: 5-60%

CR: 14/16 (88%);  
MRD-CR: 12/14 (86%)

Up to 3 months 2 1/2: a low T-cell dosea sCRS: 44%; 
CNS: 38%

7/10 in CR

Gardner R [8] 7 NR 2×10^6-1×10^7 NR CR: 7/7 (100%) NR 2 CD19-negative B cell aplasia NR

Turtle CJ [9] 30 (29 evalu-
able patients)

2
2×10^5, 2×10^6 or 
2×10^7

NR
CR: 27/29 (93%);  
MRD-CR: 25/27 (93%)

~300 days 9
2/9: CD19-negativeb;  
7/9: loss of CAR-T cells

sCRS23%; 
CNS: 50%

13/25 in MRD-CR

Brudno JN [10]
5c NR 4.2×10^6-7.0×10^6 NR

CR: 4/5 (80%);  
MRD-CR: 4/4 (100%)

NR 2 (1 Ph-; 1 Ph+) NR NR NR

CAR T, chimeric antigen receptor T cell; ALL, acute lymphoblastic leukemia; CNS, central nervous system; allo-SCT, allogeneic stem cell transplant; CR, complete remission; MRD, minimal residual disease; CRS, cytokine release syndrome; sCRS, 
severe cytokine release syndrome; CTL019: CD19-directed chimeric antigen receptor; NR, not reported. a. May be due to limited T cell trafficking or immunosuppression of CAR T cells within the extramedullary tumor microenvironment. b. All 
patient had progressed after allo HSCT. c. One patient with a myeloid phenotype switched.
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of and examined in an independent third-party 
institution. We speculated that the relapse may 
be explained by several reasons: first, she has 
experienced multiple relapses prior to the CAR 
T-cell therapy, leading to a genetic background 
bearing more mutations in cancer stem cells. 
Second, a heavy leukemia burden of 89% was 
identified upon initial diagnosis. Third, the 
patient suffered extramedullary relapse, in 
which cancer cells resides in a microenviron-
ment that enables them to grow via paracrine 
secretion of growth factors. It allows the cancer 
cells to evade CAR T-cell detection due to the 
local sufficiency of nutrients. Therefore, we 
hypothesize that CAR T-cell therapy yields infe-
rior results in this particular case due to a com-
plex genetic background, heavy disease bur-
den and tricky relapse locations.

Generally speaking, to induce durable remis-
sions, functional CAR T-cell need to maintain a 
therapeutic level long enough to eradicate 
malignant cells in the recipient; however, the 
inherently short half-life of T-cells made it very 
difficult to accomplish. In a recent study, 
Fraietta [16] found that long term ibrutinib ther-
apy was capable of preventing T-cell down regu-
lation in patients with CLL. Furthermore, nota-
ble T-cell expansions both ex vivo and in vivo 
were observed when using ibrutinib for 1 year 
prior to T-cell collection. There are also studies 
suggested that continual administration of 
ibrutinib diminish the expression of inhibitory 
receptors that cause T-cell exhaustions such as 
PD-1 [17] and CD200 on B-cells [18]. Since 
dasatinib is similar to ibrutinib in its molecular 
construction and anti-tumor mechanisms [19, 
20], we assume that the patient in our case 
was able to achieve CR because dasatinib-
shares ibrutinib’s capability to lower the expres-
sion level of tumor-mediated suppressive 
receptors and/or T-cell inhibitory signaling, 
thereby enhancing CAR T-cell proliferation and 
function. Kim [21] confirmed our hypothesis in 
his research. He suggested that there were two 
ways dasatinib could mediate T-cell function: it 
reduces BCR/ABL transcription, a main inhibi-
tor of T-cells, thereby restores T-cell numbers 
and it blocks SRC kinases, whose subtypes 
suppress the activation and proliferation of T 
and NK Cells. Similar findings were also report-
ed in S. Mustjoki’s [22] and Anna Kreutzman’s 
[23] studies, suggesting a clinically relevant 

and profound role of dasatinib in immuno- 
modulation.

Studies involving CAR T-cell and dasatinib com-
bined regimen in the treatment of relapsed 
Ph+ALL have yet to be reported. In this case, 
however, we are able to conclude that dasatinib 
enhances therapeutic outcomes in Ph+ALL 
patients with CNS relapse who previously 
received CAR T-cell infusion. To get a detailed 
understanding of the potential interaction 
between the two therapies, we need to perform 
clinical trials on a larger cohort of patients 
under controlled conditions. Further research-
es on guided clinical protocols with similar 
approaches may help to obtain favorable clini-
cal outcome on relapse Ph+ALL.
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