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ABSTRACT

Objective: To determine the diagnostic value of preoperative immature granulocyte (IG) count and delta neutrophil index (DNI) level
before clinical detection of axillary lymph node metastasis.

Study Design: Cohort study.

Place and Duration of Study: Department of General Surgery, Kahramanmaras Sutcu Imam University, Onikisubat, Turkey from
February 2015 to February 2020.

Methodology: Patients older than 18 years and operated for breast pathologies in the study period were evaluated retrospectively.
Patients without axillary or distant organ metastasis, and who did not receive neoadjuvant chemotherapy were examined by dividing
them into two groups as pathologically non-metastatic axilla (Group NM) and metastatic axilla (Group M). They were retrospectively eval-
uated for DNI, IG, white blood cell count (WBC), neutrophil/lymphocyte ratio (NLR), platelet/lymphocyte ratio (PLR) and mean platelet
volumes (MPV).

Results: All of the 83 patients, who met the inclusion criteria, were females (100%). Forty-six patients (55.42%) were in the Group-NM
and 37 (44.58%) were in Group-M. Statistically significant difference was observed between the groups in terms of WBC, NLR, PLR, MPV,
DNI and IG count (p<0.05), while there was no difference in age (p = 0.862). As a result of the univariate and multivariate analysis, WBC,
NLR, PLR, MPV, DNI and IG count were determined as predictive factors. The discriminatory power of the DNI for diagnosing clinically
negative pathologically positive axillary metastasis of breast cancer at the cut-off value =0.35% (ARUC:0.903; 95% confidence interval
[CI]: 0.84-0.967) showed 86.5% sensitivity, 80.4% specificity, positive predictive value (PPV) 86.5%, negative predictive value (NPV)
80.4%. The discriminatory power of the IG count for diagnosing clinically negative pathologically positive axillary metastasis of breast
cancer, at the cut-off value =25/mm?’ (ARUC:0.976; 95% Cl:0.953-1.000) showed 100% sensitivity, 82.6% specificity, 100% PPV, and
82.6% NPV.

Conclusion: DNI and IG count may be new predictive factors with high sensitivity and specificity in detecting axillary metastasis of
breast cancer.
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INTRODUCTION

Breast cancer ranks first among cancer types seen in women in
ourcountry and all over the world, and second after lung cancerin
cancer-related deaths."” Despite the recent increase in its inci-
dence, mortality has decreased due to early diagnosis and
advances in neo-adjuvant therapy.”’
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Classically, lymph node status, tumor size, histological type,
grade, age, and ethnicity are prognostic factors for this type of
cancer.’

Bone marrow activation results from malignancies and inflam-
mation. Tumor-related inflammation has gained importance in
each stage of tumorigenesis. Host-dependent systemic inflam-
matory response has been found to be effective in carcinogen-
esis, tumor development and progression.”* Inadequately
controlled oruncontrolledinflammatory activity may berespon-
sible for malignanttransformation.>® Inflammatory cell stimula-
tion occurs in lymph node metastasis and distant organ metas-
tasis like primary tumor.” Generally, lymphocytes and mono-
cytes are essential immunoinflammatory cells.” As the corners-
tone of the adaptive immune system, lymphocytes inhibit
tumor cell proliferation, migration and destroy metastatic
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lesions.*® On the other hand, tumor-induced neutrophils may
accelerate tumor metastasis.” Many studies have examined the
relationship among the ratios of different cell types (such as the
platelet-lymphocyte ratio (PLR), and the neutrophil-lympho-
cyte ratio (NLR) in malignant tumors.>® Apart from these, mean
platelet volume (MPV), which can be automatically studied in
routine blood counts and shows platelet activation, has been
used to show tumor activity in breast, stomach, colon and
ovarian cancers.’ These markers are reproducible, easily appli-
cable, inexpensive, and have no additional cost; therefore, the
inflammatory response can be easily monitored.*

Recent studies have identified the delta neutrophil index (DNI),
which indicates the percentage of immature granulocytes (IG)
in peripheral blood due to increased bone marrow activation in
inflammatory conditions. It is based on counting granulocyte
precursor cells under microscope.’

The IG fractions included promyelocytes, myelocytes and
metamyelocytes, but not band neutrophils or myeloblasts.
Moreover, the DNI is the ratio of the IG count to the white blood

cell count.>™* With the technological developments, IG count
and DNI can automatically be evaluated from complete blood
count parameters in automated systems. A cancer study on
these parameters, which were previously studied in inflamma-
tory processes such as sepsis, cardiovascular events, acute
appendicitis, and urolithiasis, is only available in a study that
distinguishesthyroid cancers from benign nodules.>*

The objective of this study was to determine the diagnostic
value of preoperative IG number and DNI level before clinical
detection of axillary lymph node metastasis, which plays an
importantroleinthe prognosis of breastcancer,andtocompare
these parameters with other routine inflammation markers
suchaswhiteblood cell count (WBC), MPV, NLRand PLR.

METHODOLOGY

Ethical approval was obtained from Kahramanmaras Sutcu
Imam University, Clinical Research Ethics Committee (Date:
13.05.2020; Session No. 2020/09; Decision No. 19). Patients,
who were older than 18 years and operated for breast patholo-
gies in Kahramanmaras Sutcu Imam University, Department of
General Surgery between February 2015 and February 2020,
were evaluated in this retrospective cohort study. All proce-
dures performed in studies, involving human participants, were
in accordance with the ethical standards of the institutional
and/or national research committee and with the 1964 Declara-
tionof Helsinki, and its lateramendments or comparable ethical
standards. Patient data were obtained from patient epicrisis
forms and preoperative laboratory; and postoperative
pathology results recorded in the computer system. Demo-
graphic data of the patients, routine blood tests, preoperative
tumor size, presence of axillary lymph node metastasis and
distant organ metastasis, presence of pathological axillary
lymph node metastasis in the postoperative period were evalu-
ated.

Inclusion criteria were: patients diagnosed with invasive breast
cancer (invasive ductal carcinoma, invasive lobular carcinoma,
mixed invasive ductal lobular carcinoma, mucinous carcinoma,
medullary carcinoma, micropapillary carcinoma), who did not
have clinically axillary metastasis and axillary neo-adjuvant
chemotherapy/radiotherapy;buthavepostoperative pathologi-
cally positive or negative axillary metastasis. Patients, who
underwent surgery for benign breast disease (such as fibroade-
nomas, granulomatous mastitis, hamartomas); patients with
breast malignancies other than invasive breast carcinoma
(ductal carcinoma in situ, fibrosarcomas, neuroendocrine
tumors, myofibroblastomas, phylloides tumors); patients with
clinically axillary metastasis or with distant organ metastasisin
the preoperative period; patients who received neo-adjuvant
chemotherapy/radiotherapy in the preoperative period, and
patientswithinsufficientdata, were excluded fromthe study.

Inthe preoperative period, patients without axillary metastases
and who did not receive neo-adjuvant treatment were
examined by dividing them into two groups as pathologically
non-metastatic (Group-NM) and had tumor metastasis in =1
axillary LN (Group-M).

WBC count, neutrophil count, lymphocyte count, platelet count,
MPV, IG count and DNI were measured using an automated
hematological analyser (XN 3000; Sysmex Corp., Kobe, Japan)
from blood samples obtained within the last month of surgery.
Thisdevice automatically measures DNl using two independent
leukocyte counting methods: myeloperoxidase and lobu-
larite/nuclear density-channel.** NLR and PLR were manually
calculated fromthe completeblood cell results.

IBM-statistical package for social sciences (SPSS) version 20
wasusedforstatisticalanalysis. Thedistribitionofdatawaseval-
uated by Shapiro-Wilk test. While student t-test or Mann-
Whitney U-test was used in the evaluation of continous vari-
ables, according tothe conformity ofthe data tonormal distribu-
tion, Chi-square test was used in the evaluation of categorical
data. Multivariate analysis was performed with parameters
found to be significant in the evaluation of univariate analysis;
and predictive values of preoperative blood parameters were
calculated. ROC analysis was performed to evaluate the effec-
tiveness of WBC, NLR, PLR, DNI, IG numberand MPV values, and
sensitivity, specificity values and cut-off values were obtained.
Numerical values were expressed as mean =+ standard devia-
tion (minimum - maximum values) ormedian (25" - 75" percen-
tiles), according to distrubition of normality; and categorical
values as percentage(%). A p-value of <0.05 was considered as
statistically significant. The power analysis of the study was
conducted with the G-Power 3.0.10 programming system. In
the estimation of power analysis and sample size, for a power of
0.8, a=0.1andan effectsize of 0.5 in the evaluation of two inde-
pendentgroups 80 patientswererequired.

RESULTS

All patients were females (100%). Forty-six of these 83 patients
(55.42%) were in Group-NM, while 37 (44.58%) in Group-M
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(Figure 1). Statistically significant difference was observed
between the groups in terms of blood parameters (WBC, NLR,
PLR, MPV, DNIand IG count, p <0.05), while there was no differ-
ence between Group-NM and Group-M in terms of age (p =
0.862, Tablel).

Breast Surgery Patients
=264

Benign Breast Disorders (n=72)
Insufficient Data (n=12)

Malignant Breast Surgery Patients
n=180

Patients with other type of Breast Cancer
(n=21)

-Pleomorphic sarcoma (n=1)
I-Fibrosarcoma (n=1
-Myofibroblastoma (n=1)
-Neuroendocrine tumor (n=1)
-Phylloides tumors (n=8)
I-Ductal Carcinoma In Situ (n=9)

Invasive Breast Carcinoma Patients
n=159

I 1

Clinically Axillary Lymph Node Metastasis
Positive Patients

n=48
(Patients with distant organ metastasis n=2)

Clinically Axillary Lymph Node Metastasis
Negative Patients

n=111

Neoadjuvant Chemotherapy Positive Patients
n=28

Neoadjuvant Chemotherapy Negative
Patients

n=83

Pathologically Axillary Lymph
Node Metastasis Negative Node Metastasis Positive
Patients Patients

n=46 n=37

Pathologically Axillary Lymph

Figure 1:Flowchartofthestudy.

Univariate analysis showed that age (p=0.937; F:0.006;
OR=0.000) was not associated with the presence of axillary
metastasis pathologically in patients with clinically negative
axilla. WBC, NLR, PLR, MPV, DNl and IG count were also associ-
ated with development of axillary lymph node metastasis in
follow-upinunivariableand multivariableanalysis (Tablell).

The discriminatory power of the DNI for diagnosing clinically
negative pathologically positive axillary metastasis of breast
cancer, for the cut-off value =0.35% (ARUC:0.903;95% confi-
dence interval [CI]:0.84-0.967), showed that sensitivity was
86.5%, specificity was 80.4%, positive predictive value (PPV)
was 86.5%, negative predictive value (NPV) was 80.4%. The
discriminatory power of the IG count for diagnosing clinically
negative pathologically positive axillary metastasis of breast
cancer, for the cut-off value =25/mm’ (ARUC:0.976; 95%
CI:0.953-1.000) showed that sensitivity was 100%, specifity
was 82.6%, PPV was 100%, and NPV was 82.6% (Table III,
Figure2).

Table I: Demographic data and the preoperative blood sample results of
thestudy.

Clinically Axillary LN Metastasis (-)
Group NM
(Pathologically Group .M
N (Pathologically
Axillary LN .
Metastasis (-)) Axillary LN
Metastasis (+)) p-value
[Mean+S.D A
o [MeanS.D (Minimum
(Minimum - : "
. . - Maximum) /Median
Maximum) /Median th th
(25ﬂ| _75ﬂ| (25 '?Is
percentiles)] percentiles)]
Age (year)® 52 (45.0 - 64.5) 51 (43.5 - 63.5) 0.862
Preoperative
Tumor Size 20 (16 - 35) 26 (20 - 45) 0.277
(mm)°
3a 7073.04 + 970.31 9006.76 + 1029.83 «
WBC (/mm’) (5430 - 9090) (7400 - 11510) <0.001
NLR® 1.91 (1.57 - 2.26) 3.24 (2.81-4.17) <0.001*
PLR® 113.33(86.79 - 142.22) | 182.18 (155.13-218.46) <0.001*
MPV (fL)° 9.6 (8.9 - 10.03) 10.8 (10.1 - 11.65) <0.001*
DNI (%)° 0.3(0.2-0.3) 0.5 (0.4 - 0.65) <0.001*
IG count (/mm?)° 20 (10 - 20) 40 (30 - 60) <0.001%

*p<0.05, a: According to student t-test; b: Acording to Mann Whitney U-
Test. WBC: White blood cell count; NLR: Neutrophil to lymphocyte ratio; PLR:
Platelet to lymphocyte ratio; DNI: Delta neutrophil index; IG: Immature
granulocyte; LN: Lymph Node.
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Figure2:ROCcurveofinflammatorymarkersfordiagnosingclinicallyaxil-
lary lymphnode metastasis negative and pathologically axillary
lymphnode metastasis positive invasive breast cancer patients (WBC:
Whiteblood cell count; NLR: Neutrophiltolymphocyteratio; PLR: Platelet
to lymphocyte ratio; 1G: Immature granulocyte; DNI: Delta neutrophil

index; MPV: Meanplateletvolume).

DISCUSSION

Tumor-induced noninfectious inflammatory response is impor-
tant in the prognosis and clinical outcomes of patients; and for
this purpose, inflammation-based scoring systems derived
from complete blood counts such as NLR, PLR, MPV are used as
an indicator of inflammatory response to the tumor.*>" Low
lymphocyte counts indicate an inadequate immune response
formany typesofcancer, while Tlymphocytes enable tumor-as-
sociated antigensto destroy cancercells.>****
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Table II: Multivariante analyses results of inflammatory markers for prediction of pathologically axillary lymph node metastasis positivity for

clinically axillary lymph node metastasis negative patients.

Odds Ratio B-value p-value %95 Coefficient Interval
Lower Bound Upper Bound

WBC 0.966 7073.043 <0.001* 6780.501 7365.586
NLR 0.676 1.924 <0.001* 1.630 2.218
PLR 0.767 116.973 <0.001* 102.713 131.233
MPV 0.984 9.413 <0.001* 9.151 9.675
DNI 0.663 0.270 <0.001* 0.227 0.312
IG count 0.481 18.696 <0.001* 14.402 22.990
WBC: White blood cell count; NLR: Neutrophil to lymphocyte ratio; PLR: Platelet to lymphocyte ratio; DNI: Delta netrophyl index; IG: Immature granulocyte;
LN: Lymph Node.

Table IlI: ROC curve analysis of inflammatory markers for diagnosing clinically axillary negative and pathologically axillary positive breast

cancer patients.

S iviti Asymptotic 95% Confidence
ARUC PPV (%) NPV (%) | Cut-off value | Sensitivity (%) "‘*(f,/:‘;' ty Interval p-value
Lower Bound | Upper Bound
WBC (/mm’) 0.913 81.1 78.3 =7865 81l.1 78.3 0.857 0.97 <0.001*
NLR 0.947 91.9 80.4 =2.29 91.9 80.4 0.903 0.991 <0.001*
PLR 0.900 91.9 80.4 =145 91.9 80.4 0.836 0.964 <0.001*
MPV (fL) 0.894 91.9 76.1 >10.05 91.9 76.1 0.827 0.96 <0.001*
IG Count (/mm?) 0.976 100 82.6 =25 100 82.6 0.953 1.000 <0.001*
DNI (%) 0.903 86.5 80.4 =0.35 86.5 80.4 0.84 0.967 <0.001*
*p<0.05. ARUC: Area under curve; PPV: Positive predictive value; NPV: Negative predictive value; WBC: White blood cell count; NLR: Neutrophil to lymphocyte
ratio; PLR: Platelet to lymphocyte ratio; IG: Immature granulocyte; DNI: Delta neutrophil index; MPV: Mean platelet volume.

IG count and DNI, neutrophil precursor cells can be used as
an indicator of bone marrow activation before neutrophil
response occurs and can be calculated by automated
systems.” In this study, along with the parameters indicative
of the inflammatory response, DNI and IG count also
increased in axillary metastases before the clinical appear-
ance of axillary metastasis in breast cancer and was found
to be a predictive factor.

Neutrophils and macrophages play a role as a stimulating
factor in tumor development (for cellular proliferation of the
tumor, angiogenesis, invasion, and metastasis)."® Proctor et
al. found that NLR and PLR were predictive factor of
mortality in different cancer types (bladder, breast,
colorectal, gastroesophageal, gynecological, prostate, lung
and liver cancers) in their studies."” Peng et al. found higher
NLR values in breast cancer patients when compared with
normal individuals in their studies on breast cancer.’ In
another study conducted by Atak et al. in breast cancer
patients, NLR was found to be statistically significantly
higher in patients with nonsentinal lymph node metastasis
and found as a predictive factor.® Similarly, in this study, NLR
and PLR values were found to be preoperative predictive
factors for the detection of axillary metastasis of breast
cancer.

Cancer-induced inflammation causes platelet activation,
revealing the procarcinogenic and prometastatic activity of
platelets.” MPV is used as an early marker of activated
platelets and causes an increase in the survival and spread
of cancer cells during spread.’ In esophageal, breast, hepato-

cellular and colorectal cancers, increased MPV values were
observed to correlate with poor prognosis.*® In their study
conducted with invasive breast cancer patients and patients
operated on for benign breast diseases, Gu et al. found
increased MPV values as a predictive factor before treat-
ment in invasive breast cancer patients.” In accordance with
the literature, preoperative MPV value was found to be a
predictive factor for axillary metastasis of invasive breast
cancer patients in our study.

The determination of the number of IG can be made with
manual techniques and automated systems. DNI is demons-
trating bone marrow activation earlier than neutrophil
response and has been found to be a helpful indicator in the
diagnosis and prognosis of different diseases.”*** In a study
by Unal, the percentage of IG was found to be an important
marker in the differentiation of complicated acute appen-
dicitis and uncomplicated acute appendicitis.” Similarly, in
another study conducted by Barut et al., it was found to be a
predictive factor for early detection of acute pyelonephritis in
patients with ureteral stones.” As a result of tumor-related
non-infection bone marrow activation, neutrophil precursor
cells get involved in the peripheral circulation. In an other
study conducted by Bozan et al., DNI was found to be a signifi-
cant factor in the differentiation of benign nodular goiter and
thyroid malignancies.® Additionally another study conducted
by Barut et al., DNI was foun to be a predictive factor for
renal cell carcinoma.® Similarly, in the preoperative detection
of axillary metastasis of breast cancer, inflammation markers
obtained from other blood count sections, along with DNI and
IG numbers, were found to be predictive factors.
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The most important limiting factor of this study was its retro-
spective character and being single center experience.
Another important limitation was that patients were not eval-
uated separately in terms of their menopausal periods. In
addition, due to the low number of remaining patients, differ-
ences in the number of metastatic lymphnodes were not
examined in the study. However, the strongest aspect of the
study was being the first study that investigating the relation-
ship between the presence of pathological axillary metas-
tases and DNI and IG counts in breast cancer patients
without clinical metastasis.

CONCLUSION

DNI and IG count, may be valuable, are predictive factors
with high sensitivity and specificity in detecting axillary
metastasis of breast cancers. The inflammatory parameters
DNI and IG count, can be studied directly in new automated
blood count systems without additional cost and are easily
accessible as MPV.
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