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A B S T R A C T 

Background: Breast cancer remains the leading malignancy in women worldwide, with de-escalating 

neoadjuvant therapy being a key research focus. This study evaluated the prognostic value of MRI-detected 

complete response (CR) during neoadjuvant chemotherapy (NAT) across molecular subtypes, aiming to 

identify candidates for treatment de-escalation. 

Methods: In this multicenter retrospective study (n=1,160 stage II-III patients), patients underwent 

bimonthly DCE-MRI assessments during 6 cycles of NAT followed by surgery. The primary endpoints 

were 8-year disease-free survival (DFS), analyzed using Kaplan-Meier curves and log-rank tests. Secondary 

endpoints included pathological complete response (pCR) rates in patients with radiological CR at 2, 4, or 

6 cycles, stratified by subtype. 

Results: In HR-/HER2+ patients, early radiological CR (≤4 cycles) was associated with superior DFS 

compared to late CR (8-year DFS: 2 vs. 6 cycles: P = 0.013; 4 vs. 6 cycles: P = 0.037). Other subtypes 

demonstrated similar trends for DFS. HR-/HER2- patients achieving radiological CR at 2 cycles had better 

outcomes than those with late CR (8-year DFS: 2 vs. 6 cycles: P = 0.048). The pCR rate was highest in HR-

/HER2+ patients. 

Conclusion: DCE-MRI-based early CR assessment predicts long-term survival and may guide NAT de-

escalation, though subtype-specific variations warrant complementary biomarkers. 

 

 

1. Introduction 

 

Breast cancer remains the most prevalent malignancy in women, with 

approximately 30-40% of patients presenting as locally advanced (stage 

II-III) disease at diagnosis [1, 2]. Pathology complete response (pCR) 

after neoadjuvant chemotherapy (NAT) is a well-defined prognostic 

indicator. The 5-year disease-free survival rate of patients who achieve 

pCR is 15-20% higher than that of patients without pCR [3]. However, 

the assessment of pCR is invasive and cannot monitor treatment efficacy 

in real time. 

 

MRI has emerged as a cornerstone for monitoring NAT response in 

breast cancer, offering superior soft-tissue resolution and functional 

assessment of tumor vasculature compared to conventional imaging [4]. 
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By providing quantitative functional insights into pathophysiological 

processes, DCE-MRI complements conventional MRI, addressing its 

limitations in functional tissue characterization [5]. By tracking 

gadolinium-based contrast kinetics, dynamic contrast-enhanced MRI 

(DCE-MRI) quantifies tissue perfusion and vascular permeability, 

enabling early detection of biological changes predictive of treatment 

efficacy [6-8]. Research by Takayo et al. demonstrated that DCE-MRI 

is highly accurate and has good efficacy in the treatment of neoadjuvant 

chemo-cancer, reaching up to 88.7% [9]. Furthermore, other research 

findings reported 83-94% accuracy in pathological response prediction, 

with subtype-specific variations noted. 

 

Currently, there is a trend toward de-escalation in the treatment of breast 

cancer. Both surgical procedures and NAT may reduce treatment-related 

side effects while maintaining therapeutic efficacy. As a result, 

numerous studies in this regard have emerged. For example, the study 

by Henry et al. explored the possibility of omitting surgery after NAT 

[10]. The TRAIN-3 study has provided important insights into the 

predictive value of early radiological CR in HER2-positive breast cancer 

patients [11]. Early radiological CR can identify a subgroup of patients 

who are highly sensitive to treatment, and the feasibility of omitting 

some cycles of NAT has been explored. While the TRAIN-3 study relied 

on conventional MRI, our utilization of DCE-MRI yields greater 

sensitivity in identifying breast cancer imaging modifications. This 

multicenter real-world study aimed to determine the prognostic value of 

CR timing on long-term survival (DFS) and its correlation with pCR, 

addressing a critical gap in personalized NAT strategies. 

 

2. Methods and Materials 

2.1. Study Design and Participants 

 

This is a multicenter retrospective study conducted at three hospitals in 

China, namely, the First Hospital of China Medical University, the 

Affiliated Zhongshan Hospital of Dalian University, and the First 

Affiliated Hospital of Jinzhou Medical University. This study included 

1,527 patients aged 22-82 years with stage II-III breast cancer (2016-

2023). Hormone receptor (HR) and HER2 status were defined per 

ASCO/CAP guidelines. All patients had undergone computed 

tomography (CT) scans of the head, lungs, and abdomen to exclude 

distant metastases. A total of 367 patients were excluded on the basis of 

the following criteria: incomplete completion of six cycles of NAT (n = 

94); absence of surgical treatment (n = 52); male breast cancer (n = 2); 

gestational breast cancer (n = 3); bilateral breast cancer (n = 17); a prior 

diagnosis of other malignant tumors (n = 38); incomplete follow-up data, 

including follow-up durations shorter than one year (n = 83); and missing 

clinical and pathological data (n = 78) (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Trial profile. 

 

All patients underwent breast DCE-MRI as well as ultrasound 

examinations of the axillary and clavicular regions. In cases where the 

lymph nodes were positive (characterized by a short axis of 10 mm or 

greater or cortical thickness), a fine-pi-needle was employed for 

diagnostic confirmation. Prior to the commitment of NAT, markers were 

implanted at the site of the primary breast tumor for the purpose of 

positioning. The research protocol was approved by the Medical Ethics 

Committee of the First Hospital of China Medical University. This 

retrospective study was granted a waiver of informed consent by the 

Ethics Committee in accordance with applicable regulations. 

 

2.2. Procedures 

 

All patients received NAT once every three weeks. For patients with 

hormone receptor-positive and HER2-positive (HR+/HER2+) as well as 

hormone receptor-negative and HER2-positive (HR-/HER2+) breast 

cancer, those who presented before June 2020 received either paclitaxel 

(175 mg/m², on day 1 of each 3-week cycle), carboplatin (area under the 

concentration time curve of 6 mg/min/mL, on day 1 of each cycle), and 

trastuzumab (loading dose of 8 mg/kg on day 1 of cycle 1, followed by 

6 mg/kg on day 1 of subsequent cycles), or paclitaxel, cyclophosphamide 

(600 mg/m²), and trastuzumab using the same trastuzumab dosing 
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schedule. After June 2020, these patients were treated with a four-drug 

regimen consisting of paclitaxel, carboplatin, trastuzumab, and 

pertuzumab (loading dose of 840 mg on day 1 of cycle 1, followed by 

420 mg on day 1 of subsequent cycles), which was administered 

intravenously for six cycles. Subcutaneous administration of 

trastuzumab (600 mg) was permitted. Among patients with hormone 

receptor-positive and HER2-negative (HR+/HER2-) breast cancer, 318 

patients (65%) received the 6CEX regimen, which included 

cyclophosphamide (600 mg/m²), epirubicin (90-100 mg/m²), and 

capecitabine (2,500 mg/m²/day), all of which were administered on day 

1 of each 3-week cycle. The remaining 35% of HR+/HER2- patients 

received the same regimen as those with hormone receptor-negative and 

HER2-negative (HR-/HER2-) breast cancer, which comprised paclitaxel 

(175 mg/m²), epirubicin (90-100 mg/m²), and cyclophosphamide (600 

mg/m²), which were administered every 3 weeks for six cycles. 

 

During the neoadjuvant treatment, the same methods used in the baseline 

assessment (i.e., breast ultrasound and DCE-MRI) were employed. The 

response of the tumor to treatment was monitored via DCE-MRI every 

two treatment cycles. There was no contrast enhancement in the primary 

tumor area, although complete disappearance of the tumor was not 

needed. If minimal contrast enhancement similar to (or less than) that of 

the surrounding or contralateral normal breast tissue was observed in the 

primary tumor area, it was considered physiological. Residual small 

lesions in the original tumor bed with pathological enhancement were 

not regarded as a radiological CR. The DCE-MRI response assessment 

of all patients was uniformly re-evaluated by three professional 

radiologists. If all three radiologists agreed that a patient achieved a 

radiological CR, the patient was determined to have a radiological CR. 

In the case of any dissenting opinions, the case was referred to a 

radiologist with more experience who operated the imaging equipment 

for review. 

 

Patients underwent breast-conserving surgery or mastectomy within four 

weeks after the last chemotherapy. Axillary surgical procedures included 

sentinel lymph node surgery, axillary lymph node dissection, or a 

combination of both. For HER2-positive patients who achieved a pCR, 

adjuvant treatment with trastuzumab and pertuzumab for one year was 

completed without additional chemotherapy. Clinicians determined 

whether all patients should receive radiotherapy and endocrine therapy 

according to the patients' specific conditions and in line with the 

guidelines. 

 

 

2.3. Outcomes 

 

The primary endpoints of this study was 8-year DFS. DFS was defined 

as the time elapsed from patient enrolment until disease recurrence or 

death (from any cause). The key secondary endpoint was pCR, which 

was defined as the absence of invasive tumor cells in the breast and axilla 

upon sufficient pathological sampling after surgery, regardless of the 

presence of in situ lesions. A radiological CR was defined as the absence 

of pathological enhancement in the original tumor area on breast DCE-

MRI. 

 

2.4. Statistical Analysis 

 

Primary endpoints (8-year DFS) were analyzed using Kaplan-Meier 

curves with log-rank tests, stratified by CR timing (2/4/6 cycles) and 

subtype. The 95% confidence intervals (CIs) of DFS was estimated via 

the hazard model. In the Kaplan-Meier survival curves, '2-cycle CR' 

refers to patients who achieved radiological CR during the first two 

cycles of NAT. '4-cycle CR' denotes patients who attained radiological 

CR in cycles 3 or 4 (excluding those who had already achieved 2-cycle 

CR). '6-cycle CR' represents patients who reached radiological CR in 

cycles 5 or 6 (excluding those who had achieved either 2-cycle CR or 4-

cycle CR). The abovementioned statistical analyses were carried out via 

R software (version 4.3.2; RRID:SCR_001905). Survival analysis was 

performed with the “survival” package in R. Significance tests were two-

tailed, and a P value of less than 0.05 was used to indicate statistical 

significance. 

 

3. Results 

3.1. Patient Characteristics 

 

In this retrospective study, we analysed 1,160 patients with breast cancer 

who received complete NAT followed by surgical treatment between 

January 1, 2016, and December 31, 2023, at 3 participating institutions. 

Among them, 492 (42%) had HR+/HER2- breast cancer, 228 (20%) had 

HR+/HER2+ breast cancer, 218 (19%) had HR-/HER2+ breast cancer, 

and 222 (19%) had HR-/HER2- breast cancer. The median follow-up 

duration for HR+/HER2- patients was 62.3 months (interquartile range 

[IQR]: 42.8-80.7 months); for HR+/HER2+ patients, it was 53.8 months 

(IQR: 37.8-79.8 months); for HR-/HER2+ patients, it was 61.4 months 

(IQR: 43.8-82.1 months); and for HR-/HER2- patients, it was 48.7 

months (IQR: 38.1-69.9 months). The baseline patient and tumor 

characteristics of each subgroup are presented in (Table 1).  

Table. 1: Baseline characteristics. 

Characteristic treatment 

Overall, N = 1,1601 nCR, N = 5021 2-cycle CR, N = 2511 4-cycle CR, N = 2721 6-cycle CR, N = 1351 

Age 51 (43, 58) 51 (43, 58) 51 (42, 59) 52 (44, 57) 52 (45, 57) 

pCR      

npCR 827 (71.3%) 475 (94.6%) 133 (53.0%) 155 (57.0%) 64 (47.4%) 

pCR 333 (28.7%) 27 (5.4%) 118 (47.0%) 117 (43.0%) 71 (52.6%) 

T      

1 134 (11.6%) 39 (7.8%) 41 (16.3%) 28 (10.3%) 26 (19.3%) 

2 766 (66.0%) 344 (68.5%) 159 (63.3%) 179 (65.8%) 84 (62.2%) 

3 227 (19.6%) 108 (21.5%) 42 (16.7%) 56 (20.6%) 21 (15.6%) 
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4 33 (2.8%) 11 (2.2%) 9 (3.6%) 9 (3.3%) 4 (3.0%) 

N      

negative 271 (23.4%) 132 (26.3%) 46 (18.3%) 59 (21.7%) 34 (25.2%) 

positive 889 (76.6%) 370 (73.7%) 205 (81.7%) 213 (78.3%) 101 (74.8%) 

Clinical stage      

II 906 (78.1%) 380 (75.7%) 203 (80.9%) 206 (75.8%) 117 (86.7%) 

III 254 (21.9%) 122 (24.3%) 48 (19.1%) 66 (24.3%) 18 (13.3%) 

Tumor grade      

1 2 (0.2%) 1 (0.2%) 0 (0.0%) 1 (0.4%) 0 (0.0%) 

2 908 (78.3%) 413 (82.3%) 184 (73.3%) 209 (76.8%) 102 (75.6%) 

3 250 (21.6%) 88 (17.5%) 67 (26.7%) 62 (22.8%) 33 (24.4%) 

SUBTYPE      

HR+/HER2- 492 (42.4%) 311 (62.0%) 70 (27.9%) 82 (30.1%) 29 (21.5%) 

HR+/HER2+ 228 (19.7%) 79 (15.7%) 54 (21.5%) 57 (21.0%) 38 (28.1%) 

HR-/HER2+ 218 (18.8%) 40 (8.0%) 67 (26.7%) 73 (26.8%) 38 (28.1%) 

HR-/HER2- 222 (19.1%) 72 (14.3%) 60 (23.9%) 60 (22.1%) 30 (22.2%) 

Menopausal status      

Premenopausal or 

perimenopausal 

757 (65.3%) 329 (65.5%) 151 (60.2%) 183 (67.3%) 94 (69.6%) 

Postmenopausal 403 (34.7%) 173 (34.5%) 100 (39.8%) 89 (32.7%) 41 (30.4%) 

1Median (IQR); n (%). 

 

Among the 492 patients with HR+/HER2- tumors, 65 patients (36%, 

28.9-42.9) achieved a pCR. Among the 228 patients with HR+/HER2+ 

tumors, 63 patients (42.3%, 34.4-50.2) achieved a pCR. Among the 218 

patients with HR-/HER2+ tumors, 102 patients (57.3%, 50.0-64.6) 

achieved a pCR. Among the 222 patients with HR-/HER2- tumors, 76 

patients (50.7%, 42.7-58.7) achieved a pCR (Figure 2). The pCR rate 

was higher in HR-/HER2+ patients than in patients with other subtypes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Proportion of pCR in patients with radiological CR, stratified by molecular subtype and NAT cycle duration. 

 

3.2. Primary Outcome: Radiological Response and Survival by 

Molecular Subtype 

 

To assess the prognostic stratification potential of DCE-MRI based on 

radiological CR timing during NAT, we conducted comprehensive 

survival analyses across four biologically distinct breast cancer subtypes. 

Our investigation specifically evaluated whether the number of 

treatment cycles required to achieve radiological CR could identify 

patient subgroups with differential survival outcomes. Furthermore, to 

establish the clinical utility of DCE-MRI in treatment response 

monitoring, we performed parallel analyses of both long-term survival 

outcomes and pathological response rates.  
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3.3. HR+/HER2- Breast Cancer 

 

The analysis revealed that patients achieving radiological CR at 4 cycles 

had significantly superior DFS compared to the 6 cycles CR group (P = 

0.024; Figure 3A), while no difference was detected between 2 cycles 

and 6 cycles responders (P > 0.05). When evaluating radiological CR 

versus nCR patients, those attaining radiological CR within the first four 

cycles showed improved 8-year DFS (P = 0.024; Figure 3C). 

Pathologically, radiological CR patients exhibited substantially higher 

pCR rates (41.38% vs 13.39%; P = 0.0004). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. K-M curves illustrating DFS outcomes across different NAT cycles in distinct breast cancer subtypes. A-D) HR+/HER2- and F-H) HR+/HER2+. 
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3.4. HR+/HER2+ Breast Cancer 

 

DFS varied significantly across radiological CR timing groups, with 

both 2 and 4 cycles CR patient demonstrating better outcomes than 6 

cycles responders (2 vs. 6 cycles: P = 0.047; 4 vs. 6 cycles: P = 0.015; 

Figure 3E). The 8-year DFS rates were 90.0% (95% CI: 73.2-100) and 

96.4% (95% CI: 89.8-100) for early CR groups versus 78.5% (95% CI: 

66.5-92.5) for the 6-cycle group. However, radiological CR status did 

not significantly correlate with DFS differences at any timepoint when 

compared to nCR patients, consistent with their modest pCR rate 

disparity (42.11% vs 29.47%; P = 0.1311). 

 

3.5. HR-/HER2+ Breast Cancer 

 

Earlier radiological CR (2 or 4 cycles) was associated with significantly 

greater DFS (2 vs. 6 cycles: P = 0.013; 4 vs. 6 cycles: P = 0.037; Figure 

4A), with 8-year DFS rates of 100% and 94.7% (95% CI: 89.1-100) 

compared to 74.5% (95% CI: 56.3-98.6) in the 6-cycle group. 

Radiological CR within four cycles correlated with both DFS 

improvement (P = 0.0096; Figure 4C) and a trend toward higher pCR 

rates (63.16% vs 45.00%; P = 0.0498). The prognostic comparison of 2-

, 4-, and 6-cycle CR among HER2+ patients receiving different 

treatment regimens is presented in Supplementary Figure 1 (Figure S1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. K-M curves illustrating DFS outcomes across different NAT cycles in distinct breast cancer subtypes. A-D) HR+/HER2+ and F-H) HR-/HER2-. 
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3.6. HR-/HER2- (Triple-Negative) Breast Cancer 

 

Only the difference between 2 cycles and 6 cycles CR groups reached 

statistical significance in DFS (P = 0.048; Figure 4E). However, 

radiological CR at all evaluated timepoints (2, 4, or 6 cycles) showed 

robust survival benefits (1-2 cycles: P = 0.044; Figure 4F; 1-4 cycles: P 

= 0.00089; Figure 4G; 1-6 cycles: P = 0.00028; Figure 4H). 

Pathologically, radiological CR patients had nearly doubled pCR rates 

(63.33% vs 33.85%; P = 0.0039). 

 

These findings collectively suggest that early radiological CR 

assessment, particularly within the first four treatment cycles, may serve 

as a valuable predictor for both pCR and long-term survival outcomes, 

with predictive power varying significantly across molecular subtypes. 

The strongest associations were observed in HR-/HER2- and 

HR+/HER2- subtypes, highlighting the importance of tumor biology in 

interpreting imaging-based response assessments. 

 

4. Discussion 

 

On the basis of the TRAIN-3 study design, this multicenter real-world 

investigation systematically evaluated the prognostic value of 

radiological CR after 2, 4, and 6 cycles of NAT, as well as its association 

with pCR. Unlike the static evaluation methods used in most clinical 

trials [12], this study innovatively adopted multitime-point dynamic 

radiological evaluation, which is more in line with actual decision-

making needs in clinical practice. In addition, the inclusion of real-world 

data in China makes the research results more generalizable. The 

research findings not only verified the important discoveries of previous 

clinical trials but also provided new clinical evidence for the efficacy 

evaluation of neoadjuvant treatment for breast cancer. 

 

Our results extend the TRAIN-3 trial’s findings in three key aspects: i) 

By employing DCE-MRI rather than conventional MRI, we achieved 

higher sensitivity for early vascular changes. ii) The inclusion of all 

major subtypes (not limited to HER2+) supports broader applicability. 

iii) Longitudinal assessment at 2-cycle intervals provides actionable 

timepoints for therapy modulation. 

 

Previous data have shown that DCE-MRI can accurately assess the size 

of residual tumors after NAT. Both quantitative and semiquantitative 

parameters can predict pCR in patients with breast cancer during NAT. 

However, for breast cancers with different molecular subtypes, the 

predictive efficiency of these parameters varies [13]. Some studies have 

indicated that in the HR-/HER2- subgroup, MRI has the highest 

predictive accuracy for pCR, whereas in the HR-/HER2+ subgroup [14], 

the false-negative rate is the highest [15]. This study revealed that, for 

patients with HR+/HER2+ breast cancer, there is a certain degree of 

consistency between radiological CR and pCR (57.63%). Research has 

indicated that MRI has the ability to predict pCR [16]. However, that 

study merely analysed the relationship between MR images obtained 

before neoadjuvant treatment and pCR. In contrast, this study delved 

deeper into the occurrence of radiological CR during different cycles of 

neoadjuvant treatment and their associations with prognosis. In the HR-

/HER2+ subgroup, early radiological CR correlated with superior 8-year 

DFS (94.7% vs 75.6% in late CR). Notably, patients achieving CR 

within 2 cycles had 100% 8-year DFS- a 25.5% absolute increase over 

6-cycle CR. This finding provides a critical reference for the treatment 

decision-making of HR-/HER2+ patients, suggesting that early 

radiological evaluation may help identify potential populations that can 

benefit from reducing the number of chemotherapy cycles. This study 

provides an earlier indicator of efficacy prediction for use in clinical 

practice through dynamic radiological evaluation. In patients with triple-

negative breast cancer, this study revealed that the prognostic value of 

radiological CR was relatively limited (34%), which was different from 

previous research results and may be attributable to the high 

heterogeneity of TNBC [17, 18]. Although the concordance between 

radiological CR and pCR varies across different molecular subtypes, 

early radiological CR still has certain prognostic value. 

 

Currently, international cutting-edge research focuses on strategies to 

safely avoid surgery and reduce the use of adjuvant therapies. The 

PHERGain study is a prime example, showing that patients responsive 

to trastuzumab and pertuzumab, when treated with these agents alone 

(omitting chemotherapy), achieved an impressive 98.8% 3-year invasive 

disease-free survival (iDFS), marking a breakthrough in neoadjuvant de-

escalation [19]. Similarly, the FASCINATE-N trial demonstrated that 

SHR-A1811 had comparable efficacy to the standard TCbHP regimen 

for the neoadjuvant treatment of HER2+ breast cancer, with better safety 

and lower discontinuation and dose adjustment rates [20]. These findings 

echo global efforts to optimize neoadjuvant de-escalation for HER2+ 

breast cancer [20, 21]. Our study further supports the potential for 

treatment deintensification in this patient group. Moreover, our data 

reveal a similar trend in HR-/HER2- breast cancer, collectively 

contributing to improved treatment strategies and patient outcomes. 

 

Several limitations warrant consideration. First, the retrospective design 

may introduce selection bias, though we mitigated this through 

multivariable adjustment. Second, at the technical level, this study used 

DCE-MRI, and at least three professional radiologists were involved in 

determining whether patients achieved radiological CR. In clinical 

practice, achieving joint interpretation of results by multiple radiologists 

is difficult. Finally, while we excluded patients with incomplete NAT, 

real-world treatment adherence may further influence imaging-survival 

correlations—a factor meriting prospective validation. 

 

Overall, this study provides reliable support for the early treatment 

response evaluation of breast cancer patients, confirms the necessity of 

dynamic radiological monitoring in real-world clinical scenarios, and 

lays a theoretical foundation for the individualized adjustment of 

treatment results in regimens. For HR-/HER2- disease, combining 

functional imaging with circulating tumor DNA or immune markers may 

enhance prediction accuracy. Future trials should test whether early CR 

can safely guide NAT de-escalation, potentially reducing overtreatment 

without compromising survival outcomes.  
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Fig. S1. K-M curves illustrating DFS outcomes across different treatment regimens in A & B) HR+/HER2+ and C & D) HR-/HER2+. 
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