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BACKGROUND/AIMS
We present the first epidemiological survey from North Cyprus to determine the predictive factors for breast cancer subtypes.

MATERIAL and METHODS

More than 300 patients with breast cancer, with 90% of them having the cancer subtype information, were examined at the State Hos-
pital in Nicosia between 2006 and 2015 for their demographic, reproductive, genetic, and epidemiological factors. The breast cancer sub-
types and the estrogen receptor (ER) +/- progesterone receptor (PR) +/- and human epidermal growth factor 2 (HER2) + /- status were
determined. Single and multiple variable regularized regressions, with predictive factors as independent variables and breast cancer
subtypes as dependent variables, were conducted.

RESULTS

Our cohort differed significantly from larger cohorts (e.g, the Breast Cancer Family Registry) in terms of age, menopause status, age at
menarche, parity, education, oral contraceptive use, and breastfeeding, but the distribution of breast cancer subtypes was not signifi-
cantly different. The subtype distribution in our cohort was also not different from that of another Turkish cohort. We found that the ER+
subtype was positively related to age/postmenopause, ER+/ PR+ subtype was associated positively with age but negatively with cancer
stage, and HER2+ subtype that negatively correlated with ER+ and ER+/PR+ was associated positively with cancer stage but negatively
with age/postmenopause.

CONCLUSION

Assuming ER+ and ER+/PR+ to have better prognostic, HER+ to have worse prognostic, then older age and postmenopause seem to be
beneficial, smoking and family history of cancer seem to be detrimental. Further steps include exploring potential biomarkers and using
cure models to determine long-term breast cancer survivors.

Keywords: Breast cancer subtypes, predictive factors, estrogen, progesterone, human epidermal receptors, regularized regression, LAS-
SO, ridge, elastic nets

INTRODUCTION

Breast cancer is the most common type of cancer diagnosed in the western part of the world. In Europe, there were more
than 523,000 breast cancer diagnoses and more than 138,000 deaths among women in 2018 (1). Worldwide, almost 2 million
women are diagnosed with breast cancer each year, and approximately 30% of them die from this disease. Breast cancer
is largely considered as a disease predominantly influenced by lifestyle-related risk factors (2), although twin studies of
heritability of breast cancer have shown that genetic contribution could be significant (3). Recent research on the com-
bined contribution from several genetic variants to breast cancer reports a >60% area-under-receiver-operator-curve
prediction rate (4, 5), explaining 20% variance (6).

This study was presented at the International Genetic Epidemiology Society Meeting, 2-4 July 2020 (online meeting)
This study was presented at the European Mathematical Genetics Meeting, 16-17 April 2020 (online meeting).
This study was presented at the National and International Biostatistics Congress, 26-29 October 2019 Antalya, Turkey.

Corresponding Author: Ayse Ulgen Received: 12.06.2020
E-mail: ayseulgenl@gmail.com Accepted: 28.11.2020

Content of this journal is licensed under a Creative Commons Attribution 4.0 International License 339
BY



http://orcid.org/0000-0002-0872-667X
http://orcid.org/0000-0002-3906-1092
http://orcid.org/0000-0003-1155-110X
https://creativecommons.org/licenses/by/4.0/

340

Ulgen et al. Breast Cancer Subtypes and Predictive Factors

Female hormones may affect breast cancer, and their status
has been used to classify breast cancer types. In particular, es-
trogen receptor-positive (ER+) or -negative (ER-), progesterone
receptor-positive (PR+) or -negative (PR-), and human epider-
mal growth factor 2-positive (HER2+) or -negative (HER-) are
the major classification schemes of breast cancer subtypes. It
has been demonstrated that ER+ /-, PR+ /- and HER+ /- breast
cancer subtypes have different clinical characteristics (7); the
cancer etiology of these subtypes can be heterogeneous, and
treatment strategies are also divergent. Especially, hormone
receptor-positive (ER+ or PR+) subtype might have good prog-
nosis using drugs such as tamoxifen/Nolvadex. Similarly, the
more aggressive HER2+ subtype can be tfreated successfully
using drugs such as trastuzumab/Herceptin. In contrast, the
triple-negative subtype (ER-/PR-/HER2-) poses challenges in
treatment strategies (8).

Although international and national studies of breast cancer
have been conducted with large sample sizes, such as the Breast
Cancer Family Registry (BCFR) (www.bcfamilyregistry.org), the
Global Initiative for Cancer Registry Development (GICR) (gicr.
iarc.fr), and the Breast Cancer Surveillance Consortium (BCSC)
(www.bcsc-research.org), there has never been a breast can-
cer survey investigating the subtype distributions, potentially
explanatory variables, and the correlation between these vari-
ables and breast cancer subtypes in North Cyprus (except some
studies in Turkey) (9). To fill this research gap, we conducted the
first epidemiological survey of approximately 300 patients with
breast cancer from North Cyprus, among whom approximately
230 patients were Turkish Cypriots.

We collected and analyzed data regarding reproductive (age at
menarche, number of children (0 for nulliparity), menopause sta-
tus, hormone therapy, oral contraceptive use, breastfeeding, and
left/right breast with cancer), demographic (age at diagnosis,
education level, and housewife/employed), genetic (first-degree
relative having cancer), and epidemiological (smoking and other
cancer types) characteristics. The majority of these characteris-
tics are known to be risk factors for breast cancer, e.g, early men-
arche, late menopause, nulliparity, long hormone replacement
therapy, older age, and family history of breast cancer; however,
it is unclear which factor is predictive for breast cancer subtypes.

Our analysis strategy is as follows: We considered ER, PR, and
HER2 as dependent variables and others as independent vari-
ables. As we did not have control (non-cancer) samples, this
survey was a case-only analysis or subtypes-with-case analy-

Main Points:

e ATurkish Cypriot cohort of breast cancer patients show
a similar distribution of subtypes based on hormone re-
ceptor status as other international cohorts.

e Older age and postmemopause status tend to have the
ER+ or PR+ subtype with a better prognosis.

e Although having not achieved statistical significance,
breastfeeding seems to be positively associated with
ER+PR+ subtype, hormone therapy negatively being as-
sociated with ER+ subtype, and family history of cancer
being positively associated with HER2+ subtype.
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sis (10, I). The first analysis was conducted to compare the dis-
tribution of our independent and dependent variables with that
reported in major public breast cancer databases. Second, we
determined the correlation between the cancer subtypes. Third,
univariate, multiple, and regularized logistic regressions were
performed to detect any factor-subtype association, ie, to
identify potential predictive factors for breast cancer subtypes.
Although we observed some minor surprising results, our study
cohort conforms to some other studies concerning predictive
factors for breast cancer subtypes.

MATERIAL and METHODS

Sample collection: We included the data of 324 subjects (32I
women; 3 men) collected retrospectively from Dr. Burhan Nal-
bantoglu State Hospital (BNSH) in Nicosia, North Cyprus, during
2006-2015, largely from the years 2011-2015 (93%). This sample
represented approximately 40% of total breast cancer cases
that existed in the archives during this period. The data consist-
ed of reproductive factors, histology, and biomarker information
such as the status of ER, PR, and HER2. Permission was obtained
from the Ministry of Health from the Turkish Republic of Cyprus
for the scientific use of the data. In addition, ethical approval
to conduct the study was obtained from the Eastern Mediter-
ranean University Ethics Committee in Famagusta, with the IRB
approval number AAAP8950. Patient consent forms were not
required. Telephone interviews were conducted when neces-
sary to collect information from patients to fill in the missing
factor values.

For the study sample, pathologists from the BNSH ascertained
the ER and PR status based on the immunohistochemistry (IHC)
and/or pathology reports of the patients’ tumor tissues using
a standardized protocol and pathology reporting forms. For all
cases, the available HER2 status (approximately 290 cases) was
provided from patient medical reports. In cases where tumor
tissue was available, pathologists used IHC testing for ER and
PR and categorized tumors as ER and PR positive if 210% of tu-
mor cells stained positive. When the ER or PR +/- status is not
labeled, but with a specific percentage, we considered it as un-
known. Menopause status and other information were extract-
ed either from the medical records (with guidance/approval
from an oncologist) or by telephone interviews.

Preprocessing of data: We excluded the three male samples, re-
ducing the sample size from 324 to 32I. Regarding the hormone
receptor status, if the left/right breast had a different value, it
was labeled as NA (unknown). Moreover, if the hormone recep-
tor status was not binarized but represented by a percentage, it
was labeled as NA.

Other recoding of data included (smoking) seldom=0, quit=|,
x-number-pocket=l; (family history) first-degree relatives are par-
ents, children, and siblings; (other cancer) anything not “no” was
considered as yes (including metastasis); (education) 0, |, 2, and
3 for no school, primary/middle school, high school, and college
or more, respectively; (housewife/employed) retired was consid-
ered as the same as employed; (tumor stage) “high stage” was
considered as 3, inoperable was considered as 4, A/B/C were
ignored, (invasive cancer) invasive ductal carcinoma/invasive
cribriform cancer/invasive secretory cancer were considered as
invasive, and all others were considered as not invasive.
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Of the 32 samples, 300 had ER or PR status information, 291 had
HER2 status information, all samples had age information, but
only 214, 215, 217, and 222 patients had details regarding breast-
feeding, age at menarche, use of oral contraceptives, and use of
hormone therapy. The amount of missing data for other factors
is given in Tables | and 2. An independent variable was removed
when the missing rate was too high (e.g, >0.2). The remaining
missing values were imputed from the values of known vari-
ables (e.g, if $x$ is the independent variable, two values are
missing, they are replaced by (R code): sample(x{lis.na(x)][I:2]).

Turkish Cypriot and nonTurkish Cypriot patients: Of the 32| pa-
tients, 314 reported their birth country, which indicated that the
maijority of them were born in Cyprus (n=233), 53 were born in
Turkey, and the remaining 28 were born in other countries, includ-
ing UK, Turkmenistan, and Bulgaria. Although our analysis did not
focus on the genetic or ethnicity contribution to the breast cancer
subtypes, and foreign-born does not automatically imply non-
Turkish Cypriots, we performed all analyses twice, one using 32|
samples and the other using 233 Turkish Cypriot-only samples.
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Statistical Analysis

Al statistical analyses were conducted using either R 3.5.1 (ww-
w.r-projectorg, released July 2018) or the Statistical Package
for Social Sciences software version 170 (SPSS Inc; Chicago,
IL, USA). The Rfsne R package was used for the +-SNE analy-
sis (github.com/jkrijthe/Rtsne), with default parameter settings
(e.g, perplexity=30, dims=2). The glmnef R package (web.stan-
ford.edu/~hastie/glmnef) (12) was used for the following regu-
larized regressions: least absolute shrinkage and selection oper-
ator (LASSO; alpha=l, family="binomial”), elastic net (alpha=0.5),
and ridge (alpha=1). The logistic regression was conducted using
the standard R function g/m(... family=binomial(link="logit"), and
Fisher’s test was conducted using the R function fisher fest. The
independent two-sample t-test between age distribution, one
from raw data and the other from summary statistics, was con-
ducted using our customized R script.

RESULTS
Visual inspection of data by t-SNE: The t-distributed stochastic
neighbor embedding (+-SNE) (I3) is a commonly used method

TABLE |. Factors that are distributed differently between North Cyprus cohort and BCFR

North Cyprus BC Fam Registry NC vs BCFR pv
factor Whole n=32I ER+PR+n=204  ER-PR-n=64 ++vs-pv = ER+PR+n=2486 ER-PR-n=920 all ++ -
age 57.4+12.8 58.7+12.5 553+ 13 0.06 47193 445198 6E-29 IE-8
menopause 201 (64.8%) 136 (68.3%) 36 (571%) 0.3 951 (40%) 310 (35%) S5E-I8 IE-14  6E-4
Not 109 (35.2%) 63 (31.7%) 27 (429%) 1431 (60%) 574 (65%)

NA Il 5 |

menarche 13.14+£1.31 13.11£1.30 13.32£1.25 03

age <l 19 (8.8%) 12 (8.5%) 3 (5.7%) 0.43 528 (22%) 183 (21%) IE-5 3E-4 6E-3
12 54 (25.1%) 40 (28.4%) 11(20.8%) 590 (24%) 215 (24%)

213 142 (66%) 89 (63.1%) 39 (73.6%) 1317 (54%) 482 (55%)

NA 106 63 Il

parity 2.34+1.42 2.47+15 2.17+1.18 0.l

no.kid=0 31(10%) 21 (10.5%) 6(94%) 0.44 565 (23%) 191 21%) 9E-8 8E-5 0.04
-2 159 (51.1%) 91 (45.5%) 35 (54.7%) 1015 (41%) 391(42%)

>3 121 (389%) 88 (44%) 23 (35.9%) 906 (36%) 338 (37%)

NA 10 4 0

edu: <HS 174 (56.5%) 113 (57.1%) 33 (51.6%) 0.47 710 (29%) 289 (32%) IE-20 4E-I5  0.002
> HS 134 (43.5%) 85 (42.9%) 31 (48.4%) 1740 (71%) 602 (68%)

NA 13 6 0

OC use 76 (35%) 46 (32.4%) 19 (35.8%) 0.73 1795(73%) 680 (77%)  3E-31 6E-23  5E-I0
no 141 (65%) 96 (67.6%) 34(64.2%) 648(27%) 198 (23%)

NA 104 62 Il

breast feed 168 (78.5%) 112 (80.6%) 38 (71.7%) 0.24 1359 (55%) 454 (50%)  2E-I13  IE-9 0.003
No 46 (21.5%) 27 (19.4%) 15 (28.3%) 1105 (45%) 448 (50%)

NA 107 65 Il

Factors that are significantly different between the North Cyprus cohort and the BCFR cohort: age at diagnosis, postmenopause or premenopause status, age at
menarche (first occurrence of menstruation), parity (number of births), education level (HS: high school), oral contraceptive use, breastfeeding. Pv (++ vs - -) is the
Fisher's test p value comparing the North Cyprus ER+PR+ vs ER-PR- group. pv (NC vs BCFR) is the Fisher’s test p value comparing the North Cyprus and BCFR groups.
Missing data (NA) are not counted in calculating the percentage and not used in Fisher’s test. All p values smaller than 0.001 (this threshold is recommended in (37))
are marked by boldface.

Abbr. ER; Estrogen Receptor, PR; Progesterone Receptor, HER2; Human Epidermal Growth Factor 2, BCFR; Breast Cancer Family Registry, NC; North Cyprus, edu; Edu-
cation, HS; High School, OC; Oral Contraceptives

34l
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TABLE 2. Other Factors

North Cyprus BC Fam Registry NC vs BCFR pv
factor Whole n=32 ER+PR+n=204  ER-PR-n=64 ++vs-pv  ER+PR+n=2486 ER-PR-n=920 adll ++ -
HT 24 (195%) 14 (97%) 7 (13%) 0.6 424 (18%) 1 (13%) 003 0.0093
no 198 (80.5%) 131 (90.3%) 47 (87%) 19551 (82%) 7581 (87%)

NA 99 59 10

fam-hist 85 (26.5%) 55 (27%) 19 (297%) 0.75 714.(9%) 244 (27%) 0.65 0.63 0.56
no 236 (73.5%) 149 (73%) 45 (70.3%) 1761(29%) 673 (73%)

stage: | 60 (23.4%) 41 (24.4%) 10 (18.2%) 0.55

2 135 (52.7%) 89 (53%) 30 (54.5%)

3 51 (199%) 31 (18.5%) 14 (255%)

4 10 (39%) 7(42%) 1(1.8%)

NA 65 36 9

otherC 17 (5.3%) 11(5.4%) 4(6.3%) 0.76

no 304 (94.7%) 193 (94.6%) 60 (93.8%)

smoke 84(26.2%) 53 (26%) 20 (31.2%) 0.42

no 237 (73.8%) 151 (74%) 44 (68.8%)

breast: L 162 (50.6%) 112 (80.6%) 38 (71.7%) 0.27

R 149 (46.6%) 27 (19.4%) 15 (28.3%)

both 9 (2.8%) 7 (3.4%) 0(0%)

NA I 0 0

housewife 118 (42.8%) 83 (459%) 21 (36.8%) 0.28

employed 158 (57.2%) 98 (54.1%) 36 (632%)

NA 45 33 7

invasive 237 (75.5%) 155(76.4%) 48 (75%) 0.87

no 77 24.5%) 48 (23.6%) 16 (25%)

NA 7 I 0

Similar to Table |, a list of factors that are not significantly different between the North Cyprus cohort and the BCFR cohort: hormone therapy (HT) and family breast
cancer history. Other factors do not have available data in BCFR: fumor stage, whether the patient has other cancers, smoking, left (L) or right (R) breast or both with
cancer, housewife or employed, invasive cancer. (note |) never or former menopausal HT use.

Abbr. ER; Estrogen Receptor, PR; Progesterone Receptor, HER2; Human Epidermal Growth Factor 2, BCFR; Breast Cancer Family Registry, NC; North Cyprus, BC; Breast
Cancer, HT; Hormone Replacement, otherC; other Cancers

to represent high-dimensional data in two or three dimensions.
We had previously used this technique in other applications in
biology/genomics (14, I5).

In this study, we used three dependent variables (ER, PR, and
HER2), five quantitative independent variables (age at diagno-
sis, age at menarche, number of children, education level, and
cancer stage), and ten binary independent variables (left/right
breast, menopause, first-degree relative with cancer, other can-
cer, smoking, hormone therapy, oral contraceptive use, breast-
feeding, housewife/employed, and cancer invasiveness). The
quantitative variables were standardized to have zero-mean
and unit-variance (z-transformation).

Due to high missing rates for age at menarche (33%), hormone
therapy (31%), oral contraceptive use (32%), and breastfeeding
(33%), we retained only those samples that had information on
these factors. This reduced the sample size from 32| to 2Il for
the t-SNE plot. Other missing data (of much lower missing rate)
were imputed for these 2l patients.

Figure | shows one run of t-SNE. Because ER, PR, and HER2 are
a component of the input, it is not surprising that their values are
well partitioned in the plot (e.g, ER+ and ER- samples). It was
observed that ER+ samples tended to be PR+, and HER2- and
ER- samples tended to be PR- and HER2+. The seven samples
with other cancers (including metastasis) formed a distinct clus-
ter from the remaining samples. Although ER, PR, and HER2 val-
ves separated in an up-down direction in Figure |, other factors
such as menopause status, breastfeeding, and age appeared to
be separated in (not completely) an orthogonal direction.

The nonTurkish Cypriots are marked with different symbols (Tur-
key-born patients in circles, other foreign-country-born patients
in crosses) in the top two rows of Figure |. There was no evi-
dence indicating that the location of these points in the plot, or
their collective features, are highly different from the remaining
Turkish-Cypriot samples.

Distribution of patient factors: Table | shows that our study co-
hort (n=321) is distinct from the BCFR sample, which consisted of



Cyprus J Med Sci 2020; 5(4): 339-49 Ulgen et al. Breast Cancer Subtypes and Predictive Factors

ER PR HER2
= =4 =
ER- . 2 PR- o HER2- 2
ER+ AL g ot X ah PR+ A% £ AT HER2+ P Al S
w0 A ) N © A% 4 Ao L w o LI B TP o
A M, A x‘g = & fo 4 A M. da x‘g 2 A 2o 4 N L] x"l). =4 Ho ®
s n%hga A, 3 8% Aa aa A a%oaaM, Q5% A4 u A s ™M § 5% T oa
ah 220 4 Aa *» 0 x 0 2 ah a2 4 A » 0 x O @ LA "= » O x O @
o - A * ) o " S A # ¥ o A o - n * ) 0 "
44 Ay o, M 4 A X4 MA‘ Ak e LN " XA Y] F o O, a4 A x4
A -
T - A fac x'O:x.:f, b * u foae xo'o x.;i’. P8 L - o4 x‘O‘XAD.
-1 X, o - X o} L] - X o] L]
' i - A ' U T ' & Sy e
o [] %y [] o L] x . o L] L TN .
T ® T ® T
T T T T T T T T T T T T T T T
-10 =5 5 10 -10 -5 0 5 10 -10 -5 0 5 10
meopause otherCancer breastFeeding
o o o
~ 7] no menopause i 0. ~ | no other cancer - 0. = o breast feeding
menopause ol with other cancer 3., o o & breast feeding 4. o cA
o - A, aAx 4 a -~ ‘AX-F v [N S . JXI“. w gAAAX N 1‘
N GAAX‘EA 20 = SN -, l.lxlEI =0 P 2 . " G“XAOA a0 g o &
n T 440 4 T4 $Qx " a A s ™y n 3 * " a s A A“*ﬂ “n, 3 )éAG "ok
ah w4 " " 0 x 0 2 an ntm m "= ™ o x O @ ah A% A » 0 x O @
o A A, » % 0 Yy o n ’ ) 0 L o - A R 2 o -
4‘“ P 0.-. X 4 -.-. l."-oo.- - XN AA‘ ‘MOOAAX- XA
& L a0 o)ixnol - an © ﬁx.ol & T L0 o X mOm
R A X ox™om P b " X ox™om & b X ox* oa 113
i i . ! X g LL] ! ¥ WY
ey S " aln B A Wb
° KA, @ ° LI TN . ° R T
il L) = ® T k)
T T T T T T T T T T T T T T T
-10 -5 0 5 10 -10 -5 0 5 10 -10 -5 0 5 10
numKids education
o o
= 2 =
3
70 5 2 tPB 15rlmary/m1ddlle 1, %132 & 2 2
i - 1 Ry
2 Ea ) % 910 9 o 3_@01,(,11@@1 3.1 1}112 311/4 3 2 ?\21 3
AR L 8 %%az%%ﬂ“f : IR R RIE R
o - o - 1 d 3
g 744 2223,33 1 3; 2 2% 112 2 My 1 4 232 2%
5044 3,2 S 1, 23 23
574 Z F 2 0 $11 (8 L L 3 232 }
4 Sg% 3’06 e - 22-332 a?z 2 2? P& 2];14 2111411 2, 3
o | 43133 2 o | 1‘ U
T T ! T T T T T ' T T T T T
5 10 -10 -5 0 5 10 -10 -5 0 5 10

FIGURE I. +-SNE plot of North Cyprus samples. t-SNE plot of 2Il breast cancer patients (out of 32| total) with enough non-missing factor values. The
nine subplofs are the same plot labeled with different information: ER subtype (red for ER+, blue for ER-), PR subtype, HER2 subtype, menopause
status (post-menopause in red, pre-menopause in blue), if the patient has other cancer (red for yes, blue for no), breast feeding (red for yes, blue for
no), age of diagnosis (red if younger or equal to 50 years old), parity/number of children, education level (0 for none, | for primary or middle school, 2
for high school, 3 for college or higher). The Turkey-born samples are marked with circle, and other foreign born samples are in crosses

~log10(pv) of oral contraceptives, and had greater number of postmeno-
pausal subjects, lesser number of subjects with young (<l years)
age at menarche, fewer nulliparous subjects, and greater num-
ber of breastfeeding subjects.

~log10(fisher-pv)

The same analysis was conducted on the 233 Turkish-Cypriot-on-
w0 50 ) 0 & ly patients, and the same results were obtained (data not shown).

age threshold

odds ratio (>1 if older people tend to be positive)

There are two explanations for these significant differences. The

1 first is due to the cultural and customary differences between
o w countries (e.g,, use of oral contraceptives). The second explanation
2 is that our study sample was collected from the state hospital, and

a higher percentage of affluent patients may opt for treatment at
. : . . ‘ , private hospitals or hospitals overseas. The differences remained

“ * X :"m * * even for the ER+/PR+ subgroup and for the ER-/PR- subgroup (al-
. though less significant due to smaller sample sizes).

odds-ratio

FIGURE 2. Tuning age threshold to convert age to age-group. (top)
Fisher’s p-value (in minus log with base 10) of age-group vs breast

cancer subtype (ER, or PR, or ER/PR, or HER2) as a function of the Within our North CyprUS cohort, when the ER+/PR+ and ER-/
age threshold. (bottom) odds-ratio as a function of the age threshold PR- groups were compared in terms of these factors, only the
ER-/PR- group was slightly younger (-test p value=0.06) (Table

subjects of primarily USA /Canada/Australia origin, in terms of ~ 1). The differences in other factors were not yet significant, prob-

several demographic or reproductive factors. The North Cyprus ~ ably because either they were actually not different or there
cohort was older in age, had lower education level and lessuse  was no sufficient sample size to confirm the difference.
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TABLE 3. Count and testing of ER, PR, HER2 distributions

(A) Distribution of breast cancer hormone receptor subtypes
in North Cyprus cohort

total sample/ HER2- (n=220/166, HER2+ (n=70/46,

Turkish Cypriot 759%/78.3%) 24.1%/21.7%)
N=290,/212 PR- PR+ PR- PR+
ER- (n=74, 25.5% 40 (friple 8/5 23 (HER2+ 3/1
/n=52, 245%) negative) /32 only)/14

ER+ (n=216, 74.5% 9/6 163/123 9/6 35/25

/n=160, 75.5%)
PR- (n=8l, 279% /n=58, 24.5%)
PR+ (n=209, 72.1% /n=154, 72.6%)
(B) Distribution of ER and PR subtypes in BCFR

total sample PR- PR+

(N=40I) (n=I317, 32.8%) (n=2694, 67.2%)

ER- (n=1128, 28.1%) 920 208

ER+ (n=2883,719%) 397 2486

(C) Distribution of HER2 subtypes in BCFR

total sample HER2- HER2+

(N=792) (n=607,76.6%) (n=185,23.4%)

ER- and PR- (n=206, 26%) 139 (triple negative) 67

ER+ and/or PR+ (n=586, 74%) 468 118

(D) Fisher test p-value between Cyprus cohort and BCFR/BCAC

BCFR vs Turkish

subtype BCFR vs n=32I set Cypriot n=233

ER+ vs ER- 0.38 027

PR+ vs PR- 0.09 0l

ER+/PR+ vs ER-/PR- 0.8l 0.6l

4 ER/PRgroup 0.08 0.04

HER2+ vs HER2 0.8l 0.65

triple-negative vs not 0.17 0.47

HER/(ER-PR- or not) 0.49 0.65

triple-negative vs not (BCAC) 079 0.48

HER/(ER-PR- or not) (BCAC) 0.44 0.69

(A) Breast cancer subtype counts in the North Cyprus cohort (using either

all samples or Turkish-Cypriot-only samples). Hormone receptor-positive
(including luminal A and luminal B) consists of 8+9+163=I180 counts (62.1%) if all
samples are used; and (5 + 6 +123) / 212=63.2% if Turkish Cypriot samples are
used. HER2+ and hormone receptor-positive consists of 3 + 9 + 35=47 counts
(16.2%) or (I + 6 + 25) / 212=I5.1% if only Turkish Cypriot samples are used. (B) ER
and PR subtype distribution in BCFR (data taken from (7). (C) HER2 subtype
distribution in BCFR (data taken from (17). (D) Fisher's test p value of subtype
distribution difference between BCFR (or BCAC for the last two rows) and
Cyprus cohorts (all and Turkish-Cypriot-only sample).

Abbr. ER; Estrogen Receptor, PR; Progesterone Receptor, HER2; Human Epi-
dermal Growth Factor 2, BCFR; Breast Cancer Family Registry, BCAC; Breast
Cancer Association Consortium

There were also some other factors distributed not very differ-
ently between our cohort and the BCFR cohort, as summarized
in Table 2. These factors included hormone therapy usage and
having a first-degree relative with cancer. The remaining factors
shown in Table 2 did not have the information corresponding
to the BCFR, including other cancers, smoking status, left/right
breast with cancer, housewife/employed, and cancer invasive-
ness. Only for the ER+/PR+ subtype, the North Cyprus cohort
was significantly less likely to have hormone therapy than the
BCFR samples.
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We also examined the correlation between factors. Using the
data of all patients with breast cancer without considering the
subtypes, the following correlations were observed: (1) patients
who breastfeed are less likely to undergo hormone therapy
(OR=7l, Fisher's p value 9 x 10, (2) patients who are employed
are more likely to smoke than housewives (OR=3., p value 1.3 x
10, and (3) patients who are employed are more likely to be in
premenopause than housewives (OR=2.8, p value 1.3 x 10,

Conversion of age into age group: Age is a special factor differ-
ent from others because it is a continuous variable spanning a
wide range of values. Discretizing or categorizing a continuous
variable is an involved topic by itself. Age is a well-known target
for such categorization (16). We categorized the study sample
info younger and older age groups based on an age thresh-
old. When an age threshold is chosen, a 2-by-2 count table can
be constructed according to the binary age group and binary
breast cancer subtype. Age group versus breast cancer subtype
association can be judged using Fisher’s test.

Figure 2 shows (-log) Fisher’s p value (fop) and odds ratio
(bottom) as a function of age threshold for converting age into
age group. For HER2, the best p value was 0.0002 when the
age threshold was 42, and there was a broad range of age
threshold (41-47) where the Fisher's test was significant at 0.0
level. For ER, PR, and ER /PR, this age threshold range also led
to some significant test results, indicating that patients young-
er than mid-40s may form a distinct group, which tended to
be ER, PR, and ER/PR negative and HER2 positive. At the age
threshold of 67-68, there was a second peak, indicating that
patients older than that age tended fo be ER, PR, and ER/PR
positfive.

Distribution of breast cancer subtypes: We compared the hor-
mone receptor-defined subtype distribution between the North
Cyprus cohort and the BCFR cohort as shown in Table 3. The
count in each of the eight ER/PR/HER2 subtypes in the n=32I
set and the n=233 Turkish-Cypriot-only set is listed in Table 3(A).
These counts were not available for the BCFR cohort (17), but the
distribution according to ER/PR subtypes and that according fo
HER2/(ER-PR- and not) subtypes were available, which are re-
produced in Table 3(B) and (C).

The Fisher’s test for the following subtype groupings was con-
ducted: ER, PR, ER+/PR+ vs ER-/PR-, four ER/PR groups, HER2,
triple-negative vs remaining, and the p values are listed in Table
3(D). The lack of a significant difference in subtype distribution
between the North Cyprus cohort and the BCFR cohort, indicat-
ing certain similarity, is in strong contrast to the dissimilarity of
several demographic and reproductive factors as shown in Ta-
ble I.

The largest difference was probably in the proportion of PR
subtypes (higher PR+ proportion in the North Cyprus cohort
than in the BCFR cohort), which may also cause a relatively larg-
er difference for the four ER/PR groups. The highly significant
correlation between ER and PR may make PR measurement re-
dundant. In fact, it has been argued that the added value of PRis
questionable (18). More specifically, the ER-/ PR+ subtype is rare
and may not be reproducible (i.e, it can be reclassified into an-
other subtype by another method) (18).
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TABLE 4. Significant factors in univariate or multiple logistic regression (and the corresponding p-values)

factor ER PR HER2 ER PR HER2
all-samples Turkish Cypriot

age 0.024 0.025 0.0018(-) 0.034 0019
menopause 0.0076 0.0016 (-) 0.065 0.0023

0.08 (multiple) 0.08 (multiple) (-) 0.017 (multiple)
numkids 0.037
famhist 0.0078

0.018 (multiple) 0.017 (multiple)

smoking 0.017
Factors that are significantly (at 0.05 level) related to breast cancer subtypes according to either single variable or multiple logistic regressions using either all sam-
ples or Turkish-Cypriot-only samples. The values are single variable logistic regression p values (or multiple variate if marked). “famhist” refers to the presence of any
cancer (not necessarily breast cancer) in any first-degree relative.
Abbr. ER;
Abbr. ER; Estrogen Receptor, PR; Progesterone Receptor, HER2; Human Epidermal Growth Factor 2, famhist; Presence of any cancer (not necessarily breast cancer) in
any first-degree relative
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FIGURE 3. Regularized regression on ER, ER/PR and HER2. Variable tracing/selecting plot of LASSO, elastic net, ridge logistic regressions (columns
I-3) for ER, ER/PR, and HER2 (rows I-3). Each line is a factor, and positive x direction represents a more relaxed constraint, allowing more variables.

The y axis is the coefficient of a factor/variable: positive (negative) coefficient means a positive (negative) correlation between the factor and the
subtype status (ER+, ER+PR+, HER2+ are I's, ER-, PR-, HER2- are 0's). The x axis is deviance explained by the (regularized) logistic regression

The distribution of breast cancer subtype, defined as the combi-  (19), which primarily consisted of Europeans/Caucasians. The
nation of HER2 and ER-PR- (see, e.g,, Table 3(C)), was also strik-  subtype information was obtained from (20), and the Fisher'’s p
ingly similar between our cohort and the cohort of the Breast  value for testing triple-negative-only proportion in the two co-
Cancer Association Consortium (BCAC) conducted in the UK horts was not significant (Table 3 (D)). The testing result for the
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FIGURE 4. Comparison of LASSO regression between n=32| and n=233 sets. LASSO regression results for all n=32| patients (left) and for n=233

Turkish Cypriot patients (right), for ER, ER/PR, HER2 (rows |-3). See Fig. 3 for more explanation of the y and x axes

proportions of four subtypes (triple-negative, HER2+ only, ER+
and/or PR+ and HER2+, and ER+ and/or PR+ and HER2-) was
also not significant.

Predictive factors for breast cancer subtypes: The comparison of
factor values between ER+ or PR+ and ER- or PR- samples can
also be cast info a regression of ER/PR (dependent variable)
over individual factors (independent variables). Table 4 shows
all the results that are significant at the 0.l level from regressing
ER or PR or HER2 by either single factor using univariate logistic
regression or all factors using multiple logistic regression, and for
the n=32I sample and for the n=233 Turkish-Cypriot-only sample.

As shown in Table 4, age correlated positively with ER+ and PR+
but negatively with HER2+. These results are similar to those
shown in Table | as well as Figure 2, where ER+PR+ patients are
older in age. Due to the positive correlation between ER and PR,
ER+ patients and HER2- patients are older in age.

Table 4 also shows that postmenopause status correlated pos-
itively with ER+ but negatively with HER2+. It can be stated that
menopause plays a protective role as postmenopause patients
are more likely to be in the more curable ER+ subtype and less
likely to have the worse prognosis ER- type (2I). The positive
correlation between menopause status and age is self-explan-

atory, and the association between menopause status and ER
or HER2 can also be easily explained by age. The last three mi-
nor conclusions are that HER2+ patients are more likely to have
a first-degree relative with cancer, PR+ patients tend to have
more children, and HER2+ patients tend to be smokers.

Between univariate and multiple regressions, we also applied
three closely related regularized regressions, LASSO, elastic nef,
and ridge (22), to analyze the situation with a few explanatory
variables. The regularized regressions accomplished the task of
variable selection [e.g, (23, 24)] by imposing constraint on the
sum of the absolute value of all fitting coefficients, effectively
setting several coefficients to be zero, thus removing the con-
tribution from these variables. Figure 3 shows how the coeffi-
cient of each explanatory variable increases, from left to right,
when the number of nonzero-coefficient variables increases, for
(rows) the dependent variables of ER, ER /PR, and HER2, and for
(columns) LASSO, elastic net, and ridge.

First, we observed that LASSO, elastic net, and ridge regres-
sion showed a similar trend as that of the breast cancer sub-
type. Therefore, we might focus only on the LASSO plot, which
is shown in the first column in Figure 3. Second, to observe how
the n=32l dataset may differ from the n=233 Turkish-Cypriot-only
dataset, we plotted the LASSO results side by side in Figure 4.
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For the ER subtype, the dominant contribution from menopause
status was not only consistently observed for both the n=32l and
n=233 datasets, but it was also consistent with Table 4. Hormone
therapy was a promising signal for the n=32| dataset but not for
the n=233 dataset. For ER/PR, the cancer stage was a consistent
signal that negatively correlated with the ER+/PR+ status. This
signal was also emphasized in the BCFR article (17). Breastfeed-
ing was a promising signal for the n=32I dataset, but it appeared
to be less important for the n=233 dataset. Further discussion on
the benefits of breastfeeding in reducing the probability of ac-
quiring poor prognostic breast cancers, such as triple-negative
subtypes, has been described previously (25, 26). For the HER2
subtype, similar to univariate and multiple regressions (Table 4),
menopause status was a dominant factor with negative cor-
relation. Interestingly, there was a signal for the n=32| dataset
from first-degree-relative cancer history, but that signal became
weaker for the n=233 dataset.

DISCUSSION

Without using control samples, we conducted a case-only anal-
ysis of potential predictive factors for different subtypes of
breast cancer. The case-only design has been implemented in
previous breast cancer studies, and it is “an important initial step
in understanding the extent of etiologic heterogeneity between
tumor subtypes” (10, I). Because different subtypes of breast
cancer have different prognoses, it is important to evaluate their
distribution.

One of the striking results we obtained in this study was that
our North Cyprus cohort had highly similar ER+, ER+/PR+, and
HER2+ status as that of the BCFR cohort, even though the our
cohort was much older in age and had greater number of post-
menopausal subjects, lower education status, less use of hor-
mone therapy, and greater number of breastfeeding subjects. If
older age/postmenopausal patients tend to have ER+, our older
cohort should have a higher proportion of the ER+ subtype than
the BCFR cohort. Although it was in fact the case (74.5% ER+ in
the n=32I North Cyprus dataset and 71.9% ER+ in the BCFR data-
set), the difference in the underlying factors (age or menopause
status) was highly significant between the two cohorts, but it
was not significant in the ER distributions.

This aspect can be discussed in general terms, i.e, can the cor-
relation at one level be translated into correlation at another
level? In our study, we examined the potential similarity/dissim-
ilarity of the distribution of a factor in two datasets (low-level),
and contemplated whether it can be translated into the simi-
larity/dissimilarity of the distribution of a subtype affected by
these predictive factors (high-level) in those two datasets. In our
previous investigation of a very different issue, i.e, the linkage/
association analysis of multiple correlated phenotypes in a lipid
panel, we had observed that the correlation at the high-level
(phenotype) does not necessarily translate into a correlation at
the low-level (linkage disequilibrium or colocalization between
genetic variants) (27).

The causal link between the two levels could also be not suffi-
ciently strong to translate correlation from one level to another.
In our LASSO analysis (Figure 3, 4), it can be observed that the
fraction of the explained deviation (range of x-axis) of ER, ER/
PR, and HER2 is at the most a few percentage, even using all
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factors. Random forest run on the same data also showed that
the classification rate in terms of the ER or ER/PR or HER2 status
was not high, i.e, on average, it was scarcely >50% (results not
shown). This highlights the fact that several true predictive fac-
tors for breast cancer subtypes are not yet included in our data
(e.g., body mass index (BMI)), and moreover, the known genetic
causes of breast cancer (e.g,, BRCAI and BRCA?2) are not part
of the analysis.

In a recent systematic meta-analysis of African breast cancer
subtypes (28), it was found that the proportion of ER+ and PR+
samples fluctuated significantly from study to study. There are
also data indicating that the triple-negative subtype rate is
much higher in African women than in European/Caucasian
women (29 30). To double-check whether the breast cancer sub-
type distribution in our North Cyprus cohort was still the same
as in another study, we selected a published summary statistics
from a southeastern Turkish cohort (31). The ER+, ER+/PR+, and
HER2+ proportions in the Turkish cohort were 73.5%, 81.8%, and
30.4% compared to the proportions of 74.5%, 75.9%, and 24.1% in
our North Cyprus cohort, respectively, leading to Fisher’s test p
values of 0.8, 0.086, and 0.076, respectively (number of samples
in the Turkish cohort with the subtype information: 438, 437, and
434, respectively). These differences are within the ranges and
are not significant.

It could be of great interest to compare our breast cancer sub-
types statistics with those of a Greek Cypriot cohort. We found
two surveys on breast cancer in Greek Cypriots, one with 100
patients conducted from 1999 to 2005 (32) and another with
more than 4000 patients conducted from 2005 to 2013 (33). Un-
fortunately, there was no hormone receptor subtype informa-
tion for the Greek Cypriot cohorts in both time periods. Howev-
er, we could compare the distribution of other factors when the
comparable data are available. We found that for the [995-2005
period, the distribution of children was almost identical between
the Greek and Turkish Cypriot cohorts; age and smoking status
were not significantly different; and Greek Cypriot patients had
higher education level (p value=I x 10®, less incidence of family
breast cancer history (p value=5 x 107, more early (age <l years)
menarche (p=0.04), less breastfeeding (p=0.02), and less use of
oral contfraceptives (p=0.004). The Greek Cypriots 2005-2013
cohort had more patients with invasive type of breast cancer
compared to the Turkish Cypriots (p-value=IE-14), but level of
smoking status was comparable (not significant).

Our regularized regressions (LASSO, elastic net, and ridge) (Fig-
ure 3, 4) revealed potential predictive factors for breast cancer
subtypes. However, these weak signals can only be considered
as a “trend” that has not yet been confirmed by statistical tests,
as those shown in Table 4. In a previous study (34), the risk of
benign disease proliferation was found to be higher in patients
with the ER+ subtype than in patients with the ER- subtype.
This finding can be compared fo the positive contribution ob-
served in our study from other cancers (including metastasis)
and the ER+ or ER+/PR+ subtype (Figure 4). In another previ-
ous research (I7), breastfeeding was not associated with the
ER-/PR- subtype, which can be compared with our result that
breastfeeding positively correlated with the ER+/PR+ subtype.
In the study conducted by (21), it was observed that the ER- can-
cer rate stopped increasing at a certain age, whereas the ER+
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rate continued to increase. This observation can be compared
to our result that postmenopause positively correlated with the
ER+ subtype (Figure 4). Colditz et al. (35) reported significant
differences in age, menopause status, and past use of hormone
therapy in four ER/PR groups. Yang et al. (36) found that early
age at menarche (<12 years) was less common in the PR- group
than in the PR+ group, and this was also true in our data com-
paring the ER-/PR- and ER+/PR+ groups. To summarize, many
of the predictive factors for breast cancer subtypes observed
in our study are consistent with those reported in the literature.
The positive correlation observed between cancer family histo-
ry and HER2+ subtype (Figure 4) remains intriguing.

In conclusion, we used a unique cohort of breast cancer in an
understudied population to examine the breast cancer sub-
types and related factors. A simplified analysis framework was
used, keeping the breast cancer subtypes at one level and all
factors at another level. The distribution of several factors was
extremely different from that of another large breast cancer
registry, whereas the subtype distribution was similar. This in-
directly shows that we have not exhaustively measured all the
predictive factors for breast cancer subtypes. The relationship
between the two levels was investigated by regression using
one variable, all variables, or a subset of variables. These re-
gression analyses indicated that postmenopause and/or older
age patients with breast cancer are more likely to have the ER+
subtype and the HER2- subtype. We also observed several other
trends that need to be validated in a larger cohort.
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