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Abstract
Cytogenetic data in acute myeloid leukemia and acute lymphoblastic leukemia are important for
diagnosis, therapy design, and prognosis. This is the first report of a series of cytogenetic studies on
patients with acute leukemia from central Palestine compared with data from other geographic areas.
Cytogenetic analysis was done on 45 patients with acute myeloid leukemia and 111 patients with acute
lymphoblastic leukemia. Bone marrow samples were collected from all patients and cultured for 24
hours. Metaphase chromosomes were banded by GTG conventional banding technique and karyotyped.
Forty five acute myeloid leukemia cases referred for cytogenetic studies showed a male to female ratio
of 1.6:1, 71.1% were above 18 years old, and 28.9% had an abnormal karyotype. Of the 111 cases
referred with acute lymphoblastic leukemia, 37.8% were 2-6 years old, male to female ratio was 1.2:1,
54.1% were of B-cell and 12.6% T-cell lineage (others undetermined). ALL age distribution in our cases
were tri-modal with three peaks of incidence; one from 2 to 6 years, a second from 14-17, and a third
from 49-64. Of the ALL cases, 32.4% had abnormal karyotype with a mix of interesting abnormalities
falling under three categories: pre-B, B, and T cell ALL. Some differences with the literature were noted
in cytogenetic findings and age distribution between our data and that from other countries, which likely
reflect either referral differences or ethnic and environmental differences.
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Introduction
Leukemia caused 265,400 deaths worldwide
in 2012 and their incidence and effect are higher
in less developed countries(1). Acute leukemias
fall into the categories of myeloid and
lymphoid, with the latter impacting children
more. The leukemia and lymphomas are now
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classified by the World Health Organization
based on morphological, molecular, and
cytogenetic criteria(2, 3). In developed countries,
targeted therapies based on accurate
classification using molecular and cytogenetic
methods have significantly reduced mortality in
the past two decades(4).
A review of literature on chromosomal
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abnormalities in leukemia patients in Palestine
and nearby countries showed scarce data.
Abbasi et al.(5) found that 16.1% of adult ALL
cases in Jordan had BCR-ABL translocation
and was associated with significantly poorer
prognosis, which is similar to studies in
developed Western countries. Mustafa Ali et
al.(6) showed that subdural hematoma is likely
due to platelets dysfunction in a Dasatinib
treated Jordanian patient with t(9;22) and ALL.
Al-Bahar et al.(7) studied the frequency of
chromosomal abnormalities by karyotyping and
FISH in 164 Kuwaiti pediatric ALL patients,
showing findings not too different from
European studies. A report on childhood AML
in patients referred to an Israeli center also
showed similar cytogenetic abnormalities, as
reported in Western studies(8). In Syria, Mahayri
and Monem(9) studied all cytogenetics referral
to their lab, including leukemias, and found
referral patterns different than what was seen in
Saudi Arabia by Al Husain and Zaki(10) and
Turkey(11). The occupied Palestinian territories
had limited access to modern health care
facilities and patient outcomes were poor in
many diseases as a result of prolonged Israeli
occupation(12-14). No cytogenetic studies were
reported from these territories. The clinical and
research cytogenetic laboratories at Bethlehem
University were established in 2009 and are
now publishing papers on issues related to
human health(15-17). Here, we review referral
patterns to this cytogenetic laboratory of
leukemic patients.

Bethlehem University cytogenetics laboratory
for routine clinical cytogenetic studies. The
institutional review board policies allowed the
use of data without identifying the patients to be
statistically analyzed, since the samples were
taken for clinical use. Bone marrow samples
were received in Sodium Heparin tubes and
processed
by
standard
cytogenetic
methodologies, including culture for 24 and 48
hours in appropriate medium. The rare T-cell
neoplasms (T-ALL) also received a three-day
culture with phytahaemagglutinin as a mitogen.
After culture, colcemid was added at a final
concentration of 0.1μg/ml for 45 minutes. Then
the cells were treated with hypotonic solution
(Potassium chloride 0.075 M) for 18 minutes
and
fixed
with
Carnoy’s
fixative
(methanol/acetic acid in 3:1) for three times and
slides made in a humidified chamber and then
dried for 1 hour at 950C. Metaphase
chromosomes were banded, using the
conventional GTG banding technique and
karyotyped with the karyotype described
according to the International System for
Human Cytogenetic Nomenclature (ISCN)(18).
For each sample, an attempt to fully analyze
twenty metaphases was made to define the
nature of the aberrations for each one.
Kartyotypic abnormalities were recorded as
clonal per ISCN if at least two cells had the
same structural abnormalities or added
chromosome, and in case of missing
chromosomes, then three cells must be missing
the same chromosome.

Materials and Methods
Cytogenetic studies were performed on 45
Palestinian patients diagnosed with AML and
111 diagnosed with ALL as diagnosed initially
by flow cytometry and/or hematopathology.
Patients’ consent was obtained for all cases to
take the samples for clinical diagnosis at

Patients’ history and their diagnosis were
available from laboratory records received with
the submitted clinical samples. The
chromosomal aberrations of patients were
sorted and tabulated with respect to each
hematologic malignancy. Age, sex, and other
epidemiologic and demographic information
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(Fig. 1 as an example).
A total of 111 ALL cases, with ages from 2
months to 64 years were examined
cytogenetically. Of those, 37.8% were 2 to 6
years old, 9% were 14-17 years old, and 2.7%
were 49-64 years old (median of all cases 7
years). The disease was more prevalent in males
with a male to female (M:F) ratio of 1.2:1. ALL
of B cell linage (B-cell and pre-B-cell ALL's)
predominated with 60 out of the 111 cases
(54.1%) compared to 14 (12.6%) of T cell
phenotype (37 cases were not sub-classified). A
normal karyotype was noted in 75 cases
(71.1%) and an informative abnormal
karyotype in 36 cases (32.4%, Table 2). Typical
abnormalities
were
noted,
such
as
hyperdiploidy (15 cases) and t(1;19) (four
cases) in B and pre-B ALL.

about the patients were used when available
from the medical records, but patients’ names
and other private information were kept
confidential and were not included in the
analysis pertaining to this study.
Results
The median age of 45 AML patients
examined was 30 years, with 71.1% of cases
over 18 years old. Additionally, 28 out of 45
were males, presenting a male to female ratio of
1.6 to 1. Among AML patients less than 18
years old, the male to female ratio was even
more distorted at 2.7 to 1. A normal karyotype
was found in 32 (71.1%) cases compared to 13
(28.9%) with various abnormal karyotypes
(Table 1). Two cases had inversion 16, two
deletion 20q, three had t(15;17), and two t(8;21)

Table 1. Abnormal karyotypes found in AML cases in our series

Age
16
17
20
3
21
60
29
30
46
NA
39
33
29

Karyotype
46,XY,t(4;9)(q34;q13),t(8;21)(q21;q21),del(11)(q13)[10]/46,XY[10]
46,XY,t(15;17)(q22;q22)[10]/46,XY[10]
46,XX,inv(16)[20]
47,XY,+mar?,der(22)[7],46,XY[13]
46,XX,del(20)(q12)[10]/46,XX[10]
46,XY,del(20)(q12)[5]/46,XY[15]
46,XY,t(8:21)(q22;q22)[15]/46,XY[5]
46,XY,del(2)(p13),t(15:17)(q22;q21)[15]/46,XY[5]
46-49,XY,del(1)(p22),-5,?14,-19,?der(19)t(1:19),+3-4
mar[cp19]/46,XY[1]
46,XY,inv(16)(p13q22)[8]/46,XY[7]
46,XY,t(15;17)(q22;q12)[5]/46,XY[12]
48,XY,+4,+21[2],46,XY[18]
46,XY,t(15;17)(q22;q21)[2]/46,XY[3]
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Figure 1: The karyotype of the AML sample showing t(8;21)
Table 2. Abnormal karyotypes found in different ALL subtypes in our series
Age (Years)
6
4
2
1
4
19
16
19
16
3
14
5
1

Karyotype
B-Cell ALL
59-62,XY,+X,+3,+4,+6,+8,+10,+11,+13,add(14)(q32),+20,+21,+23mar[cp10]/46,XY[8]
55,XX,del(1)(q32)+6,+8,add(9)(p24),+10,+11,+18,+21,+21,+2,-3mar[cp20]
58-59,XY,+X,+Y,+4,+5,+6,+8,+13,+14,+15,+21,+21[10]/46,XY[10]
54,XY,+6,+8,+10,+18,+21,+22,+mar(3)/46,XY[17]
46,XY,del(5)(p12)[20]
45,XX,-5,t(7;14)(q11;q32),add(11)(p12),der(12)?inv(12),-13,-16,-17,20,+4mar[19]/46,XX[1]
46,XX,add(14)(q32)[4]/46,XX[16]
45,XX,del(5)(q22q33),der(7;15)(q10;p10),?9,add(14)(q32),15,add(16)(p13.3),?18,-22,+1-2mar[15]/46,XX[4]
47-48,XX,add(7)(p13),+8,der(19)t(19;21)(q23;p13),+21[10]/ 46,XX[10]
50,XY,t(1:19)(q23;p13),+5,+8,+11,der(19)t(1;19),+22[12]/46,XY[2]
56-58,XY,+X+4+6+8+8,t(9;22)(q34;q11.2),+10,+13,+15,+2mar,
+other[cp18]/46,XY[2]
54,XY,+4+6+8+10+18+21+1-6mar[cp16] /46,XY[2]
70-72,XY,+2,+3,del(3),+4,+6,+8,+10,+11,+12,+13,+16,+18,+18,+21
,+21,+22,+4-6mar[cp17]/46,XY[3]
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46,XY,t(1:19)(q23;p13)[4]/46,XY[16]
50,XY,+6,+11,+20,+21[7],46,XY[8]
47-48,XY,?13q,add(8)(p11),del(13)(q14),+19,+mar[6]/46,XY[5]
pre-B cell ALL
55-57,XY,+4,+8,+10,+14,I(17)(q10),+18,+21,+45mar,(cp4)/46, XY[20]
46,XX,t(4;12)(q12;p13)[2]/46,XX[18]
46,XY,t(1:19)(q23;p13)[15]/46,XY[5]
49-60,XY,+3+4+6+8+10+18+1-6mar[cp12]
58,XY,+X+Y+4+6+7+10+13+15+16+18+21/46XY[15]
46,XY,der(19)t(1;19)(q21;p13)[5]/46,XY[10]
50-67,XY,+8,+18,+20,+21,+other[5]/46,XY[10]
T-cell ALL
46,XY,del(6),(q21q27),[18]
47,XX,+19[3]/46,XX[17]
46XX,-7,add(9)(p12),add(21)(p11.2)?t(7;9;21)[15]/46,XX[5]

Figure 2: The karyotype of the sample SB-12-037 shows hyperdiploid and
structurally abnormal B-cell ALL
old compared to 67 years old in the USA(19).
This wide difference may be due to exposure to
mutagens earlier in life, which results in the
disease; such as ionizing radiations,
occupational exposures to chemicals, smoking,

Discussion
Leukemic patients referred to our center
included roughly a quarter (28.8%) AML and
the rest were ALL cases. Median age of AML
at diagnosis in Palestinian patients was 30 years
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diets, and infection. Our study showed male
predominance in AML patients, which is
similar to the results of the US studies(20). One
fourth of our AML cases showed abnormal
karyotype, while the rest were normal. The
WHO classification includes fourteen types of
AML(2). Two of our samples showed
t(8;21)(q22;q22), which is the common
abnormality in AML-M2 and is associated with
a relatively good prognosis with therapy(2, 21-23).
Three of our cases had M3 with
t(15;17)(q24;q21), which respond well to
targeted therapies with all-trans retinoic acid
(ATRA)(24, 25). Two cases had inv(16) seen with
AML-M4eo subtype, which has favorable
prognosis(26).

structural changes, such as translocations,
inversions, or deletions or both numerical and
structural abnormalities. This could reflect
sample-related issues and/or geographic
differences as discussed above pertaining to
environment and background genetics, see(28).
Among the notable abnormalities in our series
were 7 patients with hypodiploidy or
pseudodiploidy and 24 patients with
hyperdiploidy (nine with 2n=47-50 and the rest
2n=51 or more) (see Fig. 2). Hyperdiploidy of
more than fifty one chromosomes represents
41.7% of all abnormal ALL cases and is
considered to be of a favorable prognosis(30).
We had some abnormalities in ALL reported
earlier and commonly in other countries such as
t(7;14) and t(1;19). However, we had one case
of pre-B ALL with an unusual isolated t(4;12).
The breakpoint on 12 is a common leukemic
associated breakpoint affecting ETV6 gene, but
we neither note that in the most recent review
reports of pre-B cell ALL with t(4;12)(31) nor in
internet searches. Further studies are needed to
determine if this translocation is found in other
patients (recurrent), which warrants molecular
analysis for potential new oncogenes. The
diversity of abnormalities resulting in very few
cases (two to three) with each kind of
abnormality meant that the numbers we have
are too small to draw other conclusions, such as
the
correlation
between
cytogenetic
abnormalities in Palestine, on the one hand, and
outcome or age, on the other. This could be an
interesting follow-up study. Studies of
cytogenetics of acute leukemia in Palestine are
still in their infancy. Cytogenetic data is now
being used in developing countries like ours by
clinicians in targeted therapy applications. This
can make a significant difference in outcomes
and is now considered as standard medical
therapy for these cancers(21, 32, 33).

Of our ALL cases, the median age was 7
years old and 72.9% were 18 years old or
younger as is common in ALL in other
countries(1,4,5,7). ALL age distribution in our
cases were tri-modal with three peaks of
incidence; one from 2 to 6 years, a second from
14-17, and a third from 49-64. A bimodal
incidence distribution was suggested in the
literature as in the USA population with a first
peak of incidence among infants <1 year,
followed by a decrease in childhood and then an
exponential rise beginning in young adulthood
and advancing with age with a slight peak
around 60 years(27). This heterogeneity in age of
incidence may reflect the etiological
heterogeneity among our patients, who present
various types of abnormalities with different
outcomes since ALL likely has both
environmental and genetic influences(28).
Chromosomal abnormalities are usually found
in 60-70% of ALL cases(29). However, in our
study, the majority (67.6%) of ALL cases
demonstrated a normal karyotype, and only
32.4% of the cases demonstrated an abnormal
karyotype, either numeric abnormalities or
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Conclusion
Our study shows decreased median age of
AML patients compared to the USA. Common
translocations were found in our patients
including t(8;21), t(15;17), and inv(16). The
majority of ALL cases show normal karyotype
and heterogenic age incidence. Many
translocations were found in ALL, such as t(7;14),
t(1;19), and one unusual pre-B cell t(4;12).
Further studies with larger series could elucidate
some remaining questions and help physicians in
Palestine improve referral patterns.
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اﻻﺧﺘﻼﻻت اﻟﻮراﺛﻴﺔ اﻟﺨﻠﻮﻳﺔ ﻟﺪى ﻣﺮﺿﻰ ﺳﺮﻃﺎن اﻟﺪم اﻟﺤﺎد ﻓﻲ ﻓﻠﺴﻄﻴﻦ اﻟﻤﺤﺘﻠﺔ
1,2

أﺣﻤﺪ زﻳﺪ ،1،2،3ﺧﻮﻟﺔ أﺑﻮﻋﻠﻴﺎ ،1أرﻳﺞ ﺧﻄﻴﺐ ،1ﻣﺎزن ﻗﻤﺼﻴﺔ

 -1ﻣﺨﺘﺒﺮ اﻟﻮراﺛﺔ اﻟﺨﻠﻮﻳﺔ وﺑﺮﻧﺎﻣﺞ اﻟﻤﺎﺟﺴﺘﻴﺮ ﻓﻲ اﻟﺘﻜﻨﻮﻟﻮﺟﻴﺎ اﻟﺤﻴﻮﻳﺔ ،ﺟﺎﻣﻌﺔ ﺑﻴﺖ ﻟﺤﻢ ،ﺑﻴﺖ ﻟﺤﻢ ،ﻓﻠﺴﻄﻴﻦ.
 -2ﻛﻠﻴﺔ اﻟﺘﻤﺮﻳﺾ واﻟﻌﻠﻮم اﻟﺼﺤﻴﺔ اﻟﻤﺴﺎﻧﺪة ،ﺟﺎﻣﻌﺔ ﺑﻴﺮزﻳﺖ ،ﻓﻠﺴﻄﻴﻦ.
 -3داﺋﺮة اﻟﺘﻜﻨﻮﻟﻮﺟﻴﺎ اﻟﻄﺒﻴﺔ ،ﻛﻠﻴﺔ اﻟﻌﻠﻮم اﻟﻄﺒﻴﺔ اﻟﻤﺴﺎﻧﺪة ،اﻟﺠﺎﻣﻌﺔ اﻟﻌﺮﺑﻴﺔ اﻻﻣﺮﻳﻜﻴﺔ ،ﻓﻠﺴﻄﻴﻦ.
اﻟﻤﻠﺨﺺ
ﺗﻌﺘﱪ اﻟﺒﻴﺎﻧﺎت اﳋﻠﻮﻳﺔ اﻟﻮراﺛﻴﺔ ﻣﻬﻤﺔ ﰲ اﻟﺘﺸﺨﻴﺺ وﺗﺼﻤﻴﻢ اﻟﻌﻼج واﻟﺘﻮﻗﻊ اﳌﺮﺿﻲ ﰲ ﺳﺮﻃﺎن اﻟﺪم اﻟﻨﻘﻮي وﺳﺮﻃﺎن اﻟﺪم اﻟﻠﻴﻤﻔﺎوي اﳊﺎدﻳﻦ.
وﻳﻌﺘﱪ ﻫﺬا اﻟﺘﻘﺮﻳﺮ اﻷول ﻟﺴﻠﺴﻠﺔ ﻣﻦ اﻟﺪراﺳﺎت اﻟﻮراﺛﻴﺔ اﳋﻠﻮﻳﺔ ﻋﻠﻰ ﻣﺮﺿﻰ اﻟﻠﻮﻛﻴﻤﻴﺎ اﳊﺎدة ﻣﻦ وﺳﻂ ﻓﻠﺴﻄﲔ وﻣﻘﺎرﻧﺘﻬﺎ ﺑﺒﻴﺎﻧﺎت ﻣﻦ ﻣﻨﺎﻃﻖ
ﻳﻀﺎ ﺑﺴﺮﻃﺎن اﻟﺪم اﻟﻠﻴﻤﻔﺎوي اﳊﺎد.
ﻳﻀﺎ ﺑﺴﺮﻃﺎن اﻟﺪم اﻟﻨﻘﻮي اﳊﺎد و 111ﻣﺮ ً
ﺟﻐﺮاﻓﻴﺔ أﺧﺮى .ﰎ إﺟﺮاء اﻟﺘﺤﻠﻴﻞ اﻟﻮراﺛﻲ اﳋﻠﻮي ﻋﻠﻰ  45ﻣﺮ ً
ﺣﻴﺚ ﰎ ﲨﻊ ﻋﻴﻨﺎت ﻣﻦ ﳔﺎع اﻟﻌﻈﺎم ﻣﻦ ﲨﻴﻊ اﳌﺮﺿﻰ واﺳﺘﺰراﻋﻬﺎ ﳌﺪة  24ﺳﺎﻋﺔ ﰒ اﻧﺘﺎج اﻻﳕﺎط اﻟﻄﻮﻗﻴﺔ ﻟﻠﻜﺮوﻣﻮﺳﻮﻣﺎت ﰲ ﻣﺮﺣﻠﺔ اﻟﻄﻮر
اﻻﻧﻘﺴﺎﻣﻲ اﻟﻮﺳﻴﻂ ﻣﻦ ﺧﻼل ﺗﻘﻨﻴﺔ اﻷﳕﺎط اﻟﻄﻮﻗﻴﺔ اﻟﺘﻘﻠﻴﺪﻳﺔ ﰒ ﰎ اﻧﺘﺎج اﻟﻨﻤﻂ اﻟﻨﻮوي ﳍﺎ.
اﻇﻬﺮت اﳋﻤﺴﺔ وارﺑﻌﻮن ﺣﺎﻟﺔ ﻣﻦ ﺣﺎﻻت ﺳﺮﻃﺎن اﻟﺪم اﻟﻨﻘﻮي اﳊﺎد اﻟﱵ ﰎ ﲢﻮﻳﻠﻬﺎ ﻟﻠﺘﺤﻠﻴﻞ اﻟﻮراﺛﻲ اﳋﻠﻮي ان ﻧﺴﺒﺔ اﻻﻧﺎث ﻟﻠﺬﻛﻮر ﻓﻴﻬﺎ
 1.6:1ﻣﻊ ﻛﻮن  %71.1ﻓﻮق اﻟﺜﺎﻣﻨﺔ ﻋﺸﺮة ﻣﻦ اﻟﻌﻤﺮ ،وﻇﻬﺮ ﻟﻨﺎ ﻣﺎ ﻧﺴﺒﺘﻪ  %28.9ﻣﻦ اﳊﺎﻻت ذات ﳕﻂ ﺧﻠﻮي ﳐﺘﻞ .ﻣﻦ ﺑﲔ اﳌﺌﺔ واﺣﺪ
ﻋﺸﺮ ﺣﺎﻟﺔ اﻟﱵ ﰎ ﲢﻮﻳﻠﻬﺎ ﺑﺴﺒﺐ ﺳﺮﻃﺎن اﻟﺪم اﻟﻠﻴﻤﻔﺎوي اﳊﺎد ﻓﺈن  %37.8ﻛﺎﻧﺖ اﻋﻤﺎرﻫﻢ ﻣﻦ  6-2اﻋﻮام .وأﻳﻀﺎ ﻓﺎن ﻣﺎ ﻧﺴﺒﺘﻪ %54.1
ﻛﺎن ﻣﻦ ﻧﻮع ﺧﻼﻳﺎ  Bﻣﻊ ﻧﺴﺒﺔ اﻻﻧﺎث ﻟﻠﺬﻛﻮر ﻓﻴﻬﺎ  .1.2:1ﰲ اﳌﻘﺎﺑﻞ ﻓﺎن  %12.6ﻛﺎن ﻣﻦ ﺧﻼﻳﺎ ﻧﻮع ) Tﰲ ﺣﲔ ﺑﻘﻴﺖ اﻟﻨﺴﺒﺔ اﳌﺘﺒﻘﻴﺔ
ﻏﲑ ﳏﺪدة(.
ﻟﻘﺪ ﻛﺎن اﻟﺘﻮزﻳﻊ اﻟﻌﻤﺮي ﻟﻺﺻﺎﺑﺔ ﻟﺪى ﻣﺮﺿﻰ ﺳﺮﻃﺎن اﻟﺪم اﻟﻠﻴﻤﻔﺎوي اﳊﺎد ﺛﻼﺛﻲ اﻟﻘﻤﻢ :واﺣﺪة ﻣﻦ ﻋﻤﺮ  6-2اﻋﻮام ،وﺛﺎﻧﻴﺔ ﻣﻦ 17-14
ﻋﺎﻣﺎ ،وﺛﺎﻟﺜﺔ ﻣﻦ  64-49ﻋﺎﻣﺎ .ﻣﻦ ﺑﲔ ﺣﺎﻻت ﺳﺮﻃﺎن اﻟﺪم اﻟﻠﻴﻤﻔﺎوي اﳊﺎد ﻫﺬﻩ ﻓﺎن  %32.4ﻛﺎﻧﺖ ذات ﳕﻂ وراﺛﻲ ﺧﻠﻮي ﳐﺘﻞ ،ﲤﺜﻠﺖ
اﻻﺧﺘﻼﻻت ﰲ ﺗﺸﻜﻴﻠﺔ ﻣﺜﲑة ﻟﻼﻫﺘﻤﺎم وﻛﺎﻧﺖ ﺗﻘﻊ ﲢﺖ ﺛﻼﺛﺔ ﻓﺌﺎت :ﻧﻮع ﻣﺎ ﻗﺒﻞ اﻟﻨﻮع  ،Bﻧﻮع  ،Bﻧﻮع ﺧﻼﻳﺎ  .Tﻟﻘﺪ ﻧﻮﻫﻨﺎ ﰲ ﺑﻨﺪ ﻧﺘﺎﺋﺞ
اﻷﳕﺎط اﻟﻮراﺛﻴﺔ اﳋﻠﻮﻳﺔ ﻟﺒﻌﺾ اﻻﺧﺘﻼﻓﺎت ﻋﻤﺎ ﻫﻮ ﻣﻌﻬﻮد ﰲ اﳌﻘﺎﻻت اﻟﻌﻠﻤﻴﺔ وﻛﺬﻟﻚ أﺷﺮﻧﺎ ان اﻟﺘﻮزﻳﻊ اﻟﻌﻤﺮي ﰲ ﺑﻴﺎﻧﺎﺗﻨﺎ ﻣﻘﺎرﻧﺔ ﺑﺘﻠﻚ اﻟﱵ
ﻣﻦ دول أﺧﺮى رﲟﺎ ﻳﻌﻜﺲ ﺗﺒﺎﻳﻨﺎت ﰲ ﲢﻮﻳﻞ اﳌﺮﺿﻰ ،او اﺧﺘﻼﻓﺎت اﺛﻨﻴﺔ وﺑﻴﺌﻴﺔ.
اﻟﻜﻠﻤﺎت اﻟﺪاﻟﺔ :ﺳﺮﻃﺎن اﻟﺪم اﻟﻨﻘﻮي اﳊﺎد ،ﺳﺮﻃﺎن اﻟﺪم اﻟﻠﻴﻤﻔﺎوي اﳊﺎد ،ﺳﺮﻃﺎن اﻟﺪم ،اﻟﻨﻤﻂ اﻟﻮراﺛﻲ اﳋﻠﻮي.
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