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ABSTRACT

Background Multiple immunologic parameters have provided useful prognostic and assessment significance in
various cancers, including head-and-neck squamous cell carcinoma (scc). We sought to identify whether pretreat-
mentinflammatory markers could prognosticate recurrence in patients with advanced (stage 111 or 1v) head-and-neck
scc who underwent therapy with curative intent in a tertiary care centre between January 2010 and December 2012.

Methods 1nachartreview, we recorded demographics; primary tumour characteristics; p16 status; pretreatment
inflammatory markers, including body mass index (8Bm1), neutrophil-to-lymphocyte ratio (NLR), C-reactive protein
(crpr), and serum albumin; therapy received; and date of relapse, death, or last follow-up. The main outcome was
relapse-free survival (rrs). Overall survival (0s) was a secondary outcome.

Results Fromamong235 chartsreviewed, 118 cases were included: 86 oropharyngeal (50 p16-positive, 18 p16-negative,
17 pl6 unavailable, 1 p16 indeterminate), and 32 non-oropharyngeal (7 p16-positive, 19 pl6-negative, 6 pl6 unavail-
able). Median follow-up was 2.45 years (25%-75% interquartile range: 1.65-3.3 years). In univariate analysis, p16
status, BMI, modified Glasgow prognostic score, and CrRp were significant for rrs, but in multivariate analysis, only
pl6 status, BMI, and CRp remained significant. For 0s, only CRP and NLR were significant in both the univariate and
multivariate analyses. After adjustment for p16 status, NLR did not remain significant. After adjustment for p16 status,
Crpremained significant for both rrs and o0s.

Conclusions In patients with head-and-neck scc, a stronger prognostic value is associated with human papillo-
mavirus status than with NLR and many other factors, including M1 and albumin. However, even though few of our
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patients had high crp, serum crp remained significant despite pl6-positive status.
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INTRODUCTION

Overall, head-and-neck cancer annually accounts for more
than 650,000 cases of malignancy worldwide!. Men are
affected significantly more than women, in a ratio rang-
ing from 2:1 to 4:1. Most head-and-neck cancers arise in
the mucosa of the upper aerodigestive tract and originate
predominantly from squamous cells. Since 2010, the inte-
gration of chemotherapy into standard regimens of surgery
or radiation therapy (or both) has improved survival and
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permitted preservation of organ function for many patients
with locoregionally advanced head-and-neck cancer?3.
Multipleimmunologic parameters have proved useful
for prognostic and assessment significance in cancer. Ex-
amples include pretreatment serum albumin?, C-reactive
protein (CRP), and neutrophil-to-lymphocyte ratio (NLR)>®.
Combinations of clinical and laboratory parameters have
been suggested in clinical trials to predict recurrence or
mortality, given that the inflammatory response per se is
associated with higher mortality trends inlarge population
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cohorts’. The modified Glasgow Prognostic Score (mGps)
has been studied as a mortality predictor in many can-
cers®19 and its prognostic value was found to be improved
with the addition of neutrophil and platelet counts and
measurement of high-sensitivity crp'!. Extensive studies
have consistently shown the utility of NLR in the prognosis
of head-and-neck cancers'?14,

Since the 1980s, the incidence of oropharyngeal
squamous cell carcinoma (scc) related to infection with
the human papillomavirus (Hpv) has been continually
increasing, with a noticeable decrease in non-Hpv-related
cancers'®. A positive HPV status is significantly correlat-
ed with improved locoregional tumour control, improved
disease-specific survival, and improved overall survival
(0s)!%. So far, only one report has investigated the potential
role of the NLR in the prognosis of patients with head-and-
neckscctreated with curative intent, when considering p16
status!’. A 2017 meta-analysis of NLR as a prognostic factor
in head-and-neck cancer noted that a major limitation of
previous studies was the lack of inclusion of p16 status
in the analysis, both in stratification and in multivariate
analysis. Furthermore, the use of NLR as a continuous
variable has its own issues®. Our study conforms to those
recommendations.

In this retrospective review, we sought to identify
whether pretreatment inflammatory markers have prog-
nostic value with respect to recurrence in patients with
advanced head-and-neck scc who required systemic
therapy in addition to radiation or surgery provided with
curative intent.

METHODS

With institutional research ethics board approval, we
performed a retrospective review encompassing all cases
of advanced-stage scc of the head and neck in which the
patient received systemic therapy in combination with
radiation therapy or surgery with curative intent between
January 2010 and December 2012 at our tertiary care hos-
pital cancer centre.

Inclusion Criteria
To be included, patients had to meet these criteria:

Histologic evidence of scc of the head and neck
Stagemrorivdisease, based onthe TNM staging system
inthe 7th edition of the American Joint Committee on
Cancer’s cancer staging manual (2010)

Receipt of chemotherapy together with either radiation
or surgery with curative intent

Exclusion Criteria
These exclusion criteria were applied:

No histologic evidence of scc of the head and neck
No receipt of systemic therapy of any type as part of
the curative approach

Disease other than stage 111 or 1v, based on the TNM
staging system in the 7th edition of the American Joint
Committee on Cancer’s cancer staging manual (2010)

Outcomes of Interest

The primary outcome of interest was relapse-free surviv-
al (rrs), defined as the time from completion of curative
treatment until evidence of relapse by imaging or phys-
ical examination findings, or death from any cause. The
secondary outcome was 0S, defined as the time from
completion of therapy with curative intent until death
from any cause.

Data Collection

All cases were assigned a study number, and no personal
identifying information about the patient was used during
data analysis. We examined patient demographics, ana-
tomic site of primary tumour, cancer stage, performance
status before treatment, histologic testing for p16, all ther-
apeutic interventions, date of relapse, and date of death or
last follow-up.

Because of the relevance of upv in the prognosis of
some head-and-neck cancers, we searched the records for
HpV testing. We also endeavored to obtain p16 testresults for
allavailable samples, p16 being a well-recognized surrogate
marker of HPV status!®19.

All inflammatory markers measured within the 3
weeks before initiation of the curative interventions were
documented, including body mass index (BMm1), albumin
level, crp, and neutrophil and lymphocyte counts.

We defined advanced-stage disease as that classified
stage 111 or higher by the TNM staging system in the 7th edi-
tion of the American Joint Committee on Cancer’s cancer
stagingmanual (2010). Induction therapyis the administra-
tion of early chemotherapy treatment to shrink a tumour be-
fore surgery or radiotherapy. Chemoradiotherapyis systemic
therapy given synchronously with radiation therapy?. “Se-
quential therapy” refers to the administration of induction
chemotherapy followed by concurrent chemoradiotherapy.

Statistical Analysis

Proportional data are presented as percentages. Para-
metric variables are reported as medians with 25%-75%
interquartile range (1Qr), and the Student #-test was used
for comparisons. Univariate Cox regression was performed
for each variable of interest with respect to both rrFs and 0s.
Stepwise multivariate Cox regression was also performed,
adjusting for age, sex, smoking status, and cancer stage.
No adjustments were made for further comorbidities; no
patient had major comorbidities that would preclude the
receipt of aggressive curative therapy. Additional adjust-
ment for pl16 status was performed when multivariate
results were found to be significant. Kaplan-Meier curves
adjusted for p16 status were generated. For the RFS analy-
sis, an event was defined as the clinical identification of
relapse (imaging, physical exam, biopsy report) or death.
Patients without an event occurrence were censored at the
date of last follow-up.

RESULTS

Of235 patients reviewed in the inclusion and exclusion pro-
cesses (Figure 1), 117 were excluded: 37 because systemic
therapy was not used, 2 because of death before or during
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Charts Reviewed
235

Charts Excluded
17
Charts included 118

Oropharyngeal
86

Non-Oropharyngeal
32

Did not receive systemic therapy 37
Died before or during treatment 2
different primary (Not SCC of the head/neck)
25

Income records/lost to follow up 6
Treated at different institution 5

P16 positive 50 P Second mali

i 16 positive 7 n lignancy 11
P16 negative 18 p?s negative 19 Renal transplant patient 1
Not available 17 Not available 6 Treatment intent was palliative 29

Indeterminate 1 Not cancer diagnosis 1

FIGURE1 Flow diagram of case inclusion process. SCC = squamous-
cell carcinoma.

treatment, 25 because they had scc of other than the head
and neck, 6 because of incomplete data, 5 because treat-
ment occurred at a different institution, 11 because they
had a second malignancy, 1 because of renal transplanta-
tion, 1 because of anon-cancer diagnosis, and 29 because
treatment intent was palliative. The final analysis included
the remaining 118 patients. The primary tumour was oro-
pharyngeal in 86 cases (72.9%) and non-oropharyngeal in
32 (27.1%, Figure 1).

Baseline Characteristics

Median age at diagnosis was 58 years (IQr: 52—64 years).
The population consisted predominantly of men (80.5%).
With respect to smoking, 41 patients were never-smokers
(34.8%), and 77 (65.2%) were either ex-smokers or current
smokers (16 current smokers, 41 ex-smokers, and 20 who
were known to have smoked, but who had an unclear quit
status). Table 1 shows baseline clinical characteristics for
the study cohort.

Stage 11 disease was diagnosed in 18 patients (15.25%),
and stage 1v disease in 100 (84.75%). Median follow-up for
all patients in the study was 2.45 years (IQr: 1.65-3.3 years),
with the 20% of patients who were followed until death
having a median follow-up duration of 1.2 years (IQr: 1-1.7
years). The remaining patients had a median follow-up
duration of 2.7 years (1Qr: 1.9-3.4 years).

Allregistered HPV testing was reported by p16 assay. Of
the 86 patients with oropharyngeal cancer, 50 (58.1%) were
pl6-positive, 18 (21.0%) were pl6-negative, and 1 had anin-
determinate finding. For the remaining 17 patients (19.8%),
pl6 testing was not available, mainly because of a lack of
sufficient tissue. Of the 32 patients with non-oropharyngeal
cancer, 7 (21.9%) were pl6-positive, and 19 (59.4%) were
pl6-negative. For the remaining 6 patients (18.7%), p16
status was not available and could not be tested.

Baseline Inflammatory Markers

Calculation of NLR and BMI was possible in all patients.
Median NLRwas 3.03 (IQR: 2.33-4.38), median BMI was 27.10
(IQr: 23.24-29.68). The patients who were pl16-positive

TABLE I Demographic characteristics of the 118 study patients

Characteristic Value
Age (years)
Median 58
IQR 52-65
Sex (n)
Women 23
Men 95
Sex ratio 1:4.13
Smoking status [n (%)]
Nonsmoker 41 (34.75)
Smoker (current or ex) 77 (65.25)
Primary site [n (%)]
Oropharyngeal 86 (72.90)
Non-oropharyngeal 32 (27.10)
Stage [n (%)]
111 18 (15.25)
IVA 92 (77.97)
IVB 8 (6.78)
Intervention [n (%)]
Sequential therapy 7 (5.93)
Induction systemic therapy 1(0.85)
followed by RT
Concurrent CRTx 109 (92.37)
Surgery followed by CRTx 1(0.85)
p16 Status [n (%)]
Positive 57 (49.15)
Negative 37 (17.80)
Not available or indeterminate 24 (19.49)
Inflammatory markers
BMI (kg/m?)
Median 27.10
IQR 23.24-29.68
C-Reactive protein (mg/L)
Median 3.45
IQR? 1.00-8.00
Neutrophil-to-lymphocyte ratio
Overall
Median 3.03
IQR 2.33-4.38
Oropharyngeal
Median 2.91
IQR 2.20-4.42
Non-oropharyngeal
Median 3.47
IQR 2.62-4.10
Modified Glasgow score group [n (%)I°
0 44 (37.29)
1 14 (11.86)
2 3 (2.54)
Not available 57 (48.31)

3 Measured in only 54 patients before therapy.

b Information sufficient to determine the score was available for only
51 patients.

IQR = 25%-75% interquartile range; RT = radiation therapy; CRTx =

chemoradiation; BMI = body mass index.
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FIGURE 2 Bar graph demonstrating the relationship between neutrophil-to-lymphocyte ratio and p16 positivity (marker of human papillomavirus)

in patients with oropharyngeal (OP) and non-oropharyngeal (NOP) tumours.

had a median NLR of 2.91 (IQR: 2.25-4.20); those who were
pl6-negative had a median NLR of 3.22 (IQr: 2.36-4.25).
Figure 2 illustrates the proportions of patients by baseline
pl6 and NLRresults. Serum CrRp was available for 54 patients,
15 of whom (27.8%) relapsed, and 39 of whom (72.2%) did
notrelapse (p=0.84). In those 54 patients, median CRp was
3.45 mg/L (1Qr: 1.00 mg/L-8.00 mg/L). Data to determine
a mGPs were sufficient for only 61 patients, 17 of whom
(33.33%) relapsed, and 44 of whom (86.27%) did not.

Therapeutic Interventions

Induction chemotherapywas given in 8 patients (6.7%), 7 of
whom were subsequently treated with concurrent chemo-
radiation, and 1, with radiation alone. The induction che-
motherapyregimenswere docetaxel-cisplatin—fluorouracil
(6 cases, 75%), cisplatin—fluorouracil (1 case, 12.5%), and
carboplatin—paclitaxel (1 case, 12.5%). The curative inter-
vention in 117 patients was concurrent chemoradiation;in
1 case, it was surgery.

Chemoradiation consisted of a median total radiation
dose of 70 Gy (1Qr: 70 Gy-70 Gy) given simultaneously with
either a platinum compound as a single agent (cisplatin
65.8%, carboplatin 5.1%), an epidermal growth factor
inhibitor as a single agent (cetuximab or panitumumab,
23%), docetaxel-cisplatin—fluorouracil (0.9%), or a plati-
num compound (carboplatin or cisplatin) in combination
with fluorouracil, paclitaxel, or an epidermal growth factor
inhibitor (4.3%).

Prognostic Value of Inflammatory Markers for RFS

Ofthe 35 patients reported to experience relapse (30%), 22
(63%) were followed until death. Another 2 patients with
no report of relapse were also followed until death. At 1, 2,
and 3years from diagnosis, the REswas 90%, 74%, and 66%.

On univariate analysis, variables found to have
prognostic relevance with respect to risk of relapse were
pl6-negative status, BMI 35 or greater, mGps 2 compared with
1 (2vsl), and crp 6 mg/L or greater. The hazard ratio (HR)
for p16 negativity was 2.878 [95% confidence interval (cD):
1.4828 to 5.802; p = 0.003]; for crp 6 mg/L or greater, it was
3.468 (95% cr: 1.229 to 9.789); and for BmI 35 or greater, it

was4.171 (95% c1: 0.819 t0 6.610; p=0.019). On multivariate
analysis, each of those factors remained significant.

On further examination of the relapsed and non-
relapsed groups with respect to NLR, we found no statistical
differences in median NLR or neutrophil or lymphocyte
count. Patients with NLRr values of 5 or greater were more
likely to have both a higher neutrophil count (median:
8.6x10%/L; 1QRr: 6.70-9.88x10%/L) and a lower lymphocyte
count (1.15x10%/L; 1QRr: 0.78-1.42x10%/1) than did patients
with a lower NLR [median neutrophils: 4.9x10%/L (IQR:
4.00-5.98x10%/L), p<0.001; median lymphocytes: 1.7x10%/L
(IQR: 1.40-2.30x10°/L), p = 0.001).

Prognostic Value of Inflammatory Markers for OS

The os rates at 1, 2, and 3 years from diagnosis were 94%,
83%, and 79% respectively.

Onunivariate analysis, relevant variables were NLR 5 or
greater and CRp 6 mg/L or greater, which were significantly
associated with shorter survival at unadjusted Hrs 0of 2.997
(95% cr1: 1.280 to 7.017; p = 0.011) and 9.715 (95% c1: 1.133 to
83.299; p = 0.038) respectively. At a cut-off value of 3, NLR
was nonsignificant on univariate analysis. The HR for p16
negativity was 1.920 (95% c1: 0.844 to 4.371; p = 0.120), but
thatvariable did not remain significant for os. In multivar-
iate analysis, NLR remained significant for both rrs and 0s.
The adjusted HR for NLR 5 or greater was 3.342 (95% cI: 1.398
to 7.987; p = 0.007); for crp 6 mg/L or greater, it was 16.727
(95% c1: 1.562 to 177.14; p = 0.020).

Prognostic Value of Inflammatory Markers
for RFS and OS Adjusted for p16 Status

After adjusting for p16 status in the multivariate analysis for
RES, we found that BM1 35 or greater did not remain signifi-
cant (p=0.166). However, CRp 6 mg/L or greater did remain
significant after the adjustment (p = 0.039).

After adjusting for p16 status in the multivariate analy-
sis for 0s, CRp 6 mg/L or greater remained significant (p =
0.028), but NLR 5 or greater did not (p = 0.055, Table 11). Fig-
ures 3 and 4 show Kaplan-Meier curves for NLR 5 or greater
and crp 6 mg/L or greater after adjustment for p16 status.
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TABLE Il Multivariate analysis adjusted for p16 status?

Variable

Adjusted Adjusted 95% CL p
HR Lower Upper vellie
Relapse-free survival
BMI 0.927 0.863 0.997 0.041
BMI=35 2.674 0.665 10.748 0.166
CRP 1.023 0.993 1.055 0.137
CRP>6 mg/L 4.974 1.087 22.755 0.039
Overall survival
NLR>5 2.995 1.174 7.641 0.055
CRP>6 mg/L 20.409 1.380 301.82 0.028

@ Results are shown only for variables that remained significant in
multivariate analysis.

HR = hazard ratio; CL = confidence limits; BMI = body mass index;

CRP = C-reactive protein; NLR = neutrophil-to-lymphocyte ratio.
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Non-oropharyngeal Cancers

No significant prognostic value for inflammatory markers
or pl6 status with respect to RFs or 0S was observed during
the follow-up period.

DISCUSSION

We report on 118 cases of head-and-neck scc (72.9% oro-
pharyngeal, 27.1% non-oropharyngeal), with an significant
proportion of confirmed pl6-positive cases overall (58.1%
of oropharyngeal primaries, 21.9% of non-oropharyngeal
primaries, with 20% overall not able to be tested).

With respect to Res, markers significantly predicting
a greater chance of relapse included pl6 negativity, CRP
6 mg/L or greater, BMI 35 or greater, and mGps 2vsl. All fac-
tors except mGpS 2vsl remained significant in multivariate
analysis. However, when adjusted for p16 status, BMI 35 or
greater did not remain a significant predictor for relapse.

With respect to 0s, we found that NLR 5 or greater and
CRP 6 mg/L or greater were significant on both univariate
and multivariate analysis. However, only ckRp 6 mg/L or
greater remained significant after adjustment for p16 stat-
us; NLR 5 or greater did not remain significant.
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In 2017, Rosculet et al.'” reported aretrospective evalu-
ation of NLR, platelet-to-lymphocyte ratio, and neutrophil
and monocyte counts in a multivariate Cox regression an-
alysis of data for 123 patients with head-and-neck scc treat-
ed with primary chemoradiotherapy. In their study, pl6
status was not knownin 41.5% of cases, and it was not clear
whether p16 status was determined in non-oropharyngeal
tumours. Those authors reported amedian NLR 0f 2.7 as the
cut-off for reference and found that NLR was an indicator of
both rRes and 0s on univariate analysis. However, NLR lost all
relevance when p16 status was considered in the multivar-
iate analysis (HR: 2.42; p=0.153). Atamedian NLR 0f 3.0, no
significant association with RFs or 0s was observed in our
cohort; however, we observed a trend toward significance
at avalue of 5.0 or greater.

Two meta-analyses underscore the prognostic effect of
NLRin scc of the head and neck. The mostrecent, by Tham
etal.™ could not comment about the predictive value of NLR
withrespect to disease-free survival or RFS. Takenaka er al.®
could not address that question either. Our report adds to
the report by Rosculet ef al.!” in that regard.

The average demographics of our patient sample ac-
cords with those of patients with advanced head-and-neck
cancer in general: median age 56.1 years (range: 38-70
years), 88.5% men, and a predominance of oropharyngeal
cancer®?. Our patient sample showed a high proportion
of pl6-positive cases—73.13% of the cases of oropharyn-
geal cancer and 26.92% of the cases of non-oropharyngeal
cancer compared with the proportions reported in other
studies—45.8% and 46.3% respectively?!?2. Not surpris-
ingly, our relapse rate of 26% at 2 years is lower than those
found in other reports?3.

Serum crp and mGps (largely based on serum crp and
albumin) were associated with anincreased risk of relapse,
but on multivariate analysis, mGps 2vsl was not associated
with an increased risk of death. The maGps has previously
been shown to prognosticate treatment tolerance, toxicity,
and survival in patients with head-and-neck cancers?*. In
the present study, serum CRpwas significant on multivariate
analysis and remained significant even after adjustment
for p16 status. An increased risk of relapse with high crp
(6 mg/L or greater in our sample) accords with observations
in other cancers?® and in various treatment strategies,
including rehabilitation and palliative care?®. Cut-off val-
ues above 10 mg/L have historically been associated with
acute inflammation, but in some studies in oral scc, levels
above 5 mg/L have been associated with poor outcome?”.
However, the patient subgroup for which we had crp data
was quite small. Our confidence intervals are therefore
large, and caution is needed when interpreting the results.

With respect to non-oropharyngeal carcinomas, it is
clearthatsome canbeassociated with Hpv, but the prognostic
and predictive value of HPV positivity remains uncertain?®.
We found no meaningful association of p16 positivity with
riskofrelapseordeathinoursmallgroup of patientswithnon-
oropharyngeal cancer.

Limitations

Our study is limited by several factors. First, we were
surprised to find that, in this high-risk population, only a
relatively small proportion of patients had a high NLr, which

is probably explained by the unexpectedly high proportion
of p16 positivity. The number of patients for whom we had
crp data was small, but in our opinion, quite prognosti-
cally telling. Unavoidably, the ability to determine a mGps
score was also affected, because crp is an integral part of
that tool. And unfortunately, follow-up could not continue
beyond the durations reported here.

CONCLUSIONS

Our findings suggest that the prognostic value of Hpv status
isstronger than that for many otherinflammatory markers,
includingNLR and albumin, in patients with head-and-neck
scc. However, despite the small number of patients for
whom data were available, CRp remained significant after
adjustment for p16 status—a result that has to be interpret-
ed in the context of the small sample size.
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