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Abstract 
Objective: Neoadjuvant chemotherapy (NACT) has become the standard of care for patients with 
triple-negative breast cancer (TNBC) with tumors > 1 cm or positive axillary nodes. Pathologic 
complete response (pCR) has been used as an endpoint to select patients for treatment scaling. This 
study aimed to examine the benefit of adding adjuvant capecitabine for TNBC patients who did not 
achieve pCR after standard NACT in a real-world scenario. 

Methods: This retrospective cohort study included all patients with TNBC who underwent NACT 
between 2010 and 2020. Clinicopathological data were obtained from the patient records. Univariate 
and multivariate analyses were conducted at the 5 years follow-up period. 

Results: We included 153 patients, more than half of whom had stage III (58.2%) and high-grade 
tumors (60.8%). The overall pCR rate was 34.6%, and 41% of the patients with residual disease received 
adjuvant capecitabine. Disease-specific survival (DSS) among the patients who achieved pCR was 
significantly higher (p<0.0001). Residual disease after NACT was associated with detrimental effects 
on DSS. In this cohort, we did not observe any survival benefit of adding adjuvant capecitabine for 
patients with TNBC subjected to NACT who did not achieve pCR (p=0.52). 

Conclusion: Our study failed to demonstrate a survival benefit of extended capecitabine therapy in 
patients with TNBC with residual disease after NACT. More studies are warranted to better understand 
the indication of systemic treatment escalation in this scenario. 
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Introduction
Breast cancer is a heterogeneous disease with different eti-

ologies, clinicopathological characteristics, and responses 

to treatment.(1) Breast cancer is currently divided into five 

subtypes, derived from the Perou et al. classification (2000).
(2) Based on immunohistochemistry, tumors expressing the 

estrogen receptor (ER) and/or progesterone receptor (PR) 

are luminal-like breast cancers. Tumors expressing human 

epidermal growth factor receptor 2 (HER2) are HER2 en-

riched (whether or not luminal), and tumors that lack the 

expression of hormone receptors and HER2 enrichment are 

triple-negative breast cancer (TNBC).(3)

TNBC represents 15-20% of all diagnosed breast cancers 

and is known to be a more aggressive disease with poorer 

prognosis and higher mortality than the other subtypes.(4,5) 

TNBC is the most chemotherapy sensitive among subtypes, 

and anthracycline and taxane based regimens remain the 

standard of care. Despite this, there is no standard therapy 

for refractory or relapsed disease, although new treatment 

options have recently emerged.(4)

Neoadjuvant chemotherapy (NACT) has become the 

standard of care for TNBC tumors greater than 1 cm (T1b), 

since this allows in vivo evaluation of the effectiveness of 

systemic therapy. A pathological complete response (pCR) 

to NACT has been associated with increased disease-free 

survival (DFS) and could be considered a suitable marker of 

survival.(6) Notwithstanding this, women who do not achieve 

pCR are candidates for personalized adjuvant therapy.(4,7) 

Capecitabine is an oral prodrug of fluorouracil, which 

is mainly prescribed for the treatment of advanced breast 

cancer.(8) A recent meta-analysis suggested that the addi-

tion of capecitabine in combination or in sequence with 

standard chemotherapy is associated with a modest benefit 

in DFS and overall survival (OS).(9) However, there has been 

a worldwide increase in the use of capecitabine in the ad-

juvant setting for women with residual disease after stan-

dard NACT. A single prospective study named the CREATE-X 

trial showed the benefit of adding capecitabine as an ex-

tended therapy in TNBC patients with no pCR after NACT.(10) 

The GEICAM/2003-11_CIBOMA/2004-01 trial also evaluated 

clinical benefit of adjuvant capecitabine for TNBC patients. 

However, the authors did not find a significant benefit re-

lated to this drug. In fact, they have shown an improvement 

in DFS in a subgroup of TNBC characterized as non-basal 

tumors based on the lack of staining for epidermal growth 

factor receptor and cytokeratin 5/6 expression in immuno-

histochemistry analysis.(11) The benefit was observed only 

in the CREATE-X trial, and the fact that they only included 

exclusively Asian women is a current source of controversy. 

The aim of this study was to examine, in a population 

often diagnosed with advanced stages, the benefit of the ad-

dition of adjuvant capecitabine in patients with TNBC who 

did not achieve pCR after standard NACT. 

Methods
We performed a retrospective cohort study which included 

all patients diagnosed with TNBC who underwent NACT at 

the Clinics Hospital of Ribeirão Preto School of Medicine, 

University of São Paulo (USP), between 2010 and 2020. 

Clinical and pathological data were obtained from pa-

tients’ files (including paper charts and electronic medical 

records). 

The criteria for TNBC classification were based on im-

munohistochemical data in the pathology reports of core 

needle biopsy performed before breast cancer treatment. 

We considered estrogen receptor-negative and progester-

one receptor-negative tumors to have less than 1% protein 

expression.(12) HER2 status was established in accordance 

with the pathology report and protocols followed at the time 

of diagnosis, as recorded in the clinical chart.(13) For staging, 

we used the American Joint Committee on Cancer Staging 

Manual, 7th edition.(14)

A pCR was considered if there was no residual invasive 

carcinoma in the breast or axilla after NACT. Patients with 

residual invasive carcinoma were characterized as having 

residual disease (RD). Patients in the RD group were divid-

ed according to the use of extended adjuvant chemother-

apy into the capecitabine or no adjuvant (NoAdj) groups. 

Toxicity and reports of delayed or canceled treatment with 

capecitabine were retrieved from medical files.

The exclusion criteria were metastatic disease, previ-

ous malignant breast disease, simultaneous non-triple-neg-

ative tumor, changes in the IHC classification after NACT 

interfering with systemic therapy, and death during NACT. 

A total of 158 patients were retrieved. Applying the exclu-

sion criteria, one tumor was classified as HER2+ after NACT, 

two patients had synchronic bilateral non-triple negative 

tumors and two patients have died during the neoadjuvant 

treatment; all cases were excluded. 

To evaluate the differences between the groups, we 

used the chi-square test for categorical variables and the 

Mann-Whitney or Student t tests for continuous variables 

based on the variable distribution. Normal distribution was 

inferred based on the histograms and tested by the Shapiro-

Wilk test. We used a Cox multivariable regression model to 

analyze the variables considered significant in the univar-

iate analyses. Kaplan-Meier curves were used to estimate 

survival, and the differences between the groups were test-

ed using the log-rank test. The median follow up time was 

5.4 years (IQR= 3.7 years). As capecitabine therapy started 

in 2017, the median follow up time in the Capecitabine group 

was 3.9 years (IQR= 1.8). Survival analyses were applied for 

the 5 years-follow-up in the whole dataset and were set to 

4 years to analyze the impact of capecitabine therapy. The 

level of significance was set at 0.05, and all analyses were 

conducted using R software version 4.1.2 (R Core Team 2021, 

Vienna, Austria).
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The study was approved by the Ethical Committee of the 

Institution 6141120, and the requirement for informed con-

sent was waived (approval number 38438620.3.0000.5440). 

Results
The cohort included 153 retrospectively selected patients 

who underwent NACT for TNBC. Their mean age at diag-

nosis was 48.9±12 years (range 25-74 years). More than 

half of the women were diagnosed with stage III (58.2%) 

cancer, and 60.8% of the patients had grade 3 tumors. 

Regarding the systemic treatment schemes, most pa-

tients received anthracycline- and taxane-based chemo-

therapy (92.8%). We observed a pCR rate of 34.6%, and 41% 

of patients with residual disease received capecitabine 

as extended adjuvant treatment. Table 1 summarizes the 

patient characteristics.

Patients with smaller tumors and fewer metastatic 

lymph nodes at diagnosis more frequently achieved pCR, 

with 51% of T1/2 patients achieving pCR, in contrast to the 

25% pCR ratio in T3/4 (p=0.006). Axillary involvement was 

also associated with residual disease (p=0.04). There was 

a tendency for younger women and tumors with higher Ki67 

levels at initial biopsy to achieve pCR (p=0.09 and p=0.06), 

respectively). Table 2 summarizes the predictive factors for 

the response to NACT.

Table 1. Patients’ characteristics of triple-negative breast cancer 
(TNBC) patients subjected to neoadjuvant chemotherapy (NACT)

Variables n(%)

Age in years (mean ± sd) 48.9 ± 12

Cancer Stage (n)

   IIa 23(15)

   IIb 41(26.8)

   IIIa 39(25.5)

   IIIb 45(29.4)

   IIIc 5(3.3)

Clinical T size in mm (median ± mad) 52 ± 26.7

Histology

   Invasive ductal carcinoma 139(90.8)

   Other 14(9.2)

Grade

   1  5(3.3)

   2  55(35.9)

   3 93(60.8)

NACT scheme

   Taxane-anthracycline based 142(92.8)

   Anthracycline based 8(5.2)

   Other 3(2)

Clinical response to NACT

   Complete 54(35.3)

   Partial 56(36.6)

   Stable 37(24.1)

   Progression 6(3.9)

Pathological response to NACT

   Breast

      Complete 59(38.6)

      Residual 94(61.4)

Breast + Axilla

   Complete 53(34.6)

   Residual 100(65.4)

Axillary status after NACT

   Axilla

      Negative 105(68.6)

      Positive 48(31.4)

Extended adjuvant chemotherapy

   Yes 41(26.8)

   No 112(73.2)

mad - Median absolute deviation

Table 2. Predictive factors of response to neoadjuvant chemothera-
py (NACT) in 153 triple negative breast cancer (TNBC) patients

Variables
pCR

n(%)

no- pCR

n(%)
p-value

Age (median ± mad) 45.1 ± 11.7 51 ± 12.5 0.09

Age group 

   < 40 years old 18(45) 22(55)

   ≥ 40 years old 35(31.2) 77(68.8) 0.1

cT (median ± mad) 40 ± 22.2 59 ± 20.8 0.002

T 

   1/2 29(50) 29(50)

   3 12(22.6) 41(77.4)

   4 12(28.4) 30(71.4) 0.006

   0 26(47.3) 29(52.7)

   1 18(30) 42(70)

   2 or 3 9(23.7) 29(76.3) 0.04

Grade 

   1 or 2 25(41.7) 35(58.3)

   3 28(30.1) 65(79.9) 0.2

   KI67 (median; IQR) 70(30) 60(50) 0.06

pCR - Pathological complete response; mad - Median absolute deviation; IQR - interquartile range

We analyzed the effect of pCR on disease-specific sur-

vival (DSS) at the 5 years follow-up. Patients who achieved 

pCR had a higher probability of survival. However, the pres-

ence of residual disease after NACT is associated with a det-

rimental effect on DSS. The difference in survival probability 

was significant (p<0.0001), with a hazard ratio (HR) of 0.078 

(CI95%, 0.02 to 0.32) in favor of patients with pCR. Figure 1 

shows DSS at the 5-year follow-up.

Figure 1. Five-year follow up for disease specific survival of patients 
who achieved or not pathological complete response (pCR)
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Clinical T size (HR= 1.02; 95%CI= 1.015-1.035), residual T size 

(HR= 1.015; 95%CI= 1.008-1.02), and the presence of residual 

axillary lymph nodes (HR= 4.8; 95%CI= 2.2-10.3 for ypN2/3) 

were significant prognostic factors in univariate analysis. 

We applied a multivariable model including the groups 

(Capecitabine and NoAdj) and their significant predictors in 

the univariate analysis. Table 4 summarizes the statistical 

analyses of the Cox model.

In the univariate analysis, we observed that the clinical 

T size (HR= 1.027; 95%CI 1.018-1.037), the residual T size (HR= 

1.018; 95% CI 1.013-1.023), axillary involvement (for ypN1 the 

HR= 3.4 (95%CI 1.4-7.8), and extensive post-NACT axillary in-

volvement (ypN2/3) (HR= 9.3 ;95%CI 4.6-18.8) were signifi-

cantly associated with a decrease in DSS.

Extended adjuvant chemotherapy 
A total of 100 patients with residual disease (RD) were di-

vided into two groups: 59 patients did not receive extended 

adjuvant chemotherapy (NoAdj group) and 41 patients re-

ceived 6 or 8 cycles of capecitabine (capecitabine group) 

after breast surgery. We investigated the adverse effects of 

capecitabine and their impact during treatment. A total of 

28 patients (68.3%) experienced adverse effects. In eight 

patients, the capecitabine dose had to be reduced, and in 

five patients, there was a delay in the course of drug admin-

istration due to side effects. Eleven patients (27%) did not 

complete the full capecitabine regimen, and the median 

number of cycles was 6 (range, 2–8). The most frequent side 

effect was hand-foot syndrome (53%), followed by diarrhea 

and neutropenia (9.7% each), and 14.6% of the patients expe-

rienced a toxicity grade of 3 or 4. We analyzed the effect of 

adding extended adjuvant chemotherapy with capecitabine 

on DSS in the group of patients with no pCR. Table 3 summa-

rizes patient characteristics. In addition to the higher Ki67 

expression in tumors from the NoAdj group (p=0.04), we did 

not find any significant differences in the clinical and patho-

logical features between the groups. 

Table 3. Characteristics of patients that did not achieve complete 
response after neoadjuvant chemotherapy

Characteristics of patients Capecitabine NoAdj p-value

Age (mean ± sd) 49.8 ± 11.4 50 ± 11.7 0.9

cT (median ± mad) 53 ± 19.3 60 ± 16.1 0.6

T

   1 or 2 15(36.6) 14(23.7)

   3 17(41.5) 24(40.7)

   4 9(22) 21(35.6) 0.2

   0 13(31.7) 16(27.1)

   1 19(46.3) 23(39)

   2 or 3 9(22) 20(33.9) 0.4

Grade 

   1 or 2 14(34.1) 21(35.6)

   3 27(65.9) 38(64.4) 1

KI67 (median ± mad) 50 ± 37 70 ± 29.6 0.02

ypT (median ± mad) 16 ± 14.8 23 ± 27.1 0.3

ypN (%)

   0 23(56.1) 30(50.8)

   1 8(22) 15(25.4)

   2 or 3 8(22) 14(23.7) 0.4

mad - Median absolute deviation

DSS in the Capecitabine and NoAdj groups was not 

significantly different (p=0.51). Figure 2 shows the Kaplan–

Meier curves. We investigated the influence of the clinical 

and pathological features of DSS in patients without pCR. 

Figure 2. Five-year follow-up for disease specific survival of pa-
tients who received or did not receive adjuvant capecitabine

Table 4. Multivariable analysis of disease specific survival of pa-
tients who did not achieve complete response after neoadjuvant 
chemotherapy

Variables HR 95%CI p-value

Clinical T size (mm) 1.017 1.005-1.03 0.003

ypT size (mm) 1.01 1.001-1.02 0.02

ypN (reference= 0)

   1 2.6 1.06-6.6 0.03

   2 or 3 4.6 2.1-10 0.0001

Groups (reference= noAdj)

   Capecitabine 0.9 0.4-1.8 0.7

Discussion
Delivering NACT has recently become the standard ther-

apeutic approach for early stage TNBC larger than 1 cm or 

with positive nodes.(15) In addition to the benefit of diminish-

ing the primary tumor size, this rationale is based on the use 

of the pathological response to treatment as an endpoint to 

select patients for treatment escalation. In this retrospec-

tive study, our results showed that extended chemother-

apy with adjuvant capecitabine was not associated with a 

statistically significant benefit in terms of overall and DSS 

in TNBC patients who underwent NACT with no pCR. To our 

knowledge, this is the first study to address this issue in the 

Brazilian population. 

The rate of pCR after NACT is approximately 37% with 

chemotherapy regimens that do not contain carboplatin or 

pembrolizumab.(16) We observed an overall pCR rate of 34.6% 
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in our study, which is in accordance with data from the lit-

erature.(17) Achieving pCR improves prognoses to the point 

that their DSS and OS are similar to those of patients with 

luminal tumors who received chemotherapy.(6) Indeed, we 

observed a statistically significant higher DSS among pa-

tients who achieved complete response after neoadjuvant 

chemotherapy than among those with residual disease in 

the breast and/or axilla. We also observed a decrease in DSS 

when extensive disease was present at diagnosis and/or 

bulky residual disease was identified in the breast or axilla 

after NACT. Therefore, patients with TNBC and residual dis-

ease after NACT, especially those with high-volume residual 

disease, deserve a different approach in the adjuvant setting 

than those that achieve a pCR. 

Two recent studies addressed the escalation of treat-

ment with adjuvant capecitabine. The phase III CREATE-X 

trial published in 2017 was a practice change. They ran-

domized approximately 900 patients to capecitabine ver-

sus observation after NACT and no pCR (30% were TNBC). 

Subgroup analysis of the TNBC patients demonstrated 

a beneficial survival rate in the capecitabine-treated 

group.(10) The results of this trial are therefore not eas-

ily reproducible worldwide. The multicenter phase III 

GEICAM/2003-11_CIBOMA/2004-01 trial, published in 

2019, failed to demonstrate a statistically significant in-

crease in DSS by adding extended adjuvant capecitabine 

in the treatment of patients with early stage TNBC. Only 

20% of the included patients received NACT.(11)

Recently, an individual patient data meta-analysis, in-

cluding more than 15,000 patients, showed that the addition 

of capecitabine to systemic treatment improved DSS and 

OS in TNBC.(9) However, the authors suggest that most of the 

meta-analysis effect was driven by CREATE-X trial, and the 

actual effect of adding capecitabine should be small; there-

fore, clinicians should individualize its prescription. Our re-

al-world results showed that extended chemotherapy with 

capecitabine was not associated with a significant DSS ben-

efit in this subset of patients. It is important to highlight that 

the CREATE-X trial was conducted exclusively with Asian 

women. This could explain the “too good to be true” findings 

of the study.(18) It is already known that Asian women have 

differences in pharmacogenomics and pharmacokinetics 

when metabolizing capecitabine compared to Caucasian 

women. This was reported in the Xeloda® package insert and 

has been previously published.(19)

Capecitabine is not free of adverse effects (AE). In the 

aforementioned trials, patients had grade 3 or 4 adverse ef-

fects in up to 18% of cases. Similar to our findings, the most 

common side effect was hand-foot syndrome, followed by 

neutropenia and diarrhea.(10,11) In addition to the toxicity pro-

file, the cost of the broad use of a medication with conflict-

ing results in this scenario, mainly in middle- and low-in-

come countries, should be considered.

Although pCR has been frequently used as a surrogate 

end point for neoadjuvant trials in early breast cancer set-

tings, data on patient survival, compared to patients who re-

ceived surgery upfront and adjuvant chemotherapy (AC), are 

still conflicting.(20,21) A recent meta-analysis including more 

than 36,442 TNBC patients suggested that the OS was higher 

in women who received AC than in those who received NACT. 

The detrimental effects on OS and DFS were specifically re-

lated to RD after NACT.(22) This observation may be explained 

by the selection bias of more aggressive tumors to NACT, or 

by the earlier tumor debulking by primary surgery diminish-

ing the risk of tumor seeding and systemic metastasis in 

TNBC resistant to chemotherapy.(23) The need to resolve this 

issue is extremely relevant to the definition of treatment in 

patients with operable TNBC.

A recent report demonstrated a clear trend in favor of 

NACT over AC for all early-stage breast cancer subtypes in 

Germany.(24) They showed that the proportion of patients re-

ceiving NACT increased from 24.6% in 2008 to 76.2% in 2017, 

the same year that the CREATE-X trial was published. We be-

lieve that the proportion of patients with early-stage breast 

cancer treated with NACT has been increasing ever since. 

Based on the assumption that the delay in tumor resection 

in patients with chemotherapy-resistant TNBC may be det-

rimental in terms of OS and DFS, delivering NACT for early 

stage TNBC would be harmful. Therefore, the estimation of 

the real benefit of extended chemotherapy in this scenario 

must be fully confirmed.

A limitation of our study is that it was an observational 

retrospective study with a risk of data collection bias. On the 

other hand, it was developed in a university hospital where 

patients are systematically followed up and all patients’ 

files are kept in an electronic health system. Although the 

study was based on convenience sampling and the number 

of events was not sufficient to make inferences for short-

term follow-up (up to 2 years), the analyses at 4- and 5-years 

follow-up were robust enough for statistical inferences. 

Notwithstanding, this is a hypothesis-generating study in 

which we question the real benefit of scaling systemic treat-

ment with possible toxicity, based on only one study in a 

group of only Asian women and with conflicting data in the 

literature.

Conclusion
Our results confirmed that TNBC is an aggressive subtype of 

breast cancer and that pCR is an important surrogate end-

point. However, we failed to demonstrate a survival benefit 

of adding capecitabine in the adjuvant setting in women 

with TNBC and residual disease after NAC. Further prospec-

tive trials should focus on selecting patients who can bene-

fit from this adjuvant strategy, particularly in countries with 

limited public health budgets. 



6

Real-world data on adjuvant capecitabine after standard neoadjuvant chemotherapy for triple negative breast cancer

Pereira MF, Buzatto IP, Carrara HH, Buono FO, Andrade JM, Orlandini LF, et al

Rev Bras Ginecol Obstet. 2024;46:e-rbgo29.

Acknowledgments
We gratefully acknowledge Prof. Alfredo Ribeiro da Silva 

(in memoriam), pathologist at the Faculty of Medicine 

of USP - Ribeirão Preto, for his collaboration in this proj-

ect. We also would like to thank the Fundação de Apoio ao 

Ensino, Pesquisa e Assistência do Hospital das Clínicas da 

Faculdade de Medicina de Ribeirão Preto da Universidade 

de São Paulo (FAEPA) for funding the publication charges. 

Author’s contributions
Pereira MFI, Buzatto IP, Carrara HH, Buono FO, Andrade JM, 

Orlandini LF and Tiezzi DG were involved in the design and 

interpretation of the analysis, contributed to the writing of 

the manuscript and read and approved the final manuscript.

References
1.	 Rakha EA, Ellis IO. Triple-negative/basal-like breast cancer: review. Pathology. 

2009;41(1):40-7. doi: 10.1080/00313020802563510

2.	 Perou CM, Sørlie T, Eisen MB, van de Rijn M, Jeffrey SS, Rees CA, et al. Molecular portraits 
of human breast tumours. Nature. 2000;406(6797):747-52. doi: 10.1038/35021093

3.	 Harbeck N, Penault-Llorca F, Cortes J, Gnant M, Houssami N, Poortmans P, et al. Breast 
cancer. Nat Rev Dis Primers. 2019;5(1):66. doi: 10.1038/s41572-019-0111-2

4.	 Won KA, Spruck C. Triple-negative breast cancer therapy: current and future 
perspectives (Review). Int J Oncol. 2020;57(6):1245-61. doi: 10.3892/ijo.2020.5135

5.	 Foulkes WD, Smith IE, Reis-Filho JS. Triple-negative breast cancer. N Engl J Med. 
2010;363(20):1938-48. doi: 10.1056/NEJMra1001389

6.	 von Minckwitz G, Untch M, Blohmer JU, Costa SD, Eidtmann H, Fasching PA, et 
al. Definition and impact of pathologic complete response on prognosis after 
neoadjuvant chemotherapy in various intrinsic breast cancer subtypes. J Clin Oncol. 
2012;30(15):1796-804. doi: 10.1200/JCO.2011.38.8595

7.	 Holanek M, Selingerova I, Bilek O, Kazda T, Fabian P, Foretova L, et al. Neoadjuvant 
chemotherapy of triple-negative breast cancer: evaluation of early clinical response, 
pathological complete response rates, and addition of platinum salts benefit based on 
real-world evidence. Cancers (Basel). 2021;13(7):1586. doi: 10.3390/cancers13071586

8.	 Varshavsky-Yanovsky AN, Goldstein LJ. Role of capecitabine in early breast cancer. J 
Clin Oncol. 2020;38(3):179-82. doi: 10.1200/JCO.19.02946

9.	 van Mackelenbergh MT, Seither F, Möbus V, O’Shaughnessy J, Martin M, Joensuu H, et 
al. Effects of capecitabine as part of neo-/adjuvant chemotherapy – a meta-analysis 

of individual breast cancer patient data from 13 randomised trials including 15,993 
patients. Eur J Cancer. 2022;166:185-201. doi: 10.1016/j.ejca.2022.02.003

10.	 Masuda N, Lee SJ, Ohtani S, Im YH, Lee ES, Yokota I, et al. Adjuvant capecitabine for 
breast cancer after preoperative chemotherapy. N Engl J Med. 2017;376(22):2147-59. 
doi: 10.1056/NEJMoa1612645

11.	 Lluch A, Barrios CH, Torrecillas L, Ruiz-Borrego M, Bines J, Segalla J, et al. Phase III trial 
of adjuvant capecitabine after standard Neo-/Adjuvant chemotherapy in patients with 
early triple-negative breast cancer (GEICAM/2003-11_CIBOMA/2004-01). J Clin Oncol. 
2020;38(3):203-13. doi: 10.1200/JCO.19.00904

12.	 Hammond ME, Hayes DF, Dowsett M, Allred DC, Hagerty KL, Badve S, et al. American 
Society of Clinical Oncology/College of American pathologists guideline 
recommendations for immunohistochemical testing of estrogen and progesterone 
receptors in breast cancer. J Clin Oncol. 2010;28(16):2784-95. doi: 10.1200/
JCO.2009.25.6529

13.	 Wolff AC, Hammond ME, Hicks DG, Dowsett M, McShane LM, Allison KH, et al. 
Recommendations for human epidermal growth factor receptor 2 testing in breast cancer: 
American Society of Clinical Oncology/College of American Pathologists clinical practice 
guideline update. J Clin Oncol. 2013;31(31):3997-4013. doi: 10.1200/JCO.2013.50.9984

14.	 Edge SB, editor, Byrd DR, Compton CC, Fritz AG, Greene FL, Trotti A III. AJCC cancer 
staging manual. 7th ed. New York: Springer; 2010.

15.	 Cardoso F, Kyriakides S, Ohno S, Penault-Llorca F, Poortmans P, Rubio IT, et al. Early 
breast cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-
up. Ann Oncol. 2019;30(10):1674. doi: 10.1093/annonc/mdz189

16.	 Agostinetto E, Jacobs F, Debien V, De Caluwé A, Pop CF, Catteau X, et al. Post-
neoadjuvant treatment strategies for patients with early breast cancer. Cancers 
(Basel). 2022;14(21):5467. doi: 10.3390/cancers14215467

17.	 Marra A, Curigliano G. Adjuvant and neoadjuvant treatment of triple-negative 
breast cancer with chemotherapy. Cancer J. 2021;27(1):41-9. doi: 10.1097/
PPO.0000000000000498

18.	 Zujewski JA, Rubinstein L. CREATE-X a role for capecitabine in early-stage breast 
cancer: an analysis of available data. NPJ Breast Cancer. 2017;3:27. doi: 10.1038/
s41523-017-0029-3

19.	 Midgley R, Kerr DJ. Capecitabine: have we got the dose right? Nat Clin Pract Oncol. 
2009;6(1):17-24. doi: 10.1038/ncponc1240

20.	 Conforti F, Pala L, Bagnardi V, De Pas T, Colleoni M, Buyse M, et al. Surrogacy of 
pathologic complete response in trials of neoadjuvant therapy for early breast cancer: 
critical analysis of strengths, weaknesses, and misinterpretations. JAMA Oncol. 
2022;8(11):1668-75. doi: 10.1001/jamaoncol.2022.3755

21.	 Bagegni NA, Tao Y, Ademuyiwa FO. Clinical outcomes with neoadjuvant versus 
adjuvant chemotherapy for triple negative breast cancer: a report from the National 
Cancer Database. PLoS One. 2019;14(9):e0222358. doi: 10.1371/journal.pone.0222358

22.	 Xia LY, Hu QL, Zhang J, Xu WY, Li XS. Survival outcomes of neoadjuvant versus adjuvant 
chemotherapy in triple-negative breast cancer: a meta-analysis of 36,480 cases. 
World J Surg Oncol. 2020;18(1):129. doi: 10.1186/s12957-020-01907-7

23.	 Kennedy CR, Gao F, Margenthaler JA. Neoadjuvant versus adjuvant chemotherapy for 
triple negative breast cancer. J Surg Res. 2010;163:52-7. doi: 10.1016/j.jss.2010.04.015

24.	 Riedel F, Hoffmann AS, Moderow M, Heublein S, Deutsch TM, Golatta M, et al. Time trends 
of neoadjuvant chemotherapy for early breast cancer. Int J Cancer. 2020;147(11):3049-
58. doi: 10.1002/ijc.33122


