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Abstract

Background: Laterality in breast cancer means an increased frequency of left-sided breast cancers compared to
right-sided breast cancers ranging between 1.05 and 1.26. It was first described in 1935 by Fellenberg, Sweden. The
explanation of this phenomenon is not clear, but the association with other factors was found. This study aimed to
explore the laterality of breast cancer in Bahrain as a model for Arabian countries. The association of laterality with the
clinicopathological characteristics of the tumor was also analyzed to explore any applied clinical value.

Methods: This is a cross-sectional, retrospective review of a particular ethnic population to study laterality of breast
cancer versus a number of clinicopathological factors, as well as prognosis. The study analyzed 228 breast cancer
patients treated in Arabian Gulf University facilities in Bahrain between 1999 and 2020. Three bilateral breast cancer
and two malignant phyllodes patients were excluded.

The following variables were analyzed: laterality ratio (Lt/Rt) and the association between laterality and clinicopatho-
logical characteristics (age at diagnosis, family history of malignancy, size of the tumor, tumor grade, histological
type, hormonal receptors and HER2, axillary lymph node status, tumor stage, five-year survival rate, nulliparity, and
multifocality).

Results: The laterality ratio (Lt/Rt) was 1.06 and was 0.97 for patients below 50years of age, and 1.19 for patients
50years of age and above.

Analysis of our data showed a statistically significant association between laterality and tumor stage (p. value =0.025)
at presentation, and laterality and family history of malignancy (p. value =0.052).

Right-sided breast cancer was associated with a higher positive family history of malignancy and an increased ratio of
locally advanced and metastatic disease, and a reduced 5-year survival in relation to size and stage. Left-sided breast
cancer was associated with higher early tumor stage.

Conclusion: This is the first study exploring the issue of breast cancer laterality in a defined Arabian population. The
laterality ratio in this study was 1.06, which is consistent with the globally published range (1.05 to 1.26) and is increas-
ing with increasing age.

The association between breast cancer laterality, and the hormonal and HER2 is still not widely addressed in the avail-
able literature, although other clinicopathological characteristics were extensively analyzed.
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Background

Laterality is a recognized fact in breast cancer patients
[1, 2]. Left-sided breast cancer incidence is higher than
right-sided breast cancer in a ratio varying from 1.05 to
1.26 [1]. Fellenberg was one of the first to recognize the
left-sided predilection of breast cancer while analyzing
the 1933-1935 Swiss Cancer Census [2]. Although many
theories were proposed to explain this side disparity, no
clear explanation has been achieved [1-3]. One study
suggested that the tissue mass in paired organs, like the
breasts, is asymmetrical and more tissue is located in the
left breast, contributing to the mild left-sided predilec-
tion of breast cancer [2, 4]. Few studies reported some
interesting observations related to the side of breast can-
cer and the side of the dominant hand. In this regard, one
study reported that the onset of breast cancer among
left-handed patients presents 2 years earlier compared to
right-handed patients. They suggested that it was linked
to higher fetal estrogen exposure in left-handed patients
and advised that screening mammography should start at
an earlier age in left-handed patients [5, 6]. Ramadhani
reported higher mortality from breast cancer and colo-
rectal cancer among left-handed patients, although this
was not a universal finding in other studies [7, 8].

The aim of the study

This study aimed to explore laterality of breast cancer in
Bahrain as a model for Arabian countries. These coun-
tries share peculiar characteristics (younger age at diag-
nosis, higher percentage of positive family history of
malignancy, and higher ratio of premenopausal breast
cancer). The association between laterality and the perti-
nent tumor clinicopathological characteristics, if any, was
also analyzed to explore any applied clinical value. The
following clinicopathological characteristics were consid-
ered in this regard: age at diagnosis, nulliparity, breast-
feeding history, family history, size of the primary tumor,
tumor grade, histological type of breast cancer, hormonal
receptors, HER2, multifocality, lymph node status, pres-
ence of metastasis at diagnosis, tumor stage, and the five-
year survival rate.

Methods

Design and setting of the study

This is a cross-sectional, retrospective review of a par-
ticular ethnic population to study laterality of breast
cancer versus a number of clinicopathological factors,
as well as prognosis. The study analyzed breast cancer

female patients treated by the first, second, and sixth
authors between August 1999 and October 2020. All
patients were treated in governmental and private hos-
pitals affiliated to the Arabian Gulf University (AGU)
(Salmaniya Medical Complex, Al Kindi Hospital and Al
Salam Specialist Hospital).

Patients whom our group operated upon during this
period were added consecutively to the study group. All
non-Bahraini female patients were excluded. Only 228
Bahraini patients with malignant breast lesions were
included. 3 patients with bilateral synchronous invasive
ductal carcinoma (IDC), and 2 patients with malignant
phyllodes tumors were excluded from the study. The
remaining 223 patients with unilateral breast carcinomas
were the subject of this study. The following variables
were analyzed: laterality ratio, the association between
tumor laterality and: age category at diagnosis (below
50years and above or equal to 50years), nulliparity (yes
or no), history of breastfeeding (yes or no), presence of
positive family history of cancer (breast, colon, ovar-
ian) - (yes or no), size of the primary tumor at presen-
tation (below or equal to 5cm and above 5cm), tumor
grade (G1,G2 and G3), histopathology of the primary
tumor [IDC no special type (NST) and special type (ST),
Ductal carcinoma in situ (DCIS), Invasive lobular carci-
noma (ILC), Mixed Invasive ductal & lobular carcinoma],
Estrogen (ER) and Progesterone (PR) hormonal receptors
status (positive or negative), HER2 (positive or negative),
multifocality (yes or no), axillary lymph node status (pos-
itive or negative), tumor stage at diagnosis [early (T1, T2,
NO-N1, MO0), locally advanced (T3, T4, N1-N3, M0), and
metastatic (MO or M1)], and the five-year survival rate.

Statistical analysis

The statistical analysis was conducted using the statisti-
cal package for social science (SPSS) software version
28. Frequencies and percentages were computed for
the categorical variables. A pie chart was used to pre-
sent a categorical variable. The number and ratio of
left- to right-sided tumors were calculated according
to different clinicopathological factors. Chi-Square test
was used to determine whether there is a significant
association between two categorical variables. Factors
influencing survival were estimated by Kaplan—Meier
survival analysis. The log-rank test was used to com-
pare the distribution of survival between groups. In all
analyses, a two-sided p. value less than 0.05 was consid-
ered statistically significant.
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Results

Only 223 patients with unilateral breast carcinoma were
included in our study. The number of left-sided breast
cancer patients was 115 (50.44%). The number of right-
sided breast cancer patients was 108 (47.37%). (Fig. 1)

Laterality of breast cancer

The laterality ratio (Lt/Rt) in general was 1.06. We meas-
ured the laterality for patients below 50years of age and
was found to be 0.97, but for patients 50years of age and
above the laterality was higher or equal to 1.19. (Table 1).

Association between breast cancer laterality and
Patient demographic data (Table 2).

The mean age for all patients was 49.59years, SD
(11.29). The mean age for right-sided cancer was
49.42years, SD (11.66). The mean age for left-sided can-
cer was 49.76years, SD (10.97). We observed that the
incidence in the right-sided breast cancer patients with
age less than 50years was slightly higher (n =60, 55.6%)
than the age 50years & above (n=48, 44.4%), while, in
the left-sided breast cancer patients, both age categories
were almost similar.

Nulliparity (n =47) was more common among patients
with right-sided breast cancer (25% in the right-side
compared to 17.4% in the left-side).

The number of patients who practiced breastfeeding
was high (n=160, 71.75%). History of breast feeding was
slightly higher in left-sided breast cancer (n=286, 75.4%)
compared to the right-sided (n =74, 68.5%).

Positive family history of malignancy (breast cancer,
colon cancer, and ovarian cancer) was encountered in
75 patients (33.63%). It was higher in right-sided breast
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Table 1 Laterality ratio according to age at diagnosis

Right Left Laterality Ratio
All ages 108 115 1.06
<50years 60 58 0.97
>50years 48 57 1.19

cancer patients (n=43, 40.2%) compared to left-sided
(n=32,27.8%).

Tumors less or equal to 5cm in size occurring in the
right-sided breast (n=88, 81.5%) were lower than in
the left-sided (=102, 88.7%). Tumors above 5cm in
size occurring in the right-sided breast cancer patients
(n=20,18.5%) were more common compared to the left-
sided (n=13, 11.3%).

IDC (NST) (n=175) was the commonest histologi-
cal subtype. IDC (NST) was higher in right-sided breast
cancer patients (1 =91, 84.3%) than the left-sided (n =84,
73%). IDC (ST) was (n=18). IDC (ST) was lower in the
right-sided breast cancer patients compared to the left-
sided (n=7, 6.5%) vs (n=11, 9.6%). DCIS was present
in 12 patients. DCIS was lower in the right-sided breast
cancer patients compared to the left-sided (n=3, 2.8%)
vs (n=9, 7.8%). ILC was found in 13 patients. ILC was
almost similar between both sides, right-sided breast
cancer patients were (n=6, 5.6%) and left-sided were
(n=7, 6.3%). Mixed Invasive Ductal & Lobular was low
and only (n=5). It was lower in the right-sided breast
cancer patients (n=1, 0.9%) than the left-sided (n=4,
3.5%).

HER?2 was overexpressed in (n=63, 28.25%) and neg-
ative in (m=133, 59.64%). HER2 overexpression was

Site of tumer

1.32%
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= [ eft-sided breast carcinoma

= Bilateral breast carcinoma (excluded)

Fig. 1 Site of tumor
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Malignant Phyllode tumors (excluded)
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Table 2 Patient demographic data in relation to breast cancer laterality (n =223)

Right-sided Breast Left-sided Breast P.value
n (%) n (%)
Age at diagnosis
<50 60 (55.6) 58 (50.4) 0.444
>50 48 (44.4) 57 (49.6)
Nulliparous
Yes 27 (25.0) 20(174) 0.164
No 81(75.0) 95 (82.6)
History of breastfeeding
Yes 74 (68.5) 86 (75.4) 0.251
No 34 (31.5) 28 (24.6)
Family history of malignancy
Yes 43 (40.2) 32(27.8) 0.052
No 64 (59.8) 83(72.2)
Size of tumor
<5cm 88 (81.5) 102 (88.7) 0.129
>5cm 20(18.5) 13(11.3)
Summarized histopathology
Invasive Ductal Carcinoma (NST) 91 (84.3) 84 (73.0) 0.212
Invasive Ductal Carcinoma (ST) 7 (6.5) 11(96)
Ductal carcinoma in situ (DCIS) 3(2.8) 9(7.8)
Invasive Lobular Carcinoma (NST) 6 (5.6) 7(6.1)
Mixed Invasive Ductal & Lobular 1(0.9) 4(3.5)
ER/PR Hormonal Status
Positive 65 (61.9) 68 (60.7) 0.866
Negative 35(33.3) 40 (35.7)
Not available 5(4.8) 4(3.6)
HER2
Positive 33(314) 30(27.3) 0494
Negative 61 (58.1) 72 (65.5)
Not available 11(10.5) 8(7.3)
Multifocal
Yes 23(213) 31(274) 0.442
No 81 (75.0) 76 (67.3)
Not available 4(3.7) 6 (5.3)
Final stage: lymph node
Negative 47 (43.5) 57 (49.6) 0.366
Positive 61 (56.5) 58 (504)
Final stage: metastasis
Mo 93 (86.1) 104 (90.4) 0315
M1 15(13.9) 11 (9.6)
Tumor Stage
Early 70 (64.8) 93 (80.9) 0.025
Locally advanced 24 (22.2) 13(11.3)
Metastatic (M1) 14 (13.0) 9(7.8)
Five-year survival
Yes 74 (79.6) 84 (82.4) 0408
No 16 (17.2) 12(11.8)

Lost follow up 3(3.2) 6 (5.9)
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Table 2 (continued)
Right-sided Breast Left-sided Breast P.value
n (%) n (%)
Site of recurrence
Local 7 (6.9) 5(4.5) 0.199
Distant Metastasis 10(9.9) 20(18.0)
No 84(83.2) 86 (77.5)
History of malignancy
Yes 2(1.9) 3(26) 0.703
No 105 (98.1) 111(974)
Malignancy type in past
Breast 0(0) 1(33.3) 0172
Ovaries 1(50.0) 0(0)
Uterine 0(0) 2 (66.7)
Others 1(50.0) 0 (0)
Grade of the main tumor
Grade 1 10 (9.8) 0(9.8) 0.608
Grade 2 50 (49.0) 47 (46.1)
Grade 3 37(36.3) 40(39.2)
Not available 5(4.9) 5(4.9)
Vascular and lymphatic invasion
Negative 50 (48.1) 46 (43.8) 0.775
Positive 52 (50.0) 56 (53.3)
Not available 2(1.9) 3(2.9)

slightly higher in the right-sided breast cancer patients
(m=33, 31.4%) than the left-sided (n=30, 27.3%). The
negative HER2 was higher in the left-sided breast can-
cer patients (n=72, 65.5%) than the right-sided (n=61,
58.1%).

Multifocality was present (n=>54, 24.22%) only, and
the majority were not multifocal (n=157, 70.4%). It was
lower in the right-sided breast cancer patients (n=23,
21.3%) than the left-sided (n =31, 27.4%).

Positive lymph node status was (n =119, 53.36%).
It was higher in the right-sided breast cancer patients
(n =61, 56.5%) than the left-sided (» =58, 50.4%).

Positive distant metastasis status (M1) was only (n =26,
11.6%). It was higher in the right-sided breast cancer
patients (=15, 13.9%) than the left-sided (n=11, 9.6%).

Laterality in relation to tumor stage showed a signifi-
cant statistical association (p. value=0.025). The early
breast cancer was (n=163, 73.09%). The early breast
cancer stage was lower in the right-sided breast can-
cer patients (n="70, 64.8%) than the left-sided (n=93,
80.9%). Locally advanced breast cancer was (n=37,
16.59%). The locally advanced stage was higher in the
right-sided breast cancer patients (n=24, 22.2%) than
the left-sided (n=13, 11.3%). Metastatic breast cancer
patients were (#=23, 10.31%). The metastatic stage was

higher in the right-sided breast cancer patients (n=14,
13%) than the left-sided (=9, 7.8%).

The five-year survival rate in all stages of breast cancer
was (70.85%). The five-year survival rate was lower in the
right-sided breast cancer patients (n=74, 79.6%) than
the left-sided (7 = 84, 82.4%).

Local recurrence was higher in the right-sided breast
cancer patients (n=7, 6.9%) than the left-sided (n=5,
4.5%). Distant metastasis was lower in the right-sided
breast cancer patients (7=10,9.9%) than the left-sided
(n=20, 18.0%).

Impact of laterality on survival
The average follow up was 138 months, and median fol-
low up was 143.5months.

The results of survival analysis using Kaplan—Meier
showed that the median survival time for the right-sided
breast cancer patients using interpolation method for the
patients with tumor size <5cm was around 238 months,
whereas for tumor size >5cm was around 180 months.
The Log-rank test showed a statistically significant dif-
ference in survival according to tumor size in the right-
sided breast cancer patients (x2=10.638, p <0.001), while
it was not statistically significant in the left-sided (< 5cm,
>5cm) (x2=1.870, p=0.171). (Fig. 2).
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The results of survival analysis showed that the median
survival time for the right-sided breast cancer patients
who were early stage was around 238 months, and the
median survival time for the patients who were locally
advanced stage was around 207 months, whereas the
median for the patients who had positive metastatic
disease was around 181 months, and the results of the
log-rank test indicated that there was a statistically sig-
nificant difference in survival between patients according
to tumor stage in the right-sided breast cancer patients
(x2=48.110, p=0.017). (Fig. 3).

Also, the results related to tumor stage in the left-sided
breast cancer patients indicated that the median survival
time for the patients who were early stage was around

216 months, and the median survival time for the patients
who were locally advanced stage was around 157 months,
whereas the median for the patients who had positive
metastatic was around 189 months, and the results of the
log-rank test indicated that there was a statistically sig-
nificant difference in survival between patients accord-
ing to tumor stage in the left-sided breast cancer patients
(x2=16.950, p<0.001). (Fig. 3).

The results of survival analysis using Kaplan—Meier
showed that the median survival time for the right-
sided breast cancer patients using interpolation method
for age<50years was around 255months, whereas for
age > 50vyears was around 193 months. The Log-rank test
showed no statistically significant difference in survival
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Fig. 3 Plot of survival functions for breast cancer patients according to tumor stage
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between patients according to age in the right and the
left-sided, respectively (x2=0.149, p=0.70) (x2=3.191,
p=0.074). (Fig. 4).

The results of survival analysis using Kaplan—Meier
showed that the median survival time for the right-sided
breast cancer patients using interpolation method for the
patients with positive family history of malignancy was
around 255 months, whereas the median for the patients
with negative family history was around 193 months.
The Log-rank test showed no statistically significant
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difference in survival between patients according to fam-
ily history in the right and the left-sided, respectively
(x2=0.776, p=0.378) (x2=0.028, p=0.866). (Fig. 5)

Discussion

There is paucity of data in regard to laterality of breast
cancer from the Middle East and Arabian Gulf coun-
tries. This study explored the issue of laterality in Bah-
raini female patients as a model for these countries, as
they share common demographic characteristics. Such
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characteristics are well- demonstrated in our results and
in previously published articles from Bahrain [9, 10].
These include younger age at diagnosis, a high percent-
age of positive family history of breast cancer, and a high
ratio of premenopausal breast cancer [9, 10].

The left-sided predilection of breast cancer was rec-
ognized 70years ago, [2] and confirmed by a substantial
number of subsequent reports thereafter; the clinico-
pathological significance of this is still a matter of specu-
lation. Table 3 illustrates the wide spectrum of similarities
and differences in the clinicopathological characteristics
of breast cancer in representative studies in relation to
the issue of laterality.

Initial reports indicated a slightly worse prognosis
in left-sided breast cancers, which was explained to be
related to radiotherapy and its injurious effect to the
myocardium in the left hemithorax [11-13]. This was
not a universal finding in the subsequent reports, and the
technical improvement of radiotherapy administration
lowered radiotherapy-related cardiotoxicity in general
[23].

In our study, the ratio of patients presenting with pri-
mary tumor size less than 5cm was higher in the left-
sided breast cancer group compared to the right-sided
breast cancer group (88.7% versus 81.5%). Tumor size
more than 5c¢cm was commoner in the right-side com-
pared to the left-side (18.5% versus 11.3%). Other stud-
ies showed the same results as ours: a higher percentage
of early-stage breast cancer in the left-side, and a higher
percentage of advanced stage in right-side. The mecha-
nism is not known. It has been postulated that right-
handed patients examine their left-side breast and axilla
more accurately than their right-side breast and axilla.
This leads to an earlier discovery of smaller breast lesions
in their left-side breast compared to the right-side breast
[1, 2, 5]. It was also suggested that this might be the result
of a stronger cell-mediated immune activity in the left-
side of the human body [14].

In general, the ratio of positive family history of malig-
nancy among our patients was high (33.6%), probably
indicating a higher genetic influence. The popularity of
consanguineous marriage might be a major contribut-
ing factor in this regard [9]. Positive family history was
more prevalent in right-sided breast cancers (40.2%) than
left-sided (27.8%). In contrast this, Amer et al. proposed
a theory suggesting a relation between laterality and
genetic predisposition, but when the clinical variables
were studied, there was no relation between the variables
and laterality [15]. Another study reported no relation
between family history and laterality [16].

Studies on clinicopathological factors and their asso-
ciation to laterality are not high in number. In general,
ipsilateral axillary lymph node metastasis, younger age
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at diagnosis, high tumor grade, positive family history,
nulliparity, and advanced tumor stage are now well rec-
ognized clinicopathological factors associated with a
lowered survival and a more aggressive breast cancer
behavior [15, 16, 24].

In our study, positive ipsilateral axillary lymph nodes
at presentation were higher in right-sided breast cancer,
and this was consistent with the results of other studies
[14, 25]. However, there was one study contradicting this
fact as it showed that positive ipsilateral axillary lymph
node involvement (N3, MO) in the left-sided breast can-
cer was associated with a shorter time to first metasta-
sis, increased risk of distant metastases, and axial bone
involvement when compared to right-sided breast can-
cers [26].

In our study, the low number of patients limits sound
conclusions in relation to the effect of laterality on
recurrence. Nevertheless, we observed a higher local
recurrence ratio in the right-side (7%) compared to the
left-side (4.5%). Distant metastases were more common
in left-side (18%) compared to the right-side (10%).

Among our study group, the mean age of breast can-
cer at diagnosis was around 49years. Right-sided breast
cancers were more prevalent in the age group less than
50years (55.6%). Similarly, a Chinese study showed a
10% higher probability of breast cancer diagnosis in the
right-side breast than the left-side breast in 40years of
age and below, and also showed a 5% higher probability
on the left-side breast compared to the right-side in the
40vyears of age and above group of patients [5]. On the
other hand, other studies showed no difference in lateral-
ity in relation to age at diagnosis [15, 17, 18]. In contrast
to this, in a study from north India, Kakkar et al. found
a higher ratio of left-sided breast cancer in the pre-men-
opausal group of patients, while the incidence of right-
sided breast cancer was higher in the postmenopausal
group of patients. A possible role of estrogen hormone
level difference between each group was suggested as a
possible explanation [18].

A study by Sughue et al. (USA) analyzed 1.2 million
breast cancer cases between 1973 and 2010 and con-
cluded that laterality ratio depends on the country of
birth and not race. The study also found a statistically
significant increase in laterality ratio with aging [19]. Our
study also showed a similar trend of laterality increasing
with age.

Although nulliparity was low in our study group
(21.1%), we found nulliparity more prevalent in right-
sided breast cancer (R 25%, L 17.4%) which was similar to
a study from Hong Kong [20].

In our study, we found a statistically significant relation
between tumor size of right-sided breast cancer and the
five-year survival rate. This finding did not correlate with
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other studies stating that laterality is not related to prog-
nosis in breast cancer [11].

An interesting study from Hong Kong on Chinese
women showed that women who breastfeed from a single
breast, like the right breast, developed cancer in the left
breast only. This effect was perceived more during meno-
pause (55years & above) [20].

The association between laterality and type of breast
cancer, if any, is still unclear. Our study has shown a
higher percentage of IDC NST in right-sided breast can-
cers, while IDC ST like mucinous and medullary was
higher in left-sided breast cancers. We also found pre-
dilection of DCIS in left-sided breast cancers. In view
of the relatively low number of patients in our study, no
sound observation can be made in regard to laterality and
histological subtypes. It is worth mentioning here that a
study from USA showed no significant laterality differ-
ences in invasive ductal or lobular carcinoma but there
was left laterality in DCIS [2]. In contrast, another study
showed left laterality in all subtypes of invasive breast
cancer, with the exception of mucinous and medullary
subtypes [5].

The molecular subtyping of breast cancer is currently
a major factor in predicting the prognosis and tailoring
the treatment [24]. A Lebanese study published in 2019
showed that HER2 overexpression, ER, and PR positivity
were more frequent in left-sided breast cancers [21]. Our
data is in short of making any suggestions in this regard.

Although our study showed that the overall 5-year sur-
vival rate was not statistically significant in relation to
laterality per say, still right-sided breast cancers were sig-
nificantly associated with the primary tumor size, and the
stage of tumor. Similarly, few other studies reported more
aggressive breast cancer features in tumors originating in
the right breast [12, 13, 17].

Limitations

Limitations of this study include the retrospective nature
and the inclusion of patients operated by the authors
only. The relatively small number of patients. This is
understandable in view of the small population of Bah-
rain. However, the native Bahraini population is homoge-
neous, which reduces the resultant selection bias.

Conclusion

This is the first study exploring the issue of breast can-
cer laterality in a defined Arabian population. Both Bah-
rain and Arabian Gulf countries share some demographic
characteristics that differentiate them from western pop-
ulations. The laterality ratio in this study was 1.06, which
is consistent with the globally published range (1.05 to
1.26) and is increasing with increasing age.
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In our study, statistical significance was reached. The
right-sided breast cancers were associated with a higher
positive family history of malignancy, a more locally
advanced and metastatic disease at presentation, and a
reduced 5-year survival in relation to size and stage.

Among our study group, younger age at diagnosis
(less than 50years), nulliparity, axillary lymph node
metastases, IDC NST, HER2 overexpression, and local
recurrence were more prevalent in right-sided breast
cancers. These differences were not statistically signifi-
cant. However, their potential indication toward a more
aggressive tumor nature cannot be overlooked in view
of the established evidence-based data in the literature.

The association between breast cancer laterality, and
the hormonal and HER2 is still not widely addressed in
the available literature, although other clinicopatholog-
ical characteristics were extensively analyzed. Systemic
reviews and meta-analyses are needed to answer the
remaining unanswered question: is laterality in breast
cancer still worth studying?
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