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Abstract

Streszczenie

Aim: Breast cancer is a heterogeneous disease. This study investigated the pretreatment prognostic significance of a new
inflammatory index in hormone receptor positive (HR+) and human epidermal growth factor negative (HER2-) breast cancer
patients. Methods: We retrospectively analyzed 80 patients diagnosed with HR+ and HER2- breast cancer between January 2014
and December 2018. We calculated prognostic inflammatory index (PII) = mean platelet volume (MPV) x neutrophil/lymphocyte.
PII cut off was the best-predicted value by receiver operating characteristic (ROC) curve analysis. We used the Kaplan-Meier
method to determine disease-free survival (DFS). We used the log-rank test to compare the DFS rates between the two patient
groups. We performed a multivariate analysis by performing Cox regression analysis with prognostic factors defined in univariate
analysis. Results: The median follow-up period was 38 (19-66) months. The 5-year survival was 91.3%. The 5-year DFS was 87.9%.
The optimal cut-off value of MPV x neutrophil/lymphocyte ratio was determined as 22 by ROC curve analysis [area under the
curve, AUC 735, HR % CI (confidence interval) 0.561-0.909, sensitivity 72.7%, specificity 70.4%]. The number of patients with
PII <22 was 60, and the number of patients with PII >22 was 32. DFS was worse in the high PII group than in the low PII group
(p =0.001). Multivariate analysis revealed PII as an independent prognostic factor (p = 0.016). Discussion: In this study, we detected
elevated MPV x neutrophil/lymphocyte ratio as an independent poor prognostic factor in operated HR+ and HER2— breast cancer
patients. Prospective studies are needed to determine the prognostic significance of this index.

Keywords: breast cancer, estrogen receptor, progesterone receptor

Cel: Rak piersi jest choroba heterogenna pod wzgledem histologicznym i biologicznym. W badaniu dokonano analizy znaczenia
prognostycznego nowego wskaznika stanu zapalnego przed rozpoczeciem leczenia u pacjentek z rakiem piersi i obecnoscia receptoréw
hormonalnych (HR+) oraz brakiem ekspresji receptora czynnika wzrostu naskérka (HER2-). Metoda: Analizg retrospektywna objeto
80 pacjentek, u ktérych w okresie od stycznia 2014 do grudnia 2018 roku rozpoznano raka piersi HR+/HER2-. Obliczono
prognostyczny wskaznik stanu zapalnego (prognostic inflammatory index, PII): PII = $rednia objeto$¢ ptytek krwi (mean platelet volume,
MPV) x stosunek neutrofili do limfocytéw. Punkt odcigcia wskaznika PII byt najlepszg wartoscig przewidywang w analizie pola pod
krzywa ROC (receiver operating characteristic). W celu okreslenia czasu wolnego od choroby (disease-free survival, DFS) zastosowano
metode Kaplana—Meiera, a do poréwnania wskaznika DFS w dwoch grupach pacjentek - test log-rank. Przeprowadzono analize
wieloczynnikowa metoda regresji Coxa z czynnikami prognostycznymi okreslonymi w analizie jednoczynnikowej. Wyniki: Mediana
okresu obserwacji wyniosta 38 (19-66) miesiecy. Wskaznik pigcioletniego przezycia wynosit 91,3%, a pigcioletniego przezycia wolnego
od choroby - 87,9%. Optymalna warto$¢ odciecia dla wskaznika PII (MPV X stosunek neutrofili do limfocytéw) obliczona na
podstawie analizy krzywej ROC wyniosta 22 [pole pod krzywa, AUC 735, HR % CI (przedziat ufnosci) 0,561-0,909, czutos¢ 72,7%,
specyficznoé¢ 70,4%)]. PII <22 i >22 stwierdzono odpowiednio u 60 i 32 pacjentek. W grupie z wysoka warto$cia wskaznika PII
odnotowano krotszy czas przezycia bez choroby w poréwnaniu z grupa z niska wartoécia tego wskaznika (p = 0,001). Na podstawie
analizy wieloczynnikowej stwierdzono, ze wskaznik PII jest niezaleznym czynnikiem prognostycznym (p = 0,016). Oméwienie:
W niniejszym badaniu stwierdzono, ze podwyzszona warto$¢ PII (MPV x stosunek neutrofili do limfocytéw) stanowi niezalezny
czynnik zlego rokowania u leczonych operacyjnie pacjentek z rakiem piersi HR+/HER~-. Konieczne jest przeprowadzenie
prospektywnych badan w celu ustalenia znaczenia prognostycznego tego wskaznika.

Stowa kluczowe: rak piersi, receptor estrogenowy, receptor progesteronowy
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A new prognostic index in patients with hormone receptor-positive and HER2-negative breast cancer

INTRODUCTION

espite all advances in treatment, breast cancer is still
D the most important cause of cancer-related deaths

in women. Breast cancer is divided into three main
histological types [estrogen receptor (ER) status, progester-
one receptor (PR) status, and human epidermal growth fac-
tor (HER2) overexpression], depending on the presence and
absence of molecular markers. Hormone receptor-positive
breast cancer accounts for 70% of all breast cancers". It is es-
timated that 5-year survival is 91% in this group®. Prognos-
tic factors in breast cancer depend on lymph node metastasis
status, tumor size, tumor grade, vascular invasion, ER status,
PR status, and HER2 overexpression status®.
Tumor microenvironment, inflammation, and immune
response have been shown to play an essential role in tu-
mor progression and prognosis®. Biomarkers such as neu-
trophil, lymphocyte, platelet, mean platelet volume, plate-
let neutrophil ratio (PLR) and neutrophil-lymphocyte ratio
(NLR) are determinants of inflammation®. These indica-
tors are prognostic factors in many solid tumors®©-.
It has been shown that many hormone receptor positive (HR+)
breast cancer patients receive unnecessary chemotherapy and
a relatively low proportion of these patients benefit from che-
motherapy. Important prognostic markers are needed to select
the appropriate treatment. Reliable molecular diagnostic tests,
such as MammaPrint and Oncotype DX tests, are available.
However, they cannot be used due to the high costs and limit-
ed availability in many countries. Affordable and easily acces-
sible prognostic markers are needed to determine the appro-
priate treatment for HR+ breast cancer patients.
In this study, we investigated the prognostic significance of
a new prognostic index in hormone receptor positive and
human epidermal growth factor negative (HER2-) breast
cancer patients.

MATERIALS AND METHODS

We retrospectively analyzed 80 patients diagnosed with
HR+ and HER2- breast cancer between January 2014 and
December 2018. We obtained patient data from electronic
records and patient files. We excluded patients with meta-
static breast cancer, patients with negative hormone recep-
tors, and patients with active inflammatory disease. We ad-
ministered adjuvant therapy according to NCCN (National
Comprehensive Cancer Network) Guidelines.

We obtained hematological parameters from electronic re-
cords before any treatment of patients who underwent sur-
gery. We defined the prognostic inflammatory index (PII)
= MPV x neutrophil/lymphocyte ratio.

Statistical analysis
Statistical analysis was performed using SPSS version

20 (SPSS Inc., Chicago, IL). We analyzed the relation-
ship between clinicopathological characteristics using
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Fig. 1. ROC curve of PII for DFS prediction

a chi-square test. We determined the survival curve by Ka-
plan-Meier analysis and compared it using the log-rank
test. We performed a multivariate analysis with the Cox
regression model with significant factors in univariate
analysis. A p < 0.05 was considered statistically significant.
The optimal cut-off value of PII and neutrophil-lympho-
cyte ratio for recurrence was determined by the receiver
operating characteristic curve. The median value was tak-
en as the cut off value for PLR.

Opverall survival was defined as the time from diagnosis to
death or last visit. Disease-free survival (DFS) was defined
as the time from diagnosis to the date of relapse.
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Fig. 2. Kaplan-Meier survival curves of DFS according to PII
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Pll <22 Pll >22
(%) (%) p value

Age [years]: 0.952
<60 39 (65) 21(65.6)
«>60 21(35) 11(34.4)
Tumor size: 0.507
+<2m 22(36.7) 14(43.8)
«>2m 38(63.3) 18(56.2)
Grade: 0.067
+1,2 51(85) 22(68.8)
.3 9(15) 10(31.2)
Lymph node metastasis: 0.293
+no 35(58.3) 22 (68.8)
- yes 25(41.7) 10(31.2)
PLR: 0.009
+<134 36 (60) 10(31.2)
«>134 24 (40) 22 (68.8)
NLR: <0.001
+ <249 53(88.3) 3(9.4)
+>2.49 7(11.7) 29 (90.6)
PIl - prognostic inflammatory index; PLR — platelet to lymphocyte ratio;
NLR - neutrophil to lymphocyte ratio.

Tab. 1. Relationships between prognostic inflammatory index
and clinicopathological factors

Univariate Multivariate
p value HR (95% () p value

Age [years]: 0.819
+ <60
«>60
Grade: 0.574
+1,213
Lymph node metastasis: 0.169
+no
- yes
Tumor size: 0.529
«<2m
+>2m
NLR: 0.048 0.592 0.554
£ <249 (0.104-3.257)
+>2.49
PLR: 0.404
+<134
«>134
PIl: 0.001 0.099 0.016
<2 (0.015-0.649)
«>22
(I - confidence interval; NLR — neutrophil to lymphocyte ratio; PLR — platelet
to lymphocyte ratio; PIl — prognostic inflammatory index.

Tab. 2. Univariate and multivariate analyses of factors for
the prediction of DFS

RESULTS

The median age was 56 (38-86) years. The median follow-
up period was 38 (19-66) months. The 5-year survival was
91.3%. The 5-year DFS was 87.9%. Recurrence occurred in
11 (12%) patients during follow-up.

The optimal cut-off value was taken as 22 for DES by PII re-
ceiver operating characteristic (ROC) analysis (AUC 735, HR
0.561-0.909, sensitivity 72.7%, specificity 70.4%) (Fig. 1).
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The optimal cut off value for PLR was taken as the medi-
an value of 134. The optimal cut-off value for the NLR by
ROC analysis was 2.49 (AUC 673, HR 0.491-0.885, sensi-
tivity 63.6%, specificity 64.2%). The number of patients
with PII <22 was 60, and the number of patients with PII
>22 was 32. The relationships between prognostic inflam-
matory index and clinicopathological factors are summa-
rized in Tab. 1 There was a significant relationship between
high PII and PLR (p = 0.009) and NLR (p < 0.001). Howev-
er, there was no significant relationship between PII and age
(p =0.952), tumor diameter (p = 0.507), lymph node involve-
ment (p = 0.293) and histological grade (p = 0.067) (Tab. 1).
DFS was found to be worse in the high PII group than in the
low PII group (p = 0.001). At 12 months, the DFS of patients
with low PII was 100%, while the DFS of patients with high
PII was 80.3%. DFS of patients with low PII at 24 months
was 94.9%, whereas DFS of patients with high PII was 75.4%.
The DFS of patients with high PII was 64.6% at 36 months,
while the DFS of patients with low PII was 94.9%.

The prognostic effect of clinicopathological variables on
DFS is summarized in Tab. 2. Using a univariate analysis,
we found a significant correlation between NLR (p = 0.048)
and prognostic inflammatory index (p = 0.001) with DFS.
However, age, histological grade, lymph node involvement,
and tumor diameter were not significantly associated with
DEFS. When the multivariate analysis was performed using
significant findings in univariate analysis, we found that PII
was an independent prognostic factor (p = 0.016).

DISCUSSION

In recent years, there has been an increase in the number of
studies showing the importance of systemic inflammation
markers in cancer prognosis. In this study, we demonstrated
that MPV x neutrophil/lymphocyte ratio was a poor prog-
nostic factor for DFS in patients with HER2- and HR+ lo-
calized breast cancer. For this index, the cut-off value was
taken as 22 with 72.7% sensitivity and 70.4% specificity by
ROC-curve analysis.

Platelets play a role in tumor growth and metastasis. Plate-
lets release various growth factors and cytokines that sup-
port tumor growth, invasion, and metastasis'?. Studies
have shown that increased platelet count in patients with
breast cancer is associated with poor prognosis!'". Large
platelets are more metabolically and enzymatically active
than small platelets. The MPV level is a marker of platelet
activation and function. Elevated MPV levels are also as-
sociated with platelet aggregation, thromboxane synthesis,
and p-thromboglobulin release, which are other markers of
platelet activation'?. Studies have shown that platelet indi-
cators have essential roles in disease activity in cancer!>!4.
Elevated MPYV levels are a poor prognostic factor in many
types of cancer such as hepatocellular cancer, colorectal car-
cinoma, and gastric cancer!>!9. In patients with invasive
breast cancer, pretreatment MPV levels were found to be
significantly higher than in healthy controls"”.
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Studies have shown that the microenvironment of the
tumor plays an essential role in cancer progression®.
The tumor microenvironment has an impact on treatment
response and overall outcomes of patients. Neutrophils,
which are crucial factors in the tumor microenvironment,
have an essential regulatory role in tumor progression'?.
Neutrophils are cells responsible for host defense and im-
mune modulation. Research has shown that neutrophils
play a critical role in chronic inflammatory diseases, includ-
ing cancer®. Once neutrophils are integrated into the can-
cer cell, they release some cytokines, such as transforming
growth factor-beta and vascular endothelial growth factor,
inducing cancer cell proliferation, infiltration and metastasis.
Lymphocytes are known to play a crucial role in cancer sup-
pression by inducing cytotoxic cell death. High tumor in-
filtrated lymphocytes have been shown to play an essential
role in the prognosis of many cancers such as breast cancer,
gastric cancer and lung cancer® -2,

The limitations of our study were as follows: the number of
patients was low due to its single-center nature, it was a ret-
rospective study and the follow-up period was short.
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