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ABSTRACT

Background. The integration of residual cancer burden
(RCB) and post-treatment Ki67 as residual proliferative
cancer burden (RPCB) has been proposed as a stronger
predictor of long-term outcome in unselected patients
with breast cancer (BC) undergoing neoadjuvant chemo-
therapy (NACT), as compared with RCB. However, no spe-
cific analysis in hormone-receptor-positive (HR+) human
epidermal growth receptor 2-negative (HER2−) BC is avail-
able so far.
Materials and Methods. A cohort of 130 patients with
HR+/HER2− BC who underwent NACT between 2000 and
2014 was included. Archival surgical specimens were evalu-
ated for RCB. RPCB was calculated by combining RCB and
Ki67 as previously described. Patients were categorized in
four RCB and RPCB categories (pathological complete
response and tertiles). Disease-free survival (DFS) and over-
all survival (OS) estimates were determined by Kaplan-
Meier analysis and compared using the log-rank test.

Overall change of χ2 and c-indexes were used to compare
the performance of the prognostic models.
Results. RPCB was calculated for 85 patients. After a median
follow up of 8.5 years, RCB was associated with OS (p = .048)
but not with DFS (p = .152); RPCB was instead significantly asso-
ciated with both DFS and OS (p = .034 and p < .001, respec-
tively). In terms of OS, RPCB provided a significant amount of
prognostic information beyond RCB (Δχ2 5.73, p < .001). In
addition, c-index for OS prediction was significantly higher for
RPCB as compared with RCB (0.79 vs. 0.61, p = .03).
Conclusion. This is the first study evaluating RPCB in
patients with HR+/HER2− BC treated with NACT. In this
independent cohort, RPCB was a strong predictor of DFS
and OS. The better performance of RPCB versus RCB was in
part due to the ability of RPCB to discriminate a subgroup
of patients with a particularly worse prognosis after NACT,
who may be candidates for clinical trials evaluating novel
adjuvant strategies. The Oncologist 2020;25:e1355–e1362

Implications for Practice: The present work validated residual proliferative cancer burden (RPCB) as a strong predictor
of long-term outcome in patients with hormone receptor-positive human epidermal growth receptor 2-negative
(HR+/HER2−) breast cancer (BC) treated with neoadjuvant chemotherapy. In addition, results from the present study
suggest RPCB as a promising tool to identify patients with HR+/HER2− BC who might potentially benefit from the inclu-
sion in clinical trials evaluating novel or escalated postneoadjuvant treatment strategies because it allowed to
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discriminate a subgroup of patients with particularly poor prognosis despite having received subsequent endocrine
therapy in the adjuvant setting.

INTRODUCTION

The achievement of a pathologic complete response (pCR)
represents an established surrogate endpoint for long-term
outcome in patients with breast cancer (BC) undergoing
neoadjuvant chemotherapy (NACT) [1]. On this basis, the
Food and Drug Administration endorsed the use of pCR in
neoadjuvant clinical studies for accelerated drug approval
[2]. However, the prognostic significance of a simple dichot-
omization in pCR versus non-pCR is suboptimal because a
proportion of patients achieving pCR still relapse and a frac-
tion of patients with residual disease after NACT may have
an excellent prognosis. In addition, rates and prognostic
value of pCR vary considerably across BC subtypes. In par-
ticular, hormone receptor-positive (HR+) human epidermal
growth receptor 2-negative (HER2−) patients are associated
with lower pCR rates than triple-negative (TN) and HER2+
subtypes [3]. However, the presence of residual disease
after NACT does not necessarily translate to poor outcome
in this BC subtype [1, 4].

Residual cancer burden (RCB) index, which takes into
account bidimensional measurements of residual tumor bed,
invasive tumor cellularity, and nodal disease burden, has
been validated as a stronger predictor of long-term outcome
in patients with BC undergoing NACT than pCR [5, 6]. How-
ever, patients’ stratification may be further improved by inte-
grating RCB with postneoadjuvant Ki67—which in turn
represents a recognized independent prognostic marker
[7–12]—as residual proliferative cancer burden (RPCB) index.
Indeed, it has recently been suggested that RPCB may be
capable of providing more prognostic information in unse-
lected patients with BC undergoing NACT, as compared with
RCB alone [5].

Nonetheless, although an exploratory analysis according
to estrogen receptor (ER)-positive versus ER-negative sub-
population has been conducted in the discovery series, no
specific analysis in the subgroup of patients with HR+/HER2
− phenotype has been conducted so far.

We investigated the prognostic value of RPCB in an
independent cohort of patients with HR+/HER2− BC treated
with NACT at our institution.

MATERIALS AND METHODS

Patient Cohort
A total of 130 consecutive patients with stage II–III HR+/
HER2− BC who underwent NACT at our institution between
2000 and 2014 were included. HR was considered positive
in case of positive immunohistochemistry (IHC) staining in
≥10% of tumor cells; HER2 was considered negative if
score 0, 1+, or 2+ at IHC and/or in situ hybridization
nonamplified.

Patients were identified from a prospectively maintained
database in which clinicopathologic characteristics, treat-
ment, time of recurrence, and follow-up data were recorded.

Main exclusion criteria were stage IV disease, HR-
negative BC, HER2-positive BC (3+ at IHC and/or amplified
at fluorescence in situ hybridization), or unavailability or
inadequacy of post-NACT surgical specimens.

The study protocol was approved by the local ethics
committee.

Pathologic Evaluation of Residual Disease
Formalin-fixed paraffin-embedded post-NACT surgical speci-
mens were retrieved from our Anatomy and Histology
Department Archive.

RCB was evaluated on H&E-stained as proposed by
Symmans et al. [6] (Fig. 1), and calculated by using the RCB
online source (http://www.mdanderson.org/breastcancer_
RCB). In detail, primary tumor bed area, overall cancer cel-
lularity, percentage of in situ disease, number of positive
nodes, and diameter of the largest nodal metastasis were
assessed in order to compute RCB score. For survival analy-
sis, RCB was categorized in four classes according to pCR
and RCB tertile values, for the ease of comparison with
RPCB, consistently with previous studies [5, 6]:

• pCR = absence of invasive cancer cells in breast and
lymph nodes

• I tertile
• II tertile
• III tertile

Cutoffs between I–II and II–III tertiles were 2.78 and
3.81, respectively.

Evaluation of post-treatment Ki67 was performed by a
pathologist, blinded for clinical data. Post-treatment Ki67
was evaluated in MIB1-clone stained slides and scored as
the percentage of carcinoma cells with positive nuclear
staining, consistently with Ki67 evaluation in RPCB pivotal
study [5].

RPCB was calculated by combining RCB and Ki67 as pre-
viously described by Sheri et al. [5]. In particular, it was cal-
culated as follows:

RPCB = b1(RCB) + b2(ln[Ki67 + 0.1]), where b1 and b2
represent Cox-derived coefficients from Sheri et al. [5, 6]
multivariate analysis for RCB and Ki67, respectively
(b1 = 0.48, hazard ratio = 1.62 [95% confidence interval
(CI) 1.53–2.57); b2 = 0.45, hazard ratio = 1.57 [95% CI
1.29–1.92]).

For survival analyses, patients were categorized into
four categories for both RCB and RPCB. The four categories
included pCR and RCB or RPCB tertiles. The categorization
into four groups according to pCR and RPCB tertiles was
consistent with the pivotal study [5]. However, we did not
use the original cut-points but instead adopted tertiles
based on the distribution of RPCB in our cohorts. The ratio-
nale for this choice was based on two main considerations:
(a) the original cut-points were derived from a cohort of
patients unselected for tumor phenotype; and (b) by apply-
ing the original cut-points, only two patients would have
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Figure 1. Parameters for residual cancer burden evaluation (A): Bidimensional diameter of residual tumor bed in the breast. (B):
Diameter of the largest lymph node metastasis.

Figure 2. Flow diagram of the study.
Abbreviations: HER2, human epidermal growth receptor 2; HR, hormone receptor; pCR, pathologic complete response; RCB, resid-
ual cancer burden; RPCB, residual proliferative cancer burden.
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been categorized as III tertile, limiting the power of prog-
nostic analyses.

Therefore, the categories of RPCB were as follows:

• pCR = absence of invasive cancer cells in breast and
lymph nodes

• I tertile
• II tertile
• III tertile

Cutoffs between I–II and II–III tertiles were 2.49 and
3.06, respectively.

RCB was considered as four categories according to pCR
and tertiles and not as the standard classes defined by
Symmans et al. in order to maintain consistency with the
methodology used to categorize RPCB.

Statistical Analysis
Statistical analysis was carried out using IBM SPSS Statistics
(version 22.0) software (IBM Corp, Armonk, NY) and R pro-
ject [7].

Descriptive statistics were performed for patient demo-
graphics and clinical characteristics. For continuous vari-
ables, median, range values, and quartiles were computed.
The Mann-Whitney nonparametric test was used to study
the distribution of continuous variables across groups
defined by clinicopathologic characteristics.

Disease-free survival (DFS) was defined as the time from
surgery to first relapse (locoregional or distant) or death
from any cause. Overall survival (OS) was defined as the
time from surgery to death from any cause. Alive patients
were censored at the date of last follow-up. The Kaplan-
Meier method was used to estimate survival curves, and
the log-rank test was used to compare between groups.
Univariate Cox regression modeling for proportional haz-
ards was used to calculate hazard ratio and 95% CI.

Overall change of χ2 were computed to compare the
performance of the prognostic models. We also evaluated
c-indexes of the two separate models and calculated the
difference by compare C function in R [7]. The comparison
between the prognostic models as continuous variables was
conducted on the cohort of patients with both RCB and
RPCB available and included only patients with residual dis-
ease (consistently with the methodology used by the origi-
nal paper by Sheri et al. [5]).

All reported p values are two-sided, and significance
level was set at p < .05.

RESULTS

Patient Characteristics
Overall, 130 patients with HR+/HER2− BC were included
(clinicopathologic characteristics of the overall cohort are
reported in supplemental online Table I).

RCB and RPCB were calculated for 105 and 85 patients,
respectively (Fig. 2). No significant differences in baseline
clinicopathologic characteristics were observed between
RCB and RPCB cohorts.

Table 1. Clinicopathologic characteristics in the residual
cancer burden cohort

Characteristics Total or n (%)

Patients, n 105

Age at BC diagnosis, yr

Median (Q1–Q3) 50.1 (44.0–59.4)
Mean 51.7

Histology

Ductal 74 (70.4)

Lobular 20 (19.0)

Other 6 (5.7)

NA 5 (4.9)

Grade

G1 1 (1.0)

G2 35 (33.3)

G3 41 (39.0)

X 2 (1.9)

NA 26 (24.8)

AJCC stage at diagnosis

II 43 (40.9)

III 57 (54.3)

NA 5 (4.8)

PgR, %

Median (Q1–Q2) 65.0 (5.0–90.0)

Mean 50.9

<20% 28 (26.7)

≥20% 74 (70.5)

NA 3 (2.8)

Ki67, %

Median (Q1–Q3) 28.0 (18.0–40.0)
Mean 28.0

<20% 29 (27.6)

≥20% 63 (60.0)

NA 13 (12.4)

NACT

Anthracycline 5 (4.8)

Anthracycline + taxane 99 (94.2)

NA 1 (1.0)

pCR 10 (9.5)

AJCC post-NACT pathologic stage

0 10 (9.5)

I 16 (15.2)

II 34 (32.4)

III 45 (42.8)

Grade post-NACT

G1 2 (2.1)

G2 12 (12.6)

G3 9 (9.5)

X 69 (72.6)

NA 3 (3.2)

ER post-NACTa

≤10% 1 (1.0)

>10% 83 (87.4)

NA 11 (11.6)

Ki67 post-NACT, median (Q1–Q3), % 12.5 (5.0–25.0)

Adjuvant systemic therapya

Chemotherapy 39 (30)

Endocrine therapy 125 (96.2)

Relapse

Total 35 (33.3)

Local 4 (3.8)

Distant 33 (31.4)

Local + distant 2 (1.9)

Death 23 (21.9)
aPercentage has been computed in relation to the total number of
patients with residual disease (n = 95).
Abbreviations: AJCC, American Joint Committee on Cancer; BC,
breast cancer; ER, estrogen receptor; NA, not available; NACT, neo-
adjuvant chemotherapy; pCR, pathologic complete response; PgR,
progesterone receptor; Q, quartile.
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Residual Cancer Burden Evaluation and Prognostic
Value
RCB was calculated for 105 patients. The baseline clinicopath-
ologic features of the RCB cohort are reported in Table 1.

Median age at diagnosis was 50.1 years. The majority of
patients had ductal histology (70.4%), grade 3 (39.0%), and
stage III BC (54.3%). Median and mean baseline Ki67 were
28% (Q1–Q3 18%–40%) and 28.0%, respectively. Almost
20% of patients had luminal-B BC, based on the surrogate
definition of Ki67 ≥20% and/or progesterone receptor <20%
[8, 9]. More than 94% of patients received anthracycline
plus taxane-based NACT. Ten patients achieved pCR after
NACT (pCR rate = 11.7%). Median post-treatment Ki67 was
12.5% (Q1–Q3 5.0%–25.0%). Almost all patients received
adjuvant endocrine therapy (96.2%). Additional chemother-
apy in the adjuvant setting has been administered in a third
of the cases.

In this cohort, after a median follow-up time of 8.5 years
(95% CI 8.0–9.0), 3.8% and 31.4% of patients experienced
local and distant relapse, respectively; 21.9% of patients died.

RCB did not significantly predict DFS in our cohort. In
particular, 5-year DFS according to RCB categories was
100% for pCR, 75.7% for I tertile, 67.5% for II tertile, and
65.1% for III tertile (p = .152). Kaplan-Meier curves for DFS
are shown in Figure 3A.

RCB was instead associated with OS. In detail, 5-year OS
was 100%, 96.2%, 85.4%, and 77.9% for pCR, I tertile, II ter-
tile, and III tertile, respectively (p = .048). Kaplan-Meier cur-
ves for OS are shown in Figure 3B.

Residual Proliferative Cancer Burden Evaluation and
Prognostic Value
RPCB was calculated for 85 patients. The main baseline
clinicopathological characteristics of the RPCB cohort are
reported in Table 2.

RPCB was significantly associated with both DFS and OS
in our HR+/HER2− BC cohort. In particular, 5-year DFS was
100%, 70.3%, 78.6%, and 46.7% for pCR, I tertile, II tertile,
and III tertile, respectively (p = .034), whereas 5-year OS
was 100%, 100%, 90.7%, and 59.4% for pCR, I tertile, II ter-
tile, and III tertile, respectively (p < .001).

Kaplan-Meier curves for DFS and OS according to RPCB
categories are shown in Figure 4.

Cox analysis for DFS and OS according to RPCB is
reported in Table 3.

Comparison of Prognostic Models
In terms of DFS, both RCB and RPCB provided limited prog-
nostic information: χ2 0.62 for RCB and χ2 0.90 for RPCB.
Nevertheless, the Δχ2 of 0.28 was statistically signifi-
cant (p < .001).

In terms of OS, RPCB provided a significant amount of
prognostic information beyond RCB (χ2 9.3 for RPCB
vs. 3.57 for RCB, Δχ2 5.73, p < .001).

The c-index for DFS prediction was numerically higher
for RPCB than RCB (0.58 vs. 0.55, p = .475); c-index for OS
prediction was significantly higher for RPCB as compared
with RCB (0.76 vs. 0.64, p = .031).

DISCUSSION

The present study retrospectively evaluated the prognostic
role of RPCB in a cohort of patients with HR+/HER2− BC
who underwent NACT.

pCR and RCB are well-recognized surrogate predictors
for long-term outcome after NACT; however, a more subtle
definition of residual disease, accounting for not only resid-
ual tumor burden but also post-treatment proliferative
index Ki67 in the RPCB score, has been suggested as being
capable of better predicting long-term outcome in

Figure 3. Kaplan Meier curves according to residual cancer burden evaluation. (A) DFS, ( B) OS.
Abbreviations: DFS, disease-free survival; OS, overall survival; pCR, pathologic complete response.
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unselected patients with BC [5]. Indeed, several authors
have consistently reported that post-NACT Ki67 is capable
of independently predicting long-term survival in patients
failing to achieve pCR, thus possibly representing a surro-
gate marker of NACT efficacy [10–15].

Results from the present study provide an independent
validation of RPCB as a strong predictor of long-term sur-
vival in patients with HR+/HER2− BC treated with NACT. In
particular, consistently with Sheri et al. [5], a significant
association between RPCB and both DFS and OS has been
observed.

Indeed, the comparison of prognostic model perfor-
mance revealed that RPCB was a stronger predictor for
both DFS and OS than RCB. One should consider that
whereas in TN and HER2+ subtypes pCR and RCB allow a
fairly reliable stratification of patients at different risk of
relapse and/or death [1, 3, 4], in the HR+/HER2− sub-
group, the survival advantage resulting from the admin-
istration of endocrine therapy in the postneoadjuvant
setting may consistently dilute the prognostic impact of
residual disease extent after NACT. In this context, an
integrated evaluation of residual disease through RPCB
assessment also encompassing tumor biology may
provide more clinically useful information than RCB and
pCR, thus ultimately optimizing patient prognostic
stratification.

Interestingly, in our cohort of patients with BC, the
prognostic impact of RPCB evaluation was mainly driven
by the third tertile, thus allowing to discriminate a sub-
group of patients with particularly poor long-term DFS and
OS rates despite having received adjuvant endocrine ther-
apy (5-year DFS 46.7% and 8-year OS 25%), who may actu-
ally benefit from the inclusion in clinical trials evaluating
novel and/or escalated postneoadjuvant treatment strate-
gies (the comparison between first and second tertile
should be interpreted with caution given the relatively
small sample size)

In this respect, the presence of residual disease after
NACT has been adopted as the main inclusion criteria for
several clinical trials—some of which are still ongoing
([16–20] NCT01864746, NCT03155997)—testing diverse post-
neoadjuvant strategies, including, among others, CDK 4/6
inhibitors and various chemotherapy agents/regimens. In
this context, postneoadjuvant capecitabine has been
reported to improve both DFS and OS in patients with
HER2− BC failing to achieve pCR after NACT. However,
among patients with HR+ disease, no significant survival
benefit has been observed [16]. Similarly, several trials test-
ing other postneoadjuvant strategies in patients with resid-
ual disease after NACT failed to report any survival
advantage in the HR+/HER2− subgroup [18–20]. These
observations highlight that although in HER2+ and TN BC
the simple dichotomization in pCR versus residual disease
may still be considered appropriate to select high-risk
patients suitable for enrollment in postneoadjuvant clini-
cal trials, as recently demonstrated in the KATHERINE
and CREATE-X trials, respectively [16, 17], in HR+ disease,
the identification of a more reliable tool capable of prop-
erly detecting high-risk patients who may benefit from
additional postneoadjuvant treatments is mandatory. In

Table 2. Clinicopathologic characteristics in the residual
proliferative cancer burden cohort

Characteristics Total or n (%)

Patients, n 85

Age at BC diagnosis, yr

Median (Q1–Q2) 49.4 (44.5–59.4)
Mean 52.0

Histology

Ductal 64 (75.3)

Lobular 14 (16.5)

Other 4 (4.7)

NA 3 (3.5)

Grade

G1 1 (1.2)

G2 31 (36.5)

G3 36 (42.3)

X 1 (1.2)

NA 16 (18.8)

AJCC stage at diagnosis

II 35 (41.2)

III 45 (52.9)

NA 5 (5.9)

PgR pre-NACT, %

Median (Q1–Q2) 65.5 (9–90)

Mean 52.2

<20% 22 (25.9)

≥20% 60 (70.6)

NA 3 (3.5)

Ki67 pre-NACT, %

Median (Q1–Q2) 30 (15.7–40)
Mean 28.37

<20% 24 (28.2)

≥20% 52 (61.2)

NA 9 (10.6)

NACT

Anthracycline 4 (4.7)

Anthracycline + taxane 80 (94.1)

NA 1 (1.2)

pCR 10 (11.7)

AJCC post-NACT pathologic stage

0 10 (10.6)

I 14 (17.6)

II 24 (28.2)

III 37 (43.5)

Grade post-NACTa

G1 1 (1.3)

G2 11 (14.7)

G3 8 (10.7)

X 54 (72.0)

NA 1 (1.3)

ER post-NACTa

≤10 1 (1.3)

>10 73 (97.4)

NA 1(1.3)

Ki67 post-NACT, median (Q1–Q3), % 13 (5.0–28.5)

Adjuvant systemic therapya

Chemotherapy 17 (20.0)

Endocrine therapy 82 (96.5)

Recurrence

Total 31 (36.4)

Local 2 (6.5)

Distant 27 (87)

Local + distant 2 (6.5)

Death 20 (23.5)
aPercentage has been computed in relation to the total number of
patients with residual disease (n = 95)
Abbreviations: AJCC, American Joint Committee on Cancer; BC,
breast cancer; ER, estrogen receptor; NA, not available; NACT, neo-
adjuvant chemotherapy; pCR, pathologic complete response; PgR,
progesterone receptor; Q, quartile.
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this context, RPCP or other composite scores incorporat-
ing parameters that reflect both tumor burden and
tumor biology, such as the preoperative endocrine prog-
nostic index score [21], may represent good candidates.
Interestingly, some effort in this direction is already
ongoing [22].

The present study has several strengths: the inclusion of
a selected population of patients with HR+/HER2− BC,
where pCR and RCB proved to be suboptimal surrogates for
long-term outcome as compared with more aggressive BC
subtypes [1, 3, 4], provided the opportunity to further dis-
sect the prognostic impact of residual disease evaluation
after NACT. Notably, in our HR+/HER2− BC population, a
not negligible proportion of patients were luminal-B, which
is relatively less endocrine-sensitive and more chemo-sensi-
tive—as well as being associated with poorer prognosis—as
compared with luminal-A phenotype [23], thus representing
a challenging clinical scenario. In this context, the evalua-
tion of RPCB could be an additional and clinically useful tool
for optimizing the prognostic stratification of patients with
HR+ BC. Moreover, a prolonged follow-up time (8.5 years)
allowed exploring the long-term prognostic impact of RPCP,
which is mandatory when analyzing the outcome of
patients with HR+/HER2− BC who may still be at risk of

relapse several years after diagnosis [24, 25]. The major lim-
itations of the present study are represented by its retro-
spective and mono-institutional nature and heterogeneity
in neoadjuvant and postneoadjuvant treatments. Nonethe-
less, the vast majority of patients received anthracycline
plus taxane-based NACT and subsequent adjuvant endo-
crine therapy.

CONCLUSION

This represents the first study specifically evaluating RPCB
in patients with HR+/HER2− BC treated with NACT. In this
independent cohort of patients with BC, after a median
follow-up of 8.5 years, RPCB proved to better predict long-
term outcome in terms of both DFS and OS than RCB, prob-
ably owing to its ability to discriminate a subgroup of
patients with a particularly unfavorable outcome after
NACT despite the subsequent administration of endocrine
therapy and who may be candidates for clinical trials in the
adjuvant setting.

Of course, the evaluation of RPCB in the context of
larger retrospective studies and, more importantly, well-
designed prospective clinical studies including patients with
HR+ HER2+ BC treated with NACT is needed not only to

Figure 4. Kaplan Meier curves according to residual proliferative cancer burden. (A) DFS, (B) OS.
Abbreviations: DFS, disease-free survival; OS, overall survival; pCR, pathologic complete response.

Table 3. Cox analysis for DFS and OS according to residual proliferative cancer burden

DFS OS

RPCB categories HR 95% CI p value HR 95% CI p value

pCR Ref .034 Ref <.001

I tertile 3.27 0.70–15.21 2.10 0.23–18.97

II tertile 2.64 0.53–13.10 2.44 0.25–24.19

III tertile 6.22 1.37–28.34 12.69 1.61–100.21

Abbreviations: CI, confidence interval; DFS, disease-free survival; HR, hazard ratio; OS, overall survival; pCR, pathologic complete response.
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further validate the prognostic significance of RPCB but also
to explore its reproducibility and feasibility in sight of a
broad application.
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