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Simple Summary: Achieving axillary pathologic complete response (AxpCR) following neoadjuvant
chemotherapy (NAT) is a critical objective for patients diagnosed with clinically node-positive (cN+) HER2-
positive breast cancer. This study endeavors to evaluate the predictive value of the baseline maximum
standardized uptake value (N-SUVmax) and the absolute monocyte count (AMC) in relation to AxpCR
outcomes. The integration of N-SUVmax and AMC may yield valuable insights for the refinement of axillary
management strategies and the enhancement of overall patient outcomes in cases of HER2-positive breast
cancer, providing potential for improved patient outcomes.

Abstract: Background: The prognostic significance of achieving an axillary pathologic complete response
(AxpCR) following neoadjuvant chemotherapy (NAT) in clinically node-positive (cN+) breast cancer (BC) is
well established; however, there is currently no consensus regarding the optimal strategy for axillary
management, particularly in patients with HER2-positive BC. This study, which seeks to assess the utility of
the maximum standardized uptake value of axillary lymph nodes (N-SUVmax) obtained from baseline 18F-
FDG PET/CT scans, in conjunction with the absolute monocyte count (AMC), as predictors of AxpCR to NAT
in patients with ctN+ HER2-positive BC, promises to bring significant benefits to the field of breast cancer
treatment. Methods: The clinical, pathological, and imaging data of HER2-positive BC patients with cN+, who
were eligible for NAT at the time of diagnosis, were analyzed retrospectively. Individual receiver operating
characteristic curves were employed to establish the optimal cut-off values for both baseline N-SUVmax and
AMC. Results: Involving 117 patients diagnosed with HER2+BC, 86 initially presented with cN+ disease.
Among this group, 56 patients, representing 66.3%, achieved AxpCR following NAT. Patients with an N-
SUVmax of 3.5 or higher exhibited a 4.6-fold increased probability of achieving AxpCR (p=0.039, odds ratio
[OR]=4.638 [1.081; 1.904]). Conversely, those with an AMC exceeding 340/mm? experienced a 90.4% decrease
in the likelihood of achieving AxpCR (p<0.001, OR=0.096 [0.028; 0.324]). The interaction between N-SUVmax
and AMC was thoroughly investigated, revealing that an increase in AMC mitigated the significance of N-
SUVmax on the probability of attaining AxpCR after treatment (p=0.006, OR=0.999 [0.997; 1.000]). Patients were
categorized into three groups based on their N-SUVmax and AMC levels: 1. High N-SUVmax — Low AMC
group (Group 1, n=38) 2. High N-SUVmax — High AMC group or Low N-SUVmax — Low AMC group (Group
2, n=37) 3. Low N-SUVmax — High AMC group (Group 3, n=11) Individuals in Group 2 (p<0.001; OR=0.047
[0.009; 0.237]) and those in Group 3 (p<0.001, OR=0.017 [0.002; 0.137]) demonstrated a significantly lower
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probability of achieving AxpCR following NAT compared to patients in Group 1. Conclusions: Evaluating
axillary treatment response in the neoadjuvant setting presents a valuable opportunity for HER2-positive
breast cancer patients. By combining baseline N-SUVmax and AMC, clinicians can enhance their ability to
determine the most appropriate axillary surgical approach for each patient, paving the way for enhanced
treatment outcomes.

Keywords: Axillary treatment; Neoadjuvant chemotherapy; HER2 positive; 18F-FDG; PET/CT;
SUVmax; absolute monocyte count

1. Introduction

Breast cancer (BC) is the most frequently diagnosed cancer and the leading cause of cancer-
related mortality in women worldwide [1]. Less-invasive surgical procedures for BC are currently a
widely discussed and important subject within the medical community and beyond [2]. Neoadjuvant
therapy (NAT) is increasingly used for patients with locally advanced BC, regardless of subtype, or
with initial BC with unfavorable tumor characteristics and/or axillary lymph node metastases. NAT
can reduce the axillary disease burden, allowing for less invasive axillary surgery [3]. The cancer
subtype influences the response of the axilla to NAT. Patients with human epidermal growth factor
receptor 2 (HER2)-positive and triple-negative BC have a heightened chance of achieving axillary
pathologic complete response (AxpCR) compared to those with estrogen receptor (ER)-positive BC
[4]. Multiple meta-analyses consistently emphasize the substantial impact of achieving an AxpCR
following NAT, influencing outcome and prognosis [5-7]. The discussion surrounding the
management of axillary lymph nodes in the context of NAT has ignited intense debate in recent years.
Achieving an AxpCR potentially eliminates the need for conventional axillary lymph node dissection
(ALND) [8]. While sentinel lymph node biopsy (SLNB) is generally accepted as an axillary staging
procedure after NAT for patients with no clinical evidence of lymph node involvement (cNO), the
optimal surgical approach for patients with histologically confirmed lymph node involvement (pN+)
before NAT but with no clinical evidence of lymph node involvement (ycNO) after that, remains a
subject of ongoing discussion [9,10].

Positron emission tomography/computed tomography (PET/CT) using 2-[18F] Fluoro-2-deoxy-
D-glucose (18F-FDG) is crucial for staging patients with locally advanced or recurrent BC [11]. Several
studies have suggested that axillary lymph node metastases with elevated baseline glycolytic activity,
thus increased 18F-FDG uptake as indicated by standardized uptake values (SUVs), are less likely to
achieve AxpCR [11]. However, the association between baseline glycolytic activity on PET/CT and
axillary response seems to be impacted by the subtype of BC [12,13]. While a well-established
negative correlation exists between ER expression and 18F-FDG uptake, the connection between 18F-
FDG uptake and HER?2 status remains a topic of discussion [14-16].

Tumor-promoting inflammation represents a well-established biological hallmark of cancer,
with the host immune system significantly influencing the clinical response to chemotherapy [17,18].
Increasing evidence indicates a correlation between the absolute monocyte count (AMC) and a poor
clinical outcome in patients with BC [19-22].

The predictive role of SUVmax and AMC in pN+ HER2-positive BC requires further validation.

Combining baseline nodal SUVmax (N-SUVmax) and AMC at diagnosis before NAT may
provide valuable insights into axillary response and potentially identify patients in whom AxpCR is
most likely, enhancing patient selection for less invasive surgery.

2. Materials and Methods
2.1. Patient Selection

From January 2018 to January 2024, patients with cN+ HER2-positive early BC treated with NAT
were included. All patients underwent a comprehensive disease staging process involving breast and
axilla examination, mammography, ultrasonography (US) or magnetic resonance imaging, and 18F-
FDG PET/CT scan. Patients with distant metastases were excluded from the study. Additional
exclusion criteria comprised the absence of axillary surgery post-NAT, inflammatory BC, and
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incomplete exams. The diagnosis of BC was histologically confirmed via core biopsy. HER2-positive
status was determined based on immunohistochemistry (IHC) 3+ or fluorescence in situ
hybridization (FISH) by the ASCO-CAP guidelines of 2023 [23]. Central pathologic assessment was
conducted to assess HER2 and hormone receptor expression, with negativity defined as less than 1%
estrogen and progesterone receptor expression by IHC. Axillary lymph nodes were evaluated using
axillary US and 18F-FDG PET/CT scan, with histologic confirmation of suspicious lymph nodes [24].
The decision to clip axillary lymph nodes was left to the physicians' discretion. All patients with
clinically detected axillary nodal metastasis before NAT underwent appropriate axillary surgery with
or without sentinel lymph node biopsy (SLNB) post-NAT. In the case of bilateral invasive BC, lymph
nodes were assessed in both axillae separately.

2.2. Treatment

Patients were offered an anthracycline-free regimen NAT by the prevailing BC guidelines
[25,26]. The neoadjuvant therapy regimen was the TCbHP with docetaxel (75 mg/m?2), carboplatin
[area under the concentration-time curve (AUC): 6 mg/mL/min] intravenously, once every three
weeks in association with trastuzumab and pertuzumab. The trastuzumab loading dose was 8 mg/kg,
followed by 6 mg/kg intravenously, once every three weeks. The pertuzumab loading dose was 840
mg, followed by 420 mg intravenously, once every three weeks. Patients who experienced drug
reactions during chemotherapy had their doses modified accordingly or were switched to paclitaxel
weekly in association with trastuzumab and pertuzumab.

All patients underwent surgery after six cycles of neoadjuvant therapy.

2.3. 18 F-FDG PET/CT Imaging Acquisition

Whole body PET/CT image acquisition was performed at 60+5 min after intravenous injection
of 18F-FDG with a mean activity of 3 MBq/Kg. Before radiotracer injection, fasting for at least 6 hours
and a blood glucose value <160 mg/dL were ensured in all patients. PET/CT scans were obtained with
Bio-graph® mCT40 (Siemens Medical Solutions, Germany), applying standard protocols in
accordance with the European Association of Nuclear Medicine guidelines [27]. The PET/CT scan
was acquired in flow-motion using the same axial field as the CT scan from the mid-thigh toward the
base of the skull. PET images (CT corrected for attenuation) were reconstructed with standard
iterative 3D algorithms, including Time-of-Flight (TOF) and Point-Spread Function (PFS) corrections.
A contrast-enhanced CT (ceCT) of the head-neck, thorax, abdomen and pelvis was performed
following PET protocol when requested. The scanning parameters were as follows: section thickness,
3 mm; voltage, 100 kV; tube current, 150 mA; and matrix 500x500. An intravenous bolus dose of 90
mL of nonionic iodinated contrast agent (Accupaque, GE Healthcare) was administered at a rate of 2
mL/s.

2.4. Imaging Assessment

Two highly experienced nuclear medicine physicians (M.C. and G.P.), blinded to the patients'
clinical and pathological information, carefully examined all images, using simultaneous displays of
PET, CT, and fused PET/CT images.

Quantitative standardized uptake value (SUV) derived parameters on 18F-FDG PET/CT images
were obtained using dedicated software (MM Oncology, VOl isocenter, SyngoVia®, Siemens Medical
Solutions, Germany). For each patient, the volume of interest (VOI) encompassing the most FDG-
avid axillary lymph node (N) was derived by manual segmentation, and metabolic SUV-derived
parameters such as the maximum value of SUV (N-SUVmax) were obtained. The SUVmax value was
calculated for each volume of interest by adjusting the measured activity for radioactive decay, total
administered activity, and body weight.

2.5. Response Assessment of Axillary Nodes

Following NAT, all patients proceeded with standard surgery. The approach to the axillary
lymph nodes was based on the surgeons' discretion and patient preference. AxpCR was defined as
the absence of invasive residuals in the lymph nodes (ypNO) post-NAT. Post-NAT, axillary lymph
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nodes were clinically evaluated as ycNO, ycN+, or ycNx (missing data). Hematoxylin-eosin staining
was utilized to examine all removed axillary lymph nodes and micrometastases (ypN1mi), which
were carefully considered as ypN1. All histopathological reports underwent central review for pCR
assessment.

2.6. Blood Tests

5 mL of venous blood was drawn from each patient on an empty stomach and placed in an
anticoagulation tube at baseline before treatment at the time of diagnosis. The blood was then
centrifuged at a centrifugal rate of 1500 r/min. Absolute monocyte count (AMC) was determined
automatically with a hematology analyzer. Subsequently, the lymphocyte and monocyte counts were
collected, and the lymphocyte-to-monocyte ratio (LMr) was calculated for each patient, defined as
the ratio of lymphocyte to monocyte count.

2.7. Statistical Analysis

Statistical analyses were performed using SPSS software (version 28, IBM Corporation, Armonk,
New York, USA). For continuous variables, univariate distribution may be described utilizing
descriptive statistics such as median, interquartile range (IQR), or mean and standard deviation (SD).
Categorical variables were compared using the Pearson chi-square test or Fisher's exact test.
Univariate descriptive analysis of the variables under study was carried out by calculating the
centrality and variability indices for the quantitative variables and frequency tables for the qualitative
variables. Multiple logistic regression models have been used to investigate the effect of AMC, N-
SUVmax, LMr, ER, and HER2 on the probability of AxpCR after NAT or whether certain
combinations of parameters are associated with it. Results are expressed as hazard ratios (HR) with
95% confidence intervals (95% CI). Receiver operating characteristic (ROC) curves and relative areas
under the curves (AUC) were used to select the best potential cutoff value for the AMC and metabolic
markers, including N-SUVmax, to predict AxpCR to NAT. The corresponding sensitivity and
specificity were calculated.

An alpha significance level of 0.05 was used in all analyses mentioned.

3. Results
3.1. Patient Characteristics

One hundred and seven consecutive patients with HER2-positive BC underwent 18F-FDG
PET/CT before NAT at the Oncology Institute of Southern Switzerland. All patients had their
suspicious nodal status confirmed pathologically through fine needle aspiration. After excluding
twenty-one cases with pathologically confirmed clinically node-negative HER2-positive invasive BC,
the study included 86 patients. The clinicopathologic and operative characteristics of the included
patients are detailed in Table 1.

The median age at diagnosis was 51 years (range: 24-77), with the majority (59%) being in a
premenopausal status.

The mean + SD primary tumor size was 38.7+16 mm (range: 14-70 mm). Histopathological
evaluation showed that 97% of the patients (83 individuals) had invasive ductal BC (IDC), while 1%
presented with invasive lobular carcinoma (ILC) in the breast. Immunohistochemical profiling of the
86 patients indicated that 57% had luminal and 43% had non-luminal HER2-positive BC.
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Table 1. Clinicopathologic characteristics of all BC patients and subdivided by BC subtype.

Characteristics ER+/HER2+ (N=49)  ER-/HER2+ (N=37) Total (N=86)
Age at diagnosis, median (range), y 54 (27-77) 43 (24-58) 51 (24-77)
Menopausal status, No. (%)
Premenopausal 23 (47) 28 (76) 51 (59)
Postmenopausal 26 (53) 9 (24) 35 (41)
Tumour size (mm, range)
Median 41.1 (21-70) 36.3 (14-60) 38.7 (14-70)
T status, No. (%)
cT1 4(8) 0 4(5)
cT2 30 (61) 19 (51) 49 (57)
cT3 15 (31) 18 (49) 33 (38)
cN status, No. (%)
cN1 35(71) 16 (43) 51 (59)
cN2 9 (18) 10 (27) 19 (22)
N3 5(11) 11 (30) 16 (19)
Histological findings, No. (%)
Ductal 47 (96) 36 (97) 83 (97)
Lobular 1(2) 0 1(1)
Other 1(2) 1(3) 2(2)
DCIS component associated 21 30 51
LIN3 component associated 1 0 1
PR, No. (%)
Negative 27 (55) 30 (81) 57 (66)
Positive 22 (45) 7(9) 29 (34)
Differentiation, No. (%)
Well 7 (14) 2(5) 9 (10)
Moderate 6(12) 5(14) 11 (13)
Poor 36 (74) 30 (81) 66 (77)
Haematological parameters (meantSD)
WBC (N/mm3) 6569+1930 6832+2313 6632+2082
Neutrophils (N/mm3) 41681659 4172+1729 41461684
Lymphocytes (N/mm3) 1753+692 1924+720 1822+1340
Monocytes (N/mm3) 4124207 351+151 391+193
LMr 4,643,1 6,78+5,43 5,76+4,13

Abbreviations: cN, clinical node; cT, clinical tumor; ER,estrogen receptor; PR, progesterone receptor; HER2,
human epidermal growth factor receptor 2; DCIS ductal carcinoma in situ; LIN, Lobular intraepithelial
neoplasia; SD, standard deviation; WBC, white blood count; LMr, lymphocyte-to-monocyte ratio.

3.2. Axillary Response to NAT

Of the 86 node-positive HER2-positive patients who underwent NAT, 57 individuals (66.3%)
achieved AxpCR. A notable discrepancy in AxpCR rates was observed across subtypes, with an
overall AxpCR rate of 82.4% in the ER-HER2+ group, surpassing 55.8% in the luminal HER2-positive
group (p=0.0116).

Patients presenting with residual tumors exhibited a higher mean baseline AMC compared to
those who achieved AxpCR (300/mma3 vs. 480/mm3, p <0.001; Figure 1A). Conversely, no significant
association was observed between baseline mean N-SUVmax and AxpCR (10.52 vs. 7.928, p=0.1665;
Figure 1B).
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Figure 1. Comparison between patients with AxpCR and those with residual disease. (A) Baseline
AMC, (B) baseline N-SUVmax. Fifty-seven (66.3%) patients achieved AxpCR, while 29 (33.7%) had
residual tumors after NAT. Patients with residual tumors had a higher mean baseline AMC than those
with AxpCR (480/mm3 vs. 300/mm3, p<0.001; see Figure 1A). There was no association observed
between baseline mean N-SUVmax and AxpCR (7.928 vs 10.52, p = 0.1665; see Figure 1B).
Abbreviation: AxpCR, axillary pathologic complete response; AXRD, axillary residual disease.

3.3. Relationship Between AMC and AxpCR

The median AMC for all patients was 360 cells/mm3 (25th-75th percentile, 230-500 cells/mm3).
A ROC curve was constructed, and Youden’s Index was utilized to ascertain the optimal cut-off value
for AMC, maximizing sensitivity and specificity. The optimal cut-off level from the ROC curve
analysis was 340 cells/mm3, and the AUC was 0.86 (95% CI, 0.71-0.91).

Opverall, sensitivity and specificity were 93% and 48%.

Using a cutoff value of 340 cells/mm?, patients were categorized into two groups: AMC-low
(<340 cell/mm3, n=40) and AMC-high (2340 cell/mm3, n=46). Patients in the AMC-low group
exhibited a higher AxpCR rate (n=36; 90%) than those in the AMC-high group (n=21; 46%) (p< 0.0001).

3.4. Relationship Between N-SUVmax and AxpCR

The median SUVmax for all patients was 9.63+8.2 (range: 0-51).

A ROC curve was constructed, and Youden’s Index was utilized to ascertain the optimal cut-off
value for N-SUVmax. The identified best N-SUVmax cut-off of 3.5 yielded a sensitivity of 93% and
specificity of 67%.

Using a cut-off value of 3.5, patients were categorized into two groups: N-SUVmax-low (<3.5,
n=13) and N-SUVmax-high (=3.5, n=73). Patients in the N-SUVmax-high group exhibited a higher
AxpCR rate (n=53, 73%) than those in the N-SUVmax-low group (n=4, 31%) (p= 0.005).

AxpCR and the Combination of AMC and N-SUVmax

The logistic regression analysis included N-SUVmax and AMC as independent variables. These
two variables significantly influenced the likelihood of AxpCR occurrence. Specifically, N-SUVmax
value of 3.5 or higher resulted in a nearly 4.6-fold increase in the probability of AxpCR (p-value=0.039,
OR=4.638 [1.081; 1.904]), while an AMC exceeding 340/mm3 correlated with a 90.4% reduction in the
likelihood of AxpCR (p-value<0.001, OR=0.096 [0.028; 0.324]) (Table 2).
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Table 2. AxpCR and the combination of AMC and N-SUVmax .

Variables in the Equation

95% C.I.for
EXP(B)
SE. Wald df Sig. Exp(B) Lower Upper
1
1

B
N-SUVmax 1,534 743 4261 039 4638 1,081 19904
AMC>340/mm® 2,343 620 14268 <,001 096 028 324
Constant .880 812 1,173 1 279 2410
N-SUVmax=nodal SUVmax; AMC= absolute monocyte count

Another logistic regression analysis involving N-SUVmax, AMC, LMr, and the interaction
between N-SUVmax and AMC as independent variables was conducted. An increase in LMr
corresponded to an increased likelihood of AxpCR (p-value=0.038, OR=1.474 [1.021; 2.126]).

Moreover, an increase in N-SUVmax demonstrated a direct correlation with an increased
likelihood of AxpCR (p-value=0.006, OR=2.158 [1.250; 3.726]). The interaction between N-SUVmax
and AMC yielded a statistically significant odds ratio of 0.999, signifying that the effect of N-SUVmax
on the likelihood of AxpCR was diminished with an increase in AMC (p-value=0.006, OR=0.999
[0.997; 1.000]) (Table 3).

Table 3. Logistic regression analysis.

Variables in the Equation

95% C.I. for EXP(B)

B S.E. Wald df Sig. Exp(B)  Lower Upper
AMC ,004 ,003 1,733 1 ,188 1,004 ,998 1,011
LMr ,388 ,187 4,298 1 ,038 1,474 1,021 2,126
N-SUVmax ,769 ,279 7,624 1 ,006 2,158 1,250 3,726
AMC by N-SUVmax -,001 ,001 7,476 1 ,006 ,999 997 1,000
Constant -4,178 2,206 3,589 1 ,058 ,015

Abbreviation. AMC= absolute monocyte count; N-SUVmax= nodal SUVmax; LMr= lymphocyte-to-monocyte
ratio. The logistic regression analysis found that a higher N-SUVmax value significantly increased the likelihood
of AxpCR, while an AMC exceeding 340/mm3 reduced the likelihood of AxpCR. Moreover, an increase in LMr
and N-SUVmax was linked to a higher likelihood of AxpCR.

Given the substantial predictive value of both N-SUVmax and AMC, patients were stratified
based on their N-SUVmax values, categorized as either >3.5 or <3.5, and AMC levels, classified as
>340/mm3 or <340/mm3, resulting in the classification of three distinct risk groups. These groups
include the low-risk level (N-SUVmax-high and AMC-low group, Group 1, G1; n=38, 44%), the
intermediate level (N-SUVmax-high and AMC-high group or N-SUVmax-low and AMC-low group,
Group 2, G2; n=37, 43%), and the high-risk level (N-SUVmax-low and AMC-high group, Group 3,
G3; n=11, 13%).

The number of patients achieving AxpCR was 36 in GI, 18 in G2, and 3 in G3, with
corresponding objective response rates (ORRs) of 95%, 47%, and 27%, respectively. These
discrepancies were found to be statistically significant (p-value < 0.001). Group 1 demonstrated the
highest AxpCR rate (95%), while Group 3 exhibited the lowest rate (27%). Group 1 was individually
compared to the other two groups to further investigate the potential differences between the groups
(Table 4). The statistical analysis indicated that being in the low-N-SUVmax — high AMC group (p-
value < 0.001, OR=0.017 [0.002; 0.137]) or being in Group 2 (p-value < 0.001; OR= 0.047 [0.009; 0.237])
rather than being in the high-N-SUVmax with low AMC group decreased the likelihood of achieving
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AxpCR. Furthermore, the p-values were < 0.001 when Group 1 was compared with Group 2 and
Group 3.

Table 4. Risk groups by N-SUVmax and AMC.

Variables in the Equation

95% C.1I. for

EXP(B)
B S.E. Wald df Sig. Exp(B) Lower Upper
Gl 17,152 2 <,001
G2 -3,049 821 13,777 1 <001  ,047 ,009 ,237
G3 -4,103 1,080 14,426 1 <001 ,017 ,002 137

Patients were categorized based on their N-SUVmax values as 23.5 or <3.5 and AMC levels as >340/mm3 or
<340/mm3.

4. Discussion

Accurate detection of nodal-positive disease is crucial in BC for treatment decisions and
prognostic assessment, making developing precise diagnostic methods essential [28,29].

The current BC guidelines recommend a clinical examination in combination with imaging,
which should include bilateral diagnostic mammography and US of both breasts and regional lymph
nodes. A chest and abdomen CT scan is warranted when clinically positive axillary nodes are
identified [30].

Recent research findings have suggested that both US and CT imaging modalities may have
limitations in terms of sensitivity. Alvarez et al. have proposed that the effectiveness of the US in
excluding nodal involvement may be somewhat restricted by its moderate sensitivity, and negative
US results may not definitively rule out the presence of axillary lymph node metastases [31].

The findings from Ogasawara's study demonstrated that CT's sensitivity in detecting axillary
nodal involvement in BC patients was 76.9% if a short-axis diameter of 5 mm was utilized as the cut-
off value for suspicious lymph nodes [32].

To address these limitations, implementing 18F-FDG PET/CT in clinical practice has been
considered to enhance the detection of nodal involvement with a reduced false negative rate [33].

Riegger et al. found that 18F-FDG PET/CT outperformed US in detecting axillary lymph node
metastasis (p=0.019) [34]. According to their study, PET/CT demonstrated a sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV), and accuracy of 54%, 89%, 77%,
75%, and 75%, respectively, for detecting axillary lymph node metastasis. US yielded values of 38%,
78%, 54%, and 62%, respectively. However, it is essential to note that 18F-FDG PET/CT exhibits low
sensitivity in detecting micrometastases in axillary lymph nodes [35], reasonably due to the spatial
resolution limit of 4-5 mm. As in our study, Keam et al. did not find a difference in baseline SUVmax
between clinically node-positive patients with AxpCR and residual axillary disease [36].

The AxpCR rates significantly vary for different BC subtypes, occurring more frequently in
HER2-positive BC [4].

In a comprehensive meta-analysis that included nodal-positive BC, Houssami et al. found that
the non-luminal HER2-positive subtypes exhibited the highest probability of achieving AxpCR [37].

Several studies have elucidated a probable rationale for the association between HER2 and
SUVmax. Ueda et al. have documented a correlation between the overexpression of the cerbB2
oncogene and SUVmax, potentially attributable to the involvement of the HER2 gene in the glycolytic
pathway [38,39].
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The glycolytic pathway activates and regulates the immune system, particularly in macrophage
polarization [40,41]. Monocytes, which are recruited to the tumor microenvironment (TME) by
inflammatory cytokines released by cancer cells, differentiate into macrophages and tumor-
associated macrophages (TAMs) under the influence of colony-stimulating factor 1 [42]. Following
this, TAMs undergo further polarization into immunosuppressive M2-like macrophages due to the
presence of specific cytokines [43]. These M2-like macrophages promote cancer progression and
mediate immunosuppression by expressing high levels of T-cell immune checkpoint ligands that
directly inhibit T cells or by releasing cytokines that contribute to maintaining an
immunosuppressive TME [44]. The accumulation of lactate, a product of glycolysis, further
contributes to the polarization of M2-type macrophages, thereby promoting tumor development and
leading to worse outcomes in BC patients [45].

It is increasingly clear how tumor glycolytic activity and AMC could be used as indicators to
predict tumor response and achieve AxpCR in HER2-positive BC patients.

Pursuing surgical de-escalation strategies in lymph node surgery following NAT is currently
sparking intense and invigorating debate.

There is a discernible shift in favor of utilizing sentinel lymph node biopsy over ALND in
patients lacking clinical evidence of lymph node involvement.

An analysis of the National Cancer Data Base (NCDB) has demonstrated that among c¢NO
patients with HER2-positive disease who achieved a complete response in the breast post-treatment,
the rate of nodal involvement was below 2% [46]. This observation has prompted inquiries into the
potential omission of lymph node surgery in this specific patient subgroup, leading to the initiation
of new prospective trials.

The 2019 St. Gallen International Consensus Guidelines for the Primary Therapy of Early BC
proposed that patients with BC presenting with clinical N2 disease should undergo ALND and
regional lymph node irradiation, irrespective of their response to the NAT [47].

It is well-established that patients diagnosed with clinically node-positive BC frequently
undergo NAT and this treatment approach has been shown to successfully eradicate nodal disease
in 40% to 75% of cases [48-50].

The findings from the GeparOcto study revealed that over 50% of patients showed a negative
lymph node status after treatment, indicating that subjecting them to complete ALND could be
excessive [51]. Moreover, ALND is correlated with the development of lymphedema in around 20%
of BC patients, and this risk increases to 25% when radiotherapy is added due to the high initial
axillary burden. This significantly impacts the patient's quality of life [52].

Consequently, there is an increasing emphasis on employing minimally invasive axillary
surgery to assess the lymph node status following NAT accurately.

Identifying patients who may not need ALND has presented a formidable yet rewarding
challenge. BC molecular subtypes respond differently to NAT.

Rouzier et al. demonstrated that HER2-positive tumors exhibited the highest pathologic
complete response rate [53].

In their study, Garcia-Tejedor et al. documented 221 cases of patients presenting a high axillary
burden (N2) or with a diagnosis of at least three suspicious metastatic axillary lymph nodes as
determined by US. Following NAT, the rate of AxpCR was observed to be 67.9% for the HER2-
positive subtype [54].

In our study, the combination of N-SUVmax and AMC yielded 95% of patients achieving
AxpCR. Precisely, a SUVmax higher than 3.5 measured on most FDG-avid axillary lymph nodes,
along with an AMC lower than 340 cells/mm3 in BC patients with the HER2-positive subtype, is
predictive of having no residual axillary disease following NAT.

The number of affected lymph nodes before NAT was not associated with the final axillary
response, and HER2-positive patients with cN1, cN2, and ¢N3 could achieve AxpCR through NAT.
This suggests that the axillary response may not directly correlate with the number of suspicious
lymph nodes at diagnosis. We acknowledge the limitations of our study, such as its retrospective
nature and the small number of patients. More data are needed from a more significant number of
patients from multiple centers studies.
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5. Conclusions

Our results suggest improving the already high predictive value of 18F-FDG PET/CT by
combining it with easily detectable AMC in peripheral blood. Efforts to reduce the extent of axillary
surgery after NAT have been consistently in progress.

Our study suggests that combining hematological and easily computed 18F-FDG PET/CT
quantitative parameters could help predict axillary response in HER2-positive BC patients after NAT,
enhancing the ability of 18F-FDG PET/CT alone to identify HER2-positive patients with AxpCR.
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