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Purpose: This study aimed to investigate the clinical impacts of the pretreatment peripheral
blood ratios of lymphocytes, monocytes and neutrophils among patients with hypopharyn-
geal cancer/laryngeal cancer.

Patients and Methods: A total of 141 people with cases of hypopharyngeal cancer/
laryngeal cancer were enrolled to evaluate the clinical impacts of the systemic inflammation
response index (SIRI), neutrophil-lymphocyte ratio (NLR) and lymphocyte—monocyte ratio
(LMR) in pretreatment blood among patients with laryngeal/hypopharyngeal cancer between
January 2012 and December 2014.

Results: Those patients with higher pretreatment LMR (>2.99) showed a significantly higher
S-year complete response rate (CR) (69% vs 31%) than those with lower LMR (<2.99, p =
0.006). Additionally, those patients with lower pretreatment SIRI (<3.26) showed a significantly
higher 5-year CR (90% vs 10%) than those with higher SIRI (=3.26, p < 0.001). Patients with
higher LMR had better 5-year overall survival (OS) (p =0.01) and 5-year progression-free (PFS)
(p =0.005) rates than those with lower LMR in univariate analysis. Patients with lower SIRI had
better 5-year OS (p <0.001) and 5-year PFS (p <0.001) than those with higher SIRI in univariate
analysis. In the Cox regression analysis, SIRT (HR = 1.941, [95% CI: 1.223-3.081], p = 0.005)
and N classification (HR =2.203, [95% CI: 1.327-3.657], p = 0.002) were independent variables
of 5-year OS. In addition, SIRI (HR=2.127, [95% CI: 1.214-3.725], p = 0.008), T classification
(HR = 2.18, [95% CI: 1.072—4.433], p = 0.031), and N classification (HR = 2.329, [95% CI:
1.395-3.889], p = 0.001) were independent variables of 5-year PFS.

Conclusion: Pretreatment SIRI is superior to LMR in predicting treatment response and
clinical outcomes among patients with laryngeal/hypopharyngeal cancer treated by CRT/RTO.
SIRI may be adopted in the treatment of laryngeal/hypopharyngeal cancer by CRT/RTO.
Keywords: head and neck squamous cell carcinoma, hypopharyngeal cancer, laryngeal
cancer, systemic inflammation response index, neutrophil-lymphocyte ratio, lymphocyte—

monocyte ratio

Introduction

The host immune reaction is important in cancer’s development and is related to
treatment outcomes. Infiltrating CD4+ T cells can show their anti-tumor response
either by helping CD8+ T cells to recognize and process the antigens in the cancer
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cells for further immune response' or by direct cytotoxi-
city to kill cancer cells.” Monocytes make up only about
5% of circulating white blood cells in humans.
Macrophages are the differentiated form of monocytes
and have many functions in human tissue. Macrophages
in internal organs present a lower activation threshold and
are considered to be responsible for the induction of sys-
temic inflammation in response to blood-borne pathogens,
which can have deadly consequences in the case of
sepsis.” In addition, macrophages also have the role of
either promoting tumor development or suppressing func-
tion in tumor progression.*> Nonetheless, in recent stu-
dies, tumor-associated macrophages (TAM) were reported
to increase the tumor’s progression, including invasion,
migration and angiogenesis.®’ The neutrophil-lymphocyte
ratio (NLR; N/L) reflects the status of systemic inflamma-
tion, which may be related to tumor progression and even
prognosis. Several immune-related variables, such as
NLR™’ and the platelet-lymphocyte ratio'® in peripheral
blood before treatment, were found to be relevant to clin-
ical outcomes in head and neck squamous cell carcinoma
(HNSCC) in past studies. The combination of neutrophils
(N), monocytes (M) and lymphocytes (L) to form the
systemic inflammation response index (SIRI), which Qi
et al introduced in 2016 as the absolute count of N x M/L,
could predict the prognostic impact in pancreatic cancer.''
SIRI has also been recently found to be an independent
prognosticator of overall survival in oral cancer.'? So far,
the lymphocyte-related immune response to the tumor in
the tumor micro-environment is attractive in the treatment
of cancer in the era of immune oncology. Our study aimed
to evaluate the clinical impacts of SIRI, NLR and the
lymphocyte—monocyte ratio (LMR; L/M) among patients
with laryngeal cancer/hypopharyngeal cancer treated by
upfront CRT/RTO.

Patients and Methods
Patients and Hematological/Clinical

Factors

Patients diagnosed with hypopharyngeal or laryngeal can-
cer without distant metastasis who underwent chemoradia-
tion (CRT) as primary treatment between January 2012
and December 2014 at Kaohsiung Chang Gung Memorial
Hospital were included in this retrospective study from an
institutional cancer database. All these patients showed
pathological proof of squamous cell carcinoma. Patients
who had evidence of acute infection and/or hematologic

disorders were excluded. The study ultimately included
141 cases. Pretreatment white blood cell count (WBC)
was obtained within 2 weeks before radiotherapy or induc-
tion chemotherapy. LMR was calculated from this pre-
treatment WBC as the absolute count of lymphocytes (L)
divided by the absolute count of monocytes (M). The NLR
was calculated by dividing the absolute count of neutro-
phils (N) by the absolute count of lymphocytes (L). In
addition, the pretreatment systemic inflammation response
index (SIRI),'® which is calculated as absolute count of
neutrophils (N) x absolute count of monocytes (M)/abso-
lute count of lymphocytes (L), was also used for analysis.
The clinical tumor staging system was based on the
American Joint Committee on Cancer (AJCC) 8th edition.
This study was approved by the Medical Ethics and
Human Clinical Trial Committees at Chang Gung
Memorial Hospital and was assigned the number
202000103B0. The requirement to obtain informed con-
sent of every participant was waived by our ethics com-
mittee because it was a retrospective study, which was in
accordance with the ethical standards of the Helsinki
Declaration. All patient data accessed complied with rele-
vant data protection and privacy regulations.

All the treatments were based mostly on the American
National Comprehensive Cancer Network (NCCN) guide-
lines. Intensity-modulated radiation therapy (IMRT) was
applied to all the patients in our study. The dose at the
gross tumor and node was prescribed as a median dose of
70.0 Gy (range 66.0-72.0 Gy), a daily fraction size of 1.8
Gy—2.2 Gy and five fractions per week. During the IMRT
courses, cisplatin was prescribed concurrently. Fifty-five
patients (38.7%) also received two to three cycles of
induction chemotherapy with docetaxel, cisplatin and
5-fluorouracil (TPF) regimens before starting IMRT.
Modified doses of the regimens in induction chemotherapy
were used to reduce severe bone marrow toxicity and
increase tolerability in our patients, as reported in our
previous publication.'* After CRT/RTO, the tumor
response was assessed according to the criteria of
Response Evaluation Criteria in Solid Tumors (RECIST)
version 1.1."* If residual tumor was noted in images from
positron emission tomography (PET) scan, CT scan or
MRI around three months after CRT/RTO, salvage surgery
was subsequently performed for operable patients.

Statistical Analysis
The duration of overall survival (OS) was measured from
the date of diagnosis to the date of death (of any cause) or
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last follow-up date. Progression-free survival (PFS) was
measured from the date of diagnosis to the date on which
recurrence was found at follow-up. Cox regression analy-
sis was performed univariately for the association of clin-
ical factors and survival outcomes. The optimal cutoff
levels for LMR and SIRI were determined by applying
receiver operating curve (ROC) analysis. The Kaplan—
Meier curves were applied to analyze the association
between the clinical features and NLR, LMR and SIRI
for OS and PFS. Survival curves of different NLR, LMR
and SIRI levels were compared by the Log rank test. In the
multivariate Cox regression analysis, the model was
adjusted for any prognostic clinical factors significantly
associated with OS and PFS in previous Kaplan—Meier
analysis. All statistical analyses were performed using
the Statistical Package for Social Sciences version 20.0
(SPSS Inc., Chicago, IL, USA). A two-sided p-value <
0.05 was considered to be statistically significant.

Results

Baseline patient characteristics and clinical factors are
shown in Table 1. The median age at which patients
were diagnosed with cancer was 56 years (range 28 to
87 years). The median follow-up time was 45.8 months
(range 3 to 91 months). Sixty-one (43.3%) of the 141
patients had their tumors relapse, and 67 (47.5%) died in
the follow-up period; of these, 54 (80.6%) died of the
disease. The optimal cutoff value for LMR was found by
applying ROC analysis to be 2.99 for 5-year PFS, and the
area under the curve was 64.9% (Figure 1A). The optimal
cutoff value for SIRI was found by applying ROC analysis
to be 3.26 for 5-year OS, and the area under the curve was
61.3% (Figure 1B).

Since only pretreatment LMR and SIRI, and not NLR,
were significantly associated with 5-year PFS and 5-year
OS, we emphasized these two factors in our further inves-
tigation. We found that LMR had a significant association
with T classification (p= 0.002), while SIRI was signifi-
cantly associated with T classification (p= 0.002) and
TNM stage (p= 0.028) (Table 2). Regarding the complete
response rate to CRT/RTO in this cohort, those patients
with advanced TNM (stage IVB vs stage I, 11, III, IVA, p <
0.001), advanced T classification (T3, T4a/b vs T1, T2, p =
0.002), advanced N classification (N3b vs NO/1/2/3a, p =
0.001), higher SIRI (=3.26 vs <3.26; p < 0.001) and lower
LMR (£2.99 vs >2.99; p = 0.006) showed a significantly
less complete response rate to CRT/RTO (Table 3).

Table | Baseline Patient Characteristics and Clinical Outcome
(n=141)

Parameters N %

Mean Median | Range
Age (year) 57.21 56.00 [28, 87]
Absolute Neutrophil count | 5.40 5.20 [1.15, 13.40]
(10007uL)
Absolute Lymphocyte 1.80 1.74 [0.34, 3.92]
count (1000/uL)
Absolute Monocyte count 0.57 0.52 [0.2, 1.38]
(10007uL)
NLR (neutrophil- 3.48 291 [0.62, 14.17]
lymphocyte ratio)
LMR (lymphocyte— 3.55 3.35 [0.667, 9.116]
monocyte ratio)
SIRI (systemic inflammation | 2.09 1.51 [0.269, 8.374]
response index)
Gender Male 133 94.3

Female 8 5.7
T classification TI2 42 29.8

T3/4a/b 99 70.2
N classification NO/1/2/3a 89 63.1

N3b 52 36.9

NO 51 36.2

NI 15 10.6

N2b 9 6.4

N2c 12 85

N3a 2 1.4

N3b 52 36.9
TNM stage | 4 2.8

I 12 85

1] 28 19.9

IVA 35 248

IVB 62 44.0
Tumor subsite Hypopharynx | 83 589

Larynx 58 41.1
Induction chemotherapy No 87 61.7
with Taxotere Yes 54 383
Alcohol consumption No 28 19.9

Yes 113 80.1
Betel nut consumption No 39 27.7

Yes 102 723
Cigarette consumption No 16 1.3

Yes 125 88.7
Progression free No 6l 433

Yes 80 56.7
Mortality No 74 52.5

Yes 67 47.5

(Continued)
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Table | (Continued).

Parameters N %
Mean Median | Range

Die of disease No 87 61.7
Yes 54 383

In the univariate analysis of hematological and clinical
factors associated with survival outcome (5-year OS and
S-year PFS), patients with higher pretreatment LMR
(>2.99) were associated with significantly better 5-year
PFS (p = 0.005; Table 4; Figure 2A) and 5-year OS (p =
0.01; Table 4; Figure 2B) than those with lower LMR
(£2.99) in Kaplan—Meier analysis. Moreover, patients
with lower pretreatment SIRI (<3.26) were associated
with significantly better 5-year PFS (p < 0.001; Table 4;
Figure 3A) and 5-year OS (p < 0.001; Table 4; Figure 3B)
rates than those with higher SIRI (>3.26) in Kaplan—Meier
analysis.

Since SIRI has a more significant association than
LMR with 5-year OS and PFS, SIRI, rather than LMR,
was put into Cox regression analysis to enable us to
analyze the independent prognosticators of S5-year OS
and PFS in this cohort. The analysis showed that the
hazard of 5-year PFS for patients with higher SIRI
(>3.26) was 2.217 times that of patients with lower SIRI
(<3.26) (95% confidence interval (CI): 1.214-3.725, p =

A
0.8
o, 0.6
= o
= .+ AUC=64.9%
f=1 L
L
w2
0.4
0.2
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

0.008) after adjusting the T classification (T3/4a/b vs T1/2,
hazard ratio (HR) = 2.18, 95% CI: 1.072-4.433, p = 0.031)
and N classification (N3b vs N0/1/2/3a, HR = 2.329, 95%
CI: 1.395-3.889, p = 0.001) (Table 5) according to Cox
regression analysis. Furthermore, both SIRI (>3.26 vs SIRI
<3.26) (HR =1.941, 95% CI: 1.223-3.081, p = 0.005) and
N classification (N3b vs NO/1/2/3a) (HR = 2.203, 95% CI:
1.327-3.657, p = 0.002) were independent prognosticators
of 5-year OS in the Cox regression analysis (Table 6).

Discussion

There are several reports about the prognostic value of
LMR in a variety of malignancies, including lymphoma,
colorectal cancer, lung cancer, hepatoma, renal cell carci-
noma, esophageal cancer, cervical cancer, breast cancer
and gastric cancer.'>** Generally, patients with higher
LMR before these cancer treatments showed better clinical
outcomes. However, there are very few reports discussing
the prognostic value of pretreatment LMR in head and
neck cancer in the context of primary radiation in naso-
pharyngeal carcinoma (NPC)* and HNSCC.?® These stu-
dies showed that patients with lower LMR before
treatment tended to have worse OS. These tumors may
reflect the advanced stage of lower LMR. Our data con-
sistently showed that patients with lower pretreatment
LMR had significantly more advanced T classifications,
worse complete response rates in the CRT/RTO and worse

B 1.0
0.8
> 0.67
= .
Z ,~AUC=61.3%
O P
»
0.471
0.2
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Figure | Receiver-operator characteristic curve of LMR predicting survival. (A) Predicting PFS with AUC= 64.9%. Receiver-operator characteristic curve of SIRI predicting

survival. (B) Predicting OS with AUC= 61.3%.
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Table 2 Analysis of LMR and SIRI Associated to Tumor Characteristics (n=141)
LMR < 2.99 LMR > 2.99 p SIRI < 3.26 SIRI > 3.26 P
T classification TI/2 9 33 0.002 40 2 0.002
T3/T4alb 49 50 72 27
N classification NO/1/2/3a 33 56 0.2 74 I5 0.154
N3b 25 27 38 14
TNM stage INI/INNVA 27 52 0.058 68 I 0.028
IVB 31 31 44 18

Abbreviations: LMR, lymphocyte-monocyte ratio; SIRI, systemic inflammation response index.

5-year PFS 5-OS than those patients with higher pretreat-
ment LMR. The standard treatment modality of NPC is
based on RTO/CRT. Our cohort also underwent these
treatments. A study from China showed that those patients

Table 3 Complete Response Rate for Classified Variables (n=141)

Complete
Response (CR)
Variables No | Yes | CR | p
rate

Age <65 51 62 0.78 | 0.368
265 10 18 0.23

Gender Male 58 75 0.94 | 0.999
Female 3 5 0.06

Tumor subsite Hypopharynx | 39 | 44 0.55 | 0.285
Larynx 22 | 36 0.45

Induction No 36 51 0.64 | 0.567

chemotherapy with | Yes 25 | 29 0.36

Taxotere

TNM stage 1NII/IVA 24 | 55 0.69 | <0.001
IVB 37 | 25 0.31

T classification TI/2 10 32 0.40 | 0.002
T3/4a/b 51 48 0.60

N classification NO/1/2/3a 29 | 60 0.75 | 0.001
N3b 32 | 20 0.25

Tumor subsite Larynx 22 36 0.62 | 0.285
Hypopharynx | 39 | 44 0.53

SIRI <3.26 40 | 72 0.9 <0.001
23.26 21 8 0.1

LMR <2.99 33 | 25 0.31 | 0.006
>2.99 28 | 55 0.69

NLR <2.95 30 | 43 0.54 | 0.591
22.95 31 37 0.46

Abbreviations: SIRI, systemic inflammation response index; NLR, neutrophil—
lymphocyte ratio; LMR, lymphocyte-monocyte ratio.

with NPC that had lower LMR, N2/N3 classification and
lymphocytes had poorer 5-year 0S.*> The data in our
current cohort are consistent with these results of worse
PFS and OS in patients with lower LMR and advanced
nodal stage. Another meta-analysis study about prognostic
impact of LMR in HNSCC is worth mentioning. The
authors enrolled 4260 cases from seven cohorts. The
pooled data demonstrated that elevated LMR was asso-
ciated with significantly improved OS and DFS.?’
Pretreatment SIRI is a recently proposed factor that has
been used to evaluate the clinical outcomes of cancer
treatment. Patients with lower SIRI before surgical treat-
ment showed a better OS than those patients with higher
one in esophageal cancer.”® Additionally, among patients
with clear cell renal cell carcinoma (CCRCC), those with
lower SIRI levels had better overall survival and cancer-
specific survival compared to those with higher ones. SIRI
might be a better prognostic predictor than NLR, LMR,
and MSKCC score in patients with localized or locally
advanced CCRCC.? Recent published papers regarding
the clinical impacts of SIRI in head and neck cancer
have  demonstrated the effectiveness of  this
variable.'>**3! Valero et al showed that patients with
preoperative lower SIRI level had better overall survival
rates in cases of oral cancer. Moreover, this study was
confirmed by the external validation.'? Lin et al showed
that preoperative SIRI is valuable in the prediction of the
survival of oral cancer patients who have undergone sur-
gical intervention. Patients with lower SIRI levels had
significantly decreased risk of mortality compared to
those with higher ones.*® Valero et al also reported another
study with 824 cases of HNSCC treated by either primary
surgery or primary radiation. This study also showed the
similar result that the disease-specific survival would
increase if SIRI level decreased, and the authors concluded
that SIRI was a significant predictor of local, regional, and

. . 1
distant recurrence-free survival.>
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Table 4 Kaplan—Meier Analysis of Prognostic Factors Associated with PFS and OS (n=141)

Variable n 5-Year PFS p-value 5-Year OS p-value

LMR (lymphocyte-to-monocyte ratio) <299 58 0.422 0.005 0.395 0.01
>2.99 83 0.653 0.576

NLR (neutrophil-to-lymphocyte ratio) <2.95 73 0.582 0.475 0.53 0.331
22.95 68 0.531 0.471

SIRI <3.26 112 0.631 <0.001 0.56 <0.001
23.26 29 0.276 0.276

Age <65 13 0.541 0.406 0.521 0.41
265 28 0.626 0.423

Tumor subsite Hypopharynx 83 0.525 0.226 0.482 0.263
Larynx 58 0.603 0.529

T classification TI2 42 0.753 0.005 0.59 0.109
T3/4 99 0.48 0.464

N classification NO/1/2/3a 89 0.667 < 0.001 0.594 0.001
N3b 52 0.371 0.342

Induction chemotherapy No 87 0.577 0.618 0.481 0.788

with Taxotere Yes 54 0.527 0.536

TNM stage I/N/IVA 79 0.687 <0.001 0.606 0.001
IVB 62 0.393 0.368

Abbreviations: OS, overall survival rate; PFS, progression-free survival rate; SIRI,

Pretreatment NLR is not significantly associated with
tumor stage, N classification, T classification, 5-year OS or
PFS in our cohort with treatment based on CRT/RTO,
although some reports have shown that pretreatment
NLR is significantly related to surgical outcomes in cases
of oral cancer.>” NLR = N/L; SIRI = N x M/L. The NLR
and SIRI are related variables that are confounding
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systemic inflammation response index.

statistically. The prognostic significance of NLR among
patients underwent radiation for HSNCC has previously
been mentioned.**** Monocytes also play a role in the
immune response in the tumor microenvironment. When
they were incorporated with SIRI in current study, the
complete response rate of laryngeal cancer or hypophar-

yngeal cancer to radiation/chemoradiation increased to

B 1.0
p=0.01
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Figure 2 Kaplan—Meier Survival plot for LMR. (A) Patients with higher LMR levels have higher progression-free survival rates (p= 0.005). (B) Patients with higher LMR levels

patients have higher overall survival rates (p= 0.01).
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Figure 3 Kaplan—Meier Survival plot for SIRI. (A) Patients of lower SIRI level patients have higher progression-free survival rates (p < 0.001). (B) Patients of lower SIRI level

patients have higher overall survival rates (p < 0.001).

90%. Therefore, it would be reasonable to use SIRI as the
variable for outcomes analyses.

The proportion of subtypes of both lymphocytes and
monocytes may be important in the treatment response
after radiation or chemoradiation. However, the subtypes
of lymphocytes and monocytes were not available for this
cohort because this was a retrospective study. More pro-

spective studies are necessary to answer this question.

Table 5 Cox Regression Analyses of SIRI Adjusted by
Independent Prognostic Factors Associated with Progression-
Free Survival (n=141)

Variable 5-Year Progression Free
Survival
HR (95% CI) p value
SIRI(NMI/L) = 3.26 vs SIRI < 3.26 | 2.127 (1.214-3.725) | 0.008
T3/4a/b vs T1/2 2.18 (1.072-4.433) 0.031
N3b vs NO/1/2/3a 2.329 (1.395-3.889) | 0.001

Abbreviations: Cl, confidence interval; SIRI, systemic inflammation response
index; HR, hazard ratio.

Table 6 Cox Regression Analyses of SIRI Adjusted by Other
Independent Prognostic Factors Associated with Overall Survival
(n=141)

Variables Overall Survival

HR (95% CI) p value
SIRI(NM/L) = 3.26 vs SIRI < 3.26 1.941 (1.223-3.081) | 0.005
N3b vs NO/1/2/3a 2.203 (1.327-3.657) | 0.002

Abbreviations: Cl, confidence interval; SIRI, systemic inflammation response
index; HR, hazard ratio.

Interestingly, patients’ chronic inflammatory status was
likely to affect clinical outcomes, but there were no
instances of immune-related nephritis, syphilis or rheuma-
toid arthritis in this cohort. However, there were 12 cases of
hepatitis B carrier (HBV) and hepatitis C carrier (HCV)
identified in this cohort. These 12 patients were used for
outcomes analyses. We found there were no clinical impacts
on 5-year OS (p=0.513), PFS (p=0.585) or complete
response rates (p=0.271) among patients who were HCV
or HBV carriers. SIRI could more precisely predict the
treatment outcomes in this cohort than the use of LMR
and NLR. So far, our study is the pioneer in investigating
the clinical impacts of SIRI in hypopharyngeal cancer/lar-
yngeal cancer treated by CRT/RTO and has novel findings.
However, the drawback of our study is that it is retrospec-
tive, and selective bias may exist. More studies and larger
series of patients are necessary to confirm our findings.

Conclusion

Pretreatment SIRI is superior to LMR and NLR in pre-
dicting treatment response and clinical outcomes among
patients with laryngeal/hypopharyngeal cancer treated by
CRT/RTO. Patients with lower pretreatment SIRI (<3.26)
showed a significantly better clinical complete response
rate (90% vs 10%) than those with higher SIRI (=3.26).
According to Cox regression analysis based on this cohort,
pretreatment SIRI is also an independent prognostic factor
that predicts 5-year OS and 5-year PFS. Interestingly, it
may be possible to incorporate pretreatment SIRI into the
treatment strategy for patients with hypopharyngeal can-
cer/laryngeal cancer undergoing CRT/RTO in the future.
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