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Breast cancer laterality and molecular subtype
likely share a common risk factor
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Background: To investigate the epidemiological features of breast cancer laterality and
molecular subtypes in southern China.

Materials and methods: A total of 2,049 cases who were diagnosed with unilateral breast
cancer in the past 5 years were classified based on laterality and molecular subtypes. Molecular
subtypes were defined in accordance with the 2013 St. Gallen recommendations.

Results: Breast cancer was more likely to be diagnosed in the left breast than in the right at
a rate of around 5%. In the case of invasive carcinomas, the right breast was more commonly
affected than the left in young (<40 years old) patients (left-to-right [L:R] ratio 0.80, 95% CI
0.65, 0.98), whereas the opposite trend was found in old (240 years old) patients (L:R ratio
1.06, 95% CI 1.02, 1.73). Except for invasive mucinous and invasive medullary breast cancers,
the other histological types occurred more frequently on the left side than on the right. In situ
cancer with a defined subtype was likely to be diagnosed as luminal B(HER-2+). Except for
invasive medullary and invasive nonspecific cancers, other invasive carcinomas with a defined
subtype were most likely to be diagnosed as luminal B(HER-2—-). The age of 240 years was a
risk factor for luminal B(HER-2+), and a significant correlation was present between the right
breast and luminal B(HER-2+).

Conclusion: We explored the risk factors of breast cancer laterality and various molecular
subtypes and found that age may be a predictor of breast cancer laterality. We found that age and
laterality are the probable risk factors of the luminal B(HER-2+) type of breast cancer. These
results provide a basis for the epidemiological characterization of breast cancer.

Keywords: epidemiology, breast carcinoma, tumor laterality, molecular subtype, histological
type, risk factor, China

Background

Consistently, breast cancer in women is more likely to occur in the left breast than in
the right.! This finding has gained the attention of many researchers and numerous
hypotheses have been proposed to account for the left-side dominance of breast cancer,
but none have been uniformly accepted or confirmed. Among the earliest suggestions
are breast-feeding patterns and lactation dysfunction of the left breast,>* which have
not been supported by subsequent research. The left breast is somewhat larger than
the right and therefore poses more tissues at risk, which may be the most intuitively
plausible explanation.* However, subsequent studies have supported the research find-
ing that cancer risk is not associated with breast size.>® In recent years, handedness
and brain hemispheric laterality specification have become popular assumptions for
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breast cancer laterality.”® Most women are believed to be
right-handed, and thus, a palpable lump in the left chest is
more likely to be detected.®!® Furthermore, breast cancer
predisposition involves the same genetic factors as the brain
hemispheric laterality specification.?

Similarly, the relationship between the risk factors of
breast cancer and the risk factors of the molecular subtypes
of breast cancer has attracted increasing attention. Most
epidemiological studies have found some differences in the
distribution of risk factors, although the specific findings
are inconsistent in different studies.!''* Luminal B is rarely
subdivided in similar researches in the past.'> However, in our
study, we classified breast cancer into five molecular subtypes
according to the definition of ER, PR, HER-2, and Ki-67
status, including luminal B(HER-2+) and luminal B(HER-
2-), and investigated the epidemiological characteristics of
breast cancer. !¢

In the present study, we analyzed the epidemiologi-
cal characteristics of laterality and molecular subtypes of
breast cancer in Asian breast cancer patients. We collected
and analyzed clinical data of breast cancer patients from the
Affiliated Hospital of Guangdong Medical University who
were diagnosed in the last 5 years. To a great extent, this
study represents the status of breast cancer patients in South
China. The characteristics or risk factors of the laterality and
molecular typing of breast cancer were estimated to elucidate
the occurrence pattern of breast cancer and to provide help
for development and testing of hypotheses.

Materials and methods

According to WHO, breast cancers are defined as cases with
morphological codes C50 and D05 of the ICD-O, 10th edi-
tion. In this retrospective clinical study, we used the hospital
database to locate all eligible patients who were treated at
the Affiliated Hospital of Guangdong Medical University
in Guangdong Province of South China. Those cases with
a definite diagnosis of breast cancer during a 5-year period
from 2013 to 2017 met our inclusion criteria. Some patients
visited our hospital more than once, and thus, less than three
duplicates per 1,000 records were present. We adopted all
edits using standardized protocols and kept records of cases
that were first diagnosed as breast cancer and were estimated
to show at least 95% case ascertainment through verification
by the statistical department of hospital. Those who suffered
from bilateral breast cancer and second primary cancer
were excluded. Bilateral breast tumor refers to tumors with
the same type of histology and diagnosis within 2 months.

Tumors showing invasive and in situ components together
are relatively rare and were ruled out.

Excluding the ineligible cases, 2,049 unilateral primary
breast cancers were included in the analysis. Of these, 652
breast cancers could not be classified into subtypes due to
lack of tissue availability or staining results for one or more
of the four markers. Finally, 1,397 cases for which immuno-
histochemical data were available were included for further
analysis.

Data on ER, PR, HER-2, and Ki-67 expression status were
obtained from medical record review and were assessed by
immunohistochemistry. Both ER and PR were considered
positive if the nuclear staining of tumor cells was more than
5%. For PR, the nuclear staining in more than 20% of the
tumor cells was considered to indicate high expression. For
HER-2, strong complete membrane staining in more than
10% of tumor cells was defined as positive expression (3+).
Scores of 0 and 1 were considered to indicate negative expres-
sion, and all tumor cells with a 2+ score were further tested
by fluorescence in situ hybridization. The determination value
of Ki-67 expression may be different in different pathological
experimental centers; we used 20% as the threshold value
to judge the level of Ki-67 expression. Finally, the cases of
breast cancers were divided into the following molecular
subtypes: luminal A breast cancer (ER positive and/or PR
positive and high expression/HER-2 negative/Ki-67 low
expression), luminal B(HER-2-) breast cancer (ER positive
and/or PR positive and low expression/HER-2 negative/
Ki-67 high expression), luminal B(HER-2 +) breast cancer
(ER positive and/or PR positive/HER-2 positive), HER-
2-overexpressing breast cancer (ER negative/PR negative/
HER-2 positive), and basal-like breast cancer (ER negative/
PR negative/HER-2 negative).

This research was approved by the Medical Sciences
Ethics Committee of the Affiliated Hospital of Guangdong
Medical University. All study participants received detailed
written information in advance and signed a written informed
consent prior to the study. They were also informed that the
results of the study will be published.

Statistical analysis

Mean, frequency, proportion, and SD were used to describe
the data and further calculate the number and proportion of
laterality and molecular subtypes. The number and ratio of
left- to right-sided tumors among different types of breast
cancer in different age groups were calculated. We focused on
diverse pathological subtypes of invasive breast carcinoma.
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Chi-squared test was used to evaluate the significance of dif-
ferences in laterality among the groups. When calculating the
CI of the ratio, the number of breast cancer on the left side was
assumed to be binomially distributed and was approximated
using the normal distribution.

We analyzed three major groups of breast cancer (luminal,
HER-2-overexpressing, and basal-like breast cancer). The
luminal group was subdivided into three subtypes: luminal
A, luminal B(HER-2-), and luminal B(HER-2+). The num-
ber and proportion of molecular subtypes with different
risk factors were analyzed. Logistic regression was used to
evaluate the significance of differences in molecular subtypes
within groups. Multivariate logistic regression analysis was
conducted to calculate the independent contribution of age
and laterality to the occurrence of molecular subtypes and
estimate ORs and 95% Cls for the correlation between
risk factors and each subtype. All statistical analyses were
performed using SPSS version 21.0 and Microsoft Excel
version 2016. P-values of <0.05 were considered statisti-
cally significant.

Results

The 381 unilateral in situ tumors analyzed in women showed
that these tumors occurred more frequently in the left breast
than in the right at a rate of 10.2% (left-to-right [L:R] ratio
1.23,95% C10.97, 1.51). Similarly, the 1,668 unilateral inva-
sive tumors analyzed showed that these tumors occurred more

frequently in the left breast than in the right at a rate of 0.8%
(L:R ratio 1.02, 95% CI 1.00, 1.04). In the group of young
(<40 years) patients, invasive breast cancer was more likely to
be located in the right breast than in the left at a rate of 11.0%
(L:R ratio 0.80, 95% CI 0.65, 0.98). On the contrary, in the
group of older (240 years) patients, invasive breast cancer
occurred more likely in the left breast than in the right at a
rate of 3.0% (L:R ratio 1.06, 95% CI 1.02, 1.73) (Table 1).
Except for mucinous and medullary types, other inva-
sive histological types were more likely to occur in the left
breast than in the right. Invasive ductal carcinoma accounted
for 87% of invasive carcinoma, and the probability of this
carcinoma being diagnosed on the left side was 4.0% higher
than on the right (L:R ratio 1.08, 95% CI 0.80, 1.17). All
carcinomas in situ were ductal carcinomas in situ, and their

Table 2 Occurrence of left- and right-sided unilateral breast
cancer by histological types

Histology* Left | Right | L:R ratio | 95% CI
Ductal carcinoma in situ | 210 171 1.23 (0.97, 1.51)
Invasive ductal 757 | 699 1.08 (0.91, 1.33)
Invasive mucinous 23 75 031 (0.17, 0.44)
Invasive lobular 21 21 1.00 (0.52, 1.75)
Pagets 9 6 1.50 (0.51, 4.03)
Invasive medullary 5 9 0.56 (0.18, 1.57)
NOS 25 16 1.56 (0.79, 2.82)
Invasive cribriform | | 1.00 (0.06, 15.19)

Note: *Information obtained from pathological records.
Abbreviations: L:R ratio, left-to-right; NOS, not otherwise specified.

Table | Occurrence of left- and right-sided unilateral breast cancer by age at diagnosis and behavior

Age at Tumor behavior

diagnosis In situ Invasive

(years) Left Right L:R ratio 95% ClI Left Right L:R ratio 95% ClI
10-14 | | 1.00 (0.05, 13.10) 3 2 150 (0.25, 8.96)
15-19 0 0 0.00 - 0 0 0.00 -

20-24 0 | - - 0 | 0.00 -

25-29 6 2 3.00 (0.50, 12.47) 10 12 0.83 (035, 1.90)
30-34 8 9 0.89 (027, 1.89) 30 51 0.59 (0.35,0.89)
35-39 21 28 0.75 (031, 1.04) 74 80 0.93 (0.65, 1.25)
40-44 41 33 124 (061, 1.69) 157 128 123 (0.97, 1.62)
45-49 EY) 39 0.82 (0.36, 1.02) 165 153 1.08 (0.84, 1.37)
50-54 38 27 141 (0.69, 2.02) 154 136 113 (0.8, 1.47)
55-59 24 12 2.00 (0.83, 3.55) 104 102 1.02 (0.75, 1.34)
6064 21 5 420 (1.36, 10.00) 60 73 0.82 (056, 1.13)
65-69 8 7 114 (033, 2.61) 37 40 0.93 (057, 1.43)
70-74 3 4 0.75 (0.13, 2.74) 20 26 0.77 (042, 1.36)
75-79 7 3 2.33 (0.49, 7.58) 20 10 2.00 (0.93, 4.28)
80-84 0 0 0.00 - 6 I 0.55 (020, 1.45)
85+ 0 0 0.00 - | 2 0.50 (0.04, 5.42)
<40 36 41 0.88 (0.76,1.02) "7 146 0.80 (0.65, 0.98)
>40 174 130 1.34 (0.95,1.89) 724 681 1.06 (1.02, 1.73)

Abbreviation: LR, left-to-right.
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rate of diagnosis on the left side was 10.2% higher than that
on the right (L:R ratio 1.23, 95% CI1 0.97, 1.51) (Table 2).

In subsequent analysis, 1,397 breast cancer cases were
classified into five molecular phenotypes. A total of 12.8%
(n=263) of the patients were found with luminal A, 19.5%
(n=399) with luminal B(HER-2-), 16.3% (n=334) with lumi-
nal B(HER-24), 10.0% (n=205) with HER-2-overexpressing,
and 9.6% (n=196) with basal-like breast cancer, whereas
31.8% (n=652) were found with cancers with no specific
subtype. The mean age at diagnosis ranged from 47.6 years
for women with luminal B(HER-2+) tumors to 51.8 years
for women with HER-2-overexpressing tumors. We also
calculated the number and proportion of histological types
for each molecular subtype (Table 3).

We observed differences in the correlation between risk
factors and molecular subtypes of breast cancer. To inves-
tigate a possible association between age at diagnosis and
molecular subtype, we divided the breast cancer patients
into two groups (<40 years and >40 years). The age of 240
years was found to be a risk factor for luminal B(HER-2+)
(OR 0.46, 95% CI 0.29, 0.71; P<0.01). In terms of tumor
location, right-side predominance was found to be a risk
factor for luminal B(HER-2+) (OR 1.44,95% CI 1.11, 1.88;
P<0.05) (Table 4).

Discussion

In this study, 2,049 cases with unilateral breast cancer hos-
pitalized in the Affiliated Hospital of Guangdong Medical
University in the recent 5 years were classified based on
laterality and molecular subtypes. In general, the probability
of diagnosis of breast cancer on the left side was ~5% higher
than that on the right, which is consistent with previous

studies."* However, the same result was not found in terms
of age. The probability of breast cancer diagnosis on the right
side was 10.0% higher than that on the left in the group of
young (<40 years) patients but was 5.0% higher on the left
side than the right in the group of older (=40 years) patients.
This result is similar to some previous reports, and thus, age
may be considered a significant predictor of breast cancer
laterality.* Except for invasive mucinous and invasive medul-
lary types, all other histological types showed left-side domi-
nance. The number of carcinomas in situ was significantly
less than that of invasive carcinomas, and the histological
classification was relatively few. Thus, we were unable to
further explore the correlation between different histological
types and laterality of carcinoma in situ. Little research has
been conducted on the correlation between laterality and
histological type. A previous large-scale US study showed
that all the types except the phyllodes are left-side dominant,
but the right-side predominance of phyllodes is not obvious.
Thus, the correlation between laterality and histological type
is unclear or irrelevant and must be studied further.

We divided 1,397 cases with available immunohis-
tochemical data into five molecular subtypes, including
luminal A, luminal B(HER-2-), luminal B(HER-2+), HER-
2-overexpressing, and basal-like types. We excluded 652
tumors from the analyses due to lack of tissue availability or
staining results for one or more of the four markers. Since
the data of patients were extracted from the same database
and non-subtype group did not affect risk factors, we believe
that their exclusion had little effect on the results. To the
best of our knowledge, no similar research on Asian breast
cancer patients has been reported.'>'” In the aspect of age,
patients with the luminal type were younger compared with

Table 3 Tumor characteristics according to breast cancer molecular subtypes

Characteristic Luminal A Luminal B-like | Luminal B-like | HER-2- Basal-like NOS
N (%) breast cancer | (HER-2-) (HER-2+) overexpressing | breast cancer | 652 (31.8)
263 (12.8) breast cancer breastcancer breast cancer 196 (9.6)
399 (19.5) 334 (16.3) 205 (10.0)

Mean age at diagnosis (years) | 49.6 50.4 47.6 51.8 51.0 49.6

Histology®
In situ 16 (4.2) 27 (7.1) 47 (12.3) 31 (8.1) 16 (4.2) 244 (64.0)
Invasive ductal 224 (15.3) 319 (22.0) 262 (18.0) 167 (11.5) 158 (10.9) 325 (22.3)
Invasive mucinous 8(8.2) 22 (22.4) 10 (10.2) 1 (1.0) I (1.0) 56 (57.2)
Invasive lobular 9(21.4) 18 (42.8) 7 (16.7) 1 (2.4) 2 (4.8) 5(11.9)
Pagets 0 4 (26.7) 1 (6.7) 3(20.0) 0 7 (46.6)
Invasive medullary I (7.1) 3 (21.5) 2 (14.3) 0 7 (50.0) 1(7.1)
Invasive not specified 3(74) 6 (14.6) 5(12.1) 2 (4.9) 12 (29.3) 13 (31.7)
Invasive cribriform 1 (50.0) 0 0 0 0 1 (50.0)

Note: *Information obtained from pathological records.
Abbreviation: NOS, not otherwise specified.
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those with HER-2-overexpressing and basal-like types. The
luminal B(HER-2-) was the most obvious. This finding is
consistent with the results of Kwan et al."' Many studies have
reported that young age is associated with basal-like breast
cancer and that old age is related to HER-2-overexpressing
breast cancer.!®! In the present study, although we failed to
find statistical significance, young age was most likely associ-
ated with both HER-2-overexpressing and basal-like breast
cancers. Statistically, old age and left-side dominance were
found to be the risk factors for the luminal B(HER-2+) sub-
type compared with others. This finding is inconsistent with
previous studies, which may be due to racial differences. A
large-scale breast cancer study on Asians must be conducted
to explore the correlation between age and breast cancer.
In the aspect of histological type, carcinoma in situ was
more likely to be diagnosed as luminal B(HER-2+) than other
molecular subtypes. Except for invasive medullary and invasive
nonspecific types, other invasive carcinomas were most likely to
be diagnosed as luminal B(HER-2-). The correlation between
histological types and molecular subtypes was less explored in
similar literature.'>"> The diverse pathological types of breast
carcinoma differ in immune response, protein translation
efficiency, and metabolism which may be one of the mecha-
nisms underlying the different molecular subtypes. However,
additional follow-up studies are needed to confirm this view.??

Conclusion

We conducted an epidemiological study on the laterality and
molecular subtypes of breast cancer in Asian patients. This
study indicates that age may be a predictor of the laterality
of breast cancer. Except for invasive mucinous and medul-
lary types, other invasive histological types were more likely
to occur in the left breast than in the right. We are looking
forward to further research on the correlation between differ-
ent histological types of carcinoma in situ and laterality. Our
analysis showed that breast cancer is more likely to be diag-
nosed as luminal B(HER-2-) and that patients with luminal
B(HER-2 +) are young. Compared with invasive carcinoma,
cancer in situ showed a better chance to be diagnosed as
luminal B(HER-2+), but the correlation between histological
types and molecular subtypes needs further investigation.
In addition, age and laterality were found to be the probable
risk factors of the luminal B(HER-2+) type of breast cancer.

Data sharing statement
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