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PITX2 DNA-Methylation: Predictive versus
Prognostic Value for Anthracycline-Based
Chemotherapy in Triple-Negative Breast Cancer
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Abstract

Background: PITX2 DNA methylation has been shown to
predict outcomes in high-risk breast cancer patients after
anthracycline-based chemotherapy. To determine its prog-
nostic versus predictive value, the impact of PITX2 DNA
methylation on outcomes was studied in an untreated co-
hort vs. an anthracycline-treated triple-negative breast can-
cer (TNBC) cohort. Material and Methods: The percent DNA
methylation ratio (PMR) of paired-like homeodomain tran-
scription factor 2 (PITX2) was determined by a validated
methylation-specific real-time PCR test. Patient samples of
routinely collected archived formalin-fixed paraffin-embed-
ded (FFPE) tissue and clinical data from 144 TNBC patients of
2 independent cohorts (i.e., 66 untreated patients and 78 pa-
tients treated with anthracycline-based chemotherapy)
were analyzed. Results: The risk of 5- and 10-year overall sur-
vival (OS) increased continuously with rising PITX2 DNA

methylation in the anthracycline-treated population, but it
increased only slightly during 10-year follow-up time in the
untreated patient population. PITX2 DNA methylation with
a PMR cutoff of 2 did not show significance for poor vs. good
outcomes (OS) in the untreated patient cohort (HR = 1.55;
p = 0.259). In contrast, the PITX2 PMR cutoff of 2 identified
patients with poor (PMR >2) vs. good (PMR <2) outcomes
(OS) with statistical significance in the anthracycline-treated
cohort (HR = 3.96; p = 0.011). The results in the subgroup of
patients who did receive anthracyclines only (no taxanes)
confirmed this finding (HR = 5.71; p = 0.014). Conclusion: In
this hypothesis-generating study PITX2 DNA methylation
demonstrated predominantly predictive value in anthracy-
cline treatment in TNBC patients. The risk of poor outcome
(OS) correlates with increasing PITX2 DNA methylation.

© 2020 S. Karger AG, Basel

Introduction

Epigenetics is a breakthrough in patient-tailored medi-
cine, delivering new biomarkers and therapeutic options
for several cancer indications including breast cancer, colon
cancer, head and neck cancer, and prostate cancer [1, 2].

karger@karger.com
www.karger.com/brc

© 2020 S. Karger AG, Basel

el
Karger~

Olaf G. Wilhelm

Therawis Diagnostics GmbH
Grillparzerstrasse 14
DE-81675 Munich (Germany)
olaf.wilhelm @ therawis.com



In the Wnt-signaling pathway, PITX2 regulates the re-
cruitment and stabilization of cytosolic B-catenin, which
triggers the transcription of cell cycle regulatory and pro-
liferation genes (e.g., cyclin D1 and c-Myc) and subse-
quently enhances cell proliferation [3]. Methylation of
the PITX2 gene leads to epigenetic silencing of this tran-
scription factor and a subsequent change in molecular
signaling.

Significant evidence has accumulated that methyla-
tion of the PITX2 promoter gene might serve as a predic-
tive and prognostic biomarker in a variety of cancers [1].
The value of PITX2 DNA methylation for prediction of
outcomes after anthracycline-based chemotherapy [4]
was confirmed recently with a CE-marked assay using
FFPE tumor tissue specimens in ER+, HER2- breast can-
cer patients [5]. In a pilot study of 56 triple-negative
breast cancer (TNBC) patients treated with adjuvant an-
thracycline-treated chemotherapy, Absmaier et al. [6] re-
ported a potential of PITX2 to predict outcomes after
therapy. So far, the question of whether PITX2 DNA
methylation has a prognostic and/or predictive value in
breast cancer patients remains unanswered.

Considerable misunderstandings exist regarding the
definition of and difference between the prognostic and
predictive value of a given biomarker. According to Ball-
man [7] a prognostic biomarker delivers information
about the probability of a cancer disease outcome such as
disease recurrence, progression, or death independently
of treatment. A biomarker is predictive for a specific ther-
apy if the treatment effect is different for biomarker-pos-
itive patients compared to biomarker-negative patients.
Following these definitions, evidence for the predictive
value is obtained if a biomarker identifies patients with
poor versus good outcomes in the same clinicopatholog-
ical patient population only for a specific therapy and not
in the same indication with another treatment or no treat-
ment at all.

In this exploratory study using archived tissue speci-
mens, the prognostic versus predictive value of PITX2
was evaluated in 2 TNBC populations by comparing the
impact of PITX2 DNA methylation on the outcome
(DFS/overall survival [OS]) in an untreated TNBC cohort
versus an anthracycline-treated TNBC cohort.

Materials and Methods

Patients, Samples, Study Design and Conduction

Patient samples and clinical data of 144 TNBC patients from
2 cohorts with availability of clinical follow-up data for at least
18 months and valid PITX2 percent DNA methylation ratio
(PMR) values per tissue sample were analyzed. Cohort 1 com-
prised 66 untreated patients from the Karolinska Institute in
Sweden (primary diagnosis in 1971-1976). Cohort 2 comprised
78 patients treated with anthracycline-based chemotherapy
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101 Patients excluded:
-34: No tissue block available
-16: Other chemotherapy scheme

A) TNBC treated:
179 Patients evaluated

-13: Tamoxifen + radiation therapy
-10: No result for HER-2, ER, tamoxifen

78
Patients suitable for -08: No Follow-updata
analysis -07: HER-2 positive 22

-07: Other reasons (e.g. M1, pregnancy)
-04: ER positive >1%
-02: No valid PITX2 PMR result

153 Patients excluded:
-40: HER-2 positive 22
-36: ER positive >1%
-34: PR positive>1%
-16: No tissue block available for IHC

B) TNBC untreated:
219 Patients evaluated

66
Patients suitable for -10: No result for HER-2, ER
analysis -10: No valid PITX2 PMR result

-04: Tamoxifen + radiation therapy
-02: No Follow-updata
-01: Chemotherapy received

Fig. 1. The consort diagrams depict the eligibility of the patients
and the respective samples that were included in the 2 patient co-
horts, i.e., the anthracycline-based chemotherapy treated cohort
(A) and the untreated cohort (B), and the reasons for noninclusion.

(ANT=T) from the Comprehensive Cancer Center of the Tech-
nical University of Munich (TUM) in Germany (primary diag-
nosis in 1996-2009). The main eligibility criteria were as follows:
histologically confirmed invasive breast cancer; primary tumor
stage pT1, pT2, or pT3; ER-negative, PR-negative, and HER2-
negative cancer (TNBC); no endocrine therapy; for cohort 1, no
further therapy besides surgery + radiation; and for cohort 2:
surgery followed by standard-of-care adjuvant anthracycline-
based chemotherapy (+taxanes, no dose-dense therapy, and no
other primary systemic chemotherapy). The CONSORT dia-
gram (Fig. 1) lists all of the patients assessed for eligibility and
the reasons for exclusion. For all of the patients, source data ver-
ification was performed.

Clinical Variables Assessed

The ER/PR and HER?2 status of all of the samples was assessed
by an experienced local pathologist via immunohistochemistry
(IHC) using the following cutoffs: ER negativity <1%, PR nega-
tivity <5%, and HER2 IHC status 0 or 1. For most samples of the
untreated patients (cohort 1) ER/PR and HER2 status was already
available based on an assessment using a standardized method by
the Institute of Pathology of the Helmholtz Center Munich. Due
to missing values for 21 cases from cohort 1, assessment of the
ER/PR/HER2 status was performed at the Research Unit Ana-
lytical Pathology of the Helmholtz Center Munich using the same
standardized IHC protocol with the cutoffs as described above.

For cohort 2, assessment of the TNBC status was performed
by the pathology laboratory of the TUM as a routine diagnostics
analysis using the same criteria as for cohort 1. For HER2, an IHC
status of 2+ with absence of HER2 amplification analyzed by flu-
orescence in situ hybridization (FISH) was considered HER2
negative according to national and international guidelines.

Napieralski et al.



Study Evaluation Plan

This study was designed to determine the PITX2 PMR cutoff
value in an untreated population (n = 66, prognostic value) and
subsequently to investigate this cutoff in a treated population (n =
78, prognostic and predictive value) for statistical significance. If
no cutoff was identified in the untreated population, a cutoff was
to be determined in the treated population and applied to the oth-
er population.

PITX2 DNA-Methylation Assay, DNA Amplification and

Input

All primary formalin-fixed paraffin-embedded (FFPE) breast
cancer tissue samples were coded to ensure blinding of the opera-
tor conducting the PITX2 DNA methylation assay. The PITX2 test
(QIAGEN therascreen® PITX2 RGQ PCR Kit) is a quantitative
methylation-specific real-time PCR test (QMSP) intended for de-
termination of the PMR in promotor 2 of the PITX2 gene in pri-
mary FFPE breast cancer tissue [5, 8]. In order to reduce the tis-
sue input and increase amplifiable DNA copy numbers an adapted
therascreen® PITX2 RGQ PCR assay protocol (CEF PITX2 work-
flow) was used in the present study [9]. Genomic DNA preparation
was performed through deparaffinization and lysis of the FFPE
tumor tissue section using an Epitect Fast FFPE Lysis Kit (QIA-
GEN, Hilden, Germany). The lysate was subsequently applied di-
rectly for bisulfite conversion using an Epitect Fast DNA Bisulfite
Kit (QIAGEN) according to the manufacturer’s instruction. Upon
cleaning and elution, the bisulfite-converted DNA (bisDNA) was
quantified with a QIAxpert spectrophotometer and bisDNA sam-
ples were diluted to a final concentration of 6 ng/pL for subsequent
qPCR analysis. Samples from patient cohort 1 were very low in
DNA content due to age and probably usage of unbuffered forma-
lin for fixation. Therefore, bisDNA was used for preamplification
applying the same qPCR reaction mix as used in the therascreen®
PITX2 RGQ PCR Kit Handbook [10]. After adding 4 uL of sample
bisDNA to 1 well of reaction mix, the following protocol was per-
formed using RGQ software version 2.3.1 on a Rotor-Gene Q real-
time PCR cycler: polymerase activation: 2 min at 95 °C, followed
by 10 cycles with denaturation for 5 s at 95°C and annealing for 5
s at 60 °C. PCR reactions were used undiluted as samples for sub-
sequent qPCR analysis and stored at —20 °C until further use.

The percent methylation ratio of 3 CpG motifs of the PITX2
gene promoter 2 [8] was quantified by qMSP using the ther-
ascreen® PITX2 RGQ PCR Kit, containing qPCR reaction mix,
primer, and probes, as well as positive and negative controls. The
assay was performed on a Rotor-Gene Q MDx real-time PCR plat-
form (QIAGEN) and automatically assessed by Rotor-Gene As-
sayManager® software version 2.1 with an installed Gamma plug-
in and PITX2 specific assay profile (therascreen_PITX2_FFPE_
CE Assay Profile version 1.0.1) for data analysis and quality
control [10]. In order to determine the PMR, values were calcu-
lated for the methylated and the unmethylated PITX2 DNA meth-
ylation status using a modified 2 A" method with the following
formula: 1/(1 + 2[CTmeth (FAM) - CTunmeth (HEX)]) [10) 11]

Statistical Methods

Disease-free survival (DFS), defined as the time from the pri-
mary surgery to the first documented DEFS event (local disease re-
currence, distant metastasis, life-threatening secondary cancer,
and death of any cause) was originally designated as the primary
endpoint. However, the imaging technologies applied for follow-
up for progression of disease were not comparable in the different
decades of tissue sampling in the present study. Therefore, as the
results for OS, defined as the secondary endpoint, are regarded as
more reliable within the presented study population, OS was se-
lected for hypothesis generation. The date of the primary surgery

PITX2 DNA-Methylation in TNBC

Table 1. Patient cohort characteristics

Characteristic Cohort 1: TNBC  Cohort 2: TNBC
untreated (n = 66) treated (n = 78)

Age (years)

<50 15 (23) 33 (42)

>50 51 (77) 45 (58)
T stage

T1 (<2.0 cm) 36 (55) 33 (42)

T2 (2-5c¢m) 23 (35) 40 (51)

T3 (>5cm) 3(5) 5 (6)

X 4 (6) 0(0)
Lymph node stage

NO 35 (53) 45 (58)

N1 17 (26) 14 (18)

N+ 14 (21) 19 (24)
Grading

Gl 8(12) 0(0)

G2 41 (62) 6(8)

G3/G4 17 (26) 54 (69)

GX 0(0) 18 (23)
Histology

Ductal 36 (55) 56 (72)

Other 30 (45) 22 (28)
Radiotherapy

Yes 35 (53) 74 (95)

No 31 (47) 4(5)
Endocrine therapy

Yes 0(0) 0(0)

No 66 (100) 78 (100)
CTx scheme

ANT 0 (0) 50 (64)

ANT-T 0(0) 28 (36)

UNT 66 (100) 0(0)
DES event

Yes 48 (73) 29 (37)

Yes within 10 years 36 (55) 28 (36)

No 18 (27) 49 (63)
OS event

Yes 37 (56) 16 (21)

Yes within 10 years 28 (42) 14 (18)

No 29 (44) 62 (79)

Values are presented as numbers (%). ANT, treated with an-
thracyclines; ANT-T, treated with anthracyclines followed by tax-
anes; CTx, chemotherapy; UNK, unkown; UNT, untreated (no
chemotherapy).

was considered the follow-up index date. OS was defined as the
time from surgery to the documented date of death or, if the pa-
tient was still alive, the date of the last follow-up information. The
PITX2 cutoff value for OS was established with the maximum-
selected log-rank statistic using the maxstat.test function as imple-
mented by the program library maxstat of the program R (R De-
velopment Core Team 2012) [12]. Analysis was performed for OS
follow-up time censored at 5 and 10 years. Survival curves were
calculated according to the incidence function [13, 14]. The log-
rank test was used for calculating the respective p values and a two-
sided significance level of 5% was considered significant (R soft-
ware version 3.4.1 [2017] - Single Candle [2017]; The R Founda-
tion for Statistical Computing).
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Fig. 2. Kaplan-Meier analysis of the un-
treated (blue line) vs. the anthracycline-
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Fig. 3. Correlation between PMR values generated with or without
preamplification. The graph depicts the high correlation (r =
0.938) between PITX2 PMR values obtained with preamplified
(y-axis) and nonpreamplified bisulfite-converted DNA (x-axis)
from 20 tumor tissue specimens.

Results

Patients Characteristics and Study Populations

Patient characteristics and the reasons for inclusion
and exclusion of the archived patient samples (CON-
SORT diagrams) are presented in Table 1 and Figure 1,
respectively. All of the treated patients (cohort 2) had re-
ceived anthracycline-based chemotherapy (+docetaxel or
paclitaxel) consisting of epirubicin or doxorubicin in
combination with cyclophosphamide (EC/AC) or in
combination with cyclophosphamide and fluorouracil
(FEC). Current national and international guidelines rec-
ommend anthracycline-taxane combination regimens,
and therefore patients treated with taxanes in addition to
anthracyclines were also included in the present study.

526 Breast Care 2021;16:523-531
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Compared to the untreated population, the anthracy-
cline-treated patient cohort was younger (age <50 years:
42 vs. 23%) and had a higher percentage of T2 stages (51
vs. 35%) and more patients with grading G3/4 (69 vs.
26%). The lymph node status was comparable in both
populations (patients with NO: 58 vs. 53%). The different
rate of treatment by radiotherapy (95 vs. 53%) was prob-
ably due to the higher rate of breast-conserving surgery
in the treated population. The untreated TNBC popula-
tion demonstrated a higher event rate (OS) at 10 years
compared to the anthracycline-treated population (28 OS
events — 42% event rate vs. 14 OS events — 18% event rate;
Fig. 2). The 3-year OS event rate was similar, with 12% in
the untreated population versus 14% in the treated popu-
lation. The OS event rate in the untreated patient popula-
tion increased to 20% at 5 years and to 42% at 10 years;
the treated population developed a lower OS event rate,
with 14% at 5 years and 18% at 10 years, assumingly due
to the chemotherapy treatment.

Based on the different follow-up time intervals, imag-
ing technologies, and analysis methods used during the
different time periods of the untreated versus treated co-
horts, detection of DFS events was likely subject to bias
and therefore not evaluated further.

DNA Quality, Amplification and PITX2 Measurement

To reduce tissue input and increase amplifiable DNA
copy numbers, we applied an adapted therascreen®
PITX2 RGQ PCR assay protocol, i.e., CEF PITX2 work-
flow, which showed a high concordance with the stan-
dard therascreen® PITX2 RGQ PCR assay protocol and
an increased yield of amplifiable PITX2 copy numbers,
allowing a reliable assessment of PITX2 PMR down to a

Napieralski et al.
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Fig. 4. Increasing PITX2 DNA methylation results and increasing
OS risk. A OS at 5 years of follow-up. B OS at 10 years of follow-up.
The blue line depicts the untreated patient population and the red
line represents the anthracycline-treated patient population.

PMR of 2 [9]. In addition, due to the age of the untreat-
ed patient cohort 1, preamplification of the DNA was
required. The preamplification was performed by 10
PCR cycles applying the PITX2 primers and PCR reac-
tion mixes of the kit. The graph (Fig. 3) shows a high
correlation (r = 0.938) between preamplified and non-
preamplified PITX2 PMR in an independent set of 20
tumor tissue specimens, confirming data reproducibil-
ity. The treated patient cohort 2 was tested for PITX2
PMR also with the CEF workflow, without a preampli-
fication step.

PITX2 DNA Methylation and Risk of Recurrence

Hypermethylation of PITX2 has been previously dem-
onstrated to confer an increased risk of poor outcomes
with respect to DFS in estrogen receptor-positive and
HER2-negative patients [5, 15]. The data in the present
study show that the risk for OS events at 5-years (blue line

PITX2 DNA-Methylation in TNBC

p-value

0.6

0.5 A)

0.4 A A | |

IS ATA I

55 \vAvl \

0.1 \ /\

Y
0 5 10 15 20 25 30
PMR
p-value
0.14
0.12 B)
0.10
0.08
g
0.04 A
i .
0.00 . ; ; : :
0 5 10 15 20 25 30
PMR

Fig. 5. Log-rank statistics to identify the optimal cutoff value for
PITX2 DNA methylation. The dashed line represents the p value
of significance for OS (p < 0.05). A Untreated patient cohort.
B Anthracycline-treated patient cohort.

in Fig. 4A) did not increase with increasing PITX2 meth-
ylation in the untreated TNBC patient cohort 1. At 10
years only a slight increase in OS risk was observed in the
untreated patient cohort 1 (blue line in Fig. 4B). In con-
trast, the risk of OS events in the anthracycline-treated
patient cohort 2 significantly increased with increasing
PITX2 PMR values not only at 5 years (red line in Fig. 4A)
but also at 10 years (red line in Fig. 4B).

PITX2 PMR Cutoff Determination in the Two Patient

Cohorts

According to the predefined study protocol the PITX2
PMR cutoff value was first determined in the untreated
population by log-rank statistics (n = 66, prognostic val-
ue). In the 5-year DFS analysis no statistically significant
cutoff was found in the untreated population as well as in
the treated one. Ten-year DFS analyses revealed cutofts of
27 in the untreated population and 19 in the treated pop-
ulation (DFS results not shown). Analysis of PITX2 PMR
values in the untreated cohort at the 10-year OS follow-up
from 0 to 30 resulted in a single significant cutoff point at
PMR 27; however, only 2 patients were above this thresh-
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Table 2. Statistical significance of 10-year

OS as a function of the PITX2 cutoff Cutoff applied® Cohort 1: untreated TNBC Cohort 2: ANT-treated TNBC

10-year OS p value 10-year OS p value
HR HR

PMR 0 1.50 0.280 2.29 0.125

PMR 1 0.52 0.172 3.65 0.017

PMR 2 1.55 0.259 3.96 0.011

PMR 3-18 0.48-2.05 0.119-0.505 2.98-4.11 0.009-0.041

PMR 19 2.05 0.119 5.31 0.003

PMR 20-23 0.68-2.57 0.056-0.169 5.44 0.005

PMR 24-26 2.57 0.056 6.51 0.002

PMR 27 4.33 0.007 6.51 0.002

2 < vs. > cutoff PMR value applied in cohorts 1 and 2. ANT, anthracycline-based che-
motherapy; OS, overall-survival.

old. Therefore, this cutoff was considered to be not clini-
cally relevant and was neglected (Fig. 5A; Table 2).

Subsequently, we searched for a cutoff value at 10-year
OS using log-rank statistics in the treated population
(n = 78, prognostic and predictive value). Already at a
cutoff of PMR 1, patients with poor versus good out-
comes (OS) were identified with a high statistical signifi-
cance (p < 0.017; Table 2). Significance (p < 0.05) re-
mained valid over all subsequent PMR values tested up to
PMR 30 (Fig. 5B; Table 2). It is noteworthy that HR in-
creased with increasing PMR. The optimal separation of
the 2 patient cohorts with the highest statistical signifi-
cance was obtained for a PITX2 cutoff of 2.

Impact on OS Applying the Statistically Significant

PITX2 Cutoff

Applying the PITX2 DNA methylation PMR cutoft
value of 2 to the untreated patient population, no differ-
ence and no statistical relevance for poor versus good out-
comes could be demonstrated for OS (HR = 1.55; p =
0.259; Fig. 6A).

In contrast, the PITX2 PMR cutoff value of 2 identified
patient populations with poor versus good survival with
a high statistical significance in the anthracycline-treated
patient cohort 2 (HR = 3.96; p = 0.011; Fig. 6B). Results
in the subgroup of patients who did receive anthracy-
clines only (no taxanes; n = 50) confirmed this finding
(HR = 5.71; p = 0.014; Fig. 6C).

Discussion

The clinical relevance of the PITX2 DNA methylation
status in breast cancer has been described in several stud-
ies [reviewed in 1]. The precise role of PITX2 DNA meth-
ylation in breast carcinogenesis and disease progression,
however, remains not fully understood. Whereas
Nimmrich et al. [16] described a prognostic role of PITX2

528 Breast Care 2021;16:523-531
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DNA methylation in breast cancer, others have shown a
strong correlation with metastasis-free survival in node-
negative, tamoxifen-treated breast cancer patients, dem-
onstrating a predictive value [11, 17]. Furthermore,
strong evidence has been provided that PITX2 DNA-
methylation predicts outcomes in anthracycline-treated
high-risk breast cancer patients [4, 5, 15].

PITX2 as homeobox transcription factor plays an im-
portant role in general developmental processes and it
has been shown to have a strong impact on tumor devel-
opment, facilitating invasion [18, 19], proliferation [3,
20], and metastasis [21] in different cancer entities. Fur-
thermore, PITX2 has been shown to be also involved in
chemo- or radiotherapy resistance [22-25].

Therefore, the question arises of whether PITX2 DNA
methylation has prognostic or predictive value or both.
To address this issue, the role of PITX2 DNA methylation
was investigated in untreated and treated TNBC patient
cohorts. This was only possible because of the availability
of a unique untreated patient cohort from the early 1970s.
The 20-year time gap of the dates of diagnosis between
the patient populations (1971-1976 for the untreated co-
hort and 1996-2007 for the treated cohort) and the rea-
son why different diagnostic evaluation algorithms were
applied (e.g., for staging and grading) might have con-
tributed to differences in patient characteristics. The ar-
chived tissue specimens were obtained from single cen-
ters and were not from a randomized trial; this also rep-
resents a limitation of the present study. Grading, T stage,
and lymph node involvement represent robust prognos-
tic parameters in ER-positive patients, and these param-
eters are less significant in TNBC cancer. Kashiwagi et al.
[26] showed that in TNBC clinical parameters such as
grading and T stage lost their statistical significance in
multivariate OS analyses. The statistical significance for
lymph node status was, however, retained. In the present-
ed patient populations, the lymph node status (NO vs. N+)
was comparable.

Napieralski et al.
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PMR 2. Untreated patient cohort (A; n = 66), anthracycline-treat-
ed patient cohort (B; #n = 78), and anthracycline-treated patients
who received anthracyclines only (no taxanes added) in their che-
motherapy regimens (C; n = 50).

In the anthracycline-treated patient population, a
higher percentage of grade 3 was observed compared to
the untreated population. However, it has been previous-
ly demonstrated in ER-positive patients that the value of
PITX2 DNA methylation for prediction of clinical out-
comes is independent of tumor grading [4, 5]. In addi-

PITX2 DNA-Methylation in TNBC

tion, it needs to be mentioned that TNBC comprises a
disease with substantial heterogeneity on a morphologi-
cal level as well as on a molecular level [27-30]. Unfortu-
nately, molecular profiling regarding these subtypes was
not available for the cohorts; therefore, the potential im-
pact of subtypes on outcomes was not investigated. Evi-
dence has been published demonstrating a high recur-
rence and OS event rates for TNBC within the first 3-5
years [31, 32]. In the present study the OS event rates
seemed to be lower, as expected, (12% in the untreated
cohort vs. 14% in the treated cohort) and increased in the
untreated population to 20 and 42% at 5 and 10 years, re-
spectively. The increase in the treated population was less
significant, with 14% at 5 years and 18% at 10 years, which
is most probably due to the treatment effect. No explana-
tion could be found to explain why the effect in the first 3
years was not as prominent as reported by others.

In addition, the evaluation of DFS had major limita-
tions based on the incomparability of imaging technolo-
gies used for both patient cohorts. In the late 1980s high-
resolution ultrasound machines became available; multi-
detector CT were only developed in the late 1990s and
became part of routine imaging follow-up in oncology in
the early 2000s, i.e., these modern technologies were not
available for imaging follow-up of cohort 1 (untreated pa-
tient cohort). Therefore, the DFS results in the untreated
subgroup can be regarded as less precise and the observed
DFS events in this cohort were mostly death. Neverthe-
less, the OS results suggest that PITX2 DNA methylation
is rather of predictive value in anthracycline-treated
TNBC patients for 2 reasons. First, we could not identify
a clinically relevant cutoff value for PITX2 in the untreat-
ed patient cohort, whereas in the anthracycline-treated
patient cohort the cutoff value for PITX2 already at PMR
1 identified patients with poor versus good outcomes for
OS with a high statistical significance. Second, while the
risk for death increased strongly with rising PITX2 DNA
methylation in the anthracycline-treated patient popula-
tion but not in the untreated population at 5-years of fol-
low-up, only a slight increase in the untreated population
at 10-years could be observed.

The data of Nimmrich et al. [16] showed clinical rele-
vance of PITX2 in untreated ER-positive breast cancer
patients, indicating a prognostic value. Therefore, a slight
prognostic value in TNBC cannot be ruled out and should
be further investigated. In comparison to the publication
of Absmaier et al. [6] our results showed an inverse clini-
cal outcome, associating hypermethylated PITX2 values
>2 with a poor OS compared to hypomethylation as
shown by Absmaier et al. [6]. This may be due to non-
comparable TNBC collectives investigated with regard to
possibly different TNBC subtypes analyzed, heteroge-
neous chemotherapy regimens including cotherapies
with CMF in the study of Absmaier et al. [6], and use of a
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nonvalidated PITX2 assay with differences in qPCR assay
set-up and detection threshold settings, which may have
led to different sensitivities of the QPCR assay.

PITX2 shows a strong correlation with specific drug
responses (e.g., doxorubicin and letrozole) in preclinical
cancer models mediated by ABC type drug transporters,
importers, and other pathways [22-24], which supports
the role of PITX2 as a drug-specific response marker. This
is also supported by our results, showing a HR of 5.71 in
the subgroup treated with anthracycline without taxanes,
compared to a HR of 3.96 in the overall anthracycline-
treated group (including or not including taxanes in the
therapy regimen).

Based on the discussed differences in the patient char-
acteristics, the different time intervals of sampling, and
the fact that no specimen was available from a randomized
prospective clinical trial, the study results should be inter-
preted with caution and considered as hypothesis generat-
ing only. In order to unequivocally prove that PITX2
DNA methylation is predictive of anthracycline treatment
in TNBC, additional studies are required to investigate the
effect in patients treated with non-anthracycline versus
anthracycline-containing regimens according to current
treatment guidelines. Furthermore, the effect of taxanes
(anthracycline-taxane vs. anthracycline-non-taxane) reg-
imens may merit further investigation. The proposed
study should utilize tissue specimens preferably from a
randomized trial comparing both treatment modalities
and by applying a formal statistical test of the treatment-
by-biomarker interaction which should be significant as
described by Ballman [7].

In conclusion, in this hypothesis-generating study
DNA methylation of PITX2 identified anthracycline-
treated patients with a poor outcome with a high statisti-
cal significance. The risk of death (OS) increased with in-
creasing PITX2 DNA methylation with a high statistical
significance in the anthracycline-treated patient cohort
but not in the untreated patient cohort. These results sug-
gest that PITX2 DNA methylation has only a minor prog-
nostic value (for 10-year OS only) but a significant pre-
dictive value for anthracycline-based treatment in TNBC
patients. To conclusively confirm the predictive value of
PITX2 DNA methylation, the results warrant a confirma-
tory study with tumor specimens from a prospective trial
with a predefined follow-up period in anthracycline-
treated patients versus anthracycline-free treated patients
and distinction regarding taxane cotreatment.
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