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Summary

Triple-negative breast cancer (TNBC) is a subtype of breast cancer with aggressive biological behavior and limited 
therapeutic options compared with other subtypes. Outcomes have improved following the introduction of immunothera-
py. This retrospective study analyzed 45 patients with early triple-negative breast cancer from Croatia. They were treated at 
the University Hospital for Tumors, Sestre milosrdnice University Hospital Center. Patients received neoadjuvant therapy 
as per the KEYNOTE-522 study, which includes pembrolizumab with chemotherapy, followed by surgery. A pathological 
complete response (pCR) was achieved in 57.7% of patients. Complete radiomorphological regression on MRI was linked 
with a high pCR rate (94.1%). The phi correlation coefficient was 0.513, showing a moderate positive association between 
imaging and pathological response. A BRCA mutation rate of 22% supports routine genetic testing in TNBC patients. The 
results confirm the effectiveness of neoadjuvant immunochemotherapy in TNBC in clinical practice.
KEYWORDS: triple negative breast neoplasms, pembrolizumab, neoadjuvant therapy, pathological complete response, magnetic 
resonance imaging, BRCA 1 protein and BRCA 2 protein, treatment outcome

Corresponding author: Mihaela Trajbar, Division of Medical 
Oncology, University Hospital for Tumors, Sestre milosrdnice 
University Hospital Center, Ilica 197, Zagreb, Croatia. E-mail: 
trajbar.mihaela@gmail.com

INTRODUCTION

Triple-negative breast cancer (TNBC) repre-
sents the most aggressive and therapeutically 
most challenging subtype of breast cancer(1–4). 
TNBC is characterized by the absence of expres-
sion of estrogen (ER) and progesterone (PR) hor-
mone receptors, as well as HER2 receptors at the 
immunohistochemical level, and by aggressive 
tumor biology with a high degree of tumor het-
erogeneity and a pronounced immunosuppres-
sive tumor microenvironment (TME), which ulti-
mately contributes to poorer clinical outcomes, 
faster disease progression, and limited therapeu-
tic options with a consequently high risk of early 
recurrence(2,3). TNBC accounts for approximate-
ly 15%–20% of all breast cancers, yet contributes 
disproportionately to breast cancer-related mor-
bidity and mortality. Moreover, a higher preva-

lence of triple-negative breast cancer has been 
observed among women younger than 40 
years(4). Patients with early-stage TNBC breast 
cancer, stages II to III, corresponding to local to 
locoregional disease extent, represent a particu-
larly high-risk group with high rates of recur-
rence and mortality despite intensive multimod-
al therapy(5,6). The KEYNOTE-522 study estab-
lished a new standard of care for high-risk early 
triple-negative breast cancer by introducing 
pembrolizumab in combination with neoadju-
vant chemotherapy, with continuation of pem-
brolizumab in the adjuvant setting after surgical 
intervention(5,6).
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MATERIALS AND METHODS

A retrospective analysis was conducted, in-
cluding 45 patients with early and locally ad-
vanced triple-negative breast cancer treated at the 
University Hospital for Tumors, Sestre milosrd-
nice University Hospital Center, during the peri-
od from February 2024 to July 2025. All patients 
initially received neoadjuvant therapy with pem-
brolizumab in combination with chemotherapy 
according to the KEYNOTE-522 study protocol, 
followed by surgical resection.

Descriptive statistics were used to present 
the demographic, clinical, and histopathological 
characteristics of patients. Categorical variables 
are presented as absolute numbers (n) and per-
centages (%). Continuous variables are shown as 
medians and ranges. The association between 
complete radiomorphological tumor regression 
on MRI and pathological complete response (pCR) 
was analyzed using Fisher’s exact test. The phi (φ) 
coefficient was used to assess the strength of this 
association. Statistical significance was set at p < 
0.05. Statistical analysis was performed with ap-
propriate software. The results of these analyses 
are presented in the following section.

RESULTS

Our cohort included 45 patients who under-
went surgical treatment after completion of neo-
adjuvant therapy for early triple-negative breast 
cancer. The cohort comprised 44 women and 1 
man. The median age at diagnosis was 52 years 
(range 30–76 years). All patients underwent base-
line breast magnetic resonance imaging. The me-
dian tumor size was 3 cm (range 0.7–5.5 cm); in 
two cases, the primary tumor was not visible on 
breast MRI, and in both cases, pathologically al-
tered, biopsy-proven metastatic lymph nodes 
were identified in the ipsilateral axilla.

In 43 patients (95%), the histological subtype 
was non-specific type (NST, no special type). Two 
patients (4.4%) had a lobular histological subtype; 
in one, an apocrine histological subtype was de-
scribed, and in the other, the histological subtype 
of the tumor cell nucleus was not specified. A total 
of 10 patients (22.2%) had a multifocal (n = 4; 8.8%) 
or multicentric (n = 6; 13.3%) tumor process. Re-
garding HER2 protein expression in our cohort, 

64.4% of patients (n = 29) had HER2 expression 0, 
24.4% (n = 11) had expression 1+, and 11.1% (n = 5) 
had expression 2+, all of whom were confirmed to 
be HER2-negative by silver in situ hybridization. 
Cytologically or histopathologically confirmed 
axillary involvement was present in 53.3% of pa-
tients, and in one patient, it was highly suspicious 
on imaging but not cytologically confirmed. All 
patients were treated according to a protocol con-
sisting of triweekly carboplatin (4 cycles) with 
weekly paclitaxel (12 cycles), followed by a combi-
nation of doxorubicin and cyclophosphamide for 
four cycles at three-week intervals. Pembrolizum-
ab was administered every three weeks at a dose 
of 200 mg intravenously. In 73.3% of patients (n = 
33), a regressive response of the primary tumor 
was observed on follow-up breast ultrasound per-
formed after the first block of planned treatment 
(4 cycles of triweekly carboplatin with 12 cycles of 
paclitaxel). In 13.3% of cases (n = 6), the requested 
follow-up ultrasound of the breasts and axillae 
was not performed, and in one patient, complete 
regression of the breast lesion was observed with 
persistently ultrasound-visible pathologically al-
tered lymph nodes in the ipsilateral axilla. One 
patient experienced tumor progression.

After neoadjuvant treatment and before sur-
gery, all patients received a follow-up breast MRI. 
Over 82% of patients responded: 37.7% (n = 17) 
had complete radiomorphological regression, and 
44.4% (n = 19) had partial radiomorphological re-
gression. In 17.7% of cases, MRI assessment of re-
sponse was unavailable due to incomplete radio-
logical data. One patient progressed. Of those 
with complete radiomorphological regression, 
94.1% (16 of 17) also had pathological complete re-
sponse (pCR) on final histopathology. In one pa-
tient, no residual breast tumor was found, but one 
of five ipsilateral axillary lymph nodes was tumor-
positive. Among 28 cases without complete radio-
morphological regression on MRI, 12 (42.8%) 
achieved pCR. The phi coefficient (φ = 0.513) 
showed a moderate positive association between 
radiological regression and pCR. Fisher’s exact 
test confirmed a significant difference (p = 0.001) 
between complete radiomorphological regression 
on MRI and pCR. Radical surgery was performed 
in 29 patients (64.4%); 7 (15%) underwent bilateral 
mastectomy. All seven had confirmed BRCA mu-
tations. Three additional BRCA mutations were 
found (total n = 10, 22%). In 64.4% of cases, pa-
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tients were BRCA wild-type. BRCA mutation 
analysis was pending in the remaining patients.

According to the final histopathological diag-
nosis, 57.7% of patients achieved a pathological 
complete response (pCR). All 10 patients with 
BRCA mutations achieved pCR, whereas in the 
BRCA wild-type group, pCR was achieved in 
48.2% of patients. In 3 patients (6.6%), a response 
with minimal residual disease burden was 
achieved, as defined by the Residual Cancer Bur-
den (RCB) index (RCB-I). Additionally, in 3 cases 
(6.6%), a response with moderate residual disease 
burden (RCB-II) was achieved, while in 4 patients 
(8.8%), the response was characterized by a high 
residual tumor burden (RCB-III). In one case, the 
final histopathological examination revealed a 
change in disease biology, confirming a non-lumi-
nal, HER2-positive carcinoma with a high residual 
tumor burden (RCB-III).

DISCUSSION AND CONCLUSION

Triple-negative breast cancer is the most ag-
gressive subtype of breast cancer. It remains a sig-
nificant treatment challenge, especially in early 
and locally advanced cases. Neoadjuvant chemo-
therapy with pembrolizumab is the current stan-
dard for early-stage TNBC (stages II and III). This 
marked the first approval of immunotherapy for 
early breast cancer. The interaction between che-
motherapy and immunotherapy is complex and 
not fully understood. The favorable response of 
this highly immunogenic tumor subtype to immu-
notherapy is likely influenced by tumor-infiltrat-
ing lymphocytes, tumor mutational burden, and 
the specific tumor microenvironment.

Phase III KEYNOTE-522 study results dem-
onstrated a statistically significant increase in the 
pathological complete response (pCR) rate (64.8% 
in the pembrolizumab group versus 51.2% in the 
control group) and improvement in event-free 
survival (EFS) at 60 months: 81.2% in the pembro-
lizumab group versus 72.2% in the control group 
(HR 0.65), compared with chemotherapy 
alone(6,7). Final overall survival (OS) results, with 
a median follow-up of 75.1 months (as of March 
2024), showed an estimated 60-month OS of 86.6% 
(95% CI: 84.0–88.8) in the pembrolizumab group 
versus 81.7% (95% CI: 77.5–85.2) in the chemother-
apy-only control group, indicating that inclusion 

of pembrolizumab in the standard treatment pro-
tocol statistically significantly reduced the risk of 
death by 34% (p = 0.002; HR 0.66), with benefits 
observed across all subgroups, regardless of PD-
L1 status, tumor size, or regional lymph node in-
volvement(6).

Our data were obtained from a retrospective 
analysis of 45 patients treated at the University 
Hospital for Tumors, Sestre milosrdnice Universi-
ty Hospital Centre, between February 2024 and 
July 2025. Only patients who underwent surgical 
intervention following neoadjuvant therapy were 
included in the analysis. Several limitations affect 
our study, including the small sample size from a 
single center and its retrospective design, which 
limit the generalizability of the findings. Despite 
the relatively small cohort of 45 patients, the re-
sults show a pathological complete response in 
57.7% of patients, supporting the importance of 
neoadjuvant pembrolizumab in treating this high-
ly aggressive breast cancer subtype. Our findings 
are largely consistent with published results of 
this protocol in real-world clinical practice, al-
though the observed pCR rate is slightly lower 
than that in the registration KEYNOTE-522 trial 
(64.8%)(7-9). This discrepancy can be attributed to 
the clearly defined inclusion criteria and careful 
patient selection in randomized clinical trials com-
pared with the heterogeneous patient populations 
encountered in routine clinical practice.

In this study, breast and axillary ultrasound 
were used solely for early assessment of therapeu-
tic response after the first neoadjuvant treatment 
block, while breast magnetic resonance imaging 
(MRI) was the sole method for final radiological 
assessment of treatment response and comparison 
with histopathological findings.

Although protocols for radiological monitor-
ing during neoadjuvant breast cancer treatment 
vary between institutions, literature data indicate 
that MRI is a valuable tool for monitoring response 
to neoadjuvant therapy, particularly in the context 
of triple-negative and HER2-positive subtypes(10). 
A limitation of this study is the unavailability of 
MRI data for some patients, which is a conse-
quence of the retrospective nature of the analysis 
and real-world clinical practice.

Technical limitations of MRI can reduce sen-
sitivity in detecting tumor response due to reac-
tive inflammation, the presence of sclerosis and 
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necrosis in the tumor microenvironment, and po-
tential overestimation of tumor size due to the an-
tiangiogenic effect of systemic therapy, which in-
terferes with contrast kinetics(10). In our cohort, a 
moderate positive correlation (phi = 0.513) was 
observed between complete radiological regres-
sion on breast MRI after neoadjuvant treatment 
and pathological complete response (pCR), con-
sistent with the worldwide literature(11,12).

Although a statistically significant associa-
tion was found between complete radiomorpho-
logical regression on MRI and achievement of 
pCR, these results should be interpreted with cau-
tion due to the limited sample size and the retro-
spective design of our analysis.

According to the literature, imaging plays an 
important role in predicting therapeutic response, 
and a moderate correlation has been reported be-
tween complete radiological regression and path-
ological complete response (pCR) after neoadju-
vant treatment of triple-negative breast cancer, 
supporting the use of MRI for guiding further 
clinical decisions, such as assessing the extent of 
surgical intervention; however, additional analy-
ses on larger cohorts are needed(11,12).

In our patient cohort, the frequency of BRCA 
mutations was 22%, which is consistent with the 
global literature(13), further emphasizing the im-
portance of genetic testing in this specific sub-
group. According to international guidelines, all 
women diagnosed with triple-negative breast can-
cer are recommended to undergo testing for germ-
line BRCA mutations (14). In our cohort, all pa-
tients were referred for genetic counseling, and 
those who underwent bilateral mastectomy were 
confirmed to have BRCA mutations. Early knowl-
edge of BRCA status in patients with early triple-
negative breast cancer allows consideration of ad-
ditional therapeutic modalities, including pro-
phylactic surgery and the potential use of targeted 
systemic therapies in patients who do not achieve 
pCR(15,16).

Consistent with the real-world literature, BR-
CA-mutated patients in our cohort achieved high-
er rates of pathological complete response than 
the wild-type subgroup(9). Given the small num-
ber of BRCA-mutated patients in our cohort, these 
results should be interpreted with caution due to 
the possibility of selection bias. Further studies in 
larger patient populations are needed to explore 

potential de-escalation strategies(17). In one case 
within our cohort, a change in biological charac-
teristics was observed, with confirmed HER2 pos-
itivity in the final histopathological report. Due to 
the retrospective nature of the analysis, it was not 
possible to further evaluate the mechanism under-
lying this change.

In conclusion, in real-world clinical practice, 
the effectiveness of neoadjuvant chemoimmuno-
therapy aligns with data reported in the literature. 
Drawing definitive conclusions requires longer 
follow-up in a larger patient cohort, and, consis-
tent with real-world evidence, careful patient se-
lection for this treatment protocol is crucial. Al-
though our data are limited by sample size and 
short follow-up, they provide additional confir-
mation of the effectiveness of neoadjuvant che-
moimmunotherapy in a real-world clinical setting 
at a tertiary oncology center.
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Sažetak

Iskustvo u neoadjuvantnom liječenju trostruko negativnog raka dojke u Klinici za tumore

M. Trajbar, P. Sertić, L. Ledinsky, T. Gaberc, P. Jakšić, A. Tečić Vuger, Lj. Vazdar, R. Šeparović

Trostruko negativni karcinom dojke (TNBC) podtip je raka dojke s agresivnim biološkim ponašanjem i ograničenim 
terapijskim mogućnostima u usporedbi s drugim podtipovima, uz unaprijeđene ishode uvođenjem imunoterapije. Ova re-
trospektivna studija analizirala je 45 bolesnika s ranim trostruko negativnim rakom dojke iz Hrvatske, liječenih u Klinici za 
tumore KBC Sestre milosrdnice. Bolesnici su liječeni neoadjuvantnim protokolom prema studiji KEYNOTE-522, koji uklju-
čuje pembrolizumab u kombinaciji s kemoterapijom, nakon čega je uslijedio kirurški zahvat. Kompletan patološki odgovor 
(pCR) postignut je kod 57,7% bolesnika. Potpuna radiomorfološka regresija na MR-u bila je povezana s visokom stopom 
pCR-a (94,1%), uz phi koeficijent korelacije od 0,513, što upućuje na umjerenu pozitivnu povezanost između slikovnog i 
patološkog odgovora. Uočen je udio BRCA mutacija od 22%, što podupire važnost rutinskog genetskog testiranja u bolesni-
ka s TNBC-om. Dobiveni rezultati dodatno potvrđuju učinkovitost neoadjuvantnog imunokemoterapijskog pristupa u lije-
čenju TNBC-a u svakodnevnoj kliničkoj praksi.
KLJUČNE RIJEČI: trostruko negativan rak dojke, pembrolizumab, neoadjuvantna terapija, patološki potpuni odgovor, magnetska 
rezonancija, protein BRCA1 i protein BRCA2, ishod liječenja


