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Abstract

Purpose The estrogen receptor (ER) is involved in control

of progesterone receptor (PgR) expression and lack of PgR

may be also a surrogate of altered growth factor signaling.

The aim of this study was therefore to investigate PgR

expression as predictive factor for response to neoadjuvant

therapy and long-term outcome.

Methods Five thousand and six hundred and thirteen

patients with primary breast cancer and positive ER

expression from ten German neoadjuvant trials of anthra-

cycline and taxane-based chemotherapy were included.

Pathologic complete response (pCR), disease-free survival

(DFS), distant disease-free survival (DDFS), overall sur-

vival (OS), and local recurrence-free survival (LRFS) were

compared according to PgR expression.

Results The lack of PgR expression (1172 patients) was

associated with grade 3 (38.4 vs. 26.3%; p\ 0.001), nodal

involvement ([cN2) (6.8% vs. 4.7%; p = 0.004), and

HER2 positivity (36.2 vs. 22.3%; p\ 0.001). pCR rates of

PgR-negative tumors were higher in the entire cohort (13.8

vs. 7.5%; p\ 0.001) and in the HER2-negative subgroup

(11.2 vs. 5.8%; p\ 0.001). In multivariable logistic

regression, PgR negativity was an independent predictive

factor for pCR overall (OR 1.76; p\ 0.001) and in the

HER2-negative patients (OR 1.99; p\ 0.001). Patients

with PgR-negative disease had significantly worse outcome

(p\ 0.001, respectively). Multivariable Cox regression

analysis revealed that PgR was an independent prognostic

factor for DFS, OS, DDFS, and LRFS.

Conclusion ER-positive/PgR-negative breast carcinomas

are associated with higher response but also worse long-term

outcome after neoadjuvant therapy. PgR negativity is an

independent predictive factor for pCR after neoadjuvant

chemotherapy in ER-positive HER2-negative breast cancer.Electronic supplementary material The online version of this
article (doi:10.1007/s10549-017-4480-5) contains supplementary
material, which is available to authorized users.
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Introduction

The estrogen receptor (ER) is a member of the nuclear

transcription factor family. Upon binding of estrogen, it

forms dimers and binds either directly to estrogen

response elements in the promoter region of target genes

to alter the transcription of estrogen-sensitive genes

including the progesterone receptor gene (PGR) [1]. This

direct binding to estrogen response elements has been

described as the classical function of the ER. However,

the ER can also act as a coactivator of several other

transcription factors. Despite its classical genomic or

nuclear effects, the ER has been described to exert non-

genomic effects by interacting with several cell signaling

pathways that do not initially involve upregulation of

gene transcription. These interaction partners of the ER

comprise members of the HER family, PI3K, Akt, and src

which exert their effects by phosphorylating the ER and

leading to ligand-independent activation [2, 3]. For sev-

eral of these interactions, a resulting increase in cell

proliferation and tumorigenesis has been detected. These

different patterns of action of the ER lead to the

assumption that in tumors that utilize the non-genomic

ER activity in order to stimulate tumorigenesis and pro-

liferation PgR expression would be decreased or absent.

Therefore, the lack of PgR expression could be a surro-

gate marker of altered growth factor signaling.

ER-positive and PgR-negative tumors have been

described to represent a specific subset of breast cancers

that comprises more aggressive features [4]. Among

patients that were treated with endocrine therapy alone,

PgR expression has been shown in a retrospective analysis

to be an independent predictive factor for benefit from

therapy [5]. On the other hand, in the trials comparing

tamoxifen with an aromatase inhibitor the PgR status did

not identify patients with a relative greater benefit from the

aromatase inhibitor over tamoxifen [6, 7]. In order to

classify breast cancer intrinsic subtypes by immunohisto-

chemistry, Prat et al. [8] used a 20% cutoff of PgR

expression in addition to ER, HER2, and Ki67 expression

to differentiate luminal A from B tumors and predict

benefit from endocrine therapy alone.

Only limited data exist of ER-positive breast cancer

patients lacking PgR expression on response to neoadju-

vant chemotherapy and long-term outcome. Therefore, the

aim of this study was to address this issue in a large cohort

of 5613 prospectively treated breast cancer patients and

compare chemotherapy response and long-term outcome in

patients with hormone receptor-positive tumors with or

without PgR expression.

Materials and methods

Patients

Patients participating in ten prospectively randomized trials

conducted in Germany studying neoadjuvant systemic

therapy in operable and non-operable primary breast cancer

were eligible for these analyses.

An overview of the Gepardo trial [9], GeparDuo

[NCT00793377, www.clinicaltrials.gov] [10], GeparTrio

pilot [11] and main study [NCT00544765] [12, 13],

GeparQuattro [NCT00288002] [14], AGO 1 [not regis-

tered] [15], Prepare [NCT00544232] [16, 17], and Techno

[NCT00795899] has been previously published [18, 19]. In

addition, patients participating in the GeparQuinto trial

[NCT00567554] [20, 21] and GeparSixto trial

[NCT01426880] [22] were as well included. Written

informed consent for study participation and data collec-

tion was obtained from all patients and all trials were

approved by the respective ethics committees.

Main eligibility criteria [20, 21, 23] were comparable in

the aforementioned trials and all of them used an anthracy-

cline and taxane-based chemotherapy backbone. Patients

included in the analysis had available information on ER and

PgR status at baseline (in the majority centrally determined).

The cutoff for PgR expression was set at 1%. Patients with

missing information on hormone receptor status and nega-

tive ER expression were excluded. For survival analyses,

patients with missing follow-up data were excluded. Anti-

HER2 treatmentwas administered to all patients withHER2-

positive disease as part of the (neo)adjuvant therapy within

the TECHNO, GeparQuattro, GeparQuinto, and GeparSixto

study. All patients with ER- and/or PgR-positive tumors

received adjuvant endocrine treatment for at least 5 years

according to the AGO-breast commission guidelines [24].

Conventional adjuvant radiotherapy was recommended as

outlined in the AGO-breast commission guidelines [25].

Objectives and endpoints

The aim of this study was to analyze if baseline charac-

teristics, and response to and outcome after neoadjuvant

chemotherapy differ in patients with negative PgR status

compared to patients with positive PgR status in ER-pos-

itive breast cancer. The primary objective was to compare

survival data (disease-free survival (DFS)) overall and in

subgroups defined by HER2 status and grading. In addition,

we assessed the effect of PgR expression on overall
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survival (OS), locoregional recurrence-free survival

(LRFS), distant disease-free survival (DDFS), and patho-

logic complete response (pCR), overall and in subgroups

defined by HER2 status and grading.

DFS was defined as time in months from randomization

to relapse either local or distant, secondary malignancy, or

death irrespective of the underlying reason. Pathological

complete response was defined in accordance with current

FDA recommendations as ypT0 ypN0 (no microscopic

evidence of residual viable tumor cells invasive or non-

invasive) in any resected specimens of the breast and

axillary nodes [26].

Statistics

From overall 9785 patients participating in these trials,

individual data of baseline characteristics, histo-patholog-

ical results at surgery, and follow-up were extracted for this

combined analysis from the original data bases. As defined

in the protocols, patients with missing data on histo-

pathological response were counted as having no pCR.

Baseline parameters, type of surgery, and pCR were

compared between PgR-positive and PgR-negative patients

using cross-tables and two-sided Pearson v2 test. Time-to-

event parameters were analyzed using the Kaplan–Meier

product-limit method and compared between groups using

the log-rank test. Univariable and multivariable Cox pro-

portional hazards regression analyses were performed to

calculate hazard ratios (HR) and 95% CI for PgR status and

covariates. Odds ratios for pCR as well as 95% CI and

corresponding p values were calculated using multivariable

logistic regression analysis. All reported p values are two-

sided, and p B 0.05 was considered statistically significant.

No adjustment for multiple comparisons has been made.

SPSS, Version 22 for windows (IBM, Armonk, NY, USA)

was utilized to perform the analyses.

Results

In total, 5613 patients participating in the aforementioned

10 neoadjuvant trials showed positive ER expression and

had available PgR status. 1172 (20.9%) of these were

lacking PgR expression. Breast cancer patients with the

absence of PgR expression were more likely to be diag-

nosed with tumors of higher grade both overall (p\ 0.001)

and in the subgroups defined by HER2 status (p\ 0.001

for HER2 negative and p = 0.022 for HER2 positive)

(Table 1). Moreover, they tended to have a clinical nodal

involvement (p = 0.004). PgR-negative tumors were in

comparison to PgR expressing tumors more likely to

demonstrate HER2 positivity (p\ 0.001) (Table 1).

Regarding the patients’ age, PgR negativity tended to occur

more frequently in patients 50 years and older, which

resulted in patients being more often postmenopausal,

overall and in subgroups defined by HER2 (Table 1).

Analyses of time-to-event endpoints

During a median follow-up period of 62 (0–147) months,

1062 relapses (18.9%), 312 (5.6%) locoregional recur-

rences, 926 distant events (16.5%), and 612 (10.9%) deaths

were observed.

Survival analyses demonstrated that women with ER-

positive and PgR-negative primary breast cancer receiving

neoadjuvant chemotherapy had a significantly higher risk

of relapse than patients with PgR-positive tumors (PgR-

vs. PgR?: adj. HR 1.456, CI 1.261–1.680, p\ 0.001)

(Table 2). Similarly, this significant survival disadvantage

for patients with PgR-negative tumors could be observed

for overall survival (OS) (PgR- vs. PgR?: adj. HR 1.575,

CI 1.309–1.895, p\ 0.001), DDFS (PgR- vs. PgR?: adj.

HR 1.467, CI 1.260–1.709, p\ 0.001), and LRFS (PgR-

vs. PgR?: adj. HR 1.625, CI 1.255–2.106, p\ 0.001)

(Fig. 1, Table 2). Patients lacking PgR expression of their

tumors combined with negative HER2 status had a sig-

nificantly worse DFS (PgR- vs. PgR: adj. HR 1.580, CI

1.306–1.912, p\ 0.001), OS (PgR- vs. PgR?: adj. HR

1.801, CI 1.406–2.308, p\ 0.001), DDFS (PgR- vs.

PgR?: adj. HR 1.592, CI 1.299–1.950, p\ 0.001 and

LRFS (PgR- vs. PgR?: adj. HR 1.517, CI 1.070–2.151,

p = 0.019) (Fig. 2, Table 2). This could also be observed

in the HER2-positive subgroup (Supplemental Figure 1)

(Table 2). Interestingly, in patients with ER- and HER2-

positive tumors who did not achieve a pCR, negative PgR

expression segregated patients with a worse prognosis

regarding OS, DFS, DDFS, and LRFS (Fig. 3). A signifi-

cantly worse survival of PgR-negative patients was also

seen in HER2-negative tumors of grades 1 and 2 for DFS,

OS, DDFS, and LRFS (Table 2). If ER-positive, HER2-

negative and PgR-negative tumors were compared to tri-

ple-negative breast cancer (TNBC) regarding their long-

term outcome, ER-positive breast cancer lacking PgR

expression still demonstrated significantly longer DFS, OS,

DDFS, and LRFS periods than TNBC (Supplemental

Figure 2).

After adjustment for known prognostic factors in the

multivariable Cox regression analysis, PgR status was an

independent prognostic factor for local and distant recur-

rence as well as overall survival in the entire cohort and in

subgroups defined by HER2 status and grading (Table 2).

Women with ER-positive and PgR-negative tumors not

achieving a pCR (ypT0 ypN0) had a worse DFS, OS, and

DDFS, but not LRFS compared towomenwith pCR (Fig. 4).
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Table 1 Baseline characteristics

ER? N = 5613 p value

between PgR

groups

ER? HER2-

N = 3305

p value

between PgR

groups

ER? HER2?

N = 1117

p value

between PgR

groups

All

patients

N Valid

(%)

PgR-

N Valid

(%)

PgR?

N Valid

(%)

PgR-

N Valid

(%)

PgR?

N Valid

(%)

PgR-

N Valid

(%)

PgR?

N Valid

(%)

Tumor stage – – – 0.304 – – 0.094 – – 0.571

cT1 403 87 316 – 39 209 – 38 71 –

7.2% 7.5% 7.2% – 6.6% 7.8% – 11.2% 9.2% –

cT2 3559 744 2815 – 388 1699 – 203 482 –

63.9% 63.8% 63.9% – 65.2% 63.1% – 60.1% 62.6% –

cT3 919 181 738 – 83 433 – 47 116 –

16.5% 15.5% 16.8% – 13.9% 16.1% – 13.9% 15.1% –

cT4a-c 407 82 325 – 44 225 – 25 59 –

7.3% 7% 7.4% – 7.4% 8.4% – 7.4% 7.7% –

cT4d 281 72 209 – 41 126 – 25 42 –

5% 6.2% 4.7% – 6.9% 4.7% – 7.4% 5.5% –

Missing 44 – – – – – – – – –

Nodal stage – – – 0.004 – – 0.021 – – 0.125

cN0 2720 528 2192 – 264 1327 – 150 350 –

49.3% 45.7% 50.2% 45.3% 49.7% – 44.2% 46%

cN1 2517 550 1967 279 1209 – 161 373

45.6% 47.6% 45.1% 47.9% 45.3% – 47.5% 49%

cN2 227 60 167 – 26 104 – 26 32

4.1% 5.2% 3.8% – 4.5% 3.9% 7.7% 4.2%

cN3 56 18 38 – 14 28 2 6

1.00% 1.6% 0.9% – 2.4% 1% 0.6% 0.8%

Missing 93 – – – – – – – – –

Histological type – – – <0.001 – – 0.24 – – 0.006

Ductal invasive 4351 950 3401 – 462 2051 – 310 667 –

78% 81.1% 77.2% – 77.3% 76.2% – 91.2% 86.3% –

Lobular

invasive

901 142 759 – 95 490 – 13 72 –

16.2% 12.1% 17.2% – 15.9% 18.2% – 3.8% 9.3% –

Others 326 79 247 – 41 151 – 17 34 –

5.8% 6.7% 5.6% – 6.9% 5.6% – 5% 4.4% –

Missing 35 – – – – – – – – –

Tumor grade – – – <0.001 – – <0.001 – – 0.022

1 283 38 245 – 28 161 – 5 26

5.2% 3.4% 5.7% – 4.8% 6.1% – 1.5% 3.5%

2 3570 654 2916 – 333 1894 – 180 452

66% 58.2% 68% – 57.2% 71.6% – 54.9% 60.5%

3 1557 431 1126 – 221 590 – 143 269

28.8% 38.4% 26.3% – 38% 22.3% – 43.6% 36%

Missing 203 – – – – – – – –

HER2 status – – – <0.001 – – – – –

Negative 3301 598 2703 – – – – – –

74.7% 63.8% 77.7% – – – – – –

Positive 1116 340 776 – – – – – –

25.3% 36.2% 22.3% – – – – – –

Missing 1196 – – – – – – – –
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Analyses with pCR as endpoint

In hormone receptor-positive tumors, a pCR after neoad-

juvant chemotherapy (ypT0 ypN0) was more likely to be

achieved in PgR-negative tumors (Table 1). In the entire

cohort, 13.8% of patients lacking PgR expression achieved

a pCR compared to 7.5% in the PgR-positive group

(p\ 0.001). If patients were also selected for HER2 neg-

ativity, 11.2% of the PgR negative showed a pCR com-

pared to 5.8% with PgR expression (p\ 0.001). However,

there was no significant difference in pCR rates in the

HER2-positive subgroup (22.1 vs. 18%; p = 0.117).

After adjusting for known predictive factors and trial in

the multivariable logistic regression analysis, PgR status

was an independent predictive factor for increased pCR

rate overall (OR 1.755; CI 1.407–2.189, p\ 0.001) and in

the HER2- group of patients (OR 1.992; CI 1.438–2.759,

p\ 0.001) (Fig. 5). If these HER2- patients were sub-

grouped by grading, grade 3 tumors showed a slightly

higher odds ratio for achieving a pCR (OR 2.091; CI

1.300–3.361, p = 0.002).

As previously mentioned, PgR status not only predicted

for an increased pCR rate, but also patients achieving a

pCR had a significant survival benefit.

Table 1 continued

ER? N = 5613 p value

between PgR

groups

ER? HER2-

N = 3305

p value

between PgR

groups

ER? HER2?

N = 1117

p value

between PgR

groups

All

patients

N Valid

(%)

PgR-

N Valid

(%)

PgR?

N Valid

(%)

PgR-

N Valid

(%)

PgR?

N Valid

(%)

PgR-

N Valid

(%)

PgR?

N Valid

(%)

Menopause status – – – <0.001 – – <0.001 – – <0.001

Premenopausal 2150 330 1820 – 188 1299 – 129 430

53.4% 39.8% 57% – 37.2% 54.8% – 44.6% 64.9%

Postmenopausal 1875 500 1375 – 318 1071 – 160 233

46.6% 60.2% 43% – 62.8% 45.2% – 55.4% 35.1%

missing 1588 – – – – – – – –

Age group – – – <0.001 – – <0.001 – – <0.001

\40 809 148 661 – 78 364 – 36 162

14.4% 12.6% 14.9% – 13% 13.5% – 10.6% 20.9%

40–49 1956 308 1648 – 143 1005 – 106 319

34.9% 26.3% 37.2% – 23.9% 37.2% – 31.2% 41.1%

C50 2834 716 2118 – 377 1334 – 198 295

50.6% 61.1% 47.8% – 63% 49.4% – 58.2% 38%

0.2% – – – – – – –

Type of surgery – – – 0.303 – – 0.331 – – 0.182

Breast

conserving

3654 744 2910 – 358 1692 209 515

68% 66.7% 68.3% – 63% 65.2% 64.5% 68.7%

Mastectomy 1719 371 1348 – 210 904 115 235

32% 33.3% 31.7% – 37% 34.8% 35.5% 31.3%

Missing 240 – – – – – – – –

pCR (ypT0

ypN0)

– – – <0.001 <0.001 0.117

No pCR 5106 1010 4096 531 2545 265 636

91.2% 86.2% 92.5% 88.8% 94.2% 77.9% 82%

pCR 493 162 331 67 158 75 140

8.8% 13.8% 7.5% 11.2% 5.8% 22.1% 18%

Missing 14

p values determined by two-sided Pearson v2 test, statistically significant p values are indicated in bold
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Discussion

In this retrospective study of 5613 patients, we observed

that PgR expression in ER-positive primary breast cancer

patients treated with neoadjuvant anthracycline and tax-

ane-based chemotherapy is of prognostic relevance as

patients lacking PgR expression suffer from worse out-

come. In addition, we observed that PgR negativity pre-

dicts for a pCR after neoadjuvant chemotherapy in the

HER2-negative subgroup. The importance of hormone

receptor expression on outcome of breast cancer has long

been recognized and influences therapeutic decisions of

oncologists on a regular basis. It is well known that

hormone receptor-positive breast cancer patients have a

lower risk of recurrence and subsequent mortality [27].

Nevertheless, only few studies have focussed on the dif-

ferences in outcome regarding PgR expression in hor-

mone receptor-positive breast cancer [28–30] reporting a

higher risk of mortality in PgR-negative patients. A ret-

rospective pooled analysis of breast cancer trials

Fig. 1 Disease-free survival (DFS), overall survival (OS), distant disease-free survival (DDFS), and local recurrence-free survival (LRFS) in

patients with ER-positive breast cancer with PgR positivity or negativity treated with neoadjuvant chemotherapy. a DFS, b OS, c DDFS, d LRFS
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described that PgR status can improve the prediction of

patient outcome [31]. On the other hand, a recent study

reported that an immunohistologically determined high

PgR expression was more often detected in patients with

favorable prognostic factors [8].

A predictive value of PgR expression on response to

endocrine therapy has been investigated previously. Sev-

eral studies have reported that the risk of recurrence after

endocrine therapy with tamoxifen was independent of PgR

expression and ER status was the only predictive factor

[32, 33]. Moreover, the PgR expression status had no effect

on the superior efficacy of an aromatase inhibitor over

tamoxifen in early breast cancer patients [6, 34]. Regarding

the prediction which patients benefit from chemotherapy, it

has been reported in several trials that hormone receptor-

negative patients obtain the greater benefit and are more

likely to achieve a pCR in the neoadjuvant setting com-

pared to hormone receptor-positive patients. In the

Fig. 2 Disease-free survival (DFS), overall survival (OS), distant

disease-free survival (DDFS), and local recurrence-free survival

(LRFS) in patients with ER-positive, HER2-negative tumors and PgR

positivity or negativity treated with neoadjuvant chemotherapy.

a DFS, b OS, c DDFS, d LRFS

Breast Cancer Res Treat

123



adjuvant setting, data from randomized trials demonstrated

that low or absent expression of ER and PgR was predic-

tive for a benefit from adding chemotherapy to endocrine

treatment, and in one trial low or absent PgR expression in

ER-positive tumors predicted for an additional benefit from

chemotherapy [7].

The here presented data including patients from ten

neoadjuvant trials demonstrated that patients with ER-

positive tumors lacking PgR expression suffered not only

from worse recurrence free but also overall survival

although having received neoadjuvant chemotherapy in

addition to endocrine treatment. This suggests that the

previously described poorer prognosis for PgR-negative

tumors also prevails in this cohort of patients qualifying for

neoadjuvant chemotherapy. Moreover, negative PgR status

was in this cohort associated with several characteristics of

more aggressive tumors like high grade and advanced

nodal involvement. Interestingly, the expression of PgR has

Fig. 3 Disease-free survival (DFS), overall survival (OS), distant

disease-free survival (DDFS), and local recurrence-free survival

(LRFS) in patients with ER-positive, HER2-positive, and PgR-

positive or PgR-negative breast cancer treated with neoadjuvant

chemotherapy who did not achieve a pCR. a DFS, b OS, c DDFS,

d LRFS
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been described as being dependent on the activation of ER

as a transcription factor [35]. Therefore, the absence of

PgR in ER-positive breast cancer might assume an ER

functioning in the non-classical manner. Numerous studies

have reported that altered growth factor signaling is able to

interact with ER signaling leading to its non-genomic

activity resulting in decreased or absent PgR expression

[36]. Several growth factors have been found to interact

with ER signaling and one of these is HER2 [37] whose

overexpression and amplification in this cohort occurred

more often in the absence of PgR expression. This would

suggest the existence of a potential crosstalk of HER2 and

ER in these particular tumors rendering them a more

aggressive phenotype. However, PgR negativity also

occurred in HER2-negative tumors and it could be assumed

that in these tumors other growth factor pathways might be

overexpressed as a molecular profiling study previously

reported [4]. Interestingly, in the HER2-negative cohort of

Fig. 4 Disease-free survival (DFS), overall survival (OS), distant

disease-free survival (DDFS), and local recurrence-free survival

(LRFS) in patients with ER-positive and PgR-negative breast cancer

with and without pCR treated with neoadjuvant chemotherapy.

a DFS, b OS, c DDFS, d LRFS
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this study not only patients’ outcome was worse in the

absence of PgR, but these patients were also significantly

more likely to achieve a pCR. Moreover, the previously

described outcome advantage for patients achieving a pCR

after neoadjuvant chemotherapy could also be observed in

the PgR-negative cohort [23].

The here presented retrospective analyses represent the

largest cohorts of ER-positive and PgR-negative patients

that were treated with neoadjuvant chemotherapy and

have long-term outcome data available. Nevertheless, the

issue that patients were treated within several different

trials receiving different treatment regimens has to be

considered when interpreting the results. Also the fact that

patients included in the GeparSixto trial were HER2

positive in addition to hormone receptor expression has to

be considered. However, all patients received an anthra-

cycline and taxane backbone as neoadjuvant treatment

and data collection was managed within the trials

centrally.

This analysis demonstrates that ER-positive and PgR-

negative tumors represent a specific subset in primary

breast cancer patients associated with higher response but

also worse long-term outcome after neoadjuvant

chemotherapy. Interestingly, PgR negativity served as an

independent predictive factor for achieving a pCR after

neoadjuvant chemotherapy in ER-positive HER2-negative

breast cancer and therefore its status should be considered

when deciding on systemic treatment for breast cancer

patients.
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