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Purpose: To investigate the association of pretreatment Ki67 expression and the derived neu-
trophil-lymphocyte ratio (INLR) with clinical outcomes in nasopharyngeal carcinoma (NPC).
Patients and methods: For the study, 46 patients diagnosed with NPC at our hospital were
recruited between April 2013 and December 2015. All patients were histologically confirmed
to have non-keratinizing undifferentiated NPC. The expression of Ki67 proteins in NPC tissue
was analyzed immunohistochemically, and the INLR was assessed in the peripheral blood, both
before treatment. Stage I and II disease was treated with radiotherapy with or without concurrent
chemotherapy, and stage I1l and IV disease was treated with cisplatin-based radiochemotherapy
and neoadjuvant chemotherapy regimens.

Results: Forty-five of the 46 patients met the criteria, and the median follow-up period was
41 months (15-56 months). The cutoff values for Ki67 and dNLR were 77.5% and 2.01%,
respectively. The 3-year overall survival (OS) and progression-free survival rates in the high
versus low Ki67 expression groups were 62.5% vs. 93.1% (P = 0.009) and 56.3% vs. 93.1%
(P = 0.003), respectively. The 3-year OS rate of patients with high dNLR vs. low dNLR was
64.3% vs. 90.3% (P = 0.023). In the Cox risk ratio model, Ki67 expression and dNLR were
independent prognostic factors for OS. Patients were then divided into three groups based on
Ki67 expression and dNLR (high risk, both factors were high; intermediate risk, one factor was
high; and low risk, neither factor was high). The 3-year OS rates were 20%, 85%, and 95% for
the high, intermediate, and low risk groups, respectively (P < 0.001).

Conclusion: Pretreatment Ki67 and dNLR levels can be used as independent prognostic mark-
ers in NPC, and elevated values are associated with poor prognosis. Concurrently, high Ki67
expression and dNLR predict a significantly adverse outcome.

Keywords: nasopharyngeal carcinoma, Ki67, dNLR, prognosis

Introduction
Nasopharyngeal carcinoma (NPC) is a common malignant tumor of the head and neck.
The undifferentiated subtype of NPC is endemic in southern China, with the peak
incidence approaching 30 cases per 100,000.! Due to developments in radiotherapy
and the wide application of chemotherapy, the 5-year survival rate has improved
dramatically. However, recurrence and distant metastases remain key challenges for
cancer treatment failure.? Therefore, the identification and evaluation of pretreatment
biomarkers could help predict prognosis.

Ki67, also known as antigen KI-67 or MKI167, is a protein encoded by the MKI167
gene. Ki67 is required for maintaining individual mitotic chromosomes dispersed in
the cytoplasm after nuclear envelope disassembly.? The Ki67 protein is present in all
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active phases of'the cell cycle but is absent in quiescent cells.*
Thus, Ki67 is an excellent marker of cell proliferation, and
as such, there is abundance of research on Ki67 in various
cancers, especially lymphoma and breast, lung, and brain
cancers.>® For instance, Ki67 levels are used to predict the
efficacy of chemotherapy and hormone receptor blockade
in estrogen receptor-positive breast cancer.”® Higher Ki67
expression is associated with poor overall survival (OS) and
disease-free survival (DFS) in patients with primary breast
cancer.’ However, in other cancers, such as colorectal cancer,
high Ki67 expression is an independent favorable prognostic
marker.!® Therefore, the role of Ki67 as a prognostic marker
in different tumors is controversial, and there have been only
a few studies on its potential prognostic role in NPC.

While it is known that tumor development has a genetic
basis, recent studies have revealed that inflammatory response
plays an indispensable role in carcinogenesis and progres-
sion.!"12 Consequently, some blood parameters have been
reported to reflect the link between inflammation and cancer,
such as neutrophils, lymphocytes, albumin, lactate dehydro-
genase (LDH), and C-reactive protein (CRP). The neutrophil
to lymphocyte ratio (NLR) has been linked to inflammatory
status and clinical outcomes in several cancers, including
NPC.55 Proctor et al evaluated the potential prognostic value
of a novel biomarker, the derived NLR (dNLR), in various
human cancers and showed that the prognostic value of the
dNLR is similar to that of the NLR.!* The dNLR has the
advantages of being inexpensive and easy to calculate, and
it can be routinely measured in day-to-day clinical practice.

The aim of the present study was to investigate the prog-
nostic value of Ki67 and dNLR on OS and progression-free
survival (PFS) in patients with non-keratinizing undifferenti-
ated NPC.

Patients and methods

Patients and tissue samples

In this study, we collected tissue specimens from 46 patients
with NPC at the First Affiliated Hospital of Xiamen Uni-
versity. Patients were enrolled between April 2013 and
December 2015, and all cases were histologically confirmed
as non-keratinizing undifferentiated NPC (WHO III). Stag-
ing was determined by physician, according to the seventh
edition of the American Joint Committee on Cancer (AJCC)
staging of NPC. All tissue specimens were collected before
any treatment. Complete blood cell counts (within 30 days
before primary treatment) were determined for all patients,
and blood parameters from patients with acute conditions,
such as bacterial or viral infections, were invalidated. The

dNLR was calculated as neutrophils + (leukocytes — neutro-
phils). Demographic, clinical, pathological, and imagology
data were also collected.

After diagnosis, we treated stage I and II disease with
radiotherapy with or without concurrent chemotherapy
cathode ray tube, and we treated stage III and IV disease
with cisplatin-based radiochemotherapy regimens and
neoadjuvant chemotherapy regimens. The patients received
radiotherapy via the intensity-modulated radiation therapy
(IMRT) technique, and concurrent cisplatin (100 mg/m?)
chemotherapy was administered on days 1, 22, and 43.
Follow-up was performed every 3 months in the first and
second years after treatment and every 6 months from the
third year and included nasopharynx and neck imaging by
MRI and nasopharyngoscopy, chest CT, blood biochemical
tests, and a bone scan.

This study was approved by the Ethics Committee of the
First Affiliated Hospital of Xiamen University. All partici-
pants’ consent was both written and informed in the study.

Immunohistochemistry

Paraffin-embedded NPC tissues were sliced into 4-pum-thick
sections and stained with hematoxylin and eosin for histol-
ogy. For immunohistochemical detection of Ki67, the tissue
sections were deparaffinized in xylene and rehydrated in a
graded series of ethanol followed by microwave treatment in
citrate buffer (pH6.0) for antigen retrieval. Specimens were
incubated with a monoclonal anti-Ki67 antibody (MIB-1;
MXB) at a dilution of 1:100 at 4 °C overnight, according to
the manufacturer’s instructions. The immunostained tissue
sections were scored by two independent investigators who
were blinded to the clinical data. The mean percentage of pos-
itive cells in at least five high-powered fields was recorded.

Statistical analysis

All statistical analyses were conducted by using SPSS
22.0 statistical analysis software. Receiver operating
characteristic (ROC) curves were generated. For each ROC
curve, the cut-off value, which corresponds to a unique
sensitivity and specificity, and the critical value, which
corresponds to the maximum point of the Jordan index, were
calculated. Kaplan—Meier curves were generated to calculate
survival rates, followed by the log-rank test. The Cox model
was used for multivariate analysis. OS was measured from
the first day of treatment until death, and PFS was defined
as the period from the first day of treatment until the date
of first recurrence or death. Ki67 expression (low vs. high),
dNLR (low vs. high), AJCC stage (I or II vs. IIT or IV),
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primary tumor (T) stage (T1 or T2 vs. T3 or T4), and regional
lymph nodes (N) stage (NO-N2 vs. N3) were included in
the regression models. The y2, y? continuity correction, and
Fisher’s exact test were used to determine the proportion of
independents. P-values <0.05 were considered statistically
significant.

Results

Patients characteristics

One patient was lost to follow-up and was excluded. The
median age of the 45 patients was 47 years old (range, 23—79
years). There were 31 males and 14 females. By staging,
6.67% of patients had stage I and II disease, while 93.33%
had stage III and IV disease. Of the 45 patients, 14 (31.1%)
were current or former smokers. The median Ki67 expression
was 70% (range, 15-90%), and the median dNLR was 1.67
(range, 0.56-5.49, Table 1). All patients had histologically
confirmed non-keratinizing undifferentiated squamous cell
cancer (WHO III). After a median follow-up of 41 months
(range, 15-56 months), 11 patients showed disease progres-
sion, and 8 patients had died.

Kié67 expression and NPC prognosis

We plotted a ROC curve to calculate the cutoff value for Ki67
protein expression (77.5%; the area under the ROC curve was
0.814), which was used to test the association between Ki67

Table | Patient characteristics

Variable Number Percentage
Age (years)

Median (range) 47(27-79)

<45 19 422

>45 26 57.8
Gender

Male 31 68.9

Female 14 311
T stage

TI/T2 9 20.0

T3/T4 36 80.0
N stage

NO-N2 34 75.6

N3 I 24.4
Clinical stage

I 3 6.7

nnv 42 93.3
Smoking history

Nonsmoker 31 68.9

Smoker 14 311

Ki67 expression
Median (range)
dNLR
Median (range)

70% (15-90%)

.67 (0.56-5.49)

Abbreviations: dNLR, derived neutrophil-lymphocyte ratio; N, node; T, tumor.

expression level and OS (Figure 1). We identified tumors with
<77.5% as low-expression tumors and tumors with >77.5%
as the high-expression tumors. Among the study patients,
there were 29 with low Ki67-expressing tumors and 16 with
high Ki67-expressing tumors. We then tested the association
between Ki67 protein expression and patient survival using
the RECIST 1.1 standard. The OS and PFS of patients with
low Ki67-expressing tumors were significantly longer than
those of patients with high Ki67-expressing tumors. In the
low and high expression groups, the 3-year OS rates were
93.1% and 62.5%, respectively (P = 0.009), and the 3-year
PFS rates were 93.1% and 56.3%, respectively (P = 0.003;
Figure 2). This result indicates that high Ki67 expression
predicts poor prognosis in OS and PFS.

The dNLR and NPC prognosis

The ROC curve was also used to identify the critical value of
the ANLR (2.01; the area under the ROC curve was 0.682).
This indicates that a low dNLR is <2.01, while a high dNLR
is 22.01. The numbers of patients in the low and high dNLR
groups were 31 and 14, respectively. We concluded that a
low dNLR level was significantly related to improved patient
survival. However, while the 3-year OS rate of patients with
low dNLR tumors was 90.3% versus 64.3% in patients with
high dNLR tumors (P = 0.023; Figure 3), the dNLR did not
show any statistical significance for the 3-year PFS (P=0.077).

1.0
0.8
> 0.6
=
:‘%
c
?
0.4
0.2
AUC =0.814
0.0
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Figure | ROC curve analysis was performed to calculate the optimal cutoff value
of Kié7 expression.

Note: The Ki67 expression of the farthest point away from the chance line was
77.5%.

Abbreviations: AUC, area under curve; ROC, receiver operating characteristic.
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Figure 2 Association of Kié7 expression with overall survival (A) and progression-free survival (B).
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Figure 3 Association of the dNLR with overall survival (A) and progression-free survival (B).

Abbreviation: dNLR, derived neutrophil-lymphocyte ratio.

Correlation of Ki6é7 expression and the
dNLR with disease variables in NPC

Among the 45 patients, 64.4% showed low Ki67 expression,
while 35.6% showed high Ki67 expression, and 68.9% had
a low dNLR, while 31.1% had a high dNLR. There was no
statistically significant correlation between Ki67 expression
and disease variables. Furthermore, the dNLR was not
significantly related to gender, N stage, clinical stage, or

smoking history but was significantly associated with age
(P =0.044) and T stage (P = 0.04; Table 2).

Multivariate analysis of NPC

Multivariate analysis was performed by the Cox multiple fac-
tors regression model, and Ki67 expression, the ANLR, and N
stage were independent prognostic factors for OS (Table 3).
Since the dNLR was not significantly related to PFS in the
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Table 2 Associations of Ki67 and dNLR with disease variables

Variable Ki67 dNLR
Low High P-value Low High P-value
Total 29 (64.4%) 16 (35.6%) 31 (68.9%) 14 (31.1%)
Age (years) 0.878 0.044
<45 12 (63.2%) 7 (36.8%) 10 (52.6%) 9 (47.4%)
>45 17 (65.4%) 9 (34.6%) 21 (80.8%) 5 (19.2%)
Gender 0.32 0.253
Male Il (78.6%) 3 (21.4%) 8 (57.1%) 6 (42.9%)
Female 18 (58.1%) 13 (41.9%) 23 (74.2%) 8 (25.8%)
T stage 0.04
TI/T2 6 (66.7%) 3 (33.3%) 9 (100%) 0 (0%)
T3/T4 23 (63.9%) 13 (36.1%) 22 (61.1%) 22 (61.1%)
N stage 0.43 0.954
NO-N2 23 (67.6%) Il (32.4%) 24 (70.6%) 10 (29.4%)
N3 6 (54.5%) 5 (45.5%) 7 (63.6%) 4 (36.4%)
Clinical stage 0.542 0.541
1 3 (100%) 0 (0%) 3 (100%) 0 (0%)
nnv 26 (61.9%) 16 (38.1%) 28 (66.7%) 14 (33.3%)
Smoking history 0.174 0.197
Nonsmoker 22 (71%) 9 (29%) 19 (61.3%) 12 (38.7%)
Smoker 7 (50%) 7 (50%) 12 (85.7%) 2 (14.3%)

Notes: Data presented as n (%). Bold figures indicate as statistics significance (P<0.05).

Abbreviations: dNLR, derived neutrophil-lymphocyte ratio; N, node; T, tumor.

Table 3 Multivariate analysis of the Cox risk ratio model for OS

Table 4 Multivariate analysis of the Cox risk ratio model for PFS

Parameter HR 95% CI P-value Parameter HR 95% CI P-value
T stage 1.334 0.111-16.059 0.821 T stage 0.969 0.198-4.732 0.969

N stage 0.112 0.018-0.696 0.019 N stage 0.237 0.067-0.842 0.026
Smoking history 0.428 0.074-2.474 0.343 Smoking history 0.511 0.136-1.926 0.321
Ki67 0.116 0.014-0.975 0.047 Ki67 0.203 0.051-0.811 0.024
dNLR 0.076 0.010-0.559 0.011

Note: Bold figures indicate as statistics significance (P<0.05).
Abbreviations: Cl, confidence interval; dNLR, derived neutrophil-lymphocyte
ratio; HR, hazard ratio; N, node; OS, overall survival; T, tumor.

Kaplan—Meier analysis, we excluded this parameter in the
multivariate analysis of PFS. Ki67 expression and N stage
were independent prognostic factors for PFS (Table 4). These
results indicated that Ki67 expression, the ANLR, and N stage
were independent prognostic factors for OS in patients with
NPC, while Ki67 expression and N stage were independent
prognostic factors for PFS.

Combined prediction with Ki67

expression and dNLR of survival in NPC

Both Ki67 expression and dNLR were independently associ-
ated with OS in the Cox proportional hazard model; therefore,
we analyzed the combined effect of Ki67 expression and
the dNLR on the OS of patients with NPC. Patients were
divided into three groups based on Ki67 expression and
dNLR: high risk, both factors were high; intermediate risk,
one factor was high; and low risk, neither factor was high. Of
the 45 NPC patients, 5 (11.1%) were at high risk, 20 (44.4%)

Note: Bold figures indicate as statistics significance (P<0.05).
Abbreviations: Cl, confidence interval; HR, hazard ratio; N, node; PFS,
progression-free survival; T, tumor.

were at intermediate risk, and 20 (44.4%) were at low risk.
The 3-year OS rates were 20%, 85%, and 95% for the high,
intermediate, and low risk groups, respectively (P < 0.001;
Figure 4). This result indicates that high Ki67 expression and
high dNLR predict poor OS.

Discussion
The clinical outcome of NPC patients has greatly improved,
in part due to the application of IMRT and concurrent chemo-
therapy.'” However, the same therapeutic regiment can result
in different responses and outcomes in patients with similar
clinical characteristics. Therefore, biomarkers for prognosis
and the prediction of therapeutic response in NPC patients
are greatly needed. Measurement of Ki67 expression and the
dNLR is reliable, inexpensive, and easy.

Although there have been numerous studies on Ki67
expression in breast cancer, lymphoma, and other malignant
tumors, there have been few studies on the association
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between Ki67 expression and the survival in NPC. Our study
showed that high Ki67 expression may serve as an indicator
of poor prognosis in NPC, consistent with prior reports.'s!
Ki67 is a nuclear protein that is tightly linked to the cell cycle,
and its expression is intimately related to cell proliferation.**
Logically, higher Ki67 expression in tumors represents more
proliferative activity, therefore, it should be associated with
an unfavorable prognosis. High Ki67 expression has also
been shown to be associated with adverse clinical outcomes
in many malignant tumors.’?!?? Interestingly, Ki67 is an
independent marker in colorectal cancers, and high Ki67
expression is associated with a favorable clinical outcome. '
These conflicting results may be due to differences in the
thresholds used and the biological characteristics of these
diverse tumors. A previous study has demonstrated that the
proliferative activity within a tumor is often heterogeneous.*
Therefore, researchers have recommended that Ki67
expression be assessed in the tumor invasive margin, which
is a zone of high proliferation.” It is questionable whether
the Ki67 expression measured in a core needle biopsy
obtained in routine clinical practice adequately represents
the entire tumor. In our study, expression in 75% of cells
was used as the cut-off for high Ki67 expression. We argue
that the Ki67 cut-off may change according to variabilities
in patients or tumors, antibodies used for IHC staining, and
the investigators. Therefore, there is a substantial unmet need

for uniform standard of assay methods and cutoff values.
In addition, the detailed relationship between Ki67-defined
proliferation and the upstream and downstream biological
mechanisms is not clear. A study by Zhao et al showed that
high Ki67 expression was correlated with radiation resistance
in NPC,'® and a study by He et al demonstrated that reduced
expression of BMALI, a biological clock gene, is associated
with a high percentage of Ki67 expression and poor OS in
NPC." These studies may explain in part why high Ki67
expression is associated with an unfavorable prognosis in
NPC.

Since Rudolf Virchow first suggested that “lymphoreticular
infiltrate” reflected the origin of cancer at sites of chronic
inflammation, the relationship between inflammation and
cancer has been explored. Several blood markers have been
investigated as indicators of systemic inflammation to predict
prognosis in cancer, including dNLR, NLR, albumin, and
LDH. However, the levels of albumin, CRP, and LDH are
not always examined in clinical practice. However, peripheral
blood testing is carried out in day-to-day clinical practice;
therefore, the dNLR is easily obtained. A previous study of
more than 12,000 patients showed that the dNLR could be
used as a potential prognostic indicator for different cancers,'¢
and our study indicated that OS was obviously decreased
in patients with a high dNLR. It is of interest that the most
commonly used dNLR threshold is 2.!%?* In the present
study, we used ROC curve analysis and obtained a similar
cutoff value. Neutrophils can promote tumor development
and inhibit lymphocyte activity. Conversely, lymphocytes
are correlated with a better prognosis in cancer patients.?
Elevated blood neutrophils have been reported to secrete
proangiogenic factors, including matrix metalloproteinase
(MMP)-8, MMP-9, IL-8, and vascular endothelial growth
factor (VEGF).?*?” VEGF contributes to tumor angiogenesis
and progression. Moreover, neutrophils can induce immune
suppression by inhibiting activated T cells and NK cells. In
a study of 1,410 NPC patients, elevated blood neutrophil
counts were related to poor PFS and OS.?® Lymphocytes are
involved in cytokine production and cytotoxic cell death,
which inhibit the proliferation and metastasis of tumor
cells in anti-tumorigenic responses.” Our aim was to find
convenient, inexpensive, and independent prognostic factors
for NPC. Other factors, such as albumin, LDH, and CRP,
are not routinely measured in day-to-day clinical practice,
whereas the ANLR can be easily calculated from a peripheral
blood count. An elevated dNLR reflects both a higher
neutrophil count and a lower lymphocyte count; therefore,
we selected the INLR as an optimal biomarker to study. The
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consequence of changes in the numbers of neutrophils and
lymphocytes is in agreement with the “seed and soil” theory
of the nature of cancer progression and metastasis.>® There
are few reports on the ANLR and prognosis in NPC, and our
data in NPC patients confirmed the findings for other tumors,
demonstrating that the dNLR has an independent prognostic
impact on survival.

According to our research, Ki67 expression levels and the
dNLR are promising independent prognostic factors in NPC,
and the combination of these two parameters predicted poor
clinical outcomes. NPC patients with high Ki67 expression
and/or a high dNLR may require more aggressive therapies,
such as adjuvant therapy and targeted therapy. Further studies
with larger samples groups are needed.

The current study shows encouraging data that Ki67
and dNLR are promising indicators of prognosis in NPC.
However, this study has some limitations that need to be
addressed. First, it was a single-center study with a limited
number of patients, and the follow-up time was insufficient.
However, our study was the first to combine Ki67 expres-
sion with dNLR to predict survival in NPC, and the trend
is obvious in the high Ki67 and high dNLR groups. Future
validation of our findings with a larger population and longer
follow-up period is warranted. Second, the dNLR might be
influenced by many diverse factors, including systemic infec-
tion, chronic renal disease, hypertension, and diabetes.>'-33
Based on our study design, acute conditions, such as bacterial
infections, that would influence the dNLR can be excluded.
In future studies, procalcitonin and CRP could be analyzed
to exclude infectious factors. Nevertheless, in multivariate
analysis with the Cox risk ratio model, our data suggest that
pretreatment dNLR is an independent prognostic factor in
patients with NPC.

Conclusion

Ki67 expression and the dNLR are the reliable, convenient,
inexpensive, and independent prognostic factors for patients
with NPC. Combined analysis may be more effective for
predicting prognosis, as concurrently high Ki67 and dNLR
predict a significantly poor outcome.
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