
Anticancer Section / Novel Insights from Clinical Practice

Chemotherapy 2018;63:220–224

Long-Term Molecular Remission Achieved by 
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Established Facts

• The prognosis of acute lymphoblastic leukemia following early relapse after allogeneic bone marrow 
transplantation is very poor. Results of salvage strategies [chemotherapy, donor lymphocyte infusions 
(DLI), second transplant] are very disappointing in most cases.

Novel Insights

• New drugs, such as monoclonal antibodies and 3rd generation tyrosine kinase inhibitors, offer encour-
aging therapeutic options, but up to now no experience/reports have been published on their use in 
salvage treatment in combination with DLI as in our case report.

DOI: 10.1159/000492941
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Abstract
Ph’+ acute lymphoblastic leukemia (Ph’+-ALL) is an oncohe-
matologic disorder for which allogeneic bone marrow trans-
plantation still offers the only chance of cure. However, re-
lapse is the main reason for treatment failure, also after he-
matopoietic stem cell transplantation (HSCT). New drugs, 
such as third generation tyrosine kinase inhibitors (TKIs) and 

monoclonal antibodies, have expanded the therapeutic 
landscape, especially in patients who relapsed before HSCT. 
Very few reports, up to now, have described the use of both 
classes of these new agents in combination with donor lym-
phocyte infusions (DLI) in the setting of patients who re-
lapsed after HSCT. We report on a young patient affected by 
Ph’+-ALL, who relapsed after the second HSCT and who 
reached molecular remission and long-term disease control 
by treatment with the anti-CD22 monoclonal antibody ino-
tuzumab ozogamicin, DLI, and the 3rd generation TKI pona-
tinib. © 2018 S. Karger AG, Basel
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Introduction

Allogeneic hematopoietic stem cell transplantation 
(HSCT) still remains the standard of cure for Ph’+ acute 
lymphoblastic leukemia (Ph’+-ALL) [1, 2] even though, 
in the last decade, the introduction to the therapeutic sce-
nario of tyrosine kinase inhibitors (TKIs) has improved 
the chance of survival [2–4]. 

However, even after the development of TKIs, relapse 
remains an important reason for treatment failure [5]. 
The prognosis of patients who relapse immediately after 
HSCT is extremely poor, and the median 2-year survival 
ranges between 10 and 16% [6]. New drugs for relapsed 
patients include monoclonal antibodies and 3rd genera-
tion TKIs [7, 8]. 

In the present case report, we describe our experience 
with a young patient affected by Ph’+ ALL relapsed after 
the second HSCT who obtained and maintained a com-
plete remission after treatment with inotuzumab ozo-
gamicin (IO) and ponatinib.

Case Report

We present the case of a 23-year-old female who was referred to 
our institute in December 2011 for asthenia and an abnormal CBC: 
anemia (Hb 6.5 g/dL), thrombocytopenia (14,000/mm3), and leu-
kocytosis (WBC: 13,940/mm3) with absolute lymphocytosis (80%). 
The morphological exam showed 60 and 80% of lymphoid blast 
cells on the bone marrow and peripheral blood, respectively.

Immunophenotype confirmed the diagnosis of B-Cell ALL 
(CD19+, CD10+, HLA-DR+, CD20+/–, cyCD79a+, CD58+, 
TdT+, CD34+, and CD33+/–). Conventional cytogenetics re-
vealed the presence of the Ph’ chromosome in all examined meta-
phases with no further abnormalities (karyotype 46, XX, t[9; 22]). 
Multiplex PCR showed a b3a2 BCR-ABL transcript with BCR-
ABL/ABL levels of 166.17% measured by real-time PCR (Q-PCR) 
[9]. In addition, despite the negative multiplex PCR, the patient 
displayed e1a2 BCR-ABL transcript with BCR-ABL/ABL levels of 
0.74872% measured by Q-PCR.

The patient was assigned to the GIMEMA LAL 1509 protocol 
[10]. Before treatment, approval by the Institutional Ethics Com-
mittee and written informed consent by the patient were obtained. 
According to the protocol, the patient was treated with dasatinib 
140 mg q.d. from day +1 to day +84 and a prednisone dose escala-
tion up to 60 mg/m2 as a pretreatment from day –6 to day –3, con-
tinuing to day +24 and then tapered from day +25 to day +32. CNS 
prophylaxis was performed with intrathecal methotrexate 15 mg 
and 6-methylprednisolone 20 mg, initially biweekly and then 
monthly, for a total of 12 lumbar punctures. The patient achieved 
a deep molecular response with BCR-ABL/ABL transcript levels of 
0.0014% after the induction and, according to the protocol, was 
started on dasatinib 140 mg q.d. as maintenance. 

In November 2012, the BCR-ABL/ABL transcript level in-
creased from 0.0014 to 0.0122%. Thus, the patient continued da-

satinib until January 2013 when she underwent HSCT from HLA-
identical sibling. The myeloablative conditioning regimen consist-
ed of busilvex 3.2 mg/kg and fludarabine 40 mg/m2 for 4 days. The 
stem cells dose was CD34+ 2 × 106/kg. The patient developed acute 
grade 2 GVHD responsive to steroid therapy.

In February 2013, a bone marrow post-transplantation investi-
gation of BCR-ABL/ABL levels evidenced deep molecular re-
sponse (BCR-ABL/ABL = 0.00000% with 33,786 copies of ABL).

In November 2013, hematological relapse occurred (blast cells 
20% of total nucleated cells on bone marrow smear), and the pa-
tient underwent salvage chemotherapy according to the scheme 
L-VAMP with methotrexate 1,000 mg/m2, vincristine 1.4 mg/m2, 
cytarabine 500 mg/m2 on day +1 and dexamethasone 20 mg from 
day +1 to +5. Revaluation after chemotherapy showed persistent 
residual disease (bone marrow blasts on immunophenotype 1%). 
For a disease for which allogeneic transplantation still represents 
the standard of care, a second transplant from an unrelated donor 
seemed the best choice for the patient to get a better chance of heal-
ing. With the intention of preparing the patient for transplant with 
the lowest possible level of disease, we chose imatinib as “bridge-
to-transplant therapy” because the disease had proved to be resis-
tant to dasatinib, and ponatinib had not been approved by the In-
stitutional Italian Drug Agency in 2014. For these reasons, in De-
cember 2014, the patient began a maintenance therapy with 
imatinib 600 mg/day, and a workup for a second transplant from 
an unrelated donor was started. 

The second HSCT by an 8/8-matched unrelated donor was per-
formed in February 2014 by using reduced intensity conditioning 
(fludarabine 25 mg/m2 for 5 days and melphalan 70 mg/m2 for 2 
days) and mobilized peripheral blood stem cells (CD34+ 4.1 × 106/
kg). The patient developed acute GVHD overall grade 2 (skin and 
bowel) responsive to steroids. 

Before the transplant, in January 2014, our patient achieved a 
major molecular response with BCR-ABL/ABL = 0.00925%, and 
120 days after transplant, she was started on a maintenance thera-
py with imatinib 800 mg daily. In September 2014, a bone marrow 
assessment showed the loss of molecular response (BCR-ABL/
ABL = 0.24776%). Mutational analysis of the BCR-ABL tyrosine 
kinase domain after cloning of the PCR amplification product dis-
played a previously described insertion of 35 nucleotides from 
ABL intron 8 at the normal junction between exons 8 and 9. This 
insertion forms a stop codon after 10 intron-encoded amino acids 
[11] that, in CML progressing to lymphoid blast crisis, has been 
associated with resistance to imatinib and dasatinib [12]. 

Therapy with nilotinib 800 mg/day was started and maintained 
until February 2015, when a hematological relapse occurred (WBC 
37,000/mm3, with 80% of lymphoid blast cells on peripheral 
blood). Then, our patient was started on a salvage therapy with 3 
doses of vincristine 1.5 mg/m2 between March and April 2015. In 
May 2015, she began IO therapy which was administered accord-
ing to the schedule: 0.8 mg/m2 i.v. on day +1 and 0.5 mg/m2 i.v. on 
days +8 and +15 as described by Kantarjian et al. [13]. 

Between May and July 2015, 3 cycles of treatment were per-
formed. On May 2015, before administration of IO, revaluation of 
disease showed 50% of blast cells on the bone marrow. In addition, 
the patient was leukopenic (WBC: 2,730/mm3), anemic (Hb 8.7 g/
dL), and thrombocytopenic (PLT 29,000/mm3). In June 2015, after 
the first cycle of IO, a deep molecular response was achieved (BCR-
ABL/ABL = 0.00000% with 138,976 copies of ABL). The response 
was maintained after the end of IO treatment, both on the bone 
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marrow and on peripheral blood. During treatment, we recorded 
a grade 3 WHO hematological toxicity (asymptomatic thrombo-
cytopenia < 50,000/mm3) which did not induce suspension of ther-
apy and resolved spontaneously after stopping IO treatment. In 
July 2015, a first donor leukocyte infusion (DLI) was performed 
(CD3+ 3.3 × 106/kg). After 30 days, a new DLI was carried out 
(CD3+ 1 × 107/kg). For DLI, no immunosuppressive prophylaxis 
was administered. 

After the second DLI, in August 2015, liver function indexes 
increased with ALT and ALP reaching up to 5 times the upper nor-
mal limit and GGT 7 times the upper normal limit. Microbiologi-
cal investigations excluded infectious hepatitis, and the clinical di-
agnostic criteria of VOD were absent [14]. Signs of GVHD were 
not observed at any other organ. The patient was asymptomatic 
and refused a liver biopsy. She received therapy with ursodeoxy-
cholic acid and detoxifying agents (silimarin) until November 
2015 when liver indexes completely normalized. Normalization of 
CBC (Hb > 12 g/dL, PLT > 100,000/mm3, WBC > 4,000/mm3, and 
neutrophils > 1,000/mm3) and deep molecular response (BCR/
ABL levels 0.0037%) were maintained until September 2015 when 
the patient was started on ponatinib (45 mg/day). Low dose ace-
tylsalicylic acid (100 mg/day) was added as prophylaxis for cardio-
vascular events.

Currently, ponatinib therapy is still continuing, and the patient 
maintains deep molecular response (last evaluation performed in 
May 2018 with BCR-ABL/ABL = 0.00000%). No adverse effects of 
clinical significance were observed. From the start of treatment, no 
toxicity related to ponatinib was registered, and the patient is off 
any other drug that might interact with ponatinib.

Discussion

Allogeneic HSCT is currently the only available cure 
for adult patients affected by ALL. Unfortunately, relapse 
represents the major reason for treatment failure [15]. In 
most cases, the prognosis of patients who relapse after 
transplantation is very poor, especially for early relapses 
(less than 6 months from the transplant) [6, 16], and ther-
apeutic options for these patients are extremely limited. 

Up to now, conventional therapeutic approaches (sus-
pension of immunosuppressive therapy, DLI, chemother-
apy, and retransplantation) are burdened by a high per-
centage of failure due to toxicity or relapses [16–18]. New 
drugs, such as monoclonal antibodies or third generation 
TKIs, offer new possibilities for treatment of these patients. 
Few clinical experiences published so far evaluate the use 
of these drugs in the “posttransplant” setting [19, 20]. We 
described the case of a patient affected by Ph’+ ALL follow-
ing early relapse after a second HSCT, who was treated 
with a combination of IO, DLI, and ponatinib. After start-
ing therapy, the patient quickly achieved deep molecular 
response and still maintains this response after 3 years. The 
treatment did not require hospitalization, and there was no 
toxicity that might have led to discontinuation or reduc-
tion of therapy, allowing a satisfying quality of life.
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Fig. 1. Clinical course of disease and treatment strategies employed. ALL relapsed after the first and second HSCT 
despite deep molecular response. After therapy with IO, DLI, and ponatinib, the patient is still alive and has main-
tained a deep molecular response for the last 2 years. MR, molecular response.
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We think that, considering the highly aggressive na-
ture of the disease (refractoriness to chemotherapy and to 
first as well as second generation TKIs and early relapse 
after transplant), the clinical course of our patient would 
have been worse using conventional treatment. Our ther-
apeutic approach was based on the use of a monoclonal 
antibody selective for B lymphocytes and the use of a TKI 
whose activity against resistant clones is well documented 
[21]. IO has already been shown to induce a quick and 
complete hematologic and molecular remission in pa-
tients suffering from relapsed/refractory ALL [13, 22]. In 
a large phase 3 randomized study [23], inotuzumab did 
better than conventional chemotherapy in the percentage 
of complete remission and in the depth of such remission. 
However, the duration of response was only of a few 
months (4.6 vs. 3.1 months compared to conventional 
chemotherapy) and also the progression-free survival was 
short (5 vs. 1.8 months). A total of 40% of patients treated 
with inotuzumab could proceed to HSCT compared to 
11% of patients treated with chemotherapy [23].

No study has been published so far on the use of IO in 
the setting of leukemia relapse after HSCT as a bridge to 
DLI and in addition to ponatinib. In our experience, IO 
allowed a rapid induction of deep molecular response. 
Moreover, molecular response indicates a high level of 
depth of response rendering the disease undetectable, but 
it does not give certainty that the leukemic clone has been 
eradicated. Deep molecular response in ALL is the main 
prognostic factor predicting a disease-free survival, but 
some patients also relapse after HSCT performed under 
MRD-negative conditions [24]. Our patient’s history re-
veals that the disease relapsed despite achieving deep mo-
lecular response before both HSCTs and DLI (Fig.  1). 
These considerations prompted us to start also treatment 
with TKIs. Considering the refractoriness to first and sec-
ond generation TKI, we chose to use ponatinib, which has 
also shown an effect on leukemic microenvironment in 

vitro as well as on the blast cell [25]. Up to now, this strat-
egy has extended remission to 3 years after relapse. 

Treatment of relapse after HSCT also included the use 
of DLI and nowadays, in the post-transplant setting, new 
drugs can be used as a bridge to DLI. At the current time, 
there is little published experience on the use of monoclo-
nal antibodies as bridge to DLI. Ueda et al. [26] described 
4 cases of ALL relapsed after HSCT treated with blinatu-
momab (2–4 cycles) and DLI obtaining a durable re-
sponse (7–13 months) in 2 of 4 patients. In their experi-
ence, this approach was feasible and safe. There have, up 
to now, been no published data on the use of IO as bridge 
to DLI. The response to DLI alone of ALL relapses after 
HSCT is very disappointing with the overall 2-year sur-
vival not exceeding 10% [17]. 

Data reporting on the prophylactic use of DLI per-
formed in high-risk ALL provide better results [27, 28]. 
Most likely, the use of adoptive immunotherapy in condi-
tions of minimal disease is more effective than in overt 
relapse.

In the new therapeutic scenario, monoclonal antibod-
ies could be used to reduce leukemic burden to minimum 
levels to increase sensitivity to DLI. The use of third gen-
eration TKIs, nevertheless, could play an important role 
in the continuing therapy, with the purpose of extending 
disease-free survival in a challenging clinical situation 
such as ALL relapse after bone marrow transplantation.
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