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A B S T R A C T   

The inv(7)(p15q34) chromosomal abnormality which juxtaposes part of the HOXA gene cluster on 7p15 to the TCRβ locus on 7q34, has been described in a subset of 
cases of T-cell lymphoblastic leukemia, but its presence in cases of B-cell lymphoblastic leukemia is virtually unknown. Herewith, we report a case of a B-cell 
lymphoblastic leukemia with inv(7)(p15q34). The patient received standard induction chemotherapy, which failed to produce remission. After treatment with 
blinatumomab, a bispecific T-cell engager, the follow-up bone marrow biopsy showed no evidence of persistent/ relapsed B-cell lymphoblastic leukemia. The unique 
cytogenetics of this case may have contributed to its resistance of standard induction chemotherapy.   

Introduction 

B cell lymphoblastic leukemia /lymphoma (B-ALL/LBL) is a malig-
nant neoplasm of precursor lymphoid cells (a.k.a. lymphoblasts) 
committed to the B cell lineage, which often involves blood, and bone 
marrow, and less frequently other tissues [1]. By flow cytometry, the 
lymphoblasts typically display a B-cell immunophenotype characterized 
by the expression of CD19, CD79a, and CD22 and in most cases TdT and 
CD10 [1]. B-ALL/LBL is often associated with various cytogenetic ab-
normalities including t(1;19)-E2A/PBX1,t(12;21)-ETV/ CBFα, and t 
(9;22)-BCR/ ABL [2]. 

We present a case of B-ALL/LBL with inv(7)(p15q34), a cytogenetic 
abnormality which is encountered in cases of T cell lymphoblastic leu-
kemia (T-ALL/LBL), but is virtually unreported in B-cell ALL/LBL. The 
inv(7)(p15q34) gene inversion juxtaposes part of the HOXA gene cluster 
on 7p15 to the TCRβ locus on 7q34. These genes have been shown to 
have a critical association with embryonic development and their mu-
tations can lead to various hematologic malignancies [3, 4]. The liter-
ature reports this mutation in 24 cases, 19 of which were T-ALL/LBL 
patients [5, 6]. In addition to lymphoblastic leukemia/lymphoma, this 
inversion has also been observed in a single case of chronic myelogenous 
leukemia in blast phase [7} and in tumors of the kidney and uterus [8, 
9]. At present, a reference to a single case of B-ALL/LBL with this cy-
togenetic abnormality within a complex karyotype could be found 

included in the Mitelman Database of Chromosome Aberrations and Gene 
Fusions in Cancer [10]. The karyotype of this case, an 8 year old female 
patient with a CBC of 3.5 x× 103 /μL, showed: 46,XX,inv(7) (p15q34), 
+8,der(16)t(1;16)(q21;q12–13),− 20, dup(21) (q11q22)/46, idem,dup 
(2)(q13q37) [11]. 

In this communication, we describe a case of B-ALL/LBL with inv(7) 
(p15q34) plus other abnormalities in a 19 year old patient. We describe 
the patient’s clinical history, bone marrow microscopic findings, flow 
cytometric analysis, cytogenetic profile, and treatment response, and 
provide references to cases with inv(7)(p15q34) observed in other he-
matologic and non-hematologic malignancies. 

Case report 

A 19-year-old Hispanic female was admitted with fever of 39.0 ◦C, 
chills, and fatigue. She reported 2 weeks of severe fatigue, multiple 
bruises, petechial rash, bleeding gums, generalized jaundice, and severe 
bilateral leg pain. Past medical history was non-contributory, including 
no family history of hematologic diseases. Vital signs were all normal. 
Physical examination showed pallor, submaxillary lymphadenopathy, 
petechiae on soft palate and multiple ecchymosis on bilateral lower 
extremities, right arm, and lower back. The patient reported severe left 
leg pain with tenderness to touch. 

Laboratory studies on admission showed a leukocyte count of 54.51 
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× 103 /μL, a hemoglobin concentration of 7.5 g/dL, hematocrit of 
22.8%, and a platelet count of 19 × 103 / μL. The leukocyte differential 
count on admission included 76% lymphocytes, 4% segmented neutro-
phils, 2% metamyelocytes, 3% monocytes and 15% blasts. Urea, creat-
inine and GFR were normal. AST and ALT were 39 units/L and 43 units/ 
L, respectively. Pathology evaluation, flow cytometry, and cytogenetic 
studies A bone marrow biopsy was performed, showed a hypercellular 
(>90%) bone marrow occupied by >90% of medium to large sized blasts 
with dispersed chromatin, inconspicuous nucleoli, and scant cytoplasm 
(see Figs. 1 and 2). Normal trilineage hematopoiesis was markedly 
decreased. Flow cytometry showed the blasts to be TdT (+), CD10 (+), 
CD13 (-), CD19 (+) CD33 (partial +) and CD34 (+), an immunophe-
notype which is consistent with a B-cell lymphoblastic leukemia. 

Cytogenetic analysis on bone marrow aspirate demonstrated 46~47, 
XX,inv(7)(p15q34),− 15,+mar[cp8]/ 46,XX[12]. Overall, twenty meta-
phase cells were analyzed and eight (40%) were found to be abnormal. 
Clone 1 included eight of twenty (40%) metaphase cells and was 
comprised of two X chromosomes containing clonal and non-clonal al-
terations such that a composite karyotype was prepared. At least two 
cells contained the following alterations: 1) A pericentric inversion of 

chromosome 7 in which breakage and reunion have occurred at bands 
7p15 and 7q34 (see Figs. 3A and 3B). 2) Monosomy of chromosome 15. 
3) A marker chromosome of unknown origin. Clone 2 included the 
remaining twelve of twenty (60%) metaphase cells. It was comprised of 
two X chromosomes and showed a normal female karyotype. 

Treatment and clinical follow up: The patient received induction 
chemotherapy with a Hyper-CVAD regimen with alternating courses of 
cyclophosphamide, vincristine, doxorubicin, and dexamethasone 
(course A) and methotrexate with cytarabine (course B). Bone marrow 
after 1st cycle continued to show 6% blasts which increased to 14% 
following cycle 2, part B. She then received blinatumomab, a mono-
clonal bi-specific T cell engager that is approved for use in refractory 
ALL cases [12]. Five weeks after blinatumomab administration, another 
bone marrow biopsy was performed showing trilineage hematopoiesis 
with no evidence of residual B-ALL/LBL. Blinatumomab was continued 
while she awaited an allogeneic stem cell transplant. Unfortunately, 9 
months after achieving remission, she had a second relapse. She then 
received daunorubicin, vincristine, pegasparaginase, and dexametha-
sone and is still awaiting a stem cell transplant. 

Fig. 1. The bone marrow biopsy shows hypercellularity (>90%) by mononuclear, immature cells. Flow cytometry demonstrated a B cell lymphoblastic leukemia.  

Fig. 2. The bone marrow demonstrated medium to large sized blasts with dispersed chromatin, inconspicuous nucleoli, and scant cytoplasm.  
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Discussion 

The band q34 of chromosome 7 is the site of the T-cell receptor β 
gene, and mutations in this gene locus have been associated with various 
T-cell malignancies [13, 14]. In contrast, the band p15 of chromosome 7 
contains the HOXA gene cluster, which plays a critical role in embryo-
logic development [3, 15]. A pericentric inversion of chromosome 7, inv 
(7)(p15q34) juxtaposes part of the HOXA gene cluster on 7p15 to the 
TCRβ locus on 7q34, which has a strong association with T-cell 
lymphoblastic leukemia. Polymerase chain reaction (PCR) analysis has 
shown high levels of HOXA10 and HOXA11 expression with inv(7). 
Possibly, this is due to enhancers found in the TCRβ locus with strong 
evidence of involvement of HOXA genes in the development of T cell 
lymphoblastic leukemia [15, 16]. HOX homeobox genes are tightly 
linked to malignant transformation of hematopoiesis. The HOXA gene 
cluster on 7p15 has been shown to play a fundamental role in 
embryologic development and because of this, it also has a strong as-
sociation with various hematologic malignancies [3, 4]. In cases of the 
chromosome 7 inversion, high levels of HOXA10 and HOXA11 are seen, 
possibly due to enhancers found in the TCRβ locus, establishing a 
connection between HOXA genes and the development of T-ALL/LBL 
[14, 15]. What is not well established is the extent to which this aber-
ration leads to other malignancies, including B-ALL/LBL. 

Various chromosomal aberrations have been identified in B-ALL/LBL 
and the World Health Organization Classification uses them to identify 
specific disease subgroups [1]. However, the presence of inv(7)(p15q34) 
in B-ALL/LBL is exceptionally rare. The Mitelman Database for Chromo-
somal Aberrations and Gene Fusions in Cancer [10] and the Atlas of Ge-
netics and Cytogenetics in Hematology and Oncology [17] were searched 
for all known cases of inv(7)(p15q34) in hematologic malignancies. The 
only other case of B-ALL/LBL with this abnormality is listed in the 
former database [10]. The chromosome results and limited information 
for this patient identified as case 300, were included in an International 
Workshop database of 18 cytogenetics study groups published as sup-
plementary information - see Table 1 [11]. All the other reported cases 
(19 of 24) of this chromosomal aberration seen in leukemias were 
T-ALL/LBL. An additional leukemic case was a chronic myeloid leuke-
mia BCR-ABL1 positive in blast phase which showed the following 
karyotype: 46,XY,inv(7)(p15q34),t(9,22)(q34;q11) [7]. The 19 
T-ALL/LBL cases included 11 males and 8 females ranging in age from 6 
to 49. Other three cases of inv(7)(p15q34) included two carcinomas of 
the kidney and one of the uterus [8,9]. 

Unfavorable cytogenetics is known to frequently complicate treat-
ment in various malignancies. The patient in our present case was un-
able to achieve remission with standard Hyper-CVAD treatment 
regimen. It is possible that the inv(7)(p15q34) aberration seen here may 

Fig. 3. A shows the karyotype of one clone with inv(7)(p15q34) and +mar[cp8]. B shows four separate chromosomes from different cells with the inv(7) and a 
normal chromosome for comparison. 
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confer some resistance to standard first line treatment modalities in B- 
ALL/LBL patients. Blinatumomab helped the patient to achieve remis-
sion which lasted 9 months. 

In summary, inv(7)(p15q34 is an exceptionally rare abnormality) in 
B-ALL/LBL. It may contribute to a poor response to standard induction 
chemotherapy but these patients may benefit from alternative treatment 
strategies. Additional cases of B-ALL/LBL with similar cytogenetics 
would be needed to elucidate the biological, clinical behavior, and 
treatment options of these rare neoplasms. 
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