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Abstract

Acute lymphoblastic leukemia which developed after first primary solid
organ malignancy (1M) considered as secondary acute lymphoblastic
leukemia (SALL) and it is rare. The observational study that researches
for(sALL) in worldwide and even in Iraq is limited. This study investigated
(SALL) among 50 (ALL) lragi patients (30 children; 20 adults). Five (4
female;1 male) out of 50 (ALL) patients (10%) were with(SALL) .They
asked through questionnaire form about their age , 1M , latency period and
immunophenotype .They were in 14-40 years age group and with previous
malignancies breast , ovary, lung and thyroid cancers. The median latency
period (from 1M to sALL) was 30 months. Four of (SALL) were with B cell
immunophenotype , while one was with T cell. This observational study
gives an evidence of the present of (SALL) among (ALL) Iraqgi patients after
1M in the adults . Since it is the first time to address the idea of this review
article and has not been addressed previously, there is a need for a wide
approach on this group of (sSALL) patients, including surveillance
epidemiology , molecular and cytogenetic study.
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Introduction

Cancer metastasis is a process in which cancer cells travel from the primary cancer site by lymph
system or bloodstream to a different sites of the body, settle and grow in this new site . Cancer that
formed from cells that have spread is called secondary cancer [1]. During this process, cancer cells go
through four steps including detachment from a primary cancer site, migration through lymph or blood
stream, invasion the new site and adhesion [2]. The microenvironment of cancer (such as growth
factors, chemokines), vascularization, provide special cytokines play important role in making many
changes in growth factor signaling, cell-cell adhesion, gene expression (various oncogenes, tumor
suppressor genes and metastasis suppressor genes are known to affect the invasiveness and the
metastatic potential of tumor cells) and motility or cell shape, that due to cancer metastasis [3]. The
main threat and the reason for most cancer deaths are not primary cancer but the secondary one, it is
responsible for 90% of cancer deaths [4].

Acute lymphoblastic leukemia (also known as Acute Lymphocytic Leukemia) is a malignant
disease caused by the genetic alterations of the lymphocyte precursor cells of the bone marrow. While,
secondary acute lymphoblastic leukemia (SALL), defined as (ALL) following another malignancy,
irrespective of whether patients received prior therapy. Secondary acute lymphoblastic leukemia
considered as a rare disease [5]. The therapy-related to acute myeloid leukemia (AML) , or secondary
AML is well recognized and entity accepted by the World and Health Organization (WHO), while
therapy related to (SALL) is not, mostly due to the rarity of this disorder [6].

Single or cluster of cancer cells (cancer stem cells) which have ability to self-renew and eventually
form diverse tumor cell population, separate from primary cancer site travel by lymph system or
bloodstream to bone marrow that contain hematopoietic cells ,settle and grow ,then effect on
hematopoietic stem cells and increased there differentiation and proliferation . Bone marrow is a major
target organ for metastasis, evidently providing a fertile soil for disseminated tumor cells [7].

Prior exposure to chemotherapy or radiotherapy has been postulated as a possible independent risk
factor for the development of (SALL) and therefore there is a possible association with poor prognosis
[8]. Rosenberg et al.(2017)[9] revealed that patients who took a treatment of a prior malignancy
(chemotherapy and radiation ) were associated with a higher incidence of ALL among cancer
survivors and a higher risk of death after (SALL). Therapy-related (ALL) is divided into main types:
alkylating agent/radiotherapy-related, caused by complete or partial deletion of chromosome 5 or 7,
and topoisomerase Il inhibitor—related , which caused MLL gene rearrangement that is one of the most
factors that increase the risk of (SALL) [10]. Immunodeficiency in the form of either malignancy,
antineoplastic treatment, autoimmune disorders, and immunomodulation have also been described as
risk factors for the development of lymphoblastic leukemia [8]. As well as there are some of
cytogenetic abnormalities associated with occurrence of (ALL) as a secondary cancer such as,
rearrangements of the MLL gene on chromosome 11 appear more common among (SALL) patients
with prior malignancies compared with de novo (ALL), supporting the argument that secondary ALL
(SALL) is a distinct entity and may be linked to specific therapies [9]. The chromosomal 11923
abnormality is the most common cytogenetic alteration in secondary acute lymphoblastic leukemia
[11].

Immunophenotyping by means of multi-channel flow cytometry (MFC) has become the standard
procedure for ALL diagnosis and subclassification, about immunophenotype of B-cell ALL, the most
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important markers for diagnosis and subclassification of B-cell ALL are CD10,CD19, CD20, CD22,
and CD79a ,TdT. The earliest B-lineage markers are CD19, CD22 (membrane and cytoplasm) and
CD79a, a positive reaction for any two of these three markers, without further differentiation markers,
identifies pro-B ALL (B-I subtype) .The presence of CD10 antigen (CALLA) defines the “common”
ALL subgroup (B-1l subtype). Cases with additional identification of cytoplasmic heavy mu chain
constitute the pre-B group (B-I1l subtype) , whereas the presence of surface immunoglobulin light
chains defines mature B-ALL (B-1V subtype). While, the markers that used in immunophenotyping of
T-cell ALL are CD1a, CD2, CD3 (membrane and cytoplasm), CD4, CD5, CD7 and CD8. CD2, CD5
and CD7 antigens are markers of the most immature T-cells, but none of them is absolutely lineage-
specific, so that the unequivocal diagnosis of T-ALL rests on the demonstration of surface/cytoplasmic
CD3. Recognized T-ALL subsets are the following: pro-T EGIL T-1 (cCD3+, CD7+), pre-T EGIL T-I1I
(cCD3+, CD7+ and CD5/CD2+), cortical T EGIL T-IIT (¢cCD3+, Cdla+, sCD3+/-) and mature-T
EGIL T-IV (¢CD3+, sCD3+, CD1la—).A novel subgroup that was recently characterized is represented
by the so called ETP-ALL (Early-T Precursor), which shows characteristic immunophenotypic
features, namely lack of CD1a and CD8 expression, weak CD5 expression, and expression of at least
one myeloid and/or stem cell marker [12]. Finally, the consensus by European Group for the
immunological characterization of leukaemias (EGIL) is that a threshold of 20% should be used to
define a positive reaction of blast cells to a given monoclonal antibody, except for CD3, CD79a and
TdT, which are considered positive at the 10% level of expression[13].

This study aimed to investigate the factors related to (SALL) occurrence.
Methods
Patients/Study Population

Fifty Iraqi patients ; 30 cases were children (1-14 years) who were admitted to the Central
Teaching Hospital of Paediatric ,and 20 cases were adults(15-40 years, more than 40) who were
admitted to the Baghdad Teaching Hospital were clinically diagnosed with (ALL) by the consultant
medical staff of the hospitals. They informed about the goal of this study and requested to fill the
questionnaire form. They were divided into two groups, as having primary (ALL) or they were with
(SALL). Those who were with (SALL) enquired of their 1M, latency period (from 1M to s ALL) and
immunophenotype. CD19, CD20, CD22, CD10 and CD79a were the markers used for diagnosis and
subclassification of B-cell ALL. While, the markers used for diagnosis and subclassification of T-cell
ALL were CD1a, CD2, CD3, CD4, CD5, CD7 and CDS8.

Results and Discussion

Five cases out of 50 (ALL) Iragi patients (10%) were with (SALL).The demographic characteristics
of (SALL) patients are shown in Table-1.

As shown in Table-1 females were higher than males with (SALL) ( 80%). This result is in
agreement with other studies conducted by Swaika (2017)[8] and Rosenberg (2017)[9] who revealed
that females with (SALL) represent a higher percentage than males , also they found that females with
(SALL) is higher than those with de novo ALL. This indicates that (SALL) is most pronounced in
females than males.

According to age group all (SALL) patients in this study were limited in 14-40 year age group ,
that’s may be related to that the children and old age groups patients with (SALL) do not have the
ability to resist secondary cancer and survive longer because of their low level of immunity. Thus ,
many studies demonstrated that (SALL) was associated with a significantly lower survival as
compared to de novo (ALL) (6-15 months) [8,9]. As well as Rosenberg et al.(2017) [9] who reported
that (sALL) was more pronounced among <40 years old patients . According to primary tumor , it not
surprising that this study shows that breast cancer represents the higher ratio among s (SALL) patients
that's because it is the common cancer in females as announced by the latest Iraqi Cancer board
registration for 2012 [14].

Additionally, most of the cases were females, so the breast cancer occur more than other types of
cancers. Also, it was the highest percentage among other primary cancers in many previous studies [8,
9.
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Table 1-The Criteria of (SALL) in Iraqi Patients

_ . Number of 0
Patients Characteristics (sALL) Patients %
Gender
Male 1 gg
Female 4
Age
-4 |
14-40 5 o
Morethan40 | -
Primary Tumors
Breast 2 40
Lung 1 20
Thyroid 1 20
Ovary 1 20
Latency Period
2
<2 years 3 40
2-5 years 60

In addition to breast cancer, lung, thyroid and ovary cancers have been proved to be the most
cancers that have the predisposition to develop (SALL) [8]. Indeed , breast cancer is one of common
cancer that are particularly well known to metastasize to bone marrow that is a target organ for
metastasis and provide a fertile soil for disseminated tumor cells and various cell types, the marrow
contain osteoblasts , endothelial cells, nerve cells, adipocytes, CXCL12-abundant reticular (CAR)
cells and mesenchymal stem cells collectively serve as a specific ‘niche' for hematopoietic stem cells
(HSCs), maintaining the functions of HSCs including homing, self-renewal, quiescence and
differentiation, it is now known that malignant cells that disseminate to and develop in the bone
marrow do so by hijacking the bone marrow niche, in fact, breast cancer is home to the marrow using
mechanisms similar to HSC homing Not only are the disseminated tumor cells supported by their
chosen niche, but they can also instigate niche changes that preferentially cater to malignant cells[15].

Latency period was defined as the interval time between primary cancer and (SALL) . The high
percentage of (SALL) patients in the present study were with a latency period of 2-5 years. However,
Swaika (2017) [8] illustrated that the latency period is variable according to the 1M, where patients
with a previous history of lymphoma and/or previous primary leukemia and lung malignancies had the
shortest latency period, whereas patients with previous ovarian or thyroid cancer had the longest
interval, possibly reflecting the natural history of the underlying 1M.

Table 2-Immunophenotype of Patients with Secondary Acute Lymphoblastic Leukemia

No. Immunophenotype Positive markers Negative markers LI E T are
subgroups
CD10, CD20, CD22
o 1 ) b
1 B-cell ( 4‘55 igégg{;; (Tf(')z/) CD1a, CD2, CD3, CD4, Pro-B ALL
o) 0 CD5, CD7, CD8
CD79a(94%),CD20(87 | CD22, CD1a, CD2, CD3, ]
2 B-cell %), CD10(28%), CD19 | CD4, CD5, CD7,CD8, | '™ BPAO';hi\(/S)ALLA
(57%) TdT
CD79a(37%), CD10 CD20, CD22, CD1a,
3 B-cell and CD19(82%), CD2, CD3,CD4, cD5, | T"¢B PAO';:;“(IS)ALLA
TdT(28%) CD7, CD8
CD79a(25%), CD10 CD20, CD22, CD1a,
4 B-cell and CD19(89%), CD2, CD3, CD5, CD4, | "'¢B F,Ao'ghi\(lg)A"LA
TdT(13%) CD7, CD8
CD4, CD8, CD1a, CD10
o 0 1 ) 1 i)
5 T-cell gggggﬁggg;ggﬁ; CD19, CD20, CD22, Pre-T ALL
o 0 CD79, TdT
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About immunophenotyping B cell (SALL) was highest than T cell and this may be due to that the
majority of (ALL) patients have B cell immunophenotype [16-19]. Shivakumar et al.(2008)[5] noted
that most (SALL) patients at 18-59 age group had high prevalence of B cell immunophenotype .

As the idea of this Review article is the first to time to be taken , Further prospective researches are
needed to detect the most clinical and genetic higher risk factors that contribute in  (SALL)
developing among lraqi patients providing a screening and prevention strategies for this rare and
adverse type of leukemia.

References
1. Guan, X. 2015. Cancer metastases: challenges and Opportunities. Acta Pharmaceutica Sinica B ,5
(5): 402-418.

2. Janet, M. P., Rebecca, L. F. and Raymond, C. B. 2010. Inhibition of Cancer Cell Invasion and
Metastasis by Genistein. Cancer and Metastasis Reviews, 29(3): 465-482.

3. Leber, M.F. and Efferth, T. 2009. Molecular Principles of Cancer Invasion and Metastasis
(Review). International Journal of Oncology; 34: 881-895.

4. Seyfried, T.N. and Huysentruyt, L.C. 2013. On the Origin of Cancer Metastasis. Critical Reviews
in Oncogenesis; 18: 43-73.

5. Shivakumar, R., Tan, W., Wilding, G. E., Wang, E. S. and Wetzler, M. 2008. Biologic Features
and Treatment Outcome of Secondary Acute Lymphoblastic Leukemia—a Review of 101 Cases.
Annals of Oncology; 19: 1634-1638.

6. Vardiman, J. W., Thiele, J., Arber, D.A., Brunning , R.D., Borowitz , M.J., Porwit , A., Harris,
N.L., Le Beau, M.M., Hellstrém-Lindberg, E., Tefferi , A. and Bloomfield, C.D. 2009. The 2008
revision of the World Health Organization (WHO) classification of myeloid neoplasms and acute
leukemia: rationale and important changes. Blood, 114(5): 937-951.

7. Shiozawaa, Y. and Taichman, R.S. 2012. Cancer Stem Cells and the Bone Marrow
Microenvironment. BoneKEy Reports; 1: 48.

8. Swaika , A., Frank ,R. D,, Yang , D., Finn, L. E., Jiang , L., Advani, P., Chanan-Khan, A. A.,
Ailawadhi, S. and Foran , J. M. 2017. Second Primary Acute Lymphoblastic Leukemia in Adults:
a SEER Analysis of Incidence and Outcomes. Cancer Medicine, 7(2): 499-507.

9. Rosenberg, A. S., Brunson, A., Paulus, J. K., Tuscano, J., Wun, T., Keegan, T. H. M. and Jonas, B.
A. 2017. Secondary Acute Lymphoblastic Leukemia is a Distinct Clinical Entity with Prognostic
Significance. Blood Cancer Journal; 7: e605.

10. Chen, W., Wang, E., Lu, Y., Gaal, K.K. and Huang, Q. 2010. Therapy Related Acute
Lymphoblastic Leukemia Without 11923 Abnormality. American Journal of Clinical Pathology;
133: 75-82.

11. Piszcz, J., Bolkun, L., Cichocka, E. and Kloczko, J. 2012. Secondary Acute Lymphoblastic
Leukaemia in a Multiple Myeloma Patient. Contemporary Oncology, 16(6): 593-595.

12. Chiaretti, S., Zini,G., and Bassan, R. 2014. Diagnosis and Subclassification of Acute
Lymphoblastic Leukemia. Mediterranean Journal of Hematology and Infectious Diseases, 6(1):
€2014073.

13. Béné, M.C., Nebe, T., Bettelheim, P., Buldini, B., Bumbea, H., Kern, W., Lacombe, F., Lemez, P.,
Marinov, |., Matutes, E. 2011. Immunophenotyping of acute leukemia and lymphoproliferative
disorders: a consensus proposal of the European LeukemiaNet Work Package 10. Leukemia, 25(4):
567-574.

14. Iragi Cancer Board. 2015. Ministry of Health, Iragi Registry for cancer 2012.

15. Shiozawa, Y., Eber, M. R., Berry, J. E. and Taichman, R. S. 2015. Bone Marrow as a Metastatic
Niche for Disseminated Tumor Cells from Solid Tumors. BoneKEy Reports; 4: 689.

16. Dorantes-Acosta, E. and Pelayo, R. 2012. Lineage Switching in Acute Leukemias: A Consequence
of Stem Cell Plasticity. Bone Marrow Research; 2012: 406796.

17. Rehe, K., Wilson, k., Bomken, S., Williamson, D., Irving, J., Boer, M.L.D., Stanulla, M.,
Schrappe, M., Hall, A.G., Heidenreich, O. and Vormoor, J. 2012. Acute B Lymphoblastic
Leukaemia Propagating Cells are Present at High Frequency in Diverse Lymphoblast Populations.
EMBO Molecular Medicine, 5(1): 38-51.

18. Terwilliger, T. and Abdul-Hay, M. 2017. Acute Lymphoblastic Leukemia: a Comprehensive
Review and 2017 Update. Blood Cancer Journal, 7(6): e577.

19. National Cancer Institute. 2018. Definition of B-cell acute lymphoblastic leukemia.

227


https://www.ncbi.nlm.nih.gov/pubmed/?term=Chiaretti%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25408859
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zini%20G%5BAuthor%5D&cauthor=true&cauthor_uid=25408859
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bassan%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25408859

