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Inflammatory indexes correlate with the effectiveness of therapy and prognosis of many cancer types. Our study aimed 
to identify independent predictors of the efficacy of trastuzumab therapy affecting progression-free survival (PFS) and 
overall survival (OS) in patients with HER2-positive metastatic breast cancer (mBC). The retrospective study included 
78 HER2-positive mBC patients treated with trastuzumab at Sumy Regional Clinical Oncology Center. The baseline clini-
copathological characteristics including age, number of metastases, menopausal status, hormonal status, trastuzumab-
containing regimen, and inflammatory indexes, such as neutrophil to lymphocyte ratio (NLR), monocyte to lymphocyte 
ratio (MLR), platelet to lymphocyte ratio (PLR) and pan-immune-inflammation value (PIV) ,were collected. Cut-off values 
of inflammatory markers were determined by ROC analysis. AUC ≥0.7 was considered statistically significant. Factors 
affecting PFS and OS were determined using the multivariate Cox proportional hazard model. Response to treatment was 
assessed every 2-3 cycles. Low PLR and trastuzumab plus chemotherapy regimen correlated with a high disease control 
rate. Multivariate analysis assessed the prognostic impact of age, number of metastases, menopausal status, hormonal sta-
tus, trastuzumab-containing regimen, and inflammatory indexes on PFS and OS in HER2-positive mBC patients. Trastu-
zumab-containing regimen and PLR were independent predictors of PFS. Patients who received trastuzumab plus chemo-
therapy and whose PLR before treatment was low had significantly better PFS. For OS, multivariate analysis showed the 
same results. Low PLR and trastuzumab plus chemotherapy regimen were independent predictors of OS. Low PLR is 
associated with better PFS, OS, and a high disease control rate. PLR may be an effective marker for identifying the candi-
dates who most benefit from trastuzumab. Compared with trastuzumab monotherapy, the combination of trastuzumab and 
chemotherapy correlates with longer PFS and OS in patients with HER2-positive mBC.  
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Introduction  
 

The immune system plays a crucial and complex role in the pro-
gression of malignant neoplasms, often exhibiting a paradoxical in-
fluence on the process of carcinogenesis. On one hand, certain im-
mune cells are adept at recognizing and eliminating tumor cells, the-
reby providing a protective effect for the patient. Conversely, other 
immune cells can facilitate the tumor's ability to evade detection and 
suppression by the immune response (Heinrich & Korangy, 2022). 
Chronic low-grade inflammation has been identified as a significant 
factor in the proliferation and survival of cancer cells. This persistent 
inflammatory state fosters the development of an immunosuppressive 
environment and disrupts the body’s adaptive immune responses. 
As a result, the risk of recurrence and progression of malignant tu-
mors is dramatically increased, highlighting the intricate relationship 
between the immune system and cancer development (McFarland 
et al., 2022).  

The immune cells found in both peripheral blood and the tumor 
microenvironment play a crucial role in the development and progres-
sion of breast cancer (BC) (Nicolò et al., 2024). These immune cells, 
which include various types of lymphocytes, macrophages, and den-
dritic cells, can interact with tumor cells and influence the tumor's 
behavior (Faria et al., 2021). Specific immune cells present in the 
peripheral blood are responsible for producing chemokines. These 
signaling molecules facilitate communication between immune cells 
and promote neoangiogenesis – forming new blood vessels. This 
process is vital for tumors, providing them with nutrients and oxygen 
to sustain their growth. Furthermore, the chemokines produced by 
these immune cells can contribute to the metastatic spread of cancer, 
aiding in the dissemination of cancer cells from the primary tumor site 
to distant organs (Al Jarroudi et al., 2021).  

The process of development and progression of breast cancer is 
inextricably linked with changes in indicators of systemic inflamma-
tion. Acute phase proteins (for example, C-reactive protein), inflam-
matory cytokines, neutrophils, platelets, lymphocytes, and monocytes 
are considered available and promising prognostic markers to assess 
the level of systemic inflammation (Smorodska et al., 2022). Based 
on simple parameters, it is possible to investigate combined indexes 
that more objectively reflect the condition of the immune system. 
They make it possible to exclude an isolated effect on certain labora-
tory parameters (for example, the effect of steroids on neutrophils). 
The most common indexes are the ratio of neutrophils and lympho-
cytes (NLR), platelets and lymphocytes (PLR), monocytes and lym-
phocytes (MLR), systemic immune inflammation index (SII), and 
pan-immune inflammatory value (PIV) (Chen et al., 2020). Inflam-
matory indexes are associated with the prognosis not only of BC but 
also of many other solid tumors. Many researchers consider them to 
be independent prognostic markers of progression-free survival (PFS) 
and overall survival (OS) (Passardi et al., 2023; Otsuka et al., 2023; 
Zhai et al., 2023).  

The indisputable advantage of inflammation indexes is their non-
invasiveness and availability, making this disease prediction method 
attractive. Understanding the direction and extent of the balance shift 
in the ratio of the number of neutrophils, platelets, monocytes, and 
lymphocytes allows a better assessment of the mechanism of car-
cinogenesis and finding potential ways to improve the results of treat-
ment of metastatic breast cancer (mBC) (Cozzolino et al., 2021).  

Breast cancer (BC) is a multifaceted disease characterized by a 
variety of subtypes, each exhibiting distinct behaviors and prognoses. 
Among these subtypes, HER2-positive metastatic breast cancer 
(mBC) is recognized as one of the most challenging and aggressive 
forms. The introduction of trastuzumab has considerably enhanced 
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the survival rates of patients with this subtype (Nolan et al., 2024). 
However, the effectiveness of this treatment can be influenced by 
different factors, highlighting the complexity of individual responses 
to therapy and the need for personalized treatment approaches (Pid-
dubnyi et al., 2023; Vynnychenko & Moskalenko 2024).  

Our study aimed to identify independent predictors of the effica-
cy of trastuzumab therapy affecting PFS and OS in patients with 
HER2-positive mBC.  
 
Materials and methods  
 

Research design and bioethics approval. 78 HER2-positive mBC 
patients treated with trastuzumab at the Sumy Regional Clinical On-
cology Center from 2014 to 2024 were enrolled in a single-center ret-
rospective study. Inclusion criteria were age ≥18 years, histologically 
and immunohistochemically confirmed diagnosis of HER2-positive 
BC (3+ or 2+ and FISH-positive), metastatic stage of the disease, 
trastuzumab-containing regimen (trastuzumab monotherapy or trastu-
zumab plus chemotherapy, at least two cycles), the available results of 
a complete blood count test before starting trastuzumab therapy. Ex-
clusion criteria were unknown BC subtype or HER2 status, early BC, 
treatment regimen without trastuzumab, history of other malignancy, 
and inflammatory, autoimmune, and infectious diseases within two 
weeks before starting systemic treatment. The follow-up period con-
tinued for at least 18 months. The study was conducted following the 
Declaration of Helsinki and was approved by the Local Ethics Com-
mittee of the Sumy Regional Clinical Oncology Center (protocol 2/2, 
dated January 15, 2024). All alive patients signed informed consent 
forms.  

Assessment of response to treatment and follow-up period. Res-
ponse to treatment was assessed every 2-3 cycles according to local 
practice. The Response Evaluation Criteria in Solid Tumors (Recist 
1.1) were used to evaluate the results. The objective response rate 
(ORR) was considered as the total number of patients with complete 
response (CR) (complete disappearance of tumor and metastases) and 
partial response (PR) (decrease of tumor burden by ≥30%). The dise-
ase control rate (DCR) was calculated as the total number of patients 
with CR, PR, and stable disease (SD) (decrease of tumor burden by 
<30% or increase >20%). PFS was defined as the time between initia-
tion of trastuzumab therapy and disease progression (PD). The ap-
pearance of new metastatic lesions or an increase in the already exis-
ting tumor burden by 20% or more was considered disease progres-
sion. OS was defined as the time from initiation of trastuzumab 
therapy to patient death from any cause. Telephone contacts were 
conducted every three months to assess the survival status. In the case 
of losing contact with the patient and his relatives, information about 
the date of death was obtained from the National Cancer Register of 
the Sumy Regional Clinical Oncology Center. The follow-up period 
continued until the patient's death or the database lock (1 July 2024).  

Collection of information and its evaluation. All data about the 
clinicopathological characteristics of patients (age, number of meta-
stases, menopausal status, hormonal status) were collected in the pri-
mary medical documentation. Complete blood count test results were 
evaluated up to one week before the start of trastuzumab therapy. 
MLR was defined as the ratio of the number of monocytes to lym-
phocytes, NLR – as the ratio of neutrophils to lymphocytes, PLR – as 
the ratio of platelets to lymphocytes, PIV – as the ratio of the product 
of neutrophils, platelets, and monocytes to lymphocytes.  

Statistical analysis. All calculations were performed in the Stata 
V.18.0 software environment (StataCorp, Texas, USA; www.sta-
ta.com; 2024). The results were considered statistically significant at a 
P value of ≤ 0.05. Cut-off values of inflammatory markers and area 
under the curves (AUC) were determined by ROC analysis. AUC ≥ 
0.7 was considered statistically significant. Factors affecting PFS and 
OS were determined using the multivariate Cox proportional hazard 
model. The following clinicopathological characteristics were eva-
luated as prognostic factors: age (≥55 vs. <55), number of metastases 
(<3 vs. ≥3), menopausal status (premenopausal vs. postmenopausal), 
hormonal status (positive vs. negative), trastuzumab-containing regi-

men (trastuzumab monotherapy versus trastuzumab plus chemothe-
rapy).  
 
Results  
 

Characteristics of patients. Seventy-eight HER2-positive mBC 
patients were enrolled in the retrospective study. The median age of 
the patients was 55 years (range 27–77). Sixty-six (84.6%) patients 
had less than three metastatic sites. Twenty-four (30.8%) patients had 
a premenopausal status, and 46 (59.0%) had a positive hormonal 
status. Twenty-seven (34.6%) patients received trastuzumab mono-
therapy.  

PLR was the most sensitive and specific peripheral blood marker 
(AUC = 0.762, 95% confidence interval (CI) 0.646–0.847). PIV 
(AUC = 0.654, 95% CI 0.538–0.758), MLR (AUC = 0.641, 95% CI 
0.524–0.747) and NLR (AUC = 0.581, 95% CI 0.459–0.688) were 
less sensitive (Fig. 1). The NLR, PLR, MLR, and PIV cut-off values 
were 2.62, 153.8, 0.22, and 155.4, respectively. Table 1 summarizes 
the basic clinicopathological characteristics of the patients.  

  
Fig. 1. ROC curves for evaluating NLR, PLR, MLR,  

and PIV as predictors of trastuzumab resistance  

Table 1  
Baseline clinicopathological characteristics of patients  

Clinicopathological characteristics Total number of patients (%), n = 78 
Age (years), n (%) 
Median 
Range 
<55 
≥55 

 
55 

27–77 
33 (42.3) 
45 (57.7) 

The number of metastases 
<3 
≥3 

 
66 (84.6) 
12 (15.4) 

Menopausal status, n (%) 
Premenopausal 
Postmenopausal 

 
24 (30.8) 
54 (69.2) 

Hormonal status, n (%) 
Positive 
Negative 

 
46 (59.0) 
32 (41.0) 

Trastuzumab-containing regimen: 
Trastuzumab monotherapy 
Trastuzumab+chemotherapy 

 
27 (34.6) 
51 (65.4) 

NLR 
≤2.62 (low) 
>2.62 (high) 

 
38 (48.7) 
40 (51.3) 

PLR 
≤153.8 (low) 
>153.8 (high) 

 
26 (33.3) 
52 (66.7) 

MLR 
≤0.22 (low) 
>0.22 (high) 

 
35 (44.9) 
43 (55.1) 

PIV 
≤155.4 (low) 
>155.4 (high) 

 
30 (38.5) 
48 (61.5) 
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The impact of inflammatory markers and basic clinicopathologi-
cal characteristics patients on PFS. We compared the results of PFS 
according to the investigated markers of inflammation. Significantly 
better PFS was established in patients with low NLR (Log-rank P = 
0.0054), low PLR (Log-rank P = 0.0011), low MLR (Log-rank P = 
0.0363), and low PIV (Log-rank P = 0.0018). Median PFS in patients 
with low NLR was 15.5 months versus 9.3 months in patients with 

high NLR. The median PFS for low PLR was 23.0 months versus 
12.4 months for high PLR. The median PFS for low MLR was 
16.2 months versus 11.1 months for high MLR. The median PFS for 
low PIV was 16.2 months versus 9.7 months for high PIV. Therefore, 
each of the investigated markers of inflammation had a statistically 
significant impact on PFS (Fig. 2).  

 

  
Fig. 2. Kaplan-Meier curves showing PFS according to NLR (a), PLR (b), MLR (c), and PIV (d) baseline levels  

Multivariate analysis assessed the prognostic impact of age, num-
ber of metastases, menopausal status, hormonal status, trastuzumab-
containing regimen, and inflammatory indexes on PFS in HER2-po-
sitive mBC patients treated with trastuzumab. Trastuzumab-contai-
ning regimen (P = 0.0001) and PLR (P = 0.0040) were independent 
predictors of the PFS. Patients who received chemotherapy plus tras-
tuzumab and whose PLR before treatment was low had significantly 
better PFS (Table 2).  

Table 2  
Multivariate Cox proportional hazard model for assessing  
the impact of clinicopathological characteristics on PFS  

Clinicopathological characteristics Hazard ratio  95% CI P value 
Age (<55 versus ≥55) 1.28 0.53–3.06 0.578 
The number of metastases (<3 versus ≥3) 0.91 0.43–1.95 0.827 
Menopausal status (premenopausal versus  
postmenopausal) 1.11 0.43–2.84 0.814 

Hormonal status (positive versus negative) 1.69 0.99–2.88 0.053 
Trastuzumab-containing regimen (Trastu-
zumab monotherapy versus Trastuzu-
mab+chemotherapy) 

0.22 0.12–0.41 <0.001 

NLR (low versus high) 0.95 0.49–1.82 0.886 
PLR (low versus high) 2.99 1.43–6.26 0.004 
MLR (low versus high) 1.11 0.57–2.18 0.742 
PIV (low versus high) 1.91 0.98–3.75 0.057 

 

The impact of inflammatory markers and clinicopathological 
characteristics on OS. Inflammatory markers were correlated with 
OS in the same way as with PFS. Patients with low NLR (Log-rank 
P = 0.0006), low PLR (Log-rank P = 0.0002), low MLR (Log-rank 
P = 0.0023), and low PIV (Log-rank P = 0.0017) had significantly 

better OS. The median OS in patients with low NLR was 37.9 versus 
23.0 months in patients with high NLR. The median OS for low PLR 
was 80.4 versus 25.1 months for high PLR. The median OS for low 
MLR was 40.3 versus 25.3 months for high MLR. The median OS 
for low PIV was 42.1 versus 25.3 months for high PIV. Therefore, 
each studied inflammation index had a statistically significant impact 
on the OS (Fig. 3).  

Multivariate analysis evaluated the prognostic impact of age, 
number of metastases, menopausal status, hormonal status, trastuzu-
mab-containing regimen, and inflammatory indexes on OS in HER2-
positive mBC patients treated with trastuzumab. Trastuzumab-contai-
ning regimen (P = 0.0001) and PLR (P = 0.029) were independent 
predictors of the effectiveness of trastuzumab therapy, which impacts 
OS (Table 3).  

Table 3  
Multivariate Cox proportional hazard model for assessing  
the impact of clinicopathological characteristics on OS  

Clinicopathological characteristics HR 95% CI P value 
Age (<55 versus ≥55) 0.94 0.3–2.57 0.905 
The number of metastases (<3 versus ≥3) 2.19 0.98–4.92 0.056 
Menopausal status (premenopausal versus  
postmenopausal) 1.43 0.44–4.57 0.544 

Hormonal status (positive versus negative) 1.28 0.68–2.43 0.437 
Trastuzumab-containing regimen (Trastuzumab 
monotherapy versus Trastuzumab+chemotherapy) 0.30 0.15–0.58 <0.001 

NLR (low versus high) 2.15 0.99–4.67 0.052 
PLR (low versus high) 2.70 1.10–6.62 0.029 
MLR (low versus high) 0.82 0.30–2.20 0.696 
PIV (low versus high) 2.02 0.72–5.67 0.177 
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Fig. 3. Kaplan-Meier curves showing OS according to NLR (a), PLR (b), MLR (c), and PIV (d) baseline levels  

Correlation of inflammatory markers with objective response ra-
te (ORR) and disease control rate (DCR). The median follow-up peri-
od was 29 months (range 5–131). At the time of database lock, 64 
(82.1%) patients had disease progression, and 48 (61.5%) had died 
due to disease progression or some other cause. The CR, PR, SD, and 
PD were registered in 3 (3.8%), 45 (57.7%), 22 (28.2%), and 8 
(10.3%) respectively. ORR for the investigated cohort was 61.5%, 
and DCR – 89.7%. We additionally assessed the DCR for established 
independent predictors of the efficacy of trastuzumab therapy. There-
fore, for patients with low PLR, DCR was 100.0% versus 84.6% for 
high PLR (P = <0.0001). DCR was 81.4% in patients treated with 
trastuzumab monotherapy versus 94.1% in those treated with trastu-
zumab plus chemotherapy (P = 0.0485).  
 
Discussion  
 

We showed that PLR and trastuzumab-containing regimens are 
independent predictors of trastuzumab efficacy in HER2-positive 
mBC patients. They have a significant impact on prognosis and sur-
vival. High PLR is associated with a lower PFS. Such patients dem-
onstrate worse DCR than those whose PLR is low. This marker is 
available in routine practice and may help define the category of pa-
tients who may benefit from trastuzumab.  

Platelets play an important role in the development and metasta-
sis of BC. These peripheral blood cells stimulate T-helper cell diffe-
rentiation and modulate adaptive immune responses (Stoiber, & As-
singer., 2020). Platelets can impact on the innate immunity and 
change the differentiation of monocytes. In addition, they contribute 
to the formation of blood clots and trigger the lysophosphate-depen-
dent mechanism of metastasis (Laface et al., 2024).  

Platelet endothelial cell growth factor and transforming growth 
factor beta contribute to transmitting proliferative signals. Potential 
mediators in this process are extracellular vesicles. The combined ef-
fect of all factors increases cell proliferation and aggressiveness of BC 
(Zuo et al., 2019). Platelets significantly influence the progression of 
the disease. Cross-linking ligands of plasma proteins and adhesion 

proteins contribute to the attachment of platelets to the vessel wall. 
After that, tumor cells are fixed to them and avoid apoptosis. In addi-
tion, tumors can increase the production of aberrant surface proteins 
and stimulate interaction with platelets. After anchoring on the wall of 
microvessels, the process of extravasation and metastasis develop-
ment begins (Tang et al., 2023).  

The invasive ability of BC is enhanced by high levels of interleu-
kin-8. Their enhanced synthesis results from an increase in the num-
ber of platelets and activation of the AKT signaling pathway. Interes-
tingly, aspirin can reduce the level of interleukin-8 and the invasive 
potential of the tumor (Johnson et al., 2019).  

Lymphocytes, unlike platelets, are considered the primary effec-
tor cells responsible for antitumor immunity (Xie et al., 2020). They 
inhibit migration and proliferation and stimulate the cytotoxic death 
of cancer cells (Ogiya et al., 2016). All the above explains the nega-
tive impact of high PLR on PFS and OS.  

The correlation between inflammatory markers and the effective-
ness of therapy and survival in patients with HER2-positive mBC is 
widely covered in the scientific literature. Ligorio et al. (2021) inves-
tigated the prognostic impact of inflammatory markers on the effec-
tiveness of taxane therapy, trastuzumab, and pertuzumab. High base-
line PLR, MLR, and PIV were the prognostic factors for PFS, while 
high MLR and PIV predicted poor prognosis and low OS. Ding et al. 
(2020) found a strong correlation between lower NLR and longer 
PFS in patients treated with trastuzumab. Imamura et al. (2019) con-
firmed the negative impact of high PLR and NLR on the efficacy of 
trastuzumab emtansine therapy for second-line therapy of HER2-
positive mBC. The results of our study are similar to those obtained 
by Blanchette et al. (2018). Baseline low PLR was confirmed as an 
independent predictor of better survival and effective trastuzumab 
therapy.  

We found that a high baseline PLR was associated with a lower 
DCR in HER2-positive mBC patients. However, other factors can 
impact the effectiveness of treatment. Our study demonstrated that, in 
addition to PLR, the trastuzumab-containing regimen is an indepen-
dent predictor of survival. Patients using trastuzumab plus chemothe-
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rapy had significantly better PFS and OS compared to those treated 
with trastuzumab alone.  

The therapeutic effect of trastuzumab consists in stimulating the 
immune response. Specific monoclonal antibodies attach to cell 
membranes and induce cell death. Natural killer cells have Fcγ recep-
tors, which contact the Fc region of trastuzumab. This interaction 
results in the release of cytotoxic substances and the death of target 
cells. Thus, an inflammatory tumor environment is developed and sti-
mulates the appearance of tumor-specific T cells. In general, trastu-
zumab has a “vaccine effect” and could be potentially effective as 
monotherapy in patients with HER2-positive mBC. Vogel et al. 
(2023) evaluated the efficacy and safety of trastuzumab as a first-line 
monotherapy in 114 patients with mBC. The ORR was 26%. Trastu-
zumab has demonstrated a high safety profile. The authors concluded 
that this targeted drug can be used as a single agent for the treatment 
of HER2-positive mBC.  

Isogai et al. (2023), in their case report, demonstrated the experi-
ence of a complete pathological response to a single dose of trastu-
zumab in an 88-year-old female. Ji et al. (2023) used trastuzumab 
monotherapy in a male patient with accessory breast cancer. The au-
thors concluded that trastuzumab monotherapy can be successfully 
used in certain categories of patients, especially if there are chemothe-
rapy-related contraindications.  

Several studies have compared the efficacy of trastuzumab mo-
notherapy and the combination of chemotherapy and trastuzumab. 
The advantages of combined treatment were first reported by Slamon 
et al. (2001). The authors demonstrated that trastuzumab combined 
with chemotherapy was associated with higher ORR, longer time to 
disease progression, longer duration of response, lower 1-year mortal-
ity, and better OS. Modern research confirms these conclusions. 
Zhang et al. (2021) performed a meta-analysis of sixteen studies using 
trastuzumab to treat HER2-positive mBC patients. The taxane + tras-
tuzumab + pertuzumab regimen showed the best efficacy and mod-
erate safety. In the latest ASCO (American Society of Clinical On-
cology) guidelines, this therapeutic regimen is considered the optimal 
treatment choice for first-line therapy. In cases when pertuzumab is 
unavailable, it is recommended that trastuzumab and chemotherapy 
be used (Al Sukhun et al., 2024).  

The results of our study may be helpful in routine clinical practice 
for treating HER2-positive mBC patients and selecting the most suit-
able candidates for targeted therapy with trastuzumab. The main 
limitations of this study are the retrospective design and the relatively 
small number of patients. 
 
Conclusions  
 

PLR and the trastuzumab-containing regimen have prognostic 
value for evaluating the efficacy of trastuzumab therapy and the prog-
nosis of HER2-positive mBC. Low PLR is associated with better 
PFS, OS, and high DCR. PLR may be an effective marker for identi-
fying the candidates most benefit from trastuzumab. Compared with 
trastuzumab monotherapy, the combination of trastuzumab and che-
motherapy correlates with longer PFS and OS in HER2-positive 
mBC patients.  
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