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The neutrophil-lymphocyte ratio (NLR)is a basic systemic inflammatory biomarker, previously
associated with treatment response in different forms of cancer. Its predictive importance on
response toneoadjuvant HER2-targeted therapiesin HER2-positive breast cancerhas notbeen
well-established, especially in Pakistani patients. Objectives: To identify the relationship
between pretreatment NLR and response to neoadjuvant HER2-targeted therapy in women
with HER2-positive breast cancer. Methods: This was a descriptive study carried out in Khyber
Teaching Hospital. Non-probability consecutive sampling was used to enroll 120 patients.
Standard neoadjuvant HER2-targeted therapy was given to patients, and after 12 weeks,
treatment response was evaluated based on Miller-Payne criteria. SPSS version 25.0 was used
to analyze data. Chi-square/Fisher exact tests were used to establish associations between
NLR and treatment response, and multivariate logistic regression was used to determine
independent predictors of complete response. Results: Out of the 120 patients, 70 (58.3%)
patients had low NLR, and 50 (41.7%) patients had high NLR. Full response was obtained in 16
(22.9%) low (NLR) and 4 (8%) high (NLR) (p=0.004) patients, respectively. High NLR was an
independent predictor of reduced odds of complete response using logistic regression
(p=0.035). Conclusions: A low pretreatment NLR is linked to better response rates to
neoadjuvant HER2-targeted therapy, which indicates its potential use as a cost-efficient
biomarker in informing decisions on the use of treatment strategies in the management of
patients with HER2-positive breast cancer.

INTRODUCTION

The most common cancer that is diagnosed in women
worldwide isbreast cancer. Itis estimated that this disease
will cause hundreds of thousands of cases and that by 2022
alone, around 2.3 million new cases will have been linked to
this disease, with 670,000 patients expected to die,
highlighting the significant impact that this disease has on
the issue of public health [1, 2]. One subtype worth
mentioningis the HER2-positive breast cancer that occurs
in approximately 15-20% of all cases of breast cancer

occurrence [3]. The subtype is defined by abnormal
expression of the HERZ2 protein, which results in more
aggressive disease progressionand worse outcomesinthe
past than the other subtypes [4]. The introduction of
specific neoadjuvant regimens, especially anti-HER2
drugs, has significantly enhanced patient response rates
and survival rates in those patients with HER2-positive
disease [5]. Pathologic complete response (pCR) in the
neoadjuvant setting has become a strong surrogate
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outcome in long-term prognosis, with the latest reports
suggesting up to and over 57% in HER2-positive groups
using modern regimens [6]. In spite of these, a large
percentage of patients fail to respond to pCR or have an
optimal benefit with targeted therapies [7]. Simple,
inexpensive peripheral blood biomarkers have become of
growing interest in cancer research, particularly the
neutrophil to lymphocyte ratio (NLR), which is a biomarker
of systemic inflammatory state. Higher NLR has been
linked to adverse outcomes and decreased pCRrates after
neoadjuvant chemotherapy in different types of breast
cancer. The meta-analytic findings indicate that low
pretreatment NLR isassociated with increased chances of
success in pCR following neoadjuvant breast cancer
therapy [8]. Nevertheless, the evidence is not consistent,
especially when considering contemporary targeted
therapy of the HER2-positive disease. A few studies in
reality have shown that some traditional inflammatory
indicators, such as NLR, have only moderate predictive
capacity with pCR, in a mix with clinicopathological
variables [9]. Moreover, numerous studies have been
conducted to examine the prognostic value of NLR in
breast cancer in general, but very few have examined the
predictive value of NLR in HER2-positive patients
undergoing neoadjuvant targeted therapies[10, 11].
Neutrophils can facilitate pro-tumoral inflammation and
angiogenesis, whereas lymphocytes play key roles in anti-
tumor immunity that can potentially be reinforced by
HER2-targeted agents. However, it is still unclear what the
best NLR cutoff is, how it can be used together with other
immune markers, and how it can be applied to optimize
individualized treatment strategies. Therefore, the needs
of the scientific gap are to determine the validity of
pretreatment NLR as an indicator of response to
neoadjuvant targeted therapy in HER2-positive breast
cancer, and how it can be applied to clinical decision-
making to more effectively customize therapy. This study
aimed to test the response to neoadjuvant HER2-targeted
therapiesin patients with HER2-positive breast cancer and
to investigate whether pretreatment NLR is related to the
variableresponsetotreatment.

METHODS

The study was conducted as a descriptive study in the
Department of Oncology, Khyber Teaching Hospital,
Peshawar, over six months, between 1st December 2024
and 31st May 2025, once the study synopsis had been
approved. Ethical approval (Institutional Research and
Ethical Review Board) of Khyber Medical College (KMC),
approval no: 940/DME/KMC, for the study was granted. The
calculation of sample size was developed following the
WHO formula, but expected frequency of high
pretreatment NLR (18.8%) of full response to treatment,
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and using other published data having lower rates of pCRin
high baseline NLR receiving neoadjuvant therapy (14.3%
pCRinhigh-NLR group), whichyielded a final sample size of
120 patients [12]. Patients were selected using the non-
probability consecutive sampling technique. Patients who
were diagnosed with HER2-positive breast cancer based
on operational criteria were included as participants, with
the inclusion criteria of between 18 and 60 years. The
exclusion criteria included bilateral invasive carcinoma of
different subtypes, acute or chronic active inflammatory
disease, primary metastatic breast cancer, secondary
malignancy, severe cardiopulmonary compromise,
pregnancy orlactating patients, and patientswho had been
treated elsewhere. Eligible patients were recruited, and
informed consent was provided following explanations on
the purpose of the study, risks, and benefits. The baseline
demographic was noted. All patients were diagnosed with
pathological changes, and positive HER2
immunohistochemistry with a score of 3+ or positive HER2
FISH was considered positive. Peripheral blood samples
were taken and sent to the hospital laboratory to identify
neutrophil and lymphocyte counts before treatment was
initiated. NLR was determined by the formula: NLR =
Number of neutrophils/ Number of lymphocytes. A cutoff
value of 2.75 was used to group the patients into high and
low NLR [13]. Neoadjuvant chemotherapy (NAC) was
performedaccordingto the standard protocols: sixto eight
cyclesofanthracyclines +cyclophosphamide to four cycles
of taxanes + cyclophosphamide served as a full-course
chemotherapy, four to four cycles of anthracyclines +
cyclophosphamide to four cycles of taxanes +
cyclophosphamide served as a half-course chemotherapy.
Guidelines were followed to administer trastuzumab to the
HER2-positive patients over one year. After 12 weeks, all
patients were followed up to determine the response to
treatment based on operational definitions. The
researcher used a specially designed proforma to record
the data. Theidentification of HER2-positive breast cancer
was done on clinical, histopathological, and molecular
measures. Women appeared clinically with a palpable lump
in the breast. The histopathological analysis of a tissue
biopsy of the lump showed a heterogeneous growth
pattern with diffuse sheets, nests, or cords of pleomorphic
undifferentiated cells with prominent nucleoli, many
mitoses, variable stromal components, and foci of necrosis
and calcifications. HER2 positivity was also confirmed by
immunohistochemistry with a 3+ result or positive HER2
amplification with Fluorescence in Situ Hybridization
(FISH). NLR was calculated using a 0.5 mL of peripheral
blood sample on a hematology analyzer. The NLR was
determined by the formula NLR=amount of
neutrophils/number of lymphocytes, with a value of <2.75
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considered low NLR and >2.75 considered high NLR. The
response to treatment 12 weeks post-therapy was
measured using histopathological examination of tumor
tissue with regard to the Miller-Payne grading system [14].
Grade 1showed no considerable tumor cellularity change;
grade 2 showed that there was some loss of tumor
cellularity (up to 30%); grade 3 showed that there was 30 to
90% loss; grade 4 showed marked loss, withmore than 90%
of the loss; and grade 5 showed no identifiable malignant
cells, with only stromal elements left, but ductal carcinoma
in situ can still exist. To perform the analysis, patients with
grade 5 were defined ashavingacompleteresponse, those
with grades 3 and 4 were defined as partial response, and
those withgradesland 2 weredefinedasnoresponse.

The data were analyzed by IBM SPSS version 25.0. The
Shapiro-Wilk test was used to test whether continuous
variables were normally distributed. Descriptive statistics
werereportedin meanvalue with SDas computed values of
the variables that were normally distributed, and in the
case where the variables were non-normally distributed,
the median and the interquartile range were reported.
Categorical variables were tabulated in frequency counts
and percentages, respectively. Categorical data analysis
was done through Chi-square tests and Fisher's exact
tests. The stratified analyses were done to quantify the
potential effect modifiers, and the post-stratification Chi-
square or Fisher's exact test were applied in each
subgroup. Multivariate binary logistic regression was
conducted in order to reveal the independent predictive
value of NLR in the complete response. The Variance
Inflation Factor (VIF) was used to determine the presence
of multicollinearity among the predictors prior to the
regression being run, and a value below 5 was considered
acceptable, indicating no extreme cases of
multicollinearity were present. Regression results were
reported in adjusted odds ratios (aOR) with 95 percent
confidence intervals. The significance level of 0.05 was
takenassignificant.

RESULTS

The study involved 120 breast cancer patients who were
HER2-positive. The average age of the respondents was
45.2 +9.1years, and the average BMI was 27.8 + 3.5 kg/m2.
The majority of patients lived in urban settings(56.7%), and
60% of the patients had stage Il tumors. Additionally, the
NLRwas<2.75in70(58.3%) patientsand >2.75in 50(41.7%)
patients with a total neural of NLR 2.62 + 1.1. The mean of
low NLR patients was 2.01 + 0.50, and that of high NLR
patientswas 3.38+0.60(Table1).
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Table1: Baseline Demographicand Presenting Clinical Features

Variables Categories  n(%) MeantSD Median (IQR)

Demographic and Clinical Characteristics

Age Years - 45.2+9.1 _
BMI (kg/m?) - - 27.8+35
. Urban 68(56.7%) -
Residence -
Rural 52(43.3%) -
llliterate | 22(18.3%) -
. Primary/ o
Education Secondary 50(41.7%) - —
Higher 48(40%) -
Low 34(28.3%) -
Socioeconomic : o _ _
Status Middle 60(50%)
High 26(21.7%) -
Right Breast % -
Tumor Laterality 9 66(55%) —
Left Breast | 54(45%) -
Tumor Stage ! 72(60%) _ —
I 48(40%) —
Duration
of Complaints - — - 5(3-6)
(months)
Baseline NLR - — 2.50(1.8-3.3) —
Neutrophil-to-Lymphocyte Ratio (NLR) Distribution
Low <2.75 70(58.3%)| 2.01+0.50 | 2.05(1.7-2.3)
High >2.75 50(41.7%) | 3.38+0.60 |3.40(3.0-3.8)
Overall - 120(100%)| 2.62+11 |2.50(1.8-3.3)

In the neoadjuvant HER2-targeted therapy, 20 (16.7%)
patients had a complete response, 60 (50%) had a partial
response, and 40 (33.3%) had no response by the Miller-
Payne criteriaafter 12 weeks(Table 2).

Table 2: Treatment Response(Miller-Payne Criteria)

Response Categories Miller-Payne Grade n(%)

Cumulative %

No Response 1-2 40(33.3%) 33.3%
Partial Response 3-4 60(50%) 83.3%
Complete Response 5 20(18.7%) 100%

Theresponse rate was significantly different between NLR
groups: the patients with low NLR responded with higher
rates of complete response (22.9% vs. 8%), lower rates of
no response (20% vs. 52%) than those with high NLR
(p=0.004)(Table 3).

Table 3: Treatment Response by NLR Category

NLR Complete Partial No Response, p-
Categories Response, n(%) Response, n(%) n(%) value
Low (<2.75) 16(22.9%) 40(57.1%) 14(20%) 0.004*
High (>2.75) 4(8%) 20(40%) 26(52%) |

Multivariate logistic regression revealed that high NLR was
independently related to a lower chance of complete
response(p=0.035)after controlling forage, BMI, and tumor
stage. The othervariables, such as age, BMI, and the tumor
stage, were not significantly correlated with complete
response(Table 4).
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Table 4: Logistic Regression for Predictors of Complete
Response

Variables Adjusted or (95% Cl) p-value

High NLR (>2.75) 0.31(0.10-0.92) 0.035*
Age (>45 years) 0.68(0.25-1.84) 0.440
BMI (=28 kg/m?) 0.72(0.26-1.97) 0.530
Tumor Stage (Il vs 1) 0.55(0.19-1.60) 0.270

Stratified analyses have shown that the low NLR/high
complete response relationship was still significant in
subgroups of age, tumor laterality, tumor stage, and BMI.
Indicatively, the complete response rate (NLR <45 years)
was 28.6% compared to 9% in NLR high patients (p=0.030)
(Table5b).

Table5: Stratified Analysis of NLRand Complete Response

NLR Complete Response, n (%) p-

Stratification Categories

Variables Low High value
<45 years 10(28.6%) 3(9%)

Age A 0.030*
>45 years 6(17.1%) 17%)

Tumor Right 9(25.7%) 2(6%) N

Lateralit 0 ° 0.020
Yy Left 7(20%) 2(8%)

Tumor Stage ! 12(24%) 3(9%) 0.010*
Il 4(18.2%) 1(5%)
<28 kg/m? 9(25.7%) 2(8%)

BMI 5 0.040*
>28 kg/m 7(20%) 2(8%)

DISCUSSION

In the current research, it was determined that low
pretreatment NLR had a strong correlation to high
likelihood of complete pathological response (pCR), and a
high NLR was significantly related to decreased probability
of complete pathological response (p=0.004). Logistic
regression demonstrated that high NLR had independent
odds of lowering the chances of obtaining pCR following
adjustment of age, BMI, and tumor stage (p=0.035). These
findings confirm the hypothesis that neoadjuvant
treatment efficacy in HER2-positive disease is associated
with systemicinflammatory statusasindicated by the NLR.
A meta-analysis with a narrow focus that considered
patients receiving neoadjuvant chemotherapy with breast
cancer established that lower baseline neutrophil to the
lymphocyte ratios (NLR) were related to high complete
pathological response (pCR) rates (odds ratio = 1.62) and
better disease-free survival and overall survival in various
types of breast cancer; evenin the presence of non-HER2-
based cohorts as the majority of included studies. A
second multicenter real-world study of HER2-positive
patients undergoing anti-HER2 therapy has shown that
traditional inflammatory indicators such as NLR did not
significantly predict pCR, implying that traditional systemic
immune-nutritional indicators such as the prognostic
nutritional index (PNI) could provide supplemental
prognostic data [9]. This gap underscores the
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heterogeneous nature of the relationship between
inflammation and various patient groups and justifies the
desire to study it in more depth, depending on molecular
subtypes. The systematic review comparing NLR and pCR
following neoadjuvant treatmentin breast cancer revealed
that there was a statistically significant association of low
NLR and a higher rate of pCR across studies, which
suggests that it may have a predictive value [8]. Also, other
luminal subtype and triple negative disease studies have
demonstrated that baseline NLR can be correlated to
treatment results; however, the direction can be different
depending on the subtype and therapy [15]. Indicatively,
there is evidence to indicate that lower NLR is correlated
with better treatment response and survival, but other
studies in luminal breast cancer subgroups indicated
inconsistent prognostic effects of NLR when assessing
survival outcomes as opposed to pCR [16]. A cross-
sectional study with a large cohort was carried out in
Karachi, which hasrecorded correlationsbetweenNLRand
clinicopathological characteristics in breast cancer, but
didnotdirectly test the response to neoadjuvant treatment
[17]. Treatment outcome-focused studies are less
common and more localized, but there isan emerging body
of evidence that measures systemic inflammatory
signaturesin metastatic patients, and thatlower NLR could
be associated with better PFS and OS even in non-
neoadjuvant settings [18]. In a retrospective study of
patients with nonmetastatic breast cancer, NLR was not a
significant predictor of complete pathological response,
with conventional tumor characteristics, such as subtype
and grade, showing to be more predictive [19]. Another
large group found no relationship between high NLR and
pCR or disease-free survival, and poorer overall survival in
some subsets[20]. These inconsistent findings can be due
tovarying study designs, patient groups, cutoff values, and
treatmentregimens.

Overall, current findings add to alarger body of literature to
indicate that inflammatory indicators like NLR have the
potential to be useful, cheap, and readily available
biomarkers of neoadjuvant therapy response in breast
cancer. However, the diversity in the studies, the
differences in cutoff values, patient demographics, co-
occurring therapies, etc., warrant the need to conduct
future, subtype-specific studies in other clinical settings,
particularly in low and middle-income countries such as
Pakistan, where most dataisleastrecorded.

CONCLUSIONS

In situations of breast cancer in HER2-positive patients,
low pretreatment NLR was strongly correlated with the
higher occurrence of complete responses and partial
responses to neoadjuvant targeted therapies, and high
NLR value was correlated with reduced therapeutic
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efficacy. Suchresultsindicate the possible value of NLR as
a no-cost, simple, and easily accessible biomarker to
identify patients potentially responding to neoadjuvant
HER2-targeted treatment. The use of NLR in clinical
decision making may turn out to be a personalized
treatment plan, maximized therapeutic benefit, and closer
monitoringin high-risk patients.
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