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ABSTRACT

Background: Triple-negative breast cancer (TNBC) is an aggressive subtype lacking
estrogen receptor, progesterone receptor, and human epidermal growth factor receptor 2
(HER2) expression. Platinum agents such as carboplatin have been incorporated into
neoadjuvant regimens to improve pathological complete response (pCR), but their long-term
survival benefit remains unclear, particularly in North African populations.

Methods: We conducted a retrospective cohort study with prospective longitudinal follow-up
of 183 Algerian women with nonmetastatic TNBC who received neoadjuvant chemotherapy
between February 2015 and February 2017 at the Pierre and Marie Curie Cancer Center,
Algiers. Patients received six cycles of docetaxel plus anthracycline—cyclophosphamide
(FAC60), with or without the addition of carboplatin (AUC 5). After surgery, patients
were followed for overall survival (OS) and event-free survival (EFS) until November 2024.
Statistical analyses were performed using R version 4.3.2.

Results: The median age was 43 years; 74% were premenopausal. The pCR rate was
significantly higher with the carboplatin-containing regimen than without carboplatin (58%
vs 36%, P = .004). After a median follow-up of 103 months (range, 9-118 months), 3-, 5-
, and 8-year OS rates in the carboplatin group were 89%, 83.5%, and 75.2%, respectively.
However, the carboplatin-containing regimen did not improve OS (P = .34) or EFS (P = .49).
Achieving pCR was independently associated with better survival outcomes (EFS P <.001
and OS P <.001, respectively) in multivariable Cox regression models.

Conclusion: Among Algerian women with nonmetastatic TNBC, the carboplatin-containing
regimen increased pCR rates but did not improve long-term survival. Pathologic complete
response was an independent predictor of favorable prognosis.
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INTRODUCTION

Triple-negative breast cancer (TNBC) is defined by the
absence of estrogen receptor (ER), progesterone recep-
tor (PR),! and human epidermal growth factor receptor
2 (HER2) expression.”? Representing approximately
15% to 20% of all breast cancers, TNBC is charac-
terized by aggressive biological behavior and a poor
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prognosis.* This subtype is associated with rapid tumor
proliferation, a high risk of distant metastasis, and an
increased risk of early recurrence, particularly within
the first 3 years after diagnosis.>

Unlike hormone receptor-positive or HER2-positive
breast cancer, TNBC lacks established targeted
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therapeutic options and, therefore, relies mainly
on systemic chemotherapy for disease management.’
Neoadjuvant chemotherapy (NAC), typically based
on anthracycline- and taxane-containing regimens,
plays a central role in the treatment of stage II to III
TNBC and provides an opportunity to assess tumor
sensitivity to systemic therapy through pathologic
complete response (pCR).510

The addition of platinum compounds such as car-
boplatin to NAC has shown promising improvements
in pCR rates, although this benefit is often accompa-
nied by increased hematologic toxicity.'!"!> While sev-
eral clinical trials and meta-analyses have reported im-
provements in event-free survival (EFS) and overall
survival (OS) with the addition of carboplatin to NAC,
the long-term benefit of this strategy in nonmetastatic
TNBC remains debated. Existing studies have yielded
conflicting results.'417

Importantly, most of the available evidence
originates from randomized clinical trials conducted
in Western or high-income countries, with highly
selected patient populations that may not reflect the
clinical and biological characteristics of patients from
other regions, whereas data from underrepresented
regions, such as North Africa, are particularly scarce.
Evaluating the reproducibility of these findings and the
survival outcomes of carboplatin-based neoadjuvant
strategies in an Algerian population may, therefore,
help refine the clinical relevance of these approaches
in underrepresented populations.

Therefore, the present study aimed to evaluate long-
term survival outcomes following NAC with or with-
out carboplatin in Algerian patients with nonmetastatic
TNBC. Secondary objectives were to identify prognos-
tic factors associated with survival and to describe the
baseline demographic and clinicopathological charac-
teristics of the study population.

METHODS

Study design and patients

This investigation is a single-center cohort study with
prospective longitudinal follow-up. After initial enroll-
ment, 10 patients were found not to meet the biologi-
cal inclusion criteria due to receptor misclassification
(6 hormone receptor-positive and 4 HER2-positive tu-
mors). These patients were excluded prior to efficacy
and survival analyses.

Overall, 183 Algerian women were enrolled
between February 2015 and February 2017 to receive
one of the two neoadjuvant treatment strategies at
the Pierre and Marie Curie Cancer Center, Algiers,
Algeria.

Eligible patients were aged between 18 and 70 years
with histologically confirmed TNBC presenting with
operable stage II or locally advanced stage III disease.
An Eastern Cooperative Oncology Group performance
status (ECOG PS) < 1 was required. Eligibility
for anthracycline- and taxane-based chemotherapy
was assessed by a cardiologist, with a threshold
of left ventricular ejection fraction (LVEF) > 55%
with no other abnormalities in clinical examination,
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echocardiography, or electrocardiogram (ECG).

Eligibility for the cohort excluded individuals
who were pregnant or nursing, had severe coexisting
conditions that precluded surgical procedures or
systemic medications, had undergone any prior
breast cancer therapy, exhibited initial laboratory
readings (hematologic, renal, or hepatic indices)
greater than three times the standard upper limit, or
refused the planned operation or enrollment. The
initial workup comprised a physical examination with
nodal assessment, bilateral mammography, breast
ultrasonography, and baseline magnetic resonance
imaging (MRI) to determine the full locoregional
spread of the malignancy. To rule out distant lesions,
all participants underwent computed tomography
of the chest, abdomen, and pelvis, alongside a
radionuclide bone scan. Patients received one of
the two neoadjuvant treatment strategies recorded for
this cohort.

Treatment-group information was retained for the
subsequent prospective follow-up and survival analy-
ses.

The Ethics Committee (EC003KB08052022)
approved the extended prospective follow-up and
survival analysis, and all participants provided written
informed consent. All procedures were conducted in
accordance with the Declaration of Helsinki.

Data collection

Clinical and pathological variables were obtained
from medical and pathology records and included
age, menopausal status, family history of breast or
ovarian cancer, body mass index (BMI), clinical
T and N stages in accordance with the American
Joint Committee on Cancer/Union for International
Cancer Control (AJCC/UICC) tumor, node, and
metastasis (TNM) classification system,!® tumor
size in millimeters, histological subtype,'® Scarff-
Bloom-Richardson grade (SBR),%° lymphovascular
invasion, and immunohistochemical markers assessed
at diagnosis (ER, PR, HER2, Ki-67, CK5/6, CK14,
and EGFR).

The American Society of Clinical Oncology/-
College of American Pathologists (ASCO/CAP)
framework guided the evaluation of hormone receptor
status, setting the positivity benchmark at 1% or
greater staining of tumor cells for both ER and PR.
HER2 categorization likewise followed ASCO/CAP
criteria, where an immunohistochemistry (IHC) score
of 3+ was interpreted as positive, while 2+ readings
required reflex testing via in situ hybridization (ISH)
for confirmation. For basal-like tumors, a surrogate
immunohistochemical signature was applied, defined
by positive expression—scored at 2+ or 3+—for at
least one of these markers: cytokeratin 5/6 (CK5/6),
cytokeratin 14 (CK14), or epidermal growth factor
receptor (EGFR).21*? Ki-67 immunostaining was
assessed by calculating the proportion of positively
stained tumor cell nuclei across selected hot spots,
counting a minimum of 1000 cells.>*> Tumors were
categorized as high Ki-67 using a cutoff of 40% or
greater.>* All immunohistochemical analyses were
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performed on the BenchMark ULTRA automated
platform using the Ultra View Universal DAB
Detection Kit (Ventana Medical System, Tucson,
AZ, USA) for all patients.

Follow-up and outcomes

Patients were prospectively followed for OS and EFS,
with data collected annually from hospital records and
via telephone calls when follow-up visits were missed.
The data cutoff for survival analyses was November
2024. When the exact date of death or recurrence
was unavailable, the date of last contact was used for
censoring. All eligible patients were included in the
cohort analyses according to their recorded treatment
strategy.

Treatment protocol

All participants were treated with 6 cycles adminis-
tered every 3 weeks of neoadjuvant chemotherapy.
For those assigned to the carboplatin group, therapy
began with 3 cycles of docetaxel (75 mg/m?) combined
with carboplatin (AUC 5)—with the lower docetaxel
dose used for combination-regimen tolerability—
and concluded with 3 cycles of FAC60. Each FAC
cycle was administered every 21 days and included
S-fluorouracil (600 mg/m?), doxorubicin (60 mg/m?),
and cyclophosphamide (600 mg/m?). By contrast,
patients in the control arm received 3 initial cycles of
docetaxel (100 mg/m?) under standard single-agent
dosing, followed by the same 3-cycle FAC60 course.
Because docetaxel dosing differed between groups,
outcome differences reflect the net effect of the distinct
treatment regimens rather than the isolated effect of
carboplatin. Following the completion of neoadjuvant
treatment, curative-intent surgery (either mastectomy
or breast-conserving surgery) was performed, and
postoperative radiotherapy was delivered according to
established clinical criteria.

Study endpoints

For the present long-term follow-up, the primary
clinical endpoints were overall survival (OS) and
event-free survival (EFS). In the original study, the
primary short-term endpoint was pathologic complete
response (pCR), which was also assessed in the present
analysis. OS was defined as the time from diagnosis to
death from any cause.?

EFS was defined as the time from diagnosis
to disease progression, recurrence, second primary
cancer, failure to undergo surgery due to progression,
or death from any cause in accordance with the
NeoSTEEP guidelines.?

PCR was defined as the absence of residual invasive
disease in the breast and axillary lymph nodes
(ypT0/Tis ypNO) following neoadjuvant therapy.®?>
Patients who did not undergo surgery due to disease
progression or death during neoadjuvant treatment
were strictly evaluated as non-pCR.

Statistical analysis

Using MedCalc, version 12.5, we calculated that
74 participants per arm would be sufficient to
identify a 20% absolute rise in the pCR rate for the
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investigational regimen, assuming a one-sided type I
error of 5% and 80% power—this was later rounded
to 80 per group. Based on a directed superiority
hypothesis between the two treatment regimens, the
original study design prespecified the one-sided 5%
alpha. No sample-size estimation was performed
for the long-term clinical endpoints of OS or EFS.
Statistical processing relied on R, version 4.3.2. In
our analytical framework, age and tumor size were
modeled as continuous measures, while BMI was
divided into normal, overweight, and obese categories.
To compare treatment arms, we applied chi-square
or Fisher exact tests for categorical data and the
Wilcoxon rank-sum test for continuous data, with
all comparisons 2-sided and P < .05 indicative of
significance. Missing data were present for tumor size
(7 observations, 3.8%), molecular classification (26
observations, 14.2%), and lymphovascular invasion (4
observations, 2.18%). Multiple imputation by chained
equations was performed using the mice package. The
imputation model included age, tumor size, clinical
stage, nodal status, histologic grade, Ki-67, molecular
classification, lymphovascular invasion, treatment
assignment, pCR status, EFS and OS event status,
and cumulative follow-up time. For univariable Cox
models and adjusted logistic regression, 20 imputed
datasets (m = 20) were generated; for the multivariable
Cox models, 5 imputed datasets (m = 5) were used,
with tumor size the primary missing covariate retained.
Complete-case analyses were compared with imputed
datasets for the univariable Cox model and adjusted
logistic regression. Results were highly consistent; for
adjusted logistic regression, the carboplatin-containing
regimen was associated with higher pCR rates in both
the imputed analysis (n = 183; adjusted OR = 2.58,
95% CI, 1.33-5.09; P = .006) and the complete-case
analysis (n = 157; adjusted OR = 2.08, 95% ClI, 1.02-
4.23; P=.043).

Survival curves for OS and EFS were estimated us-
ing the Kaplan—-Meier method and compared via the
log-rank test. Treatment-effect Cox models adjusted
for baseline imbalances included age, menopausal sta-
tus, SBR tumor grade, and basal-like subtype. Sepa-
rate multivariable Cox prognostic models for EFS and
OS included tumor size, Ki-67, nodal status, treatment
strategy, and pathologic response; prognostic factors
with P < .20 in univariable analyses as well as clini-
cally relevant baseline variables were considered for in-
clusion. Multivariable logistic regression determined
the independent effect of treatment on pCR while ad-
justing for imbalanced baseline variables. The propor-
tional hazards assumption was verified using Schoen-
feld residuals.

RESULTS

Patient characteristics ) )
Patient selection and study flow are illustrated in

Figure 1. Between February 2015 and February
2017, 183 women with nonmetastatic TNBC were
enrolled and classified into two treatment groups.
The baseline characteristics of the study cohort are
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Assessed for eligibility

(N = 193)

Excluded before classification: N =10

l Hormone receptor positive: N = 6

HER2 positive: N = 4

[ Included in cohort (N = 183) ]

[ Carboplatin group (N = 91) ]

[ Received treatment (N = 91) ]

Surgery (N =91)
Death during NAC (N =0)

Progression/refused surgery (N = 0)

Included in cohort analysis

pCR analysis population: N = 91
OS analysis population: N = 91
EFS analysis population: N = 91
Lost to follow-up: N = 6

Without carboplatin group (N = 92) ]

Received treatment (N = 92) ]

Death during NAC (N =1)

[ Surgery (N = 90)

Progression/refused surgery (N = 1)

Included in cohort analysis

pCR analysis population: N = 92
OS analysis population: N = 92
EFS analysis population: N = 92
Lost to follow-up: N =5

\ J

Figure 1. Study participant flow from eligibility assessment through treatment groups, surgery, and follow-up

The diagram summarizes 193 patients assessed for eligibility, 10 excluded before treatment classification, and
183 included in the carboplatin (n = 91) or no-carboplatin (n = 92) treatment groups. The final boxes report the
pCR, OS, and EFS analysis populations and loss to follow-up by treatment group. NAC indicates neoadjuvant
chemotherapy; OS, overall survival; EFS, event-free survival; pCR, pathologic complete response.

summarized in Table 1. The median age at diagnosis
was 43 years (36-51), and the carboplatin group was
significantly younger (39 (34-46) vs 48 (40-53); P <
.001). Postmenopausal status was less frequent in the
carboplatin group (18% vs 34%; P = .02), whereas a
family history of breast or ovarian cancer was more
frequent in this group (40% vs 25%; P = .04). BMI
distribution did not differ significantly between groups
(P=.30).

Tumor characteristics

Invasive ductal carcinoma (IDC) was the most com-
mon histological subtype (97%). SBR grade III tumors
were more frequent in the carboplatin group (63% vs
47%; P =.03). Most patients had lymph node involve-
ment (67%) and T2 to T3 disease (76%). Tumors of the
basal-like phenotype occurred more frequently among
patients receiving carboplatin (56% vs 36%; P =.003).

Merah et al. Arch Breast Cancer 2026; 13(4):442-454

For 14% of the cohort (n = 26), however, molecular
subtyping could not be completed—primarily because
of technical constraints or inadequate tissue sampling.
Across the two treatment groups, lymphovascular in-
vasion status and TNM staging parameters remained
comparable, with no significant differences detected.

Treatment

Following NAC, 181 patients (99%) had surgery,
including 126 (69%) mastectomy and 55 (30%) breast-
conserving surgery. Adjuvant radiotherapy was given
to 176 patients (96%). No significant differences
in surgical or radiotherapy treatment were observed
between the groups (Table 2).

Pathological response and recurrence
Pathological response and recurrence outcomes are
summarized in Table 2. In our series, pCR was

445



@ Carboplatin in TNBC Survival

Table 1. Baseline characteristics of patients with nonmetastatic triple-negative breast cancer by neoadjuvant
carboplatin treatment

Variable Total (n = 183) With carboplatin Without carboplatin P
(n=91) (n=92)
Age at diagnosis, years 43 (36-51) 39 (34-46) 48 (40-53) <.001
Menopausal status .02
Menopause 47 (26%) 16 (18%) 31 (34%)
Pre/perimenopausal 136 (74%) 75 (82%) 61 (66%)
Familial breast-ovarian cancer .04
Yes 59 (32%) 36 (40%) 23 (25%)
No 124 (68%) 55 (60%) 69 (75%)
Body mass index .30
Normal 47 (26%) 25 (27%) 22 (24%)
Overweight 74 (40%) 32 (35%) 42 (46%)
Obese 62 (34%) 34 (37%) 28 (30%)
Tumor size, mm 55 (45-70) 60 (45-75) 50 (45-70) A3
NA 7 3 4
Pre-NAC node stage 40
NO 61 (33%) 33 (36%) 28 (30%)
N1 103 (56%) 46 (51%) 57 (62%)
N2 15 (8.2%) 10 (11%) 5 (5.4%)
N3 4 (2.2%) 2 (2.2%) 2 (2.2%)
Pre-NAC tumor stage .30
T 3 (1.6%) 1(1.1%) 2 (2.2%)
T2 72 (39%) 30 (33%) 42 (46%)
T3 67 (37%) 36 (40%) 31 (34%)
T4 41 (22%) 24 (26%) 17 (18%)
TNM stage .50
I-11 98 (54%) 46 (51%) 52 (57%)
] 85 (46%) 45 (49%) 40 (43%)
Histologic type >.90
IDC 178 (97%) 89 (98%) 89 (97%)
ILC 3 (1.6%) 1(1.1%) 2 (2.2%)
Other 2 (1.1%) 1(1.1%) 1(1.1%)
Pre-NAC SBR grade .03
I 83 (45%) 34 (37%) 49 (53%)
] 100 (55%) 57 (63%) 43 (47%)
Ki-67 .20
>40% 141 (77%) 74 (81%) 67 (73%)
<40% 42 (23%) 17 (19%) 25 (27%)
Pre-NAC molecular classification .003
NA 26 (14%) 6 (6.6%) 20 (22%)
TNBL 84 (46%) 51 (56%) 33 (36%)
TNNBL 73 (40%) 34 (37%) 39 (42%)
LvI 1
No 167 (91%) 84 (92%) 83 (90%)
Yes 12 (6.6%) 7(7.7%) 5 (5.4%)
NA 4 (2.2%) 0 (0%) 4 (4.3%)

Abbreviations: NAC, neoadjuvant chemotherapy; SBR, Scarff-Bloom-Richardson; IDC, invasive ductal carcinoma; ILC, invasive lobular
carcinoma; TNBL, triple-negative basal-like; TNNBL, triple-negative non-basal-like; LVI, lymphovascular invasion; IQR, interquartile range;
NA, not available or not applicable.

Continuous variables are presented as median (IQR), and categorical variables as n (%). P values were obtained using the Mann-Whitney
test for continuous variables and Fisher exact or chi-square tests for categorical variables.

achieved in 86 patients (47%), with a significantly local/locoregional relapse and 37 (20%) developed

higher rate in the carboplatin-containing regimen (58%
vs 36%; P = .004) (Figure 2), corresponding to an
absolute risk difference of 22 percentage points (95%
Cl, 8-37), which remained significant after adjusting
for baseline imbalances (OR = 2.58, 95% CI, 1.33-
5.09; P = .006). Disease recurrence occurred in
58 patients (32%); among them 21 (11.5%) had
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distant metastases. Visceral metastases were the most
prevalent distant site (51%), with bone metastases
occurring only in the group without carboplatin
(22.7%). The median time to recurrence was 17
months (IQR, 10-42 months).

Merah et al. Arch Breast Cancer 2026; 13(4):442-454
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Table 2. Treatment, pathologic response, and recurrence outcomes by neoadjuvant carboplatin treatment

Characteristic Total With carboplatin Without carboplatin P
(n=183) (n=91) (n=92)

Surgery type .20
Surgery not done 2 (1.1%) 0 (0%) 2 (2.2%)
Mastectomy 126 (68.9%) 60 (66%) 66 (72%)
Breast-conserving 55 (30%) 31 (34%) 24 (26%)

surgery

Radiotherapy > .99
No 7 (3.8%) 3 (3.3%) 4 (4.3%)
Yes 176 (96%) 88 (97%) 88 (96%)

Pathological response .004
Non-pCR 97 (53%) 38 (42%) 59 (64%)
pCR 86 (47%) 53 (58%) 33 (36%)

Recurrence .20
No recurrence 124 (67.8%) 64 (70%) 60 (65%)
Death without 1 (0.5%) 0 (0%) 1(1.1%)

documented recurrence
Distant 37 (20.2%) 15 (16%) 22 (24%)
Local 15 (8.2%) 6 (6.6%) 9 (9.8%)
Locoregional 6 (3.3%) 6 (6.6%) 0 (0%)

Distant relapse site A3
Nodal 13 (35%) 6 (40%) 7 (31.8%)
Bone 5(13.5%) 0 (0%) 5(22.7%)
Visceral 19 (51%) 9 (60%) 10 (45%)

pCR, pathologic complete response. Categorical variables are presented as n (%). P values were calculated using the Fisher exact or
Pearson chi-square test. Distant relapse site was calculated among patients with distant recurrence (n = 37).

Survival outcomes .
Among the 183 patients, 11 (6.0%) had incomplete

follow-up. After a median follow-up of 103 months
(95% CI, 101-106; range, 9-118), 50 patients (27.3%)
died. For the entire cohort, Kaplan—Meier analysis
showed event-free survival (EFS) rates of 78.1%,
74.2%, and 67.9% at 3, 5, and 8 years, respectively,
while overall survival (OS) rates were 86.9%, 79.7%,
and 73.5% at the same time points.

In the carboplatin group, 3-, 5-, and 8-year OS
rates were 89% (95% CI, 82.8%-95.6%), 83.5%
(95% CI, 76.2%-91.5%), and 75.2% (95% CI,
66.7%-84.8%), compared with 84.7% (95% CI,
77.7%-92.4%), 76% (95% CI, 67.8%-85.3%), and
71.6% (95% CI, 63%-81.5%) in the group without
carboplatin. Corresponding EFS rates were 81% (95%
Cl, 73.6%-89.7%), 80.2% (95% CI, 72.4%-88.8%),
and 69.6% (95% CI, 60.6%-79.7%) versus 74.8%
(95% ClI, 66.4%-84.2%), 68.2% (95% CI, 59.2%-
78.4%), and 65.9% (95% CI, 56.9%-76.4%). Median
survival was not reached in either group. Log-rank
analysis revealed no significant differences between
the groups for OS (P = .34) or EFS (P = .49) (Figure
3), consistent with baseline-imbalance-adjusted Cox
regression models (OS: HR = 0.83, 95% CI, 0.44-
1.54; P=.56; EFS: HR =0.66, 95% CI, 0.38-1.17; P=
.16). These treatment-effect models were adjusted for
age, menopausal status, SBR tumor grade, and basal-
like subtype. Patients achieving pCR had significantly
better OS (P < .001) and EFS (P < .001) than those
without pCR (Figure 4).

Survival rates are provided for patients grouped by
carboplatin use and pathological response (pCR versus

Merah et al. Arch Breast Cancer 2026; 13(4):442-454

non-pCR). Colors represent the four groups. Log-rank
P values are displayed on the plots.

Prognostic factors

Univariable and multivariable Cox regression analyses
were performed to identify factors associated with EFS
(Table 3) and OS (Table 4).

In univariable analysis, pCR was strongly associated
with improved OS (HR = 0.16, 95% CI, 0.07-0.37; P
<.001) and EFS (HR = 0.30, 95% CI, 0.17-0.56; P <
.001). Larger tumor size was associated with worse
OS (HR=1.01,95% CI, 1.01-1.02; P <.001) and EFS
(HR = 1.01, 95% CI, 1.00-1.02; P = .02). Stage III
disease was associated with worse OS (HR =1.95,95%
CI, 1.09-3.49; P=.03), and Ki-67 was associated with
improved EFS (HR = 0.99, 95% CI, 0.98-1.00; P =
.03).

In multivariable analysis, pCR remained the
strongest predictor for both OS (HR = 0.18, 95%
CI, 0.08-0.41; P <.001) and EFS (HR = 0.34, 95% CI,
0.16-0.56; P <.001). Tumor size retained independent
prognostic significance for OS (HR = 1.02, 95%
Cl, 1.01-1.03; P = .006) and EFS (HR = 1.01, 95%
CI, 1.00-1.02; P = .004). Ki-67 was independently
associated with improved EFS (HR = 0.98, 95% CI,
0.97-0.99; P =.010) but not with OS (HR = 0.98, 95%
CI, 0.98-1.00; P = .08). Nodal involvement did not
reach statistical significance in adjusted analysis for
OS (HR = 1.93, 95% (I, 0.94-3.94; P = .07) or EFS
(HR =1.61, 95% CI, 0.86-2.59; P = .13). Carboplatin
use was not independently associated with either
endpoint (OS: HR = 0.97, 95% CI, 0.49-1.91; P = .94;
EFS: HR = 0.88, 95% CI, 0.48-1.61; P = .67).

The proportional hazards assumption held for both

447



Carboplatin in TNBC Survival

P=.004

1004

754

50

Percentage

254

Pathological response

. No pCR
. pCR

carboplatin group

group

Treatment group

without carboplatin

Figure 2. Pathologic complete response by neoadjuvant carboplatin treatment
The bars show the percentage of patients with and without pathologic complete response in the carboplatin and no-
carboplatin groups. The between-group comparison was P = .004. pCR indicates pathologic complete response.

Overall Survival

— carboplatin group — without carboplatin group

)

Survival probability (%

Event-free survival probability (%)

Event-Free Survival

— carboplatin group — without carboplatin group

1.004

12 24 36 48 60 72 84 % 108
Time (months)

Number at risk

- 91 90 87 81 76 75 74 68 51 20

- 92 91 82 78 75 70 66 65 51 22

0 12 24 36 48 60 72 84 9% 108
Time (months)

Number at risk

- 91 83 75 74 72 72 68 64 45 17

- 92 81 72 69 64 62 61 60 46 21

0 12 24 36 48 60 72 84 9% 108

Time (months)

0 12 24 36 a8 60 72 84 9% 108

Time (months)

Figure 3. Kaplan—Meier estimates of overall and event-free survival by neoadjuvant carboplatin treatment
Panels A and B show overall survival and event-free survival, respectively, for patients treated with or without
carboplatin. Numbers at risk are shown below each panel, and P values are from log-rank tests.

survival endpoints, with Schoenfeld residual tests giv-
ing global P values of .12 (EFS) and .10 (OS). Dis-
criminative capacity was strong across the two mod-
els, reflected in Harrell’s C-indices of 0.714 = 0.002
for EFS and 0.770 + 0.003 for OS. Formal collinearity
diagnostic confirmed the absence of multicollinearity
(VIF < 1.3). Additionally, baseline Ki-67 levels did
not differ significantly between patients who achieved
PCR and those with residual disease (Wilcoxon rank-
sum test, P =.754).

Taken together, pCR and tumor size were the only
consistent independent prognostic factors identified
in this cohort across both endpoints, while Ki-67
showed an independent association with EFS only.
Carboplatin use did not independently influence long-
term outcomes in either analysis.
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DISCUSSION , )
Taxanes, anthracyclines, and cyclophosphamide are

the standard systemic neoadjuvant chemotherapy
drugs, used to treat triple-negative breast cancer
(TNBC).>!% Recently, incorporating platinum-based
agents, particularly carboplatin, into these regimens
has resulted in significant improvements in pCR
rates,’%?® making it an appropriate addition to standard

treatment. '+’
This study represents one of the first long-term

follow-up analyses of nonmetastatic TNBC treated
with neoadjuvant chemotherapy in an Algerian popu-
lation. The results demonstrate that the carboplatin-
containing regimen significantly increased pCR rates,
while no significant benefit in OS or EFS was observed.
Because docetaxel dosing differed between groups,
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Figure 4. Kaplan—Meier estimates of overall and event-free survival by pathologic response and carboplatin
treatment

Panels A and B show overall survival and event-free survival, respectively. Curves are stratified by carboplatin
treatment and pCR status; numbers at risk are shown below each panel. P values are from log-rank tests. pCR
indicates pathologic complete response.

Table 3. Univariable and multivariable Cox regression analyses of event-free survival

Univariable EFS Multivariable EFS
Variable HR 95% ClI P HR 95% ClI P
Pathologic response:  0.30 0.17-0.56 <.001 0.34 0.16-0.56 <.001
PCR vs non-pCR
(reference)
Tumor size (mm) 1.01 1.00-1.02 .02 1.01 1.00-1.02 .004
Ki-67 (%) 0.99 0.97-0.99 .03 0.98 0.97-0.99 .010
Surgery type: BCSvs  0.81 0.45-1.47 48 - - -
MC (reference)
Molecular subtype: 0.83 0.47-1.47 51 - - -
TNNBL vs TNBL
(reference)
Nodal status: N+ vs N—- 1.39 0.77-2.51 .26 1.61 0.86-2.59 A3
(reference)
Carboplatin: novs yes 1.20 0.71-2.04 49 0.88 0.48-1.61 .67
(reference)
TNM stage: Il vs I-lI 1.35 0.79-2.29 .26 - - -
(reference)
LVI: yes vs no 1.41 0.53-3.73 48 - - -
(reference)
Age, years 1.01 0.98-1.03 .55 - - -

Abbreviations: EFS, event-free survival; HR, hazard ratio; Cl, confidence interval; pCR, pathologic complete response; BCS, breast-
conserving surgery; MC, mastectomy; TNBL, triple-negative basal-like; TNNBL, triple-negative non-basal-like; N+, node-positive; N—, node-
negative; LVI, lymphovascular invasion. Variables not selected for the multivariable analysis are indicated by a dash (-). P < .05 was
considered statistically significant.

these findings reflect the net effect of the distinct forties.3%3! The predominance of premenopausal

treatment regimens rather than the isolated effect women (74%) further supports the observation that

of carboplatin. pCR emerged as the most powerful TNBC in North African populations tends to occur at

independent predictor of long-term outcomes. a younger age compared with Western populations,
The median age at diagnosis in this cohort was where the median age often exceeds 50 years.3?3

43 years, consistent with data from previous North The carboplatin group had a higher proportion

African studies, which report median ages in the of younger and premenopausal patients, indicating
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Table 4. Univariable and multivariable Cox regression analyses of overall survival

Univariable OS

Multivariable OS

Variable HR 95% ClI P HR 95% ClI P
Age, years 1.01 0.98-1.04 .26 - - -
Tumor size (mm) 1.01 1.01-1.02 <.001 1.02 1.01-1.03 .006
Surgery type: BCSvs  0.60 0.30-1.19 .15 - - -
MC (reference)

LVI: yes vs no 1.69 0.63-4.51 .28 - - -
(reference)

Molecular subtype: 0.89 0.46-1.69 .70 - - -
TNNBL vs TNBL

(reference)

Ki-67 (%) 0.99 0.98-1.00 19 0.98 0.98-1.00 .08
Nodal status: N+ vs N- 1.67 0.86-3.27 12 1.93 0.94-3.94 .07
(reference)

Carboplatin: novs yes 1.31 0.74-2.32 .35 0.97 0.49-1.91 .94
(reference)

Pathologic response: 0.16 0.07-0.37 <.001 0.18 0.08-0.41 <.001
PCR vs non-pCR

(reference)

TNM stage: Il vs I-lI 1.95 1.09-3.49 .03 - - -
(reference)

Abbreviations: OS, overall survival; HR, hazard ratio; Cl, confidence interval; BCS, breast-conserving surgery; MC, mastectomy; LVI,
lymphovascular invasion; TNBL, triple-negative basal-like; TNNBL, triple-negative non-basal-like; N+, node-positive; N—, node-negative; pCR,
pathologic complete response. Variables not selected for the multivariable analysis are denoted by a dash (-). P < .05 was considered

statistically significant.

possible biological or demographic factors that could
affect treatment results. These differences could
influence the interpretation of results.3> For instance,
younger and premenopausal women may exhibit
distinct tumor biology and treatment sensitivity, which
could impact treatment outcomes.>*3>

The majority of tumors were high grade (55%),
with nearly half of the cases (46%) diagnosed at
stage III, reflecting the typically aggressive nature
of TNBC*® and the delay in diagnosis frequently
observed in resource-limited settings.>® The high
proportion of overweight or obese patients (74%) may
also contribute to disease aggressiveness, as obesity
is associated with metabolic and inflammatory factors
that promote tumor progression.>’

Lymph node involvement was identified in 66%
of cases, aligning with regional reports®® but higher
than rates observed in studies from Oman and New
Zealand.333® These differences may reflect disparities
in screening programs and healthcare accessibility
across populations.

A family history of breast or ovarian cancer was
reported in 32% of our TNBC patients, consistent with
previous Algerian data showing a higher prevalence
of familial breast cancer among TNBC than non-
TNBC (37.15% vs 17.10%).3! Familial aggregation is
strongly associated with BRCA 1/2 mutations, particu-
larly in early-onset disease.>*3° Although systematic
genetic testing was not routinely performed in our
patient cohort, the elevated prevalence of familial
cancer history does suggest an underlying inherited
predisposition.>® Further molecular characterization is
warranted to more fully elucidate the genomic profile
of TNBC within this specific demographic.

Breast cancer subtypes exhibit variability in
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their pathologic complete response rates, ranging
from 35% to 48% for triple-negative breast cancer
(TNBC) treated with subsequent taxane/anthracycline
regimens.*>*! The estimated rate of pathological
complete response (pCR) in our cohort was 47%,
which aligns with published data.3->%42

These findings are consistent with randomized trials

such as GeparSixto, BrighTNess, and NACATRINE 274344

The carboplatin-containing regimen significantly
improved pCR rates in our cohort (58% vs 36%,
P = .004). Because docetaxel dosing differed
between groups, this comparison reflects the overall
treatment strategies rather than the isolated effect
of carboplatin. These findings align with the well-
documented chemosensitizing effect of platinum
salts in TNBC. Similarly, Elnaggar et al. reported a
significant improvement in pCR rate with the use of
platinum derivatives (42.5% vs 22.5%, P = .05),
whether carboplatin or cisplatin.** Furthermore,
this substantial rise in pCR associated with the
incorporation of carboplatin in treatment strategies for
TNBC is demonstrated by many meta-analyses. 4246

Importantly, after adjustment for baseline clin-
icopathological factors, multivariable regression
confirmed that carboplatin-containing therapy was
independently tied to higher pCR rates, with a nearly
2.6-fold increase in odds versus the control group
(adjusted OR = 2.58, 95% CI, 1.33-5.09; P = .000).
Nonetheless, this pCR advantage did not correspond
to meaningful gains in either OS or EFS between
the treatment groups in our patient cohort. In Cox
regression adjusted for baseline imbalances, the
difference in EFS was not statistically significant
in the carboplatin group compared with the group
without carboplatin (HR = 0.66, 95% CI, 0.38-1.17; P
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= .16), while no meaningful difference was observed
for OS (HR = 0.83, 95% CI, 0.44-1.54; P = .56).
These comparisons reflect the net effect of the distinct
treatment regimens because docetaxel dosing differed
between groups. The consistency of these results
before and after adjustment confirms that baseline
imbalances did not account for the absence of survival
benefit. Given our sample size and the limited number
of events (EFS: n = 59, OS: n = 50), the lack of
statistical significance may be attributed to limited
statistical power to detect moderate treatment effects.
Similar findings were reported in the CALGB 40603
trial, where the addition of carboplatin increased the
pCR rate without demonstrating a significant survival
benefit.!” It should be noted that survival data from
the NACATRINE trial remain immature.**

In contrast, the neoadjuvant GeparSixto trial
demonstrated a significant improvement in 3-year
disease-free survival (HR = 0.56, 95% CI, 0.34-
0.93; P = .04), particularly among patients with
homologous recombination deficiency (HRD).!6
Similarly, the BrighTNess trial reported a significant
4.5-year EFS benefit (HR = 0.57, 95% CI, 0.36-0.91;
P = .02) in patients receiving carboplatin-taxane vs
taxane therapy, with a difference in OS that was not
statistically significant.!’

The apparent discordance between pCR improve-
ment and survival outcome in our cohort may reflect
the biological heterogeneity of TNBC.

The benefit from platinum-based therapy appears
to be driven by the likelihood of achieving pCR,
a surrogate endpoint® whose predictive value is
particularly enhanced in molecularly defined sub-
groups harboring BRCA mutations or homologous
recombination deficiency (HRD).!>!¢ Future studies
integrating molecular stratification, including BRCA
and HRD testing, are, therefore, essential to refine
patients’ risk stratification.  Future trials should
prioritize stratification by HRD/BRCA status and
incorporate mature survival data to validate whether
improved pCR indeed translates into a meaningful
long-term survival advantage in this highly responsive
subgroup. The median time to recurrence was
17 months, confirming the tendency of TNBC
to relapse early, typically within three years after
diagnosis.> The observed distribution, predominantly
distant metastases involving lymph nodes, lungs,
and brain, mirrors known metastatic patterns for
this subtype. The coexistence of both early and
late relapses suggests biological heterogeneity, with
possible differences in clonal evolution and treatment
resistance.

Pathologic complete response emerged as the
strongest prognostic factor in this study. Patients
achieving pCR had markedly reduced risks of
recurrence and death, reinforcing the central role of
treatment response in determining long-term outcomes
in TNBC, as demonstrated in large meta-analyses.®#0

Tumor size at diagnosis emerged as a significant and
independent adverse prognostic factor. Larger tumors
were associated with worse EFS (univariable P = .02;
multivariable P =.004) and OS (univariable P < .001;
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multivariable P = .006), highlighting their role as a
robust indicator of tumor burden and the importance
of early detection.3%-33-38

Although stage III disease was significantly associ-
ated with poorer OS in univariable analysis (HR =1.95,
95% Cl, 1.09-3.49; P = .03), it did not show a signifi-
cant impact on EFS (HR = 1.35, 95% CI, 0.79-2.29; P
=.26) and was excluded from the multivariable model
to avoid collinearity with nodal status and tumor size.

The current investigation revealed that a high Ki-67
index is associated with improved EFS (univariable
P = .03; multivariable P = .010). This result
suggests that, despite its traditional classification as a
marker of tumor proliferation and aggressiveness, Ki-
67 may reflect increased chemosensitivity to NAC in
TNBC. Formal collinearity diagnostic confirmed the
absence of multicollinearity (VIF < 1.3). Additionally,
baseline Ki-67 levels did not differ significantly
between patients who achieved pCR and those with
residual disease (Wilcoxon rank-sum test, P = .754).
In contrast, Ki-67 was not associated with OS
(univariable P =.19; multivariable P = .08), consistent
with da Silva et al.  (2021), who reported no
independent prognostic value for survival outcomes.*’

In this cohort, age, nodal status, surgery type, and
treatment regimen lacked significant prognostic value.
Despite their established role in general breast cancer
prognosis, these factors seem more variable in TNBC
and are likely overshadowed by measures of response
to neoadjuvant therapy.

Clinical implications and future perspectives

The present findings underscore the complexity
of TNBC management and support the need for
individualized therapeutic approaches.  Although
the carboplatin-containing regimen significantly
improved pCR rates, no survival benefit was observed,
indicating that its long-term impact may depend on
underlying tumor biology.

In this context, evidence from the literature indicates
that molecular biomarkers such as BRCA mutation
status, homologous recombination deficiency (HRD),
and intrinsic subtypes may help identify patients most
likely to benefit from platinum-based therapies.

Future studies incorporating systematic molecular
testing are warranted to refine treatment selection.
Additionally, optimization of post-neoadjuvant
strategies in patients with residual disease may further
improve long-term outcomes.

Limitations

Several constraints should be noted. The single-
institution design, limited enrollment, and low event
frequency likely reduced our capacity to identify a
subtle but clinically significant survival difference
between the treatment arms. These factors also
limit how broadly our results can be generalized.
Nevertheless, the alignment of our cohort’s demo-
graphic and tumor characteristics with those typical
of North African TNBC populations suggests that
our data are most applicable to comparable, under-
studied communities. Treatment heterogeneity,
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particularly variation in docetaxel dosing, may have
introduced residual confounding despite multivari-
able adjustment. Molecular stratification was not
feasible, as BRCA1/2 and HRD testing were not
routinely accessible, and basal-like classification
relied on immunohistochemistry surrogates rather
than transcriptomic profiling, precluding definitive
subtype assignment.  Family history data were
limited to first-degree relatives without formal
pedigree assessment.  Treatment-related toxicities
were not systematically recorded, precluding a formal
benefit-risk assessment of carboplatin-containing
regimens; tolerability should therefore be interpreted
in light of data from prospective trials such as
GeparSixto and BrighTNess. Finally, comparisons
with randomized trials should be interpreted cautiously
given differences in study design, patient selection,
and molecular characterization.

CONCLUSION

In this long-term follow-up of Algerian women with
nonmetastatic triple-negative breast cancer treated
with neoadjuvant chemotherapy, the carboplatin-
containing strategy significantly increased patholog-
ical complete response rates but was not associated
with improved long-term survival after a median
follow-up of 8.6 years. Because docetaxel dosing
differed between groups, this finding reflects the
net effect of the distinct treatment regimens rather
than the isolated effect of carboplatin. Pathologic
complete response independently predicted overall
and event-free survival, whereas larger tumor size
remained an adverse prognostic factor. These findings
underscore the prognostic value of treatment response
and support the need for biomarker-driven strategies
to refine patient selection for platinum-based therapy.
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