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Benefit of systemic therapy in MINDACT
patients with small, ER-positive, HER2-
negative breast cancers

Check for updates

Florentine S.Hilbers 1, Coralie Poncet2, Konstantinos Tryfonidis2, GiuseppeViale3, Suzette Delaloge 4,
Jean-YvesPierga 5, EtienneG.C.Brain 5, Isabel T.Rubio6, AlastairM.Thompson7, Emiel J. T. Rutgers8,
Martine J. Piccart9, Laura J. van ’t Veer 10,12 & Fatima Cardoso 11,12

Small, hormone receptor-positive (HR+), HER2-negative (HER2-), lymph node-negative breast
cancers are associated with relatively low rates of disease recurrence and have therefore been
underrepresented in clinical trials assessing the effects of systemic therapy. Consequently, it remains
uncertain if this patient population derives benefit from these treatments. For this exploratory analysis,
we selectedMINDACT (NCT00433589) patients with aHR+, HER2-, T1ab (≤1 cm) tumor and negative
lymph nodes. Patients with discordant clinical risk and MammaPrint genomic risk classification were
randmomized to receive chemotherapy based on either the clinical or the genomic risk assessment.
Endocrine therapy treatmentwasbasedon local guidelines. 715/6693 (10.7%)MINDACTpatients had
HR+, HER2-, T1abN0breast cancer andwere included in this analysis. All were clinically low-risk, 124/
715 (17.3%) were genomic high-risk. For genomic high-risk tumors, 8-year distant metastasis-free
survival (DMFS) was 92.9% (95% CI 86.2–96.4%) compared to 95.0% (95% CI 92.8–96.6%) for
genomic low-risk tumors. For genomic high-risk tumors treatedwith or without chemotherapy, 8-year
DMFS was 89.2% (95%CI 73.6–95.8%) and 94.1% (95%CI 82.9–98.1%), respectively. For genomic
low-risk tumors, the 8-year DMFS and disease-free survival (DFS) were 96.1% (95% CI 93.4–97.6%)
and 89.3% (95% CI 85.5–92.2%) when treated with endocrine therapy and 92.9% (95% CI
87.9–95.9%) and 79.4% (95% CI 72.5–84.8%) without. In conclusion, although the number of
randomized patients is small, patients with small, genomic high-risk breast cancer did not seem to
derive benefit from chemotherapy. Endocrine therapy was associated with improved outcomes even
in genomic low-risk breast cancers.

In early breast cancer, tumor size is a well-established prognostic factor.
Patients with a small (≤1 cm), hormone receptor-positive (HR+),
HER2-negative (HER2-) tumor and negative lymph nodes are generally
considered at low risk of disease recurrence. Nonetheless, current
clinical guidelines suggest that even for small, node-negative cancers
chemotherapy can be considered if high risk pathological or molecular

features are present1,2. There is, however, no conclusive data showing
that patients with a small, ER+, HER2- tumor and negative lymph
nodes derive clinically meaningful benefit to justify the added toxicity
of chemotherapy. Even the role of endocrine therapy in this patient
population has been questioned by some. Given that since the intro-
duction of screening almost 1 in 4 invasive breast cancers is ≤1 cm at
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diagnosis, it is important to establish the optimal treatment strategy in
this subgroup3.

Results fromprevious studies assessing chemotherapy benefit in small,
HR+, HER2-, node-negative breast cancers have been limited. This patient
population has been underrepresented in randomized clinical trials.
Although one study pooling data from several chemotherapy trials con-
cluded there was benefit from chemotherapy for ≤1 cm tumors, this study
did not take into account HER2 overexpression4. Other, non-randomized,
studies concluded that there was no or very limited benefit from che-
motherapy, but had a relatively short median follow-up of at most 6.5
years5–7. As the risk of disease recurrence for HR+ breast cancer persists for
at least two decades after initial diagnosis, long-term follow-up is crucial8.
Similarly, only a small number of studies with short follow-up have assessed
endocrine therapy benefit in this group of tumors9,10.

TheMINDACT phase III clinical trial randomized patients with T1-3
breast cancer and up to 3 positive lymph nodes to receive chemotherapy or
not if their clinical risk and genomic riskwere discordant11.Here,we present
the results of an exploratory analysis for the subgroup of patients with T1ab
(≤1 cm), node-negative, HR+, HER2- breast cancer. After amedian follow-
up of 8.8 years, we examine the effect of chemotherapy on disease-free
survival (DFS), distantmetastasis-free survival (DMFS) and overall survival
(OS) in the randomized patients. In addition, we assess these outcomes in
patients who based on shared decision making (i.e. no randomization) did
or did not receive endocrine therapy.

Results
Patients and tumor characteristics
Between February 2007 and July 2011, 6693 patients were enrolled in the
MINDACTstudy.Outof thesepatients,715(10.7%)hadaHR+,HER2- tumor
of≤1 cm(T1an= 34,T1bn= 681)withnegative lymphnodes (Supplementary
Figure 1). All 715 T1ab, HR+, HER-tumors were classified as clinical low-risk,
according to MINDACT criteria. The MammaPrint assay classified 591
(82.7%) of these as genomic low-risk and 124 (17.3%) as genomic high-risk
(Table 1).Genomic high-risk tumorsweremoreoften grade 3 (34.1%vs. 5.4%),
progesterone receptor-negative (18.9% vs. 11.7%), and Ki67≥ 30% (22.2% vs.
1.2%) compared to genomic low-risk tumors. Regardless of genomic risk, the
largemajority of tumors (96.8% and 98.8% for high- and low-risk, respectively)
were luminal according to BluePrint. Patients with a genomic high-risk tumor
were less likely to receive breast conserving surgery (83.1% vs. 91.7%) and
radiotherapy (83.3% vs. 92.2%) compared to patients with a genomic low-risk
tumor. As patients with a clinical low-risk/genomic high-risk tumor were
randomized to receive chemotherapy or not (1:1), while patients with a clinical
low-risk/genomic low-risk tumor would according to the protocol not receive
chemotherapy, there was also a substantial difference in chemotherapy use
between thegenomic riskgroups (42.3%vs.2.2%).Endocrine therapywasgiven
or not following local guidelines and shared decision making. Patients with
genomic high-risk tumors more often received endocrine therapy (86.7% vs.
65.0%) compared to patients with genomic low-risk tumors.

Outcome by genomic risk in patients with small tumors
In the subgroup of patients with T1ab, HR+, HER- tumors, the median
follow-up was 8.8 years. For DMFS, the curves for the two genomic risk
groups started diverging after approximately 4 years, resulting in an 8-year
DMFS of 92.9% (95%CI 86.2–96.4%) for high-risk tumors and 95.0% (95%
CI 92.8-96.6%) for low-risk tumors (Fig. 1, Supplementary Table 1). The
8-yearDFS, however, was very similarwith 87.3% (95%CI 79.4–92.3%) and
86.0% (95% CI 82.7-88.7%) for patients with genomic high-risk and low-
risk tumors, respectively. The 8-year survival estimates for OS were 92.3%
(95% CI 85.1–96.1%) for genomic high-risk tumors and 96.2% (95% CI
94.2–97.5%) for low-risk tumors.

Chemotherapy benefits in patients with small genomic high-
risk tumors
Among the 124 patients with a genomic high-risk tumor, 4 opted out of
randomization, while 59 and 61 were randomized to receive adjuvant

chemotherapy and no adjuvant chemotherapy, respectively (Supplemen-
tary table 2). The baseline characteristics were mostly well-balanced,
although there was a slight difference in the distribution of tumors by grade.
While in the no chemotherapy arm, 16 (26.2%) tumors were grade 1, this
was the case only for 6 (10.2%) of tumors in the chemotherapy arm.Ofnote,
15 patients (25.9%) in the chemotherapy arm, in the end, did not receive
chemotherapy. Patients in The Netherlands and patients aged ≥50 were
more likely to not receive chemotherapy (Supplementary table 2). Con-
versely, there were 5 patients (8.2%) in the no chemotherapy armwhowere
treated with chemotherapy. Patients aged <50 and those with a grade 3
tumor were more likely to receive chemotherapy treatment regardless of
randomization to the no chemotherapy arm. Endocrine therapy use was
also different between the per-protocol groups, with 41 (100%) and 42
(79.2%)of patients receiving endocrine therapy in the chemotherapy andno
chemotherapy group, respectively.

At 8 years follow-up, in the intention to treat population, DMFS, DFS,
and OS were 92.1% (95% CI 80.2–97.0%), 88.3% (95% CI 75.7–94.6%) and
91.7% (95% CI 79.4–96.8%) in the chemotherapy arm, respectively (Sup-
plementary Figure 2). Outcomes in the no chemotherapy arm were very
similar, with 93.1% (95% CI 82.5–97.3%), 85.6% (95% CI 73.1–92.6%), and
92.3 (95%CI80.6–97.0%) forDMFS,DFS, andOS.Asnon-adherence to the
assigned treatment would result in a dilution of the effect of chemotherapy,
outcomes were also assessed in the per-protocol population (Fig. 2, Sup-
plementary table 3). Again, no improved outcome was observed in the
patients treatedwith chemotherapy,with an8-yearDMFSof 89.2% (95%CI
73.6–95.8%) compared to 94.1% (95%CI 82.9–98.1%) in those who did not
receive chemotherapy (HR 2.25, 95% CI 0.54–9.43). DFS and OS were
84.0% (95% CI 67.7–92.5%) and 88.6% (95% CI 72.4–95.6%) in patients
treated with chemotherapy and 87.7% (95% CI 74.4–94.3%) and 93.3%
(95% CI 80.5–97.8%) for the patients who had not received chemotherapy.
We did not observe a subgroup of patients in which a clear benefit from
chemotherapywas shown, although these analyseswere underpowered due
to the low number of events (Supplementary table 4).

Endocrine therapy benefit in patients with small genomic low-
risk tumors
Among the 585 patients with a clinical low-risk and genomic low-risk
tumor, 205 (35.0%) did not receive endocrine therapy (Supplementary
table 5). The majority of these patients, were enrolled in the Nether-
lands where guidelines at the time did not recommend endocrine
therapy for most tumors ≤1 cm. Patients who received no endocrine
therapy were also more likely to have a grade 1 (120/205 [58.8%] vs.
349/380 [44.1%]) or progesterone receptor-negative (39/205 [19.0%]
vs. 30/380 [7.9%]) tumor. The 8-year DMFS and OS were 96.1% (95%
CI 93.4–97.6%) and 96.6% (95% CI 94.0–98.0%) compared to 92.9%
(95% CI 87.9–95.9%) and 95.5% (95% CI 91.2–97.7) for patients
treated with and without endocrine therapy respectively (Fig. 3). The
difference in 8-year DFS was larger, with 89.3% (95% CI 85.5–92.2%)
for patients treated with endocrine therapy and 79.4% (95% CI
72.5–84.8%) for patients without endocrine treatment (Fig. 3, Sup-
plementary table 6). The number of patients with second primary
breast cancer as their first DFS event was 4 (1.1%) in the endocrine
therapy-treated patients and 13 (6.3%) in patients treated without
endocrine therapy. Endometrial cancer, which has been associated
with tamoxifen treatment12, was reported as a first DFS event in 1
(0.5%) patient who did not receive endocrine therapy, and 2 (0.5%)
patients who did.

Discussion
In this exploratory analysis of the MINDACT study, we observed no clear
differences in survival outcomes at 8 years for patients with T1ab, HR+,
HER2-, genomic high-risk tumors compared to those with genomic low-
risk tumors. Patients with small genomic high-risk tumors who received
chemotherapy did not appear to have a better outcome compared to those
whodidnot receive chemotherapywith 89.2%vs. 94.1%DMFS respectively,
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at 8 years. For the patients with low-risk tumors, we observed better 8-year
DFSoutcomes in those treatedwith endocrine therapy (89.3%) compared to
those treated without endocrine therapy (79.4%).

Patients with small (≤1 cm) node negative tumors have often been
excluded from chemotherapy trials due to their relatively good prognosis. It
has therefore long been uncertain if this population derives significant
benefit from these treatments. Recently, two large analyses of the Surveil-
lance, Epidemiology, and End Results (SEER) database showed that for
T1abN0 HER2-positive and triple negative breast cancers absolute differ-
ence in 5-year breast cancer-specific survival between patients treated with
andwithout chemotherapy was very small (for T1b: TNBC 96.6% vs. 95.8%
[n = 2175], HER2+/HR+ 99.3% vs. 97% [n = 2439] and HER2+/HR-
98.9% vs. 98.6% [n = 712]). No statistically significant benefit of che-
motherapy was found when correcting for potential confounding
factors13,14. In our study, after 8 years follow-up and with a very small
number of events, we found no indication that chemotherapy improves
outcome in genomic high-risk T1abN0 HR+, HER2- breast cancer. This
echoes the overall results of the MINDACT study, in which the group of
patients with clinical low-risk/genomic high-risk tumors seemed to derive
no benefit from chemotherapy (8-year DMFS 92.3% vs. 90.8% for che-
motherapy and no chemotherapy respectively). These results are also in line
with the results of several registry-based cohort studies in T1abN0 HR+,
HER2-breast cancer,which all reportedno statistically significant difference
in outcome for patients treated with or without chemotherapy5–7. A study
combining data from 5 NSABP trials, did report an 8-year recurrence-free
survival (RFS) of 93% in T1ab, HR+ breast cancers treated with tamoxifen
alone compared to 95% in those treated with tamoxifen and chemotherapy
although this differencewas not statistically significant and theHER2-status
of these cancers was unknown. Further research is needed to determine if
there is a subgroup of patients with T1ab, HR+, HER2-, genomic high-risk
tumors thatmight benefit from other treatment strategies, such as extended
endocrine therapy or treatment with a CDK4/6 inhibitor.

Although endocrine therapy is associated with substantially less toxi-
city compared to chemotherapy, it is associatedwitha small increased riskof
endometrial cancer and thromboembolic disease. Moreover, its common
side effects can impact quality of life15. It has therefore been suggested that
for some patients with small, low-risk, HR+, HER2- breast cancers the
benefits of endocrine therapy might not outweigh the side effects. In our
exploratory analysis of patients with genomic low-risk, T1ab, HR+, HER2-
breast cancers, we observed an absolute difference of 9.9% in DFS at 8 year
(89.3% vs. 79.4%) for patients treated with endocrine therapy compared to
those treated without. The majority of this effect was due to a difference in
the development of second primary breast cancers (1.1% vs. 6.3%). For the
8-year DMFS amoremodest difference was observed, with 96.1% vs. 92.9%
(3.1% absolute benefit with overlapping confidence intervals) for endocrine
therapy treated compared to systemically untreated patients, respectively.
These results are similar to those observed in themeta-analysis of 5 NSABP
trials, where the 8-year RFS was 86% for patients with T1ab, HR+ breast
cancers treated with surgery alone and 93% for those who received
tamoxifen4. More recently, Adachi and colleagues reported the results from
an institution-based cohort (T1ab n = 662) where the 5-year DFS was 96%
for endocrine therapy treated patients compared to 93% for those who did
not receive tamoxifen, although this difference was not statistically
significant9. Together these results suggest that even in small, low-risk breast

Table 1 | Patients and tumor characteristics by genomic risk

Genomic low-risk n (%) Genomic high-risk n (%)

Total 591 (100) 124 (100)

Tumor size

T1a (≤5mm) 26 (4.4) 8 (6.5)

T1b (>5–10mm) 565 (95.6) 116 (93.5)

Age

<40 30 (5.1) 9 (7.3)

40- < 50 125 (21.2) 28 (22.6)

50- < 60 216 (36.5) 37 (29.8)

≥ 60 220 (37.2) 50 (40.3)

Menopausal status

Premenopausal 193 (33.7) 38 (31.4)

Postmenopausal 379 (66.3) 83 (68.6)

Missing 19 3

Histology

NST 493 (83.6) 113 (91.1)

Lobular 52 (8.8) 7 (5.6)

Other 45 (7.6) 4 (3.2)

Missing 1 0

ER

Positive 588 (99.5) 124 (100)

Negative 3 (0.5) 0 (0)

PR

Positive 521 (88.3) 99 (81.1)

Negative 69 (11.7) 23 (18.9)

Missing 1 2

Grade

1 289 (49.1) 22 (17.9)

2 268 (45.5) 59 (48.0)

3 32 (5.4) 42 (34.1)

Missing 2 1

Ki67

≤5% 85 (16.6) 1 (1.0)

>5 - <30% 420 (82.2) 83 (76.9)

≥30% 6 (1.2) 24 (22.2)

Missing 80 16

BluePrint

Luminal 584 (98.8) 120 (96.8)

Basal 4 (0.7) 3 (2.4)

ERBB2 3 (0.5) 1 (0.8)

Surgery

Breast conserving 542 (91.7) 103 (83.1)

Mastectomy 49 (8.3) 21 (16.9)

Radiotherapy

Yes 540 (92.2) 100 (83.3)

No 46 (7.8) 20 (16.7)

Missing 5 4

Endocrine therapy

Yes 380 (65.0) 104 (86.7)

No 205 (35.0) 16 (13.3)

Missing 6 4

Table 1 (continued) | Patients and tumor characteristics by
genomic risk

Genomic low-risk n (%) Genomic high-risk n (%)

Chemotherapy

Yes 13 (2.2) 52 (42.3)

No 577 (97.8) 71 (57.7)

Missing 1 1

Ki67 was assessed centrally, all other pathological variables are reported as assessed locally.
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tumors endocrine therapy can prevent a substantial number of disease
recurrences.A recent study assessing the outcomes for patientswith a tumor
classified asultralow risk byMammaPrint, reported a8-yearDMFIof 97.8%
for systemically untreated patients and 97.4% for patients treated with
endocrine therapy, regardless of tumor size16. Eventough this suggests that
patients with ultralow-risk tumors might be better candidates to forgo

endocrine therapy, it should be noted that the characteristics of a first
primary breast cancer likely do not affect the benefit of endocrine therapy in
terms of prevention of second primary breast cancers.

Our current study has a number of limitations. First of all, due to the
general good prognosis of patients with small, HR+, HER2- breast tumors,
we observed a low number of events. This means that our study is

Fig. 1 | Outcome by genomic risk. Outcome by
genomic risk classification for a disease-free survival
(DFS), b distant metastasis-free survival (DMFS)
and c overall survival (OS). CI confidence interval.
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underpowered to detect smaller treatment effects and that it is not possible
to look at outcomes for T1a tumors (n = 34) separately. Similarly, we do not
have the power to assess chemotherapy benefit in pre-menopausal women
separately. Results from the MINDACT overall population and TailorX
have suggested that some pre-menopausal women with discordant risk
classification might benefit from chemotherapy, although it is uncertain

whether this is due to the cytotoxic or menopause-inducing effects of
chemotherapy11,17. We can also not exclude that other prognostic gene
expression signatures would be able to identify a subgroup of patients with
T1ab tumors who benefit from chemotherapy treatment. Secondly, even
with a median follow-up of 8.8 years we do not capture all disease recur-
rences in this patient population, as it has been shown that patients withHR

Fig. 2 | Outcome for the per-protocol population
of the chemotherapy randomization in patients
with genomic high-risk tumors. Outcome for the
per-protocol population of the chemotherapy ran-
domization in patients with genomic high-risk
tumors for a disease-free survival (DFS), b distant
metastasis-free survival (DMFS), and c overall sur-
vival (OS). ACT adjuvant chemotherapy; CI con-
fidence interval.
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+ breast cancer can experience disease recurrences up to at least 20 years
after initial diagnosis8. Endocrine therapy has been shown to have a carry-
over effect and affect the risk of disease recurrence up to 10 years after
diagnosis18,19. We can not therefore exclude that the difference between
endocrine therapy treated and untreated patients will further increase with
longer follow-up. Also for some chemotherapy regimens, effects on

recurrence risk at 5–9 years after diagnosis have been shown20. However, it
seems unlikely that in the absence of chemotherapy benefits in the first 8
years after diagnosis, a treatment effect will arise in later years. Lastly, there
was no randomization determining whether or not a patient received
endocrine therapy in our study. While the chemotherapy treatment in the
patients with genomic high-risk patients was randomized, non-adherence

Fig. 3 | Outcome by endocrine therapy use in
patients with genomic low-risk tumors. Outcome
by endocrine therapy use in patients with genomic
low-risk tumors for a disease-free survival (DFS),
b distant metastasis-free survival (DMFS) and
c overall survival (OS). CI confidence interval.
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to the randomized treatment might have introduced a bias. Our results are
therefore potentially affected by confounding by indication since systemic
therapy might be more likely omitted for cancers with low-risk features. As
confounding by indication is likely to decrease the difference in outcome
between patients treated with and without systemic therapy, the true ther-
apy benefit is possibly slightly larger than what we have observed.

In conclusion, long-term outcome for MINDACT patients with a
genomic high-risk, HR+, HER2-, T1abN0 tumor was similar to that
patients with a genomic low-risk tumor. Although the number of rando-
mized patients was relatively small, chemotherapy treatment did not seem
to improve survival in the genomic high-risk population. Endocrine therapy
was associated with improved outcome even in patients with genomic low-
risk HR+, HER2-, T1abN0 breast cancer, although this effect was largely
driven by the prevention of second primary tumors.

Methods
Study design and population
The design of the MINDACT study (NCT00433589, EudraCT2005-
002625-31) has been previously described11,21. The study included women
aged 18 to 70 years with T1, T2, or operable T3 unilateral invasive breast
cancer and up to 3 positive axillary lymph nodes. For all patients, a frozen
tumor sample taken at the time of enrollmentwas available for genomic risk
assessment by MammaPrint. A modified version of Adjuvant! Online
(version 8.0 with HER2-status) was used for clinical risk assessment (Sup-
plementary table 7). Low clinical risk was defined as the 10-year probability
of breast cancer-specific survival (BCSS) without systemic therapy of more
than 88% among womenwith HR+ tumors. Patients classified as high-risk
by both assessment methods were assigned to adjuvant chemotherapy
administration, while those classified as low-risk by both methods were
assigned not to receive adjuvant chemotherapy. Those with discordant
results were randomly (1:1) assigned to have their treatment decision based
on either the clinical or the genomic result. For this substudy, patients were
selected if they were node-negative, and their tumor was T1a (≤5mm) or
T1b (>5 and ≤10mm) and considered HR+ (estrogen receptor and/or
progesterone receptor positive) and HER2-negative according to the local
pathology assessment. The protocol review committee of the European
Organization for Research and Treatment of Cancer (EORTC) and the
ethics committees at each participating center (see list of participating
centers in Supplementary table 8) approved the protocol and all partici-
pating patients provided written informed consent. Trial conduct and
reporting was compliant with Good Clinical Practice guidelines, the
Declaration ofHelsinki, and theConsolidated Standards of ReportingTrials
(CONSORT) reporting guideline.

Endpoints
All time-to-event endpoints are considered from the date of reception of a
patient’s frozen tumor sample. The primary endpoint wasDMFS at 8-years,
definedas the timeuntilfirst distantmetastatic recurrence ordeath fromany
cause. Contralateral breast cancer and secondary cancers were not con-
sidered as events. Secondary endpoints were DFS, including locoregional or
distant relapses, invasive contralateral or ipsilateral BC, ductal carcinoma in
situ or a second primary cancer or death from any cause. If the patient was
alive without an event of DMFS or DFS, the censoring date was the last
examination date. Two patients who died more than 2 years after their last
examination date were censored at the last examination date as per the
censoring rules applied in themainMINDACTstudy.OSwasdefined as the
time until death from any cause. The date the patient was last known to be
alive was used as censoring date.

Statistical analysis
Descriptive statistics were used to compare the characteristics of the geno-
mic risk and treatment-based subgroups. Non-parametric Kaplan-Meier
method was used to estimate the distributions of DMFS, DFS, and OS over
time and the corresponding 8-year estimates of DMFS, DFS, and OS rates.
The 95% CIs were calculated based on the asymptotic normality of log-log

transformed survival estimates. All analyses were carried out with SAS
software (SAS Institute 9.4).

Data availability
TheMINDACTdatasetwith patient characteristics and clinical outcomes is
available through the EORTC (https://www.eortc.org/data-sharing/). Fol-
lowing a successful data request procedure, the EORTC can share all or a
selection of the clinical-pathological or full-transcriptome data for transla-
tional research.
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