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Philadelphia chromosome with acute myeloid
leukemia and concurrent large B cell ymphoma
of different origins: A case report
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Abstract. Philadelphia chromosome with de novo acute
myeloid leukemia (Ph + AML) arising from t(9;22) is an
uncommon occurrence. Ph + AML is known to respond poorly
to conventional chemotherapy. To the best of our knowledge,
simultaneous diagnosis of de novo Ph + AML and lymphoma
in a single patient has not yet been reported. The present
study reports the case of a 37-year-old female patient who
presented with bone pain, fever and lymphadenopathy, and
was diagnosed as Ph + AML with concurrent diffuse large
B cell lymphoma. Combined chemotherapy regimen covering
AML and lymphoma was administered, achieving short-term
response. However, the therapy soon failed and the patient
succumbed to the disease. The present study reports the first
case of Ph + AML occurring concurrently with diffuse large
B cell lymphoma, and discusses certain differences between
Ph + AML and chronic myelogenous leukemia in the myeloid
blast crisis phase, as well as the appropriate therapeutic
modalities for Ph + AML. In addition, the potential associa-
tion between Ph + AML and diffuse large B cell lymphoma in
this patient was investigated.

Introduction

The Philadelphia chromosome (Ph) or breakpoint cluster
region-Abelson (BCR-ABL) fusion gene is more common in
patients with chronic myelogenous leukemia (CML) (1) than
in those with precursor B-acute lymphoblastic leukemia
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(ALL) (2); however, Ph + acute myeloid leukemia (AML) has
also been reported.

AML has an incidence of 3.7 per 100,000 individuals, with
anemia, bleeding, fever and bone pain as its typical symptoms.
Currently, the standard therapy for AML consists of chemo-
therapy, immunotherapy, targeting therapy and hematopoietic
stem cell transplantation (3,4).

Although AML secondary to chemotherapy or radio-
therapy has been previously reported (5), to the best of our
knowledge, there are no reports of concurrent Ph + AML
and B cell lymphoma in untreated patients. The current case
reports presents a patient who presented with leukocytosis and
lymphadenopathy and was diagnosed with Ph + AML concur-
rent with large B cell lymphoma.

Case report

A 37-year-old Chinese woman complaining of bone pain and
fever was admitted to the West China Hospital of Sichuan
University (Chengdu, China) in June 2011. The patient was
previously healthy, and the complete blood count (CBC) at
3 months prior to admission was normal. Upon pathological
examination, multiple bone tenderness and a painless 2x1-cm
lymph node in the left axillary fossa were palpable. Laboratory
test results suggested mild leukocytosis (13.6x10%ul; normal
range, 3.5-9.5x10%ul) with 10% white blood cells but normal
hemoglobin and platelet counts. Bone marrow smear demon-
strated 33.5% myeloid blasts and biopsy revealed diffuse
infiltration of AML-like cells. Flow cytometry (FCM) results
demonstrated white blood cells co-expressing human leuko-
cyte antigen-antigen D-related, CD34, CD38, CD13, CD33,
CDI117, cytoplasmic myeloperoxidase and aberrant CD19.
Giemsa-banding discovered t(9;22)(q34;ql1) in 5/20 meta-
phases (Fig. 1). Quantitative polymerase chain reaction (PCR)
detected P210 type BCR-ABL fusion gene and BCR-ABL/ABL
ratio as 5.45x10° copies/ml (5.19%). Bone scan with **™Tc-meth-
ylene diphosphonate revealed multiple abnormalities
throughout the body. The BCR-ABL fusion gene RT-PCR
detection kit was purchased from Shanghai Source Biomedical
Technology Co., Ltd. (Shanghai, China). The thermocycling
conditions were as follows: 42°C for 30 min, 94°C for 5 min,
94°C for 15 sec and 60°C for 60 sec, for a total of 40 cycles. An
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Figure 1. Conventional cytogenetic analysis with Giemsa-banding detected the translocation of t(9;22)(q34:;q11) in 5/20 metaphases (arrow).

1.5x1.5-cm lymph node in the left axillary fossa was revealed
by computed tomography (CT) scan. Lymph node biopsy was
performed and the formalin-fixed, paraffin-embedded tissue
was subjected to pathological diagnosis. The results supported
the diagnosis of non-Hodgkin lymphoma (diffuse large B cell
lymphoma, aggressive, of non-germinal center B cell origin)
according to the 2008 World Health Organization Classifica-
tion (Fig. 2) (4). Considering the leukemic cells harboring the
BCR-ABL gene, fluorescence in situ hybridization (FISH) with
BCR-ABL probes was performed on the lymph node specimen
with no fusion signal detected (Fig. 3). Two days later, the
patient developed a headache on the right side of the head,
without nausea or vomiting. Head CT scan was normal, while
T2-weighted magnetic resonance imaging scan demonstrated
a long, contrast agent-intensified signal on multiple sites of
the skull, excluding the cerebral parenchyma. The results of
routine, biochemical and FCM tests of the cerebrospinal fluid
were normal.

Based on the aforementioned findings, Ph + AML with
concurrent diffuse large B cell lymphoma was diagnosed. The
bone pain and headache were considered to indicate leukemia
or lymphoma infiltration, due to no evidence of infection.
Treatment with rituximab (600 mg on day 1), adriamycin
(70 mg on day 2), cyclophosphamide (1,000 mg on day 2),
vincristine (2 mg on day 2), cytarabine (150 mg on days 2-8)
and dexamethasone (15 mg on days 2-8) was administered
and relieved the symptoms shortly. The lymph node returned
to its normal state and complete hematologic remission was
obtained; however, BCR-ABL transcripts remained positive.
Two courses of a similar regimen followed for consolida-
tion. CHR was confirmed prior to each consolidation, while
BCR-ABL transcripts remained detectable and increased
(BCR-ABL/ABL, from 0.67 up to 8.8%). Soon after the second
consolidation, the patient developed middle grade fever and
joint pain in the left knee; leukemia relapse was confirmed
by bone marrow smear, FCM and further elevated BCR-ABL
transcripts (BCR-ABL/ABL, 71.73%). Treatment with imatinib

mesylate (IM) (400 mg daily for >2 months) and chemo-
therapy [10 mg idarubicin (days 1,3 and 5), 2 mg vincristine
(day 1), 100 mg cytarabine (days 1-5) and 30 mg prednisone
(days 1-5)] was administered, alleviating the symptoms from
the following day; however, the reappearing and continuously
increasing peripheral blasts suggested leukemia progression.
IM was considered ineffective and the bone marrow specimen
was sent to confirm the suspected ABL kinase mutation, which
demonstrated F395V mutation. For that purpose, DNA was
extracted from the bone marrow specimen, and PCR and
DNA sequencing were used to assess the presence of the
F395V mutation (Fig. 4). In addition, gene mutations common
for AML (CEBPA, DNMT3A, FLT3-1TD, IDHI, IDH2, KIT,
KRAS, NPM1, NRAS, TET2 and WTI) were investigated in
smears at diagnosis and relapse and were all negative. Due to
ineffectiveness, IM was switched for dasatinib (75 mg daily),
which resulted in a mild decrease in BCR-ABL transcripts,
but no hematologic response. Twenty days after relapse, the
patient suddenly developed an intracranial hemorrhage and
succumbed shortly after.

Written informed consent was signed by the husband of
the patient and approved by the Ethics Committee of the West
China Hospital of Sichuan University (Chengdu, China).

Discussion

The Ph chromosome or BCR-ABL fusion gene can be found
in >95% of all CML cases, and 5-30% of adult and 2-5% of
pediatric ALL cases (2); however, it has also been reported
in AML. Keung et al (6) conducted a retrospective study of
148 cases of t(9;22)(q34;ql1), and identified 84% as CML
chronic phase, 13% as de novo ALL, 1% as de novo AML
and 2% as myelodysplastic syndrome (MDS). The estimated
incidence of Ph + AML was 0.6%. Ph + AMLs were reported
with either major or minor BCR gene rearrangements, similar
to those of Ph + ALL, suggesting that Ph + AML is a distinct
disease rather than CML-myeloid blast crisis (MBC) phase.
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Figure 2. H&E and THC staining of the specimens from the involved lymph node, supporting the diagnosis of diffuse large B cell lymphoma. (A) H&E staining.
THC staining showing positivity for and negativity for (B) cytomembrane expression of CD20. (C) CD3¢, (D) CDS5, (E) ALK-1 and (F) CD30. Cytoplasmic

expression of (G) B-cell lymphoma 6 and (H) interferon regulatory factor 4. (I) The percentage of Ki-67-positive cells was ~80%. Magnification, x200. H&E,
hematoxylin & eosin; IHC, immunohistochemical.

Figure 3. Fluorescence in situ hybridization with BCR-ABL probes was performed on the lymphoma specimen, and no BCR-ABL fusion signal was detected
(red, ABL; green, BCR; magnification, x100). BCR, breakpoint cluster region; ABL, Abelson.
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Figure 4. Abelson kinase gene mutation analysis during Philadelphia chromosome + acute myeloid leukemia relapse revealed the existence of the F395V
mutation (arrow).
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Furthermore, rare cases of Ph + MDS were also reported,
which imply that Ph + AML is a distinct disease entity rather
than representing blastic transformation from CML (6).
Clinically, Ph + AML presents with less incidence of sple-
nomegaly and significant basophilia (7). Immunophenotypic
analysis of Ph + AML disclosed co-expression of CD34 and
multiple myeloid markers (such as CD13 and CD33), and a
common aberrant expression of lymphoid markers (=2 in
60% of cases) (8); additional cytogenetic abnormalities, such
as extra copies of Ph or trisomy 8, were more commonly
detected in CML-MBC, compared with Ph + AML (59.9 vs.
25%; P=0.008) (9). The coexistence of normal and Ph* meta-
phases at diagnosis is more characteristic of Ph + AML (5).
The induction of chemotherapy usually causes CBC and
karyotype normalization in Ph + AML, but chronic or
accelerated-phase hemogram and persistence of the Ph chro-
mosome in CML-MBC (7,8). Konoplev ef al (10) detected
NPM1 and FLT3-ITD mutations (frequent in AML) in 2/9 and
1/9 of patients with Ph + AML, respectively, in addition to no
mutation in patients with CML-MBC, and no ABL/ mutation
(common in CML-MBC) in any of the 9 Ph + AML patients.
Array comparative genomic hybridization was performed in
Ph + AML, bilineage leukemia, Ph + ALL and CML (11).
Losses of IGH, TRG2, VPREBI and IGLLI were detected
in Ph + AML, Ph + ALL and CML lymphoid BC but not in
CML-chronic phase, CML-MBC or AML with normal karyo-
type, which further verified the difference between Ph + AML
and CML-MBC; however, no single clinical or laboratory test
can definitively distinguish the two diseases. The previous
CBC of the present patient was normal, and no splenomegaly
and basophilia were found at diagnosis. The FCM test result
suggested a diagnosis of Ph + AML. Following the induction
of chemotherapy, the CBC returned to normal. Taken together,
all aforementioned findings suggest that de novo Ph + AML
may have been a more appropriate diagnosis for this patient.

Due to its rarity, no standard therapies for Ph + AML have
been established, and treatment options derive largely from
reports of similar cases. In the pre-tyrosine kinase inhibitor
(TKI) era, Ph + AML was usually treated by conventional
chemotherapy. Cuneo et al (9) reported that conventional
chemotherapy achieved CR in 4/11 patients (36%), while in the
study by Paietta et al, none of the 6 patients obtained remis-
sion (5). Due to its marked effect on CML, IM was also used in
Ph + AML. IM was reported for the treatment of Ph + AML,
achieving sustained cytogenetic response and 1 case of
molecular remission for 15 months (12-14). In a larger retro-
spective treatment study, 7/16 patients were treated with IM,
among which, 6 achieved HR and 1 achieved CHR, although
the response durations were short (median, 2.5 months; range,
1-6 months) (9). IM should therefore be considered front-line
therapy (9), but the optimal dosage, timing and duration remain
to be determined.

IM is usually administered at a dose of 400 mg daily,
when combined with chemotherapy (15,16), or at a dose of
600 mg daily when administered alone (12-14). Sun et al (17)
reported 2 patients with Ph + AML, who were treated with
IM and daunorubicin-based chemotherapy, followed by
allo-hematopoietic stem cell transplantation (HSCT) and
IM maintenance regimen. Both patients obtained CHR and
complete cytogenetic and molecular responses for 44 and
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48 months. Another patient receiving unrelated allo-HSCT
during CR2, and sustained CHR for 70 months (18); therefore,
IM combined with chemotherapy, followed by allo-HSCT and
IM maintenance treatment appears to be an effective treatment
option for Ph + AML, particularly when IM is used early (17).

IM was not initially administered to the present patient,
which may account for the failure of molecular response.
Although IM was added following relapse, it failed to bring
molecular effect due to the F395V mutation. Despite dasatinib
treatment theoretically overcoming this mutation, desatinib
may have been used too late and led only to a decrease in
transcripts but no HR. This finding implies that the BCR-ABL
signal is not the only or not the major pathway to cause
Ph + AML. The initial treatment plan for the present patient
was treatment with allo-HSCT, but it was hindered by the
lack of matched donor. In addition, auto-HSCT could not be
considered for a patient without molecular remission.

Despite the fact that secondary AML or MDS has been
frequently reported in patients receiving chemotherapy and/or
radiotherapy, concomitant lymphoma and AML in previously
untreated patients is extremely rare (19). Only a few cases of
AML concurrent with lymphoma have been reported (19-23);
To the best of our knowledge, this is the first report of simul-
taneous Ph + AML and diffuse large B cell lymphoma. It
is known that leukemia may involve extramedullary sites,
including lymph nodes. In the present case, the lymph node
biopsy revealed no leukemic cells, excluding AML infiltration
of lymph nodes. In addition, lymphoma may disseminate to the
bone marrow resembling leukemia; however, no lymphoma
cells were detected by FCM in the bone marrow specimen,
excluding lymphoma dissemination as well. Since CML may
progress to both myeloid and lymphoid leukemia, it has been
hypothesized that a single pluripotent stem cell may develop
either myeloid or lymphoid neoplasms (24). It was therefore
assumed that the leukemia and lymphoma in the present
patient may have had the same origin. The leukemic cells were
shown to harbor the Ph chromosome, but no BCR-ABL fusion
signal was observed on the lymph node specimen, indicating
that the two diseases were unlikely to share the same origin.
One hypothesis is that the single stem cell gained different
second hits (mutations) during differentiation and developed
distinct neoplasms. Cauwelier ef al (25) detected monoclonal B
lymphocytes in the blood and marrow of a patient with MDS
(with trisomy 13), but no evidence of lymphoma. FISH was
performed on sorted CD19* and CD34" cells for the detection
of trisomy 13. Trisomy 13 was detected in 55% of CD34* cells
and 5.5% of CDI19* cells, the latter was considered negative.
X-chromosome inactivation showed that both CD34* and
CD19* cells were monoclonal, while their inactivated chromo-
somes were different, suggesting that the two populations had
different origins.

The etiology of dual tumors such as the one in the present
case were obscure. The patient had worked as a nurse in a
dental clinic for a long period of time. It was unclear whether
the extended exposure to dental repairing materials had played
a role in the development and pathogenesis of the disease.
Jaalouk er al (22) reported a case of concurrent large B cell
lymphoma and MDS, whose treatment with steroids caused a
rapid augmentation of the myeloid clone and transformation to
AML, indicating that the lymphoid clone may downregulate



the myeloid clone. In the present patient, the enlarged lymph
node was normalized soon after chemotherapy treatment and
remained normal thereafter, while the leukemia deteriorated
rapidly, supporting the interclonal inhibition hypothesis.

Ph + AML is arare disease associated with poor prognosis.
It possesses different clinical manifestations and laboratory
test results from those of CML-MBC, and should therefore be
regarded as a distinct disease. Appropriate treatment options
include TKI, combined chemotherapy and treatment with
allo-HSCT. Although AML or MDS secondary to chemo-
therapy, radiotherapy and/or HSCT have previously been
reported, Ph + AML concurrent with large B cell lymphoma
is considerably more rare, and its underlying pathogenesis
remains to be elucidated.
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