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ABSTRACT

There are different BCR-ABL1 fusion genes that are translated into proteins that are different from each other, yet
all leukemogenic, causing chronic myeloid leukemia (CML) or acute lymphoblastic leukemia. Their frequency
has never been systematically investigated. In a series of 45503 newly diagnosed CML patients reported from 45
countries, it was found that the proportion of e13a2 (also known as b2a2) and of el4a2 (also known as b3a2),
including the cases co-expressing el4a2 and el3a2, was 37.9% and 62.1% respectively. The proportion of these
two transcripts was correlated with gender, e13a2 being more frequent in males (39.2%) than in females (36.2%),
was correlated with age, decreasing from 39.6% in children and adolescents down to 31.6% in patients >80
years old, and was not constant worldwide. Other, rare transcripts were reported in 666/34561 patients (1.93%).
The proportion of rare transcripts was related with gender (2.27% in females and 1.69% in males) and with age
(from 1.79% in children and adolescents up to 3.84% in patients > 80 years old). These data show that the
differences in proportion are not by chance. This is important, as the transcript type is a variable that is suspected
to be of prognostic importance for response to treatment, outcome of treatment, and rate of treatment-free

remission.



INTRODUCTION

A reciprocal translocation between the long arms of chromosome 9 and chromosome 22 [t(9;22)(q34:;q1.1)]
results in the formation of a fusion hybrid gene (BCR-ABL1) that encodes proteins with a constitutively activated
tyrosine kinase activity (1,2). The proteins are leukemogenic and cause either chronic myeloid leukemia (CML)
or acute lymphoblastic leukemia (ALL, so-called Philadelphia chromosome-positive ALL) (1,2). The site of the
breakpoint in the ABLI gene (chromosome 9) "can occur anywhere within a >300-kb segment at the 5' end of the
gene, either upstream of the first alternative intron Ib, between exons Ib and la, or downstream of exon la" (1).
The site of the breakpoint in the BCR gene (chromosome 22) can occur in different regions "within a 5.8-kb
region known as the major breakpoint cluster region (M-bcr), spanning 5 exons historically named bl to b5, now
known to be exon 12 to 16 of the bcr gene” (1). In more than 90% of patients the transcripts are el13a2 (also
known as b2a2) or el4a2 (also known as b3a2), that can be found either alone or together. However, in some
patients other types of transcripts can be found, that are defined as "rare" or "atypical" (1,2). The frequency of the
different molecular types of CML has never been systematically and thoroughly investigated. The reported
proportion of el3a2 ranged between 34.4% and 42.5% in clinical studies, between 33.9% and 49.4% in
international, national or regional registries, and between 20.0% and 94.6% in monocentric studies (4-31) (Table
1S). The reported proportion of patients co-expressing the two M-ber transcripts (el4a2 and el3a2) ranged
between 2.1% and 17.7% (Table 1S). The proportion of atypical, rare transcripts was rarely reported, ranging

between 0.9% and 13.0% (Table 1S).

The translation of each different RNA transcript results in different protein tyrosine kinases that can potentially
affect the biologic characteristics of the disease and the response to treatment. For this reason, we planned a

worldwide overview of the prevalence of BCR-ABLI transcript types.



PATIENTS and METHODS

An invitation to join the study and to contribute data was sent to 201 investigators in 180 centers in Africa, Asia,
Australia, Europe, North America, and South America. The investigators were selected on personal basis, or as

first or senior authors of clinical papers on CML published in the period 2000 to 2016.

One hundred and thirteen centers (63% of those invited) contributed data, nine from Africa (Algeria, Egypt,
Nigeria, and Tunisia), twenty from Asia (Bangladesh, China, India, Iran, Japan, Oman, Philippines, Saudi
Arabia, Singapore, South Korea, and Taiwan), one from Australia, sixty-six from Europe (Austria, Croatia,
Czech Republic, Denmark, France, Germany, Greece, Ireland, Israel, Italy, Lithuania, Moldova, Netherlands,
Poland, Portugal, Russia, Serbia, Slovenia, Spain, Ukraine, and United Kingdom), seventeen from South
America (Argentina, Brazil, Paraguay, Uruguay, and Venezuela), and none from North America. Data were
provided also by the GIMEMA CML Working Party, the International Childhood CML Registry, and the French,
German, and Taiwan CML Study Groups. Three main reasons prevented from participation, particularly of North
American centers, namely the inability to distinguish between the two M-bcr transcripts, el3a2 and el4a2, for
technical (laboratory) reasons, or the absence of an institutional CML database and the lack of a financial

support.

Sixty-one of 113 centers were also able to contribute the data of the patients with other, rare transcripts, who
were seen during the same period. These centers were from Africa (Algeria and Nigeria), Asia (Bangladesh,
China, India, Japan, Singapore, South Korea, and Taiwan), Australia, Europe (Austria, Croatia, Czech Republic,
Denmark, France, Germany, Greece, Ireland, Israel, Italy, Lithuania, Moldova, Netherlands, Poland, Portugal,

Slovenia, Spain, and United Kingdom), and South America (Brazil and Paraguay).

The study protocol required to report transcript type, gender, and age (by decade) of all patients with BCR-ABLI1

positive CML who were newly diagnosed over a defined period of time, i.e. between 1990 and 2016. The



protocol was approved by the Ethic Committee (EC) of the S.Orsola-Malpighi University Hospital, Bologna, and

by the EC of the participating institutions, as required by national rules.

The sources of all the data were institutional - clinical or laboratory - databases. The aim of the study was to
investigate if the proportion of different transcript types was associated with gender, age, and the region where
patients were living. Accordingly, calculations and comparisons were made for gender (females vs males), for
different age groups (by 20-year intervals), and for continents. so as to understand if the distribution of the type

of the transcript was constant worldwide or could vary on geographic bases.

The data were tabulated and analyzed according to the original transcript identification, as it was reported in the
respective databases, as el3a2, el4a2, el4a2/el3a2, or other transcript types, although it is acknowledged that
any patients may express more than one transcript, due to alternative mechanisms of splicing (1-3). The
transcript that is prevalent is used to define the transcript type of the patient, and, regrettably, there is no
agreement on how reporting the other transcripts that can be detected in smaller amounts, depending on the
sensitivity of PCR. For all the calculations, we have pooled the patients where a co-expression of both M-bcr
transcripts (e14a2/el13a2) was reported with the patients who were reported to express only el4a2. In such cases,
the breakpoint must be located downstream to exon 14, because an el4a2 can also make an el13a2, but an el3a2
does not contain exon 14. Some patients with the simultaneous expression of an M-bcr and an m-bcr (ela2)
transcript were also reported by eleven centers. Here again, such co-expression is explained by alternative
splicings (1-3,32,33). Therefore, none of the patients with a reported simultaneous expression of an M-bcr and an

m-ber transcript was classified as a case of an atypical or rare transcript type.

Statistics

For descriptive analyses, raw, unadjusted proportions are stated.. To improve comparability of the prevalence of
el3a2 between groups, adjusted odds ratios (OR), together with their 95% confidence interval (95% CI), were

estimated by multiple logistic regression. The adjustment was done by including gender, age group, and



continent in the regression model. Regarding the analyses of atypical transcripts, continent was not included in
multiple model, because information was only based on Asia and Europe. The significance level of the two-
sided P-values was 0.05. Since all analyses are descriptive and explorative, p-values were not adjusted for

multiple comparisons. Analyses were done with SAS version 9.4.
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RESULTS

A summary of the number of patients who were collected, and detailed information on their distribution by
continent, by gender, and by age is shown in Table 2S. The total number of reported patients was 45503.
Females were 48% of the total in Africa, 43% in Australia, Europe, and South America, and only 39% in Asia.
Excluding the childhood registry, the male to female ratio (M:F) was 1.33 overall, ranging from 1.10 for Africa
to 1.64 for Asia (Table 3S). Of note, the M:F ratio decreased with age, down to 1.10 for the very elderly (Table
3S). Continent distribution by age (Figure 1) was uneven, since the proportion of children and adolescents
ranged between 1.3% for Africa and 6.6% for Asia, while the proportion of elderly patients (> 60 years old)
ranged between 13.1% for Asia and 41.8% for Europe. The majority of the data of young patients (0-19 and 20-
39 years old) was contributed by Asia and Europe ( see also Table 2S), while Europe contributed more than
50% of the 40-59-years old patients, and more than 80% of the patients > 80 years old. The simultaneous
expression of both M-ber transcripts (e14a2/el13a2) was reported in 7.6% of the patients overall, ranging from

2.4% for Asia to 18.7% for Australia (Table 4S).

M-bcr TRANSCRIPTS

The proportion of patients who were reported to express only the el3a2 transcript was 37.9% overall, but was
different by gender, by age, and by continent (Table 1). By gender, the proportion was 39.2% for males and
36.2% for females. The age- and continent-adjusted OR of males vs females was 1.149 (95% CI: 1.106-1.194, p
< 0.0001). Regarding age, the raw proportions expressing only the el3a2 transcript were similar in the first two
age groups (39.6% and 39.9%, respectively), but decreased in the subsequent age groups to 38.7%, 35.6%, and
31.6%, respectively (Table 2). With reference to the 0-19-years old, the ORs of the 60-79-years old patients
(OR:0.775, 95% CI: 0.690-0.871, P <0.0001) and of the patients > 80 years (OR: 0.647, 95% CI: 0.560-0.749, P
< 0.0001) were significantly lower. This pattern of decrease was found in males as well as in females (Figure
2a). The proportion of patients with el3a2 was the lowest in Asia: 33.2% vs 35.4% in Australia, 37.6% in

Europe, and 44.6% in Africa (p =0.0001, 0.0308, 0.0773, and 0.0001, respectively) (Table 5S).
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The data from children and adolescents are listed in Table 3, distinguishing between children (0-9 years old) and
adolescents (10-19 years old), and separately for the data from the International Childhood CML Registry and all
other sources. The proportion with el3a2, overall, was as in adults (38.4%), being 37.5% in males and 39.5% in

females. No further comparisons were made because of low patient numbers and different sources.

ATYPICAL, RARE BCR-ABL1 TRANSCRIPTS

Thirteen different atypical transcripts were reported in 603 of 34561 patients (Table 4). Sixty-three additional
cases of atypical transcripts were reported, where the exact transcript type was not identified, totaling to 666
cases and a proportion of 1.93%. The distribution of the 666 cases of atypical transcripts, overall and by gender,
is shown in Figure 3. Overall, all these transcripts were more frequent in females than in males: 2.27% vs 1.69%
(ORs 1.352, 95% CI 1.159-1.576, p = 0.0001). More frequent transcripts were ela2, e19a2, el3a3, and el4a3.
ela2 was twice more frequent in females than in males: 1.33% vs 0.62% of all 34561 patients (ORs 2.172, 95%
CI 1.731-2.724, p <0.0001), and 58.6% vs 36.5% of all 666 patients with atypical transcripts Other less frequent
transcripts were ela3, e6a2 and e8a2. Other transcripts (elal, e8al, e8a3, el5a2, e23al) were reported very
rarely, in only six patients. These transcripts were not clear exon/exon fusions, and some had additional
nucleotides inserted in the chimeric mRNA that may or may not have maintained the reading frame. By age, the
proportion of atypical transcripts was similar in the first three age groups, ranging from 1.79% in patients 0-19
years old to 1.58% in patients 40-59 years old and increasing in the elderly up to 3.84% for patients > 80 years

old (Table 5). The increase with higher age was found in both genders (Figure 2b).

For children (0-9 years old) and children and adolescents (10-19 years old) the proportion of patients with
atypical transcripts was calculated separately for the data collected by the International Childhood CML Registry
and the data collected from all other sources (Table 3). Overall, for children the proportion of atypical transcripts
was 3.25%. For children and adolescents the proportion was 2.12%. No further comparisons were made because

of low patient numbers and different sources of the data.
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DISCUSSION

The results of this international overview must be interpreted with caution, taking into account zow the data were
collected. The collection was retrospective, from the clinical and laboratory database of the centers that were
invited. Care was taken to ensure the quality of the data, but it is acknowledged that the basis of the review was
by necessity so large that few errors or inconsistencies may not have been avoided. Thus, the data cannot
provide the exact prevalence of all the transcripts. However, it is justifiable to assume that at least the M-bcr
transcripts were reported independently of their parameter value, may it have been el3a2 or el4a2 or both.

Accordingly, we can at least report an estimate of the “prevalence” of e13a2 in relation to our sample.

This study was planned with the aim of collecting as many data as possible from as many countries as possible,
because the goal was to provide an overview of the prevalence of different transcripts, to analyze if it is related
with gender and age, and also if it is constant worldwide or varies from region to region. The full achievement of
these goals was limited because several countries could not contribute data, and, regrettably, no data could be

collected from North and Central Americas.

The first aim was to calculate the proportion of the two M-bcr transcripts, that was 37.9% for el3a2, and,
accordingly, 62.1% for el4a2 + el4a2/el3a2. Even taking into account the limitations due to the lacking
information from many regions, this overview provides the best available estimates of the true prevalence of the

two M-bcr transcripts, worldwide.

It was interesting and important to find that the M-bcr transcript proportions differed by gender and age, and also
by continent. These differences were previously unknown or unrecognized. Differences by gender and age are
well known to affect the incidence of many cancers, including CML, that is more frequent in males and in the
elderly. Now, we found that age and gender affect also the distribution of the M-bcr transcript types. The
differences by continent cannot have technical explanations, because they were found across gender and age, and

because “continents” included different countries and different laboratories. Moreover they cannot depend on the
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definition of the transcript, because the patients who were reported to co-express both M-bcer transcripts were
always pooled together with the patients who were reported to express only el4a2. Since every continent
includes regions with geographic and ethnic differences, and since data collection was far from covering all
continents, these explicit proportions must be considered with caution and do not provide reliable estimates for a
certain combination of continent, age group or gender in epidemiologic sense. However, they suggest that the

distribution of BCR-ABLI transcript types is not the same worldwide.

In summary, it was found that the proportion of el3a2 was higher in males than in females, that it decreased
with age for both genders, and that it has geographic variations. Whether the type of the M-bcr transcript affects
the biological characteristics of the disease and the response to treatment was a matter of a debate that begun
many years ago (34), in the era of chemotherapy and interferon-alfa (5,6,10). A difference in platelet count
(lower in el3a2 patients) and in leukocyte count (higher in el3a2 patients) had already been reported
(1,2,4,12,20,23). After the introduction of tyrosine kinase inhibitors (TKI), it was found that el3a2 was
associated with a lower rate of complete cytogenetic response (CCyR) and a longer time to CCyR (17), and with
a lower rate of major molecular response (MMR) and a longer time to MMR in imatinib-treated patients
(4,5,20,21,35), and also in nilotinib-treated patients (8), as well as a lower rate of deep MR (MR 4.0) (5,35).
Three studies of 1494, 481, and 559 imatinib-treated patients reported an inferior overall survival, leukemia-
related survival, progression-free survival and transformation—free survival in el3a2 patients, respectively
(15,20,35). Few studies of treatment-free remission (TFR), that is nowadays the most important goal of
treatment, have reported or analyzed transcript data. In a study of de-escalation of treatment (36), it was found
that the molecular relapse rate was twice higher in el3a2 patients than in el4a2 patients. The el3a2 transcript
was reported to have a significant adverse impact on the achievement of a sustained deep molecular response and
on the maintenance of TFR (37). In a preliminary analysis of 249 patients who had achieved a deep molecular
response and had discontinued treatment, only 62 (25%) were found to have the el3a2 transcript, less than
expected from a random distribution, thus supporting the hypothesis that el3a2 patients can achieve a deep

molecular response less frequently (38). Moreover, female sex and older age, that are both associated with a
14



lower incidence of el3a2, were reported to predict stable undetectable molecular response and TFR rates,
respectively (39,40). Of interest, in a study of BCR-ABLI+ acute lymphoblastic leukemia (ALL) (41) it was
found that out of a total of fifteen P210 patients, 13 (86%) had the el3a2 transcript, suggesting that the protein

encoded by e13a2 may have different biological properties.

Different transcripts result into slightly different proteins, but could also result in different cellular amounts of
the leukemogenic proteins, and in different sensitivity to TKIs. Moreover, since the proteins that are encoded by
the two transcripts differ in 25 aminoacids at the fusion junction of Bcr and A4bl1, the two proteins may have a
different immunogenicity, and may be recognized by different antibodies or different lymphocytes or natural
killer cells, thus affecting the immunological control of minimal residual disease (42-45). Few studies have
reported on a relationship between immunogenicity and transcript type and it is of interest that they all focused
on the el4a2 transcript. Patients with el4a2, but not el3a2, were reported to produce IFNy in response to
stimulation with Ph+ monocyte-derived dendritic cells (42). An immune response and a clinical benefit were
reported in 11 of 16 el4a2 patients who were vaccinated with a peptidic vaccine derived from the sequence
p210-e14a2 (43). Nineteen el4a2 imatinib-treated patients were vaccinated with Bcr-Abl1 peptides spanning the
el4a2 fusion junction, and 14 of 19 developed T cell responses to those peptides (44). In a pilot study of
vaccination with autologous non-irradiated dendritic cells, T-cells recognizing leukemia-associated antigens

became detectable in three of ten patients, and all three had the e14a2 transcript (45).

The so-called atypical or rare transcripts (all transcripts but e13a2 and e14a2) were detected and reported since
many years (1,2), with focus on a shorter transcript, ela2 (4,20,25,46-50), and on a longer transcript, e19a2
(1,2,4,20,25). The frequency of ela2 reported so far ranged between 0.26% and 3.31% (4,25,46-51). In this
overview it was found that the proportion of ela2 was 0.91%, twice higher in females than in males (1.33% vs
0.62%). ela2 is the transcript coding for P190, that has different, peculiar, biologic characteristics (52-57), and
causes BCR-ABLI+ ALL, that is more frequent in the elderly. Several case-reports have suggested that in

patients with CML ela2 is associated with an inferior response to TKIs and an inferior outcome (46-49,58).
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Opposed to what was observed for ela2, it was found that the proportion of the "a3" variants (where the
transcript does not contain "a2") was higher in males than in females. The biological characteristics of the “a3”
variants, lacking the a2 exon, are not clear, because the partial deletion of the SH3 domain that is encoded by the
a2 exon may result either in higher levels of activation and leukemogenicity, or, on the opposite, might reduce
signaling and leukemogenicity (59,60). e19a2, coding for P230, has been associated with a particular type of
chronic neutrophilic leukemia (1,2,4,25,55,56). Precautionary, all patients with a rare, atypical transcript should

be considered as having atypical forms of CML with different sensitivity to treatment and different outcomes.

In conclusion, this overview showed that the distribution of the different transcript types is not likely to be ruled
by chance. The data should be considered with caution, only as a best approximate to the true transcript
frequency, since the overview could not cover homogeneously all continents, and the data of rare transcripts
were collected mainly from Asia and Europe and were not available across all centers. Epidemiologic studies are
requested to clarify geographic or ethnic differences. The study was designed to evaluate only the distribution of
transcript types, and its relationship with gender and age, and cannot allow to speculate on the mechanisms
underlying these relationships. However, since a relationship with gender and age has been established, and since
different transcripts may affect the biology of the disease and the rates of response, of outcome, and particularly
of TFR, it is suggested that the transcript is a variable that may help refining the strategies of treatment, may
influence the outcome, and should be taken into consideration in all studies of CML. The differences shown in
this study are small, but even small differences may be important in a disease where current treatment is so
successful that the survival of CML patients is already aligned with the survival of non-leukemic people (61,62),

so that the ambition is to achieve a TFR.
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FIGURE LEGEND
Figure 1:

Patients distribution by continent and by age. In Africa and in Asia, the age was shift to the left, while in Europe
it was shift to the right. To account for this uneven distribution, all the calculations of the odd ratios have been
adjusted for age.

Figure 2:

a) Proportion of e13a2 by age, in males and females, all continents. The differences among age groups, are found
in both genders. Bars indicate 95% confidence intervals of the proportion.

b) Proportion of atypical, rare transcripts by age, in males and females, all continents. The differences among age
groups, are found in both genders. Bars indicate 95% confidence intervals of the proportion.

Figure 3:

Distribution of the transcripts in the 666 patients with atypical, rare transcripts, overall, and by gender. The
proportion of ela2 transcript, coding for P190, was 47.3% of all transcripts, 58.6% in females and 36.5% in
males. The proportion of other transcripts was as follows: e6a2 3.7% overall, 0.9% in females and 6.4% in
males; e8a2 2.7% overall, 2.5% in females and 2.9% in males; e13a3 9.0% overall, 4.95% in females and 12.9%
males; el4a3 9.5% overall, 6.5% in females and 12.3% in males; e19a2, coding for P230, 16.4% overall, 17.0 %
in females and 15.8% in males. Overall, atypical, rare transcripts were more frequent in females than in males
(ORs 1.352, 95% CI 1.159-1.576, p< 0.0001). NS = (transcript) Not Specified.
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Table 1. Number and proportion of patients with e13a2, by continent, by gender, and by age. By gender, the proportion was 32.9%

for males and 36.2% for females, the age- and continent-adjusted ORs of males vs females being 1.149 (95% CI 1.106-1.194, p <

0.0001)
Continent 0-19 years 20-39 years 40-59 years 60-79 years >=80 years
Total (%)
(gender) n (%) n (%) n (%) n (%) n (%)

Africa (female) 19 (47.5) 575 (47.4) 548 (43.6) 176 (40.7) 18 (38.3) 1336 (44.7)
Africa (male) 17 (42.5) 591 (46.3) 584 (43.6) 222 (43.3) 24 (42.86) 1438 (44.6)
Africa (total) 36 (45.0) 1166 (46.9) 1132 (43.6) 398 (42.1) 42 (40.8) 2774 (44.6)
Asia (female) 62 (31.3) 424 (32.3) 411 (29.7) 128 (28.3) 10 (31.3) 1035 (30.7)

Asia (male) 137 (35.0) 830 (34.8) 738 (35.3) 207 (32.6) 18 (39.1) 1930 (34.8)
Asia (total) 199 (33.7) 1254 (33.9) 1149 (33.1) 335 (30.8) 28 (35.9) 2965 (33.2)
Australia (female) 1(33.3) 26 (36.6) 43 (36.4) 20 (30.3) 2 (100.0) 92 (35.4)

Australia (male) 6 (66.7) 35(31.8) 47 (33.1) 36 (41.9) 0(0.0) 124 (35.4)

Australia (total) 7 (58.3) 61 (33.7) 90 (34.6) 56 (36.8) 2 (40) 216 (35.4)

Europe (female) 89 (42.8) 683 (37.5) 1540 (36.8) 1285 (32.7) 260 (32.8) 3857 (35.3)
Europe (male) 121 (44.5) 1147 (42.2) 2272 (41.4) 1827 (37.3) 253 (28.6) 5620 (39.4)
Europe (total) 210 (43.8) 1830 (40.3) 3812 (39.4) 3112 (35.2) 513 (30.6) 9477 (37.6)

South America (female) 51 (48.6) 232 (42.7) 283 (35.9) 162 (35.0) 23 (31.9) 751 (38.1)
South America (male) 41 (38.0) 350 (42.6) 438 (41.8) 220 (39.8) 20(39.2) 1069 (41.4)
South America (total) 92 (43.2) 582 (42.6) 721 (39.3) 382 (37.6) 43 (35.0) 1820 (40.0)

Females (total) 222 (40.1) 1940 (39.1) 2825 (36.6) 1771 (33.2) 313 (33.1) 7071 (36.2)
Males (total) 322 (39.2) 2953 (40.4) 4079 (40.3) 2512 (37.5) 315 (30.3) 10181 (39.2)
Grand Total 544 (39.6) 4893 (39.9) 6904 (38.7) 4283 (35.6) 628 (31.6) 17252 (37.9)
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TABLE 2: Proportion of el3a2 patients, and adjusted odd ratios (ORs) (95% confidence intervals) of pairwise comparisons between age groups. Adjusted ORs were estimated

from multiple logistic regression with continent, age group and gender as common explanatory variables.

exception of the first two age groups (0-19 and 20-39 years), where the proportion of e13a2 was almost identical (39.6% and 39.9% respectively).

The differences among age groups are all significant, with the

AGE GROUP

0-19 years

20-39 years

40-59 years

60-79 years

> 80 years

Proportion with el3a2 transcript

39.6

39.9

38.7

35.6

31.6

ODD RATIOS (95% confidence intervals)

0-19 years vs all other age groups

11

0.948 (0.845-1.064)

0.893 (0.797-1.000)

0.775 (0.690-0.871)

0.647 (0.560-0.749)

p=0.3640

p =0.0505

p <0001

p <0.0001

20-39 years vs 40-59, 60-79, and > 80

11

1

0.942 (0.898-0.989)

0.817 (0.774-0.863)

0.683 (0.616-0.737)

/1

p=0.0140 p < 0.0001 p <0.0001

40-59 years vs 60-79 and = 80 " " " 0.868 (0.827-0.911) | 0.725(0.656-0.801)
" " p <0.0001 p <0.0001

60-79 years vs > 80 /i /i /i /i 0.835 (0754-0.925)
/i /i /i p < 0.0005
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Table 3. Proportions of e13a2 transcript and of atypical, rare transcripts in children (0-9 years) and in adolescents (10-19 years). Note that the Childhood Registry

reported only on patients who had been referred to Children Hospitals, while all the other sources reported mainly on adults, and on children data only occasionally.

Age Females Males Total
Source
(years) el3a2 Total % el3a2 Total % el3a2 Total %
Childhood Registry 0-9 13 40 32.5 25 51 49.0 38 91 41.7
Other sources 0-9 30 89 33.7 37 100 37.0 67 189 354
Total 0-9 43 129 33.3 62 151 41.0 105 280 37.5
Childhood Registry 10-19 34 89 38.2 36 131 27.5 70 220 31.8
Other sources 10-19 192 469 40.9 281 717 39.2 473 1189 39.9
Total 10-19 226 558 40.5 313 848 37.4 543 1406 38.6
Age Females Males Total
Source
(years) Rare Total % Rare Total % Rare Total %
Childhood Registry 0-9 0 40 NC 2 51 3.92 2 91 2.20
Other sources 0-9 4 84 4.76 2 71 2.82 6 155 3.87
Total 0-9 4 124 3.22 4 122 3.28 8 246 3.25
Childhood Registry 10-19 2 89 2.25 6 131 4.58 8 220 3.64
Other sources 10-19 5 366 1.37 9 593 1.52 14 959 1.46
Total 10-19 7 455 1.54 15 724 2.07 22 1179 1.86
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Table 4. List of atypical, rare transcripts. Numbers and percentages, overall and by gender. Percentages are calculated on all patients. Other transcripts were
reported as elal, e8al, e8a3, el5a2 and e23al, that are not all clear exon/exon fusions. Some of them had additional nucleotides inserted in the chimeric mRNA that

may or may not have maintained the reading frame.

Total (n = 34561)

Females (n=14291)

Males (n = 20270)

Transcript type
n % n % n %

ela2 315 0.91 190 1.33 125 0.62
ela3 6 0.02 2 0.01 4 0.02
e6a2 25 0.07 3 0.02 22 0.11
e8a2 18 0.05 8 0.06 10 0.05
el3a3 60 0.17 16 0.11 44 0.22
el4a3 64 0.18 21 0.15 43 0.21
el9a2 109 0.31 55 0.38 54 0.27
Other 6 0.02 3 0.02 3 0.01

Non-specified 63 0.18 26 0.18 37 0.18
Total 666 1.93 324 2.27 342 1.69
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Table 5. Proportion of patients with atypical, rare transcripts and adjusted odd ratio (ORs) (95% confidence intervals) of

pairwise comparisons between age groups. Adjusted ORs were estimated from multiple logistic regression with age group and

gender as common explanatory variables. As almost only European and Asian data were available, the variable “continent” was

not considered. The proportion was fairly constant in the first three age groups, until the age of 60, but increased significantly in

the elderly.
AGE GROUP 0-19 years 20-39 years 40-59 years 60-79 years > 80 years
Proportion with rare
1.79 1.32 1.58 2.63 3.84
transcripts
ODD RATIOS (95% confidence
intervals)
0-19 years vs all other age 0.740 (0.458- 0.876 (0.551- 1.466 (0.926- 2.136 (1.278-
"
groups 1.196) 1.391) 2.319) 3.569)
p=10.2188 p=0.5734 p <1027 p <0.0038
20-39 years vs 40-59, 60-79,
" /" 1.183 (0.940- 1.980 (1.585- 2.886 (2.096-
and >80 1.488) 2.474) 3.975)
" _
p=0.1521 p <0.0001 p <0.0001
40-59 years vs 60-79 and > 80 " " " 1.674 (1.394- 2.440(1.819-3.273)
2.010)
" " p <0.0001 p <0.0001
1.457 (1.093-
60-79 years vs > 80 /1 " /1
1.944)
" " 1 " p <0.0103
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Table 1S. Reported frequency of the M-bcr transcript types and of other, atypical, transcript types, from clinical studies,

from international, national or regional registries, and from single centers. Children data are listed separately.

NR = Not Reported

Patients el3a2 el4a2 el4a2/ el3a2 Other
Ref Source
n % % % %

4 Study, Germany 1454 40.4 44.8 14.8 NR
5 Study, Italy 146 42.5 57.5 NR NR
6 Study, Italy 452 354 62.8 NR 1.8
7 Study, Italy 559 36.3 51.9 10.7 1.1
8 Study, Italy 201 40.3 59.7 NR NR
9 Study, Spain 194 37.1 49.0 12.9 1.0
10 Study, UK 119 34.4 60.5 5.0 NR
14 Studies, Europe 1494 38.0 49.0 13.0 NR
11 Registry, Italy 320 40.9 47.5 10.0 1.6
12 Registry, Italy 337 43.0 56.1 NR 0.9
13 Registry, Spain 243 49.4 424 NR 8.2
15 Registry, Europe 1533 389 56.6 12.8 4.5
16 Registry, Korea S. 363 339 63.6 1.1 1.4
17 Single center UK 78 41.0 50.0 3.8 5.1
18 Single center, UK 204 45.6 42.1 11.3 1.0
19 Single center, UK 87 379 46.0 16.1 NR
20 Single center, USA 481 41.6 40.7 17.7 NR
21 Single center, Brasil 170 329 55.3 11.8 1.1
22 Single center, Ecuador 40 94.6 54 NR NR
23 Single center, India 112 29.5 61.6 53 3.6
24 Single center, India 87 39.0 53.0 8.0 NR
25 Single center, India 26 343 60.0 NR 1.8
26 Single center, Iran 75 20.0 62.0 5.0 13.0
27 Single center, Sudan 43 53.5 41.9 4.6 NR
28 Children, Germany 146 37.7 36.3 26.9 NR
29 Children, Italy 47 27.6 70.2 2.1 NR
30 Children, India 47 68.1 31.9 NR NR
31 Children, Int.registry 100 40.0 51.0 7.0 2.0
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Table 2S. Total patient numbers and distribution of all 45503 patients with data on M-bcr transcripts.

0-19 20-39 40-59 60-79 >=80
Continent

years years years years years Total (%)
(gender)

n (%) n (%) n (%) n (%) n (%)

Africa (female) 40 (1.3) 1212 (40.6) 1256 (42.0) 433 (14.5) 47 (1.6) 2988 (48.1)
Africa (male) 40 (1.2) 1277 (39.6) 1341 (41.6) 513 (15.9) 56 (1.7) 3227 (51.9)
Africa (total) 80 (1.3) 2489 (40.1) 2597 (41.8) 946 (15.2) 103 (1.7) 6215 (13.7)
Asia (female) 198 (5.9) 1312 (38.9) 1382 (40.9) 452 (13.4) 32(1.0) 3376 (37.8)

Asia (male) 392 (7.1) 2384 (43.0) 2092 (37.7) 635(11.4) 46 (0.8) 5549 (62.2)
Asia (total) 590 (6.6) 3696 (41.4) 3474 (38.9) 1087 (12.2) 78 (0.9) 8925 (19.6)
Australia (female) 3(1.2) 71 (27.3) 118 (45.4) 66 (25.4) 2(0.8) 260 (42.6)
Australia (male) 9(2.6) 110 (31.4) 142 (40.6) 86 (24.6) 3(0.9) 350(57.4)
Australia (total) 12 (2.0) 181 (29.7) 260 (42.6) 152 (24.9) 5(0.8) 610 (1.3)

Europe (female) 208 (1.9) 1820 (16.7) 4181 (38.7) 3928 (35.9) 792 (7.3) 10929 (43.4)

Europe (male) 272 (1.9) 2716 (19.0) 5494 (38.5) 4904 (34.4) 884 (6.2) 14270 (56.6)

Europe (total) 480 (1.9) 4536 (18.0) 9675 (38.4) 8832 (35.1) 1676 (6.7) 25199 (55.4)

South America (female) 105 (5.3) 544 (27.6) 788 (40.0) 463 (23.5) 72 (3.7) 1972 (43.3)
South America (male) 108 (4.2) 821 (31.8) 1049 (40.6) 553 (21.4) 51(2.0) 2582 (56.7)
South America (total) 213 (4.7) 1365 (30.0) 1837 (40.3) 1016 (22.3) 123 2.7) 4554 (10.0)

Females (total) 554 (2.8) 4959 (25.4) 7725 (39.6) 5342 (27.4) 945 (4.8) 19525 (42.9)
Males (total) 821 (3.2) 7308 (28.1) 10118 (39.0) 6691 (25.8) 1040 (4.0) 25978 (57.1)
Grand Total 1375 (3.0) 12267 (27.0) 17843 (39.2) 12033 (26.4) 1985 (4.4) 45503 (100)
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Table 3S. Continent distribution, and male to female ratios (M:F), within each age group.

0-19 20-39 40-59 60-79 >80 Total
Continents

% M:F % M:F % M:F % M:F % M:F % M:F
Africa 5.8 1.00 20.3 1.05 14.5 1.07 7.9 1.18 52 1.19 13.7 1.08
Asia. 42.9 1.98 30.1 1.82 19.5 1.51 9.0 1.40 3.9 1.44 19.6 1.64
Australia 0.9 3.00 1.5 1.55 1.5 1.20 1.3 1.30 0.3 1.50 1.3 1.35
Europe 34.9 1.31 37.0 1.49 54.2 1.31 73.4 1.25 84.4 1.10 55.4 1.31
South America 15.5 1.03 11.1 1.51 10.3 1.33 8.4 1.19 6.2 0.71 10.0 1.31
Total 100.0 1.48 100.0 1.47 100.0 1.31 100.0 1.25 100.0 1.10 100.0 1.33
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Table 4S. Proportion of the patients who were reported to co-express both M-bcr transcript types (e14a2 and e13a2). Notice that in all the analyses, all patients co-expressing both

transcripts were pooled and counted together with patients expressing e14a2 only.

Total Co-expressing el4a2 and el13a2
Continents
(n) n %
Africa 6215 405 6.5
Asia 8925 212 2.4
Australia 610 114 18.7
Europe 25199 2336 9.3
South America 4554 407 8.9
Total 45503 3474 7.6
Childhood Registry 311 35 11.2
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TABLE 5S: Proportion of el13a2 patients, and adjusted odd ratios (ORs) (95% confidence intervals) of pairwise comparisons between

continents. Adjusted ORs were estimated from multiple logistic regression with continent, age group and gender as common

explanatory variables. The proportion was lowest for Asia and highest for Africa.

CONTINENT South Am Asia Australia Europe Africa
Proportion with el3a2
40.0 33.2 354 37.6 44.6
transcript
ODD RATIOS (95% confidence
intervals)
South Am. vs all other continents " 0.720 (0.668- 0.823 (0.690- 0.943 (0.83- 1.201 (1.111-
0.776) 0.982) 1.006) 1.299)
p <0.0001 p =0.0308 p =0.0773 p <0.0001
Asia vs Australia, Europe, and
" " 1.143 (0.963- 1.310 (1.242- 1.668 (1.560-
Africa 1.358) 1.381) 1.784)
" _
p=0.1271 p <0.0001 p <0.0001
Australia vs Europe and Africa /! " " 1.145 (0.968- 1.459(1.227-1.736)
1.355)
" " p<0.1140 p <0.0001
1.274 (1.203-
Europe vs Africa /1 " " /1
1.349)
" " /" p <0.0001
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Figure 2b
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Figure 3
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