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Purpose: Trastuzumab-based neoadjuvant therapy (NAT) is standard for HER2-positive breast cancer (HER2+ BC). The TCHP regimen
(docetaxel, carboplatin, trastuzumab, pertuzumab) demonstrated efficacy in clinical trials; however, real-world evidence remains limited.
This study evaluates the effectiveness and safety of TCHP in routine clinical practice at King Hussein Cancer Center (KHCC).
Patients and Methods: This retrospective study included 161 patients with HER2+ BC who received at least one cycle of TCHP
between January 2022 and October 2024. The primary endpoint was pathological complete response (pCR; ypT0/is, ypNO). Secondary
endpoints included safety, emergency room (ER) visits, and hospitalization rates. Logistic regression was used to identify predictors of
pCR, reporting odds ratios (OR) and 95% confidence intervals (CI).

Results: The cohort included 160 females and one male, with a median age of 51 years (24-80). Most patients were ER/PR-positive
(73.9%), and 26.1% were ER/PR-negative. Tumors were predominantly high-grade (grade 3 in 106 patients), with nodal involvement
in 95 patients. Surgical resection was performed in 143 patients. pCR was achieved in 45.5% of patients. HER2 IHC 3+ expression
(adjusted OR 11.76; 95% CI 3.69-54.00; p<0.001) and ER/PR-negative status (adjusted OR 2.59; 95% CI 1.09-6.50; p=0.035) were
independent predictors of pCR, while tumor stage and nodal status, were not. No cardiac toxicity or ejection fraction decline was
observed. Anti-HER2 therapy was discontinued in six patients, and 11 did not complete six cycles. Chemotherapy dose reductions
occurred in 38 patients, mainly due to hematologic toxicity. A median of three ER visits per patient was recorded, with hospitalization
required in 42 patients, primarily for neutropenic fever and diarrhea.

Conclusion: In this real-world cohort, TCHP achieved a moderate pCR rate (45.5%), lower than clinical trial reports, with HER2 IHC
3+ and ER/PR-negative status predicting response, but substantial toxicity—including frequent emergency visits and hospitalization,
highlighting the need for improved patient selection, strengthened supportive care, and consideration of de-escalation strategies to
maintain efficacy while reducing morbidity.
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Introduction

HER2-positive breast cancer (HER2+ BC) constitutes 15-20% of all breast cancer cases,' and is known for its aggressive
tumor biology and poor prognosis without targeted therapy.” The development of trastuzumab, a monoclonal antibody
targeting HER2, has completely revolutionized the treatment for HER2+ BC patients, with dramatic improvement
treatment outcomes.® Further progress was achieved with the addition of pertuzumab to trastuzumab and cytotoxic
chemotherapy, demonstrating improved overall survival in patients with HER2-positive metastatic BC.** This combina-
tion has been validated in numerous clinical trials, consistently showing efficacy across various treatment settings for
HER2+ BC.®®
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In the neoadjuvant setting, integrating trastuzumab into cytotoxic chemotherapy regimens has been shown to enhance
both pCR rates and event-free survival (EFS).”'® Furthermore, incorporation of pertuzumab to trastuzumab-based
regimens has further improved therapeutic efficacy, in metastatic, adjuvant and neoadjuvant setting.'" In the neoadjuvant
setting the combination of pertuzumab, trastuzumab, and cytotoxic chemotherapy has been associated with higher pCR
rates and improved survival outcomes.*”® Consequently, current treatment guidelines for early or locally advanced
HER2+ BC recommend trastuzumab, with or without pertuzumab, combined with chemotherapy as the standard
therapeutic approach.®'?

Among these regimens, the TCHP regimen comprising docetaxel, carboplatin, trastuzumab, and pertuzumab has
become a standard neoadjuvant therapy (NAT) for HER2+ BC. Clinical trials such as TRYPHAENA and KRISTINE
have demonstrated promising pCR rates and manageable safety profiles with TCHP.”'> The TRYPHAENA clinical
trial, a notable Phase II study, evaluated the use of pertuzumab and trastuzumab in combination with either
anthracycline- or carboplatin-based neoadjuvant chemotherapy (NAC) for HER2-positive breast cancer. The trial
was primarily designed to assess cardiac safety and was not statistically powered to allow direct comparisons between
the three treatment arms, all of which demonstrated relatively high pathological complete response (pCR) rates
compared to historical data. Notably, despite differences in regimen intensity, the 5-year follow-up revealed no
significant differences in symptomatic heart failure or declines in left ventricular ejection fraction (LVEF) between
the anthracycline and non-anthracycline arms.'* In the short term, the TCHP (carboplatin-based) regimen showed
numerically better cardiac safety outcomes.

However, the trial included a highly selected patient population,'® which may limit the applicability of its findings to
real-world clinical settings. Moreover, considerable side effects were reported, particularly in the TCHP arm: approxi-
mately 30% of patients experienced severe adverse events (SAEs), around 70% developed diarrhea, and nearly 50% had
grade 3/4 neutropenia. In addition, a substantial proportion of patients had not completed the planned 5-year follow-up,
which constrains the interpretation of long-term outcomes.'*

This study aims to evaluate the real-world efficacy and safety of TCHP neoadjuvant therapy in HER2+ BC patients
treated at King Hussein Cancer Center (KHCC) in Jordan. By analyzing pCR rates, predictors of response, and treatment-
related adverse events, this research provides valuable insights into the practical application of TCHP in a real-world
clinical setting.

Materials and Methods
Study Design and Population

This retrospective study included 161 HER2+ BC patients who received at least one cycle of TCHP neoadjuvant therapy
at KHCC between January 2022 and October 2024 (Figure 1). Patients were eligible if they had histologically confirmed
HER2+ early breast cancer and were scheduled to receive TCHP as neoadjuvant treatment. Exclusion criteria included
metastatic disease, bilateral breast cancer, previous diagnosis with breast cancer, and patients with missing or insufficient
data on anti-HER2 therapy regimens, dosages, or treatment durations or patients receiving regimen other than TCHP.
This study was approved by the Institutional Review Board at King Hussein Cancer Center (approval number: 22 KHCC
184) and conducted in accordance with the principles of the Declaration of Helsinki. Given the retrospective nature of the
study and lack of patients’ identifiers, consent to participate was waived by the IRB.

Treatment Regimen

The TCHP regimen consisted of docetaxel (75 mg/m?), carboplatin (AUC 6), trastuzumab (8 mg/kg loading dose,
followed by 6 mg/kg), and pertuzumab (840 mg loading dose, followed by 420 mg), administered every 3 weeks for up
to 6 cycles. Dose adjustments, treatment interruptions and discontinuation were carried out according to toxicity profiles
and clinical judgment at the time.
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Figure | CONSORT Flow Diagram of Patient Selection and Treatment Outcomes.

Endpoints

The primary endpoint was pCR, defined as the absence of invasive or in-situ tumor cells in the breast and axillary lymph
nodes (ypT0/Tis ypNO) upon surgical resection. Secondary endpoints were surgical outcome, safety parameters including
emergency visits, discontinuation rate and hospitalization rates.

Data Collection and Analysis
We extracted data concerning patient demographics, clinical characteristics, and treatment outcome from electronic medical
records. This included details such as age at diagnosis, HR status (including estrogen and progesterone receptors), HER2
status by THC, genetic testing and lymph node involvement at diagnosis. The primary outcome was pathological complete
response (pCR), defined as the absence of invasive or in situ carcinoma in both breast and axillary lymph nodes (ypTO0/Tis
ypNO) following neoadjuvant therapy. Follow-up time was calculated descriptively from the date of initiation of neoadju-
vant TCHP to the date of the last documented clinical encounter available in the medical record. Because the primary
endpoint of this study was pCR rather than a time-to-event outcome, follow-up was reported to describe duration of
observation rather than for formal survival analysis, Descriptive statistics were used to summarize baseline patient
characteristics. Continuous variables were reported as medians with ranges. Categorical variables were summarized as
frequencies and percentages. Logistic regression analysis was used to identify predictors of pCR, with odds ratios (OR),
95% confidence intervals (CI) reported, and statistical significance was determined at a p-value threshold of <0.05.
Predictors were prespecified based on clinical relevance and prior literature and included HER2 status by IHC (2
+/FISH positive vs 3+), ER/PR status (positive vs negative), axillary status (biopsy negative, biopsy positive, no biopsy),
and clinical T stage (T1-2, T3—4, Tx). All prespecified variables were entered simultaneously into the multivariable
logistic regression model (forced entry). Logistic regression analyses were restricted to patients who underwent surgery
and had evaluable pCR (n=143). Results are reported as odds ratios with 95% confidence intervals and two-sided
p values, with p<0.05 considered statistically significant.
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Multicollinearity among predictors in the multivariable logistic regression model was assessed using variance
inflation factors and tolerance statistics.

Results

Patient Characteristics
The study cohort included 160 females and 1 male, with a median age of 51 years (range: 24-80). No formal a prior sample size
calculation was performed because this was a retrospective cohort including all consecutive eligible patients treated during the
study period, The median duration of follow-up, calculated from initiation of neoadjuvant TCHP to the last documented clinical
encounter, was 12.6 months (range, 1.0 to 35.3); Hormone receptor status was negative in 26.1% of patients and positive in
73.9%. Tumor histology included no special type (NST) in 116 patients 72%, invasive ductal carcinoma (IDC) in 37 patients
23%, and invasive lobular carcinoma (ILC) in 8 patients 5.0%. Clinical T-stage distribution: T1 (12 patients 7.5%), T2 (93
patients 57.8%), T3 (43 patients 26.7%), and T4 (10 patients 6.2%). Nodal involvement was present in 95 patients (59%). Tumor
grade distribution was grade 1 (1 patient), grade 2 (54 patients), and grade 3 (106 patients) Table 1.

Baseline characteristics according to pCR status are also are shown in Table 2 In unadjusted comparisons, HER2 IHC
status, hormone receptor status, and tumor grade differed significantly between patients with and without pCR, whereas
ECOG performance status, clinical T stage, axillary status, and Ki-67 did not.

Table |1 Overall Cohort Characteristics (n=161)

Characteristic n (%)

Age at diagnosis (years)

Median (range), years 51 (24-80)
<40 years 36 (22.4)
>40 years 125 (77.6)

Sex
Female 160 (99.4)
Male 1 (0.6)

Performance Status (ECOG)

0 136 (84.5)
| 25 (15.5)

Histology
Invasive ductal carcinoma 37 (23.0)
Invasive lobular carcinoma 8 (5.0)
Other histology 116 (72.0)

Tumor Grade
Grade Il 106 (65.8)
Grade Il 54 (33.5)
Grade | 1 (0.6)

ER/PR Status
Negative 42 (26.1)
Positive 119 (73.9)

HER2 Status (IHC/FISH)

IHC 2+/FISH-positive 32 (19.9)
IHC 3+ 129 (80.1)

Ki-67 Proliferation Index
<I5% 18 (11.2)
15-30% 58 (36.0)
>30% 55 (34.2)
Not available 30 (18.6)

(Continued)
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Table | (Continued).

Characteristic n (%)

Clinical T Stage

TI 12 (7.5)

T2 93 (57.8)

T3 43 (26.7)

T4 10 (6.2)

Tx 3(1.9)
Axillary Status

Positive (biopsy-proven) 95 (59.0)

Negative (biopsy-proven) 40 (24.8)

No biopsy performed 26 (l6.1)
Surgery Performed

Yes 143 (88.8)

No 18 (11.2)
Type of Surgery*

Breast-conserving surgery 56 (39.2)

Mastectomy 87 (60.8)
Germline Genetic Testing

Pathogenic/likely pathogenic 8 (5.0)

Negative or VUS 121 (75.2)

Not performed 32 (19.9)

Note: *Percentages for type of surgery are calculated among patients who
underwent surgery (n=143).

Abbreviations: Tx, Primary Tumor Cannot Be Assessed; FISH, Fluorescence In
Situ Hybridization; IHC, Immunohistochemistry; ER, Estrogen Receptor; PR,
Progesterone Receptor; Her-2, Human Epidermal Growth Factor Receptor 2;
VUS, Variant of Uncertain Significance.

Table 2 Characteristics According to pCR Status (N = 143)

Characteristic No pCR (n=78) pPCR (n=65) Total (n=143) p value
Sex 0.927
Female 78 (100.0) 64 (98.5) 142 (99.3)
Male 0 (0.0 I (1.5) 1 (0.7)
ECOG performance status 0.8l16
0 67 (85.9) 54 (83.1) 121 (84.6)
| I (14.1) 11 (16.9) 22 (15.4)
Tumor grade 0.014
Grade I 44 (56.4) 50 (76.9) 94 (65.7)
Grade Il 34 (43.6) 14 (21.5) 48 (33.6)
Grade | 0 (0.0 1 (1.5) 1 (0.7)
Hormone receptor status (ER/PR) 0.010
Positive 66 (84.6) 42 (64.6) 108 (75.5)
Negative 12 (15.4) 23 (354) 35 (24.5)
HER2 status by immunohistochemistry <0.001
IHC 2+ / FISH-positive 28 (35.9) 3 (4.6) 31 (21.7)
IHC 3+ 50 (64.1) 62 (95.4) 112 (78.3)
Clinical T stage 0.658
T3 to T4 29 (37.2) 21 (323) 50 (35.0)
Tl to T2 48 (61.5) 42 (64.6) 90 (62.9)
Tx 1 (1.3) 2 3.0) 32.10)

(Continued)
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Table 2 (Continued).

Characteristic No pCR (n=78) pPCR (n=65) Total (n=143) p value
Axillary status at diagnosis 0.762
Negative (biopsy-proven) 20 (25.6) 16 (24.6) 36 (25.2)

Positive (biopsy-proven) 44 (56.4) 40 (61.5) 84 (58.7)

No biopsy performed 14 (17.9) 9 (13.8) 23 (l6.1)

Ki-67, % 0.225
Median (IQR) 30 (10 to 40) 40 (10 to 60) 30 (10 to 40)

Missing, n 17 12 29

Abbreviations: pCR, pathologic complete response; ECOG, Eastern Cooperative Oncology Group; ER, estrogen receptor; PR,
progesterone receptor; HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry; FISH, fluorescence in situ
hybridization; IQR, interquartile range; Tx, primary tumor cannot be assessed.

Treatment Outcomes
The pCR rate in this cohort was 45.5% (65/143 patients). To evaluate predictors of pCR, univariate and multivariate
logistic regression analyses were performed, with pCR (ypT0/Tis ypNO) as the outcome variable.

In univariate analysis, HER2 THC 3+ status was strongly associated with higher odds of achieving pCR compared
with HER2 THC 2+/FISH positive tumors (OR 11.57; 95% CI 3.82-50.38; p<0.001). ER/PR negative status was also
associated with higher odds of pCR relative to ER/PR positive tumors (OR 3.01; 95% CI 1.38-6.87; p=0.007). Axillary
status and clinical T stage were not significantly associated with pCR in univariate analysis.

In the multivariate model adjusting for HER2 status, ER/PR status, axillary status, and clinical T stage, HER2 IHC 3+
remained an independent predictor of pCR (adjusted OR 11.76; 95% CI 3.69-54.00; p<0.001). ER/PR negative status also
remained independently associated with higher odds of pCR (adjusted OR 2.59; 95% CI 1.09-6.50; p=0.035). No statistically
significant independent associations were observed for axillary status (positive vs negative: adjusted OR 0.97; 95% CI 0.40-2.39;
p=0.955; no biopsy vs negative: adjusted OR 0.40; 95% CI 0.11-1.33; p=0.141) or clinical T stage (T1-2 vs T3—4: adjusted OR
1.67; 95% CI 0.76-3.75; p=0.203; Tx vs T3—4: adjusted OR 6.71; 95% CI 0.41-216.56; p=0.208) (Figure 2, Table 3).

I
pCR: OR (95% CI, p-value)

I
HER2by IHC 2+ (FISH+) : @
I
I
3+ 11.76 (3.69-54.00, p<0.001) : ——
I
ER/PR status Positive . i
]
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Figure 2 Forest plot of the multivariable logistic regression model for predictors of pathologic complete response (pCR) among patients with evaluable pCR (n=143).
Squares represent adjusted odds ratios and horizontal lines represent 95% confidence intervals. Reference categories were HER2 IHC 2+/FISH positive, ER/PR positive,
axillary biopsy negative, and clinical T stage T3—4.
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Table 3 Univariate and Multivariate Logistic Regression Analysis of Predictors of Pathologic Complete Response (pCR)*

Dependent: pCR No Yes OR (Univariable) OR (Multivariable)
HER2 by IHC 2 (FISH+) 28 (90.3) 3(9.7) Reference Reference
3+ 50 (44.6) 62 (55.4) 11.57 (3.82-50.38, p<0.001) 11.76 (3.69-54.00, p<0.001)
ER/PR status Positive 66 (61.1) 42 (38.9) Reference Reference
Negative 12 (34.3) 23 (65.7) 3.01 (1.38-6.87, p=0.007) 2.59 (1.09-6.50, p=0.035)
Axillary status Negative 20 (55.6) 16 (44.4) Reference Reference
Positive 44 (52.4) 40 (47.6) 1.14 (0.52-2.51, p=0.749) 0.97 (0.40-2.39, p=0.955)
No biopsy 14 (60.9) 9 (39.1) 0.80 (0.27-2.32, p=0.687) 0.40 (0.11-1.33, p=0.141)
T stage T3-4 29 (58.0) 21 (42.0) Reference Reference
TI-2 48 (53.3) 42 (46.7) 1.21 (0.60-2.45, p=0.595) 1.67 (0.76-3.75, p=0.203)
Tx 1 (33.3) 2 (66.7) 2.76 (0.25-61.76, p=0.419) 6.71 (0.41-216.56, p=0.208)

Notes: *Logistic regression analyses were restricted to patients who underwent surgery and had evaluable pCR (n=143). ORs are shown with 95% Cls
and two-sided p values.

Abbreviations: HER2, Human Epidermal Growth Factor Receptor 2; IHC, Immunohistochemistry; FISH, Fluorescence In Situ Hybridization; ER, Estrogen
Receptor; PR, Progesterone Receptor.

Multicollinearity diagnostics did not indicate problematic collinearity among predictors, with variance inflation
factors ranging from 1.02 to 1.04 and tolerance values ranging from 0.96 to 0.98.

Safety Profile

No significant cardiac toxicity or decline in left ventricular ejection fraction (LVEF) was observed. All patients under-
went baseline echocardiographic evaluation, followed by serial assessments every 9 weeks or earlier if cardiac symptoms
developed. Anti-HER?2 therapy was discontinued in 6 patients, and 11 patients stopped TCHP before completing 6 cycles
mostly due to diarrhea. Chemotherapy dose reductions were required in 38 patients, primarily due to hematologic
toxicity. Emergency visits occurred at a median of 3 per patient (range: 0—17); 58 patients had >4 visits, and 42 patients
(26%) required hospitalization. The primary causes of hospital admissions were diarrhea-related issues, which accounted
for 71.4% of cases. Neutropenic fever was the second most common reason, responsible for 33.3% of admissions.
Infections, excluding neutropenic fever, contributed to 11.9% of the admissions, while electrolyte abnormalities not
directly linked to diarrhea were also seen in 11.9% of cases. Other causes accounted for 16.7% of hospital admissions
(Figure 3).

60
50

40

Percentage of admissions

Diarrhea related issues Neutropenic fever electrolyte abnormalities (not other causes

directly linked todiarrhea

W primary cause of admission

Figure 3 Causes of hospital admission.
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Surgical Outcomes

Of the 161 patients, 143 underwent surgical intervention, with 56 undergoing breast conservative surgery (BCS) and 87

undergoing mastectomies. The remaining 18 patients, 13 patients of them still receiving neoadjuvant therapy or waiting

surgery at time of analysis, two patients refused surgery, two patients experienced disease progression and 1 patient died.
Out of 143 patients underwent surgical intervention, 86 had biopsy-proven axillary involvement. Among these 86

patients:

Complete axillary disease resolution was observed in 47 patients (54.7%). Data were not reported for 11 patients.

Of the 47 patients with axillary resolution, 16 underwent axillary dissection.

15 patients (17.4%) demonstrated residual disease in the primary breast tumor despite complete axillary resolution.

4 patients (4.7%) had complete resolution of the primary tumor but residual axillary disease.

32 patients (37.2%) achieved complete pathologic response in both the breast and axilla.

Patients with HER2/neu-positive breast cancer should be offered the opportunity for sentinel lymph node biopsy
(SLNBx) following neoadjuvant therapy, irrespective of their initial nodal status or radiologic response.

Discussion

We found a pCR rate of 45.5% in our real-world cohort. This is lower than the rates seen in RCTs like TRAIN-2 (68%),
TRYPHAENA (66.2%) and KRISTINE (55.7%). These differences may be largely likely reflecting differences in patient
populations, adherence to treatment, and supportive care practices.

However, the TRYPHAENA trial, being a Phase II study, was not powered for direct comparisons between treatment
arms. Therefore, these findings are descriptive and not statistically significant. Along with the three arms demonstrated pCR
rates exceeding 55%, reflecting a highly selected patient population. However, there is large range in pCR rate between
several retrospective real-world studies, such as Canino et al (45.6%),'® Zhukova et al (58%),'” and Howell et al (63.7%).'®

A key factor likely contributing to the lower pCR rate in our cohort is the higher proportion of ER/PR-positive
tumors, which comprised 73.9% of patients—substantially more than in TRYPHAENA arm C (51.9%) and TRAIN-2
(42%), as shown in Table 4. This difference in tumor biology may partly explain the observed gap in treatment response.
In our multivariate analysis, ER/PR-negative status was independently associated with higher odds of achieving pCR
(OR 2.59; 95% CI: 1.09-6.50; p = 0.035), consistent with previously published data.>*'°

Similarly, HER2 ITHC 3+ tumors demonstrated significantly better response compared to HER2 ITHC 2+/FISH+
tumors, with pCR rates of 55.4% and 9.7%, respectively. HER2 THC 3+ status was also a strong independent predictor
of pCR (OR 11.76; 95% CI: 3.69-54.00; p < 0.001). Overall, ER/PR-negative tumors had a pCR rate of 65.7%,
compared to 38.9% in hormone receptor—positive tumors.

These findings are consistent with outcomes reported in TRYPHAENA and TRAIN-2, both of which included more
favorable tumor profiles in highly selected populations. Of note, 21.7% of patients in our study had HER2 IHC 2+/FISH+
tumors, compared to only 2.6% in TRYPHAENA further contributing to the differences in pCR outcomes.

Moreover, the differences in study design should be considered. RCTs typically enroll highly selected patients with
63.6% of patient with stage T3N1 and lower and 49.4% T2nl and lower in TRYPHAENA trial, similarly 68% of the
patient in TRAIN —2 trail was stage2 also close monitoring and uniform treatment adherence, factors that likely
contribute to their higher reported pCR rates. In contrast, real-world studies, including ours, reflect a broader and
more heterogeneous patient population with variable comorbidities, treatment interruptions, and adherence issues.?” Our
cohort included patients with incomplete TCHP cycles (11 patients discontinued early), dose reductions (38 patients), and
hospitalizations (42 patients), which may have attenuated treatment intensity and efficacy. These limitations are inherent
to routine clinical practice and underscore the difference between efficacy in controlled trials and effectiveness in real-
world settings.
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Table 4 TCHP Regimen in Neoadjuvant HER2+ in Breast Cancer: Clinical Trials and Real-World Outcomes

Study (Year) Study Type N Received pCR HR+ Cardiac Toxicity Diarrhea Febrile Hospitalizations/Serious AEs
TCHP Rate (LVEF Declines Neutropenia
>10%)
TRYPHAENA (2013)"" Phase Il, RCT | 77 66.2% 52% 3.9% 72.4% (all grades), 17.1% Serious AEs mainly due to febrile
11.8% (grade 3—4) neutropenia (FN)
KRISTINE (2016/2018)"3 Phase Ill, RCT | 221 55.7% 62% Not reported (NR) Grade 3 = I5% 15% Serious AEs in 29%; grade 23 AEs in
64%; 8% discontinued due to toxicity
TRAIN-2 (2018) *'? Phase Ill, RCT | 219 68% 58% 3.2% Grade 23: 18% 1% Serious AEs in 22%; 12% discontinued
due to toxicity
Masuda (2020)*° Neopeaks Phase Il, RCT | 51 57% 58.8% NR 86.3% (all grades) | 21.6% NR
Spring et al (MGH, 2018)?' Real-world 19 63% 78.9% 5% Not reported 0% 11% required admission; 16%
retrospective discontinued
Kim et al (Samsung, 2022)* Real-world 447 64% 48.1% 0% 70.5% (all grades); | 2.0% Serious toxicities in 30%; 1.1%
retrospective 3.1% (grade 23) discontinued
Bae et al (2024)% Retrospective | 348 65.6% 45.4% NR NR NR NR
Canino et al (2024)'¢ Retrospective 126 45.6% 61.1% 2% 19.8% (all grades); | 2.4% NR
0.9% (grade 23)
Howell et al (2020)'® Retrospective 124 63.7% 66.9% NR NR NR NR
Italy et al (2025)%* Retrospective | 73 67.0% 58.9% 0% NR 1.4% Hospitalization rate 13.7%
Ji et al (2023)* Retrospective | 294 57.5% 34.7% NR NR NR NR
Lu et al (2023)% Retrospective 1 64.0% 47.3% 0% NR NR NR
Zhukova et al (2023)'7 Real-world 934 58% NR NR NR NR NR
(Ambispective)

Notes: * Most study cohorts included in this analysis used the standard TCHP regimen (docetaxel 75 mg/mz, carboplatin AUC 5-6, trastuzumab and pertuzumab at standard dosing, every 3 weeks for 6 cycles). The main exception is the
TRAIN-2 trial, which used paclitaxel instead of docetaxel and administered 9 cycles instead of 6.
Abbreviations: TCHP, Docetaxel, Carboplatin, Trastuzumab, Pertuzumab; Pcr; Pathological Complete Response; HR+, Hormone Receptor Positive; LVEF, Left Ventricular Ejection Fraction; FN, Febrile Neutropenia; AEs, Adverse
Events; NR, Not Reported; RCT, Randomized Controlled Trial.
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In this real-world study evaluating the impact of neoadjuvant TCHP (docetaxel, carboplatin, trastuzumab, and
pertuzumab) in patients with HER2-positive early breast cancer, surgical outcomes demonstrate the significant clinical
value of this regimen in enabling both oncologic control and surgical de-escalation.

Of the 161 patients included, 143 (88.8%) proceeded to surgery following neoadjuvant therapy. Breast-conserving
surgery (BCS) was achieved in 56 patients (39.2%), while 87 patients (60.8%) underwent mastectomy. The relatively
high mastectomy rate, despite a potent systemic regimen, may reflect a range of factors including tumor size, multi-
focality, genetic predisposition (eg, BRCA mutation), and patient or physician preference. Nonetheless, the substantial
proportion of patients eligible for BCS highlights the ability of TCHP to induce meaningful tumor down-staging in
routine clinical practice.

Eighteen patients (11.2%) had not undergone surgery at the time of data cutoff—thirteen were still completing
neoadjuvant therapy or awaiting surgery, two declined surgical management, one died and two experienced disease
progression, indicating the importance of close multidisciplinary coordination to optimize treatment completion and
timing of surgery.

Axillary response to neoadjuvant TCHP was particularly noteworthy. Of the 143 surgical patients, 95 (59.0%) had
biopsy-proven axillary node involvement prior to treatment. Following neoadjuvant therapy, complete nodal resolution
was achieved in 47 patients (54.7%). Interestingly, 16 of these patients still underwent axillary lymph node dissection
(ALND), possibly due to lack of standardized protocols for axillary restaging or limited use of targeted axillary dissection
techniques. Among the remaining patients, 15 (17.4%) had residual disease in the breast despite axillary clearance, and
four patients (4.7%) demonstrated persistent nodal disease despite pCR in the breast. A total of 32 patients (37.2%)
achieved complete pathologic response in both breast and axilla, reflecting a robust tumoricidal effect and consistent with
previously reported pCR rates in landmark clinical trials.

These results underscore the growing consensus that patients with HER2-positive breast cancer regardless of initial
nodal burden should be considered for sentinel lymph node biopsy (SLNBx) following neoadjuvant therapy, especially in
the setting of radiologic or clinical response.”® >° De-escalation of axillary surgery in responders is supported by multiple

guidelines and clinical trials,”'*?

and may significantly reduce long-term complications such as lymphedema and
shoulder dysfunction, improving patients’ postoperative quality of life.*?

From an oncologic standpoint, pathologic complete response (pCR) is a validated surrogate marker for improved
disease-free and overall survival in HER2-positive breast cancer,’ While long-term follow-up is needed, the high rate of
total pCR (tpCR) observed in our cohort suggests a favorable prognosis and aligns with outcomes from pivotal trials such
as TRAIN-2,' TRYPHAENA,'' and NEOSPHERE.® Importantly, patients who achieve pCR following neoadjuvant
TCHP (docetaxel, carboplatin, trastuzumab, and pertuzumab) are known to have lower recurrence rates, particularly in
hormone receptor-negative subtypes.*”

Cosmetic outcomes are also an important consideration in early breast cancer management. Achieving breast-
conserving surgery (BCS) not only confers equivalent survival compared to mastectomy,*®*’ but also improves body
image, psychosocial well-being, and patient satisfaction.’®>° The potential to shift more patients toward BCS following
neoadjuvant TCHP thus carries both oncologic and quality-of-life implications.

In summary, the surgical outcomes in this study provide real-world validation of the efficacy of neoadjuvant TCHP in
HER2-positive early breast cancer. The regimen facilitates both breast and axillary down-staging, supports less invasive
surgical strategies, and contributes to favorable pathologic and potentially long-term oncologic outcomes. Future
directions should include longitudinal follow-up to assess survival and recurrence, as well as prospective strategies to
standardize surgical decision-making post-neoadjuvant therapy in routine practice.

Safety Profile and Hospitalization Rates

The safety profile of TCHP in our study was similar to the data of clinical trial and also retrospective trial Kim et al,**
other retrospective series®**® The mean baseline LVEF was 60.2% = 2.3, and the mean lowest LVEF during therapy was
59.5% + 2.3, corresponding to a mean change of —0.73% + 1.71. Importantly, none of the patients experienced an

absolute decline of >10%, or LVEF <50% at any time during treatment or follow-up.
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And this is reassuring in the view of known cardiotoxicity risk associated with HER2 targeted therapies. Nonetheless,
the substantial rates of emergency visits (median 3/ patient) and hospitalizations (42 patients (26.1%) underscore the
difficulties encountered in the management of treatment-associated toxicities in actual practice. Real-world studies, just
like the study by spring et al et al (2018),?' who found a hospitalization rate of 11%, and another real-world data by Itay
et al,>* who found a hospitalization rate of 14%, which is consistent with our findings.

Regarding treatment tolerability, anti-HER2 therapy was discontinued in 3.7% (n=6) of our patients, while 6.8%
(n=11) discontinued the TCHP regimen prior to completing the planned six cycles. These discontinuation rates are
comparable to landmark trials; for instance, the TRYPHAENA trial reported discontinuation rates of 7.9% for anti-HER2
therapy and 9.2% for chemotherapy, while the TRAIN-2 trial noted a 6.2% discontinuation rate due to adverse events.

With the goal of minimizing treatment-related toxicity and improving tolerability without compromising oncologic
outcomes, strategies for chemotherapy de-escalation are increasingly supported by recent Phase III evidence.

The HELEN-006 trial*® demonstrated that a carboplatin-free regimen utilizing weekly nab-paclitaxel with dual
HER2-blockade achieved a significantly higher pCR rate compared to standard TCHP (66.3% vs. 57.6%; p=0.011),
while significantly reducing gastrointestinal toxicities. In our clinical environment, where 71.4% of hospitalizations were
directly attributed to diarrhea and related complications, this approach would be most beneficial for patients with limited
physiological reserve or those at high risk for the severe dehydration observed in our cohort, and may significantly reduce
hospital admissions. Furthermore, the neoCARHP trial*' recently confirmed that omitting carboplatin from the TCHP
backbone resulted in non-inferior pCR rates (64.1% vs. 65.9%) but with a markedly improved safety profile, including
lower rates of Grade 3—4 myelosuppression, these findings suggest a clear path for treatment optimization. Specifically,
patients in our cohort who are elderly, have significant baseline comorbidities, or exhibit early signs of hematologic
toxicity would likely benefit from a carboplatin-free approach to avoid the treatment-related morbidity that necessitated
inpatient care in our practice.

Furthermore, for patients with triple-positive or early-stage disease, the PHERGAIN-2 trial** (PMID: 41079649)
showed that PET-CT-guided, chemotherapy-free strategies can safely identify exceptional responders. This strategy
identifies a low-risk subgroup—specifically those with small, highly hormone-sensitive tumors with significant reduction
in hospitalization and complication by entirely by avoiding systemic chemotherapy, Given the high rate of hospitaliza-
tions (26.1%) and dose reductions in our TCHP cohort, these findings suggest that omitting carboplatin in favor of a more
tolerable taxane-based dual blockade or utilizing biomarker-guided de-escalation could maintain efficacy while signifi-
cantly mitigating the treatment-related morbidity encountered in routine clinical practice.

This issue is particularly relevant in Jordan, where breast cancer presents at a younger age—median 4851 years43
versus 62-63 years in Western populations™ and is more frequently high grade, limiting tolerance to intensive HER2-
directed regimens such as TCHP. Common regional comorbidities, including obesity and type 2 diabetes,* may further
intensify carboplatin-related mucosal injury and taxane-associated fatigue, contributing to the higher rates of gastrointest-
inal-related admissions in our cohort. These challenges are compounded by widespread tobacco exposure, with more than
60% of households reporting at least one regular smoker,*® which is known to worsen chemotherapy tolerance. Together,
these factors help explain the real-world toxicity observed and support consideration of tailored de-escalation strategies.

Study Limitations

Despite the significant real-world evidence provided by this study, several limitations must be acknowledged. First, its
retrospective, single-center design may limit the generalizability of the findings to broader populations or different healthcare
settings. Second, the sample size, particularly for the subset of 18 patients who did not undergo surgery, is relatively small,
which may affect the statistical power of the analysis regarding reasons for surgical exclusion such as disease progression or
patient refusal. Furthermore, because the data was derived from routine clinical practice rather than a controlled trial
environment, there is an inherent risk of under-reporting subjective toxicities, and the criteria for chemotherapy dose
reductions or ER visits may vary based on individual physician discretion. Finally, while pCR was used as a primary efficacy
endpoint, this study does not yet provide robust long-term data. We explored overall survival and recurrence-free outcomes in
this cohort; however, the number of survival events during the available follow-up was very small, and any Kaplan—-Meier
estimates would be statistically unstable with wide confidence intervals and limited interpretability.
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An additional limitation relates to the size of the regression dataset relative to the number of modeled parameters. The
multivariable logistic regression was restricted to 143 patients with evaluable pCR, including 65 pCR events. Although
the model was intentionally limited to a small number of prespecified clinically relevant predictors, the available event
count still permits the possibility of limited statistical power and some degree of overfitting, particularly for categories
with small cell counts such as Tx. This may have reduced estimate precision, as reflected by the wide confidence
intervals for some covariates, and the adjusted model should therefore be interpreted cautiously.

Conclusion

In routine practice, neoadjuvant TCHP produced a moderate pCR rate (45.5%) yet imposed a substantial toxicity burden,
including 26.1% hospitalizations and frequent dose reductions, revealing a clear efficacy—tolerability gap in the real--
world setting. While HER2 THC 3+ and HR-negative disease remained strong predictors of response, their key value in
this context is improving patient selection, helping identify those most likely to benefit from full-intensity TCHP. These
findings highlight the importance of combining better upfront selection with strengthened supportive care and considera-
tion of de-escalation approaches—such as carboplatin omission or biomarker-guided tailoring—to preserve oncologic
efficacy while reducing treatment-related morbidity in everyday clinical practice.
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