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Abstract

Purpose The advanced lung cancer inflammation index (ALI) is a useful tool for prediction of outcome in several malignan-
cies. However, to date, its significance in head and neck cancer patients has not been evaluated.

Methods We retrospectively analyzed data from 93 patients who were diagnosed with head and neck squamous cell carci-
noma (HNSCC) and treated with surgical resection and postoperative radiotherapy between 2002 and 2012. The aim of this
study was to investigate whether the preoperative ALI is a prognostic indicator for disease-free survival and overall survival
in HNSCC patients.

Results A low ALI was significantly associated with a worse 5-year disease-free survival (47.0 vs. 83.5%, p <0.001), and
overall survival (44.4 vs. 73.6%, p =0.008). Multivariate analysis showed that low ALI was independently associated with
disease-free survival (p <0.001) and overall survival (p =0.02).

Conclusion The ALI could serve as an easily available prognostic indicator for disease-free and overall survival prediction
in patients with HNSCC.

Keywords Head and neck squamous cell carcinoma - Advanced lung cancer inflammation index - Disease-free survival -
Overall survival - Recurrence risk - Precision medicine

Introduction of HNSCC has not improved significantly over the past 2
decades [2].
Virchow’s discovery of leukocytes in neoplastic tis-

sue laid the foundation for a connection between inflam-

Head and neck squamous cell carcinoma (HNSCC) is among
the ten most-common cancers worldwide. In Europe, there

were approximately 250,000 cases and 63,500 deaths in
2012 [1]. Curative treatment options are either surgical
resection with or without postoperative radio-(chemo)ther-
apy or primary radio(-chemo/immuno)-therapy. Neoadju-
vant radiotherapy may be applied in selected cases as well.
Despite multidisciplinary treatment, the overall survival rate
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mation and cancer [3]. Since then, inflammation has been
described as a hallmark of cancer by supplying proliferative,
anti-apoptotic and pro-angiogenic signals and extracellular
matrix-modifying enzymes [4]. Furthermore, inflammation
is a common underlying mechanism of action for several
risk factors of HNSCC including tobacco smoking, alcohol
consumption and chronic inflammatory processes such as
chronic trauma to the oral mucosa [5, 6].

Systemic inflammatory biomarkers including C-reac-
tive protein (CRP), blood cell counts and associated ratios
including neutrophil-to-lymphocyte ratio (NLR), platelet-to-
lymphocyte ratio (PLR), or combination of those values in
prognostic scores like the Glasgow Prognosis Score (GPS,
combining CRP and albumin) or the Advanced Lung Cancer
Inflammation Index [ALI, calculated as bodyweight (kg)/
height (m)?* X serum albumin (g/d1)/NRL] have been investi-
gated in different cancer entities as prognostic tools [7-15].
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The ALI has been reported to be associated with overall
survival in non-small cell lung cancer [8], large B-cell lym-
phoma [16], esophageal squamous carcinoma [17] and colo-
rectal cancer [12]. However, to date, no data exists on the
prognostic value of ALI in head and neck cancer patients
and its predictive value for disease-free survival and overall
survival.

The aim of this study was to investigate the value of ALI
as a prognostic indicator for disease-free survival and overall
survival in head and neck squamous cell carcinoma patients.

Patients and methods
Study design and patient population

This study is a single-center, observational, retrospective
cohort study. The study population was drawn from our in-
house retrospective head and neck squamous cell cancer
cohort, which includes 130 patients treated with curative
surgical therapy followed by postoperative radiotherapy.
Exclusion criteria for the cohort were surgery at an external
institution, secondary primary carcinoma and prior irradia-
tion. Laboratory data could be extracted for 94 patients. One
patient had received organ transplantation and was there-
fore excluded from the analysis. Ultimately, 93 patients with
histologically diagnosed HNSCC, who were treated at the
Medical University of Vienna with surgery and postopera-
tive irradiation between 2002 and 2012, were included in
this study. Baseline and outcome data were collected ret-
rospectively from electronic patient review charts. The fol-
lowing clinical data were documented: age at diagnosis, sex,
tumor site, HPV high-risk status, TNM classification, 8th
edition AJCC stage, disease-free survival, overall survival,
packs of cigarettes smoked per day, alcohol use, radiation
dose received, administered chemotherapy, body weight and
height, neutrophil- and lymphocyte count and serum-albu-
min levels. We calculated the advanced lung cancer inflam-
mation index (ALI), which is defined as body mass index
[BMI, bodyweight (kg)/height (m)?) x serum albumin (g/any/
neutrophil-to-lymphocyte ratio] by Jafri et al. [8]. A low ALI
is an indicator of systemic inflammation. We included labo-
ratory data and body measurements that had been collected
at most two weeks before surgery. This study was approved
by the institutional research board (ECS 1311/2018).

Statistical analysis

The primary outcome of this study was disease-free survival
(DFS). The secondary outcome was overall survival (OS). In
the absence of a validated cut-off value for ALI, we selected
an empirical cut-off at the median value and patients were
dichotomized to either high (> median) or low (< median)
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ALI group accordingly. Categorical baseline variables were
compared using Fisher’s exact test or Chi* test and continu-
ous baseline variables were compared using ¢ test. Follow-up
was defined as the time from the day of surgery until the
occurrence of recurrence, death or censoring alive. Rates for
DFS were analyzed using the Kaplan—Maier failure function
and OS was estimated using the Kaplan—-Meier method. Dif-
ferences between groups were compared using the log-rank
test.

Univariate and multivariate analyses were performed
using the Cox proportional hazard regression and pro-
portionality was tested for using Cox proportional hazard
assumption. Test values with p values <0.2 in univariate
analysis were included in multivariate analysis. Hazard ratio
and confidence intervals were calculated. A p value <0.05
was considered as statistically significant. Statistical analysis
was performed using Stata (Macintosh version 14.0, Stata
Corp, Houston, TX, USA).

Results
Analysis at baseline

Ninety-three patients diagnosed with head and neck squa-
mous cell carcinoma were included in this retrospective
cohort study. The median patient age at diagnosis was
58 years (range 27-72 years). Seventy-two patients (77.4%)
were men and 21 (22.6%) were women. Tumor localiza-
tion was the hypopharynx in 16 (17.2%) patients, larynx
in 10 (10.7%) patients, oral cavity in 21 (22.6%) patients
and oropharynx in 46 (49.5%) patients. Per the AJCC 8th
edition staging, 9 (9.7%) patients were staged as stage I, 11
(11.8%) as stage 11, 24 (25.8%) as stage III, 48 (51.6%) as
stage IVA and 1 (1.1%) as stage IVB disease. None of the
patients had known distant metastases at time of diagnosis.
Nineteen patients (21.2%) were HPV high-risk positive. All
patients underwent surgery with curative intent, followed by
postoperative radiotherapy, with a total dose ranging from
40 to 70 Gy at single doses of 2 Gy per fraction. Eleven
(12%) patients received additional postoperative chemother-
apy because of extracapsular spread or R1 resection in the
final histopathologic workup. The smoker-status was known
for all patients, of which 70% were active smoker and 17%
were never-smoker. Drinking-status was known for 95% of
patients, of which 39% were active drinker and 41% were
never-drinker. More detailed information about baseline
characteristics is shown in Table 1.

Preoperative ALl in HNSCC patients

Preoperative lymphocyte and neutrophil count, serum albu-
min and body measures were available in 93 patients. The
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Table 1 Basic dataand Total (n=93) Low ALI (1=46)  High ALI (n=47)  p value
descriptive statistics of patients
included in this study Sex
Male 72 (77,4%) 37 (80.4%) 35 (74.5%) 0.5 (A
Female 21 (22.6%) 9 (19.6%) 12 (25.5%)
Age in years (range) 56 (mean) [27-72] 55.5 (30-70) 57.3 (27-72) 0.34 (¢ test)
T-classification
Tl 19 (20.4%) 11 (23.9%) 8 (17%) 0.9 (P
T2 51 (54.8%) 24 (52.2%) 27 (57.5%)
T3 15 (16.1%) 7 (15.2%) 8 (17%)
T4 8 (8.6%) 4 (8.7%) 4 (8.5%)
N-classification 0.1 (A
NO 18 (19.4%) 7 (15.2%) 11 (23.4%)
N1 15 (16.1%) 9 (19.6%) 6 (12.8%)
N2a 5(5.4%) - 5(10.6%)
N2b 30 (32.3%) 18 (39.1%) 12 (25.5%)
N2c 8 (8.6%) 5 (10.9%) 3(6.4%)
N3 1(1.1%) - 1(2.1%)
pNO (HPV+) - - - 0.6 (Fisher’s)
pN1 (HPV+) 12 (12.9%) 6 (13.0%) 6 (12.8%)
pN2 (HPV+) 4 (4.3%) 1(2.2%) 3(6.4%)
HPV HR pos 19 (21.2%) 9 (19.6%) 10 (22.7%) 0.7 (A
Oropharynx 16 (17.2%) 7 (15.2%) 9 (19.1%) 0.6 ()
Oral Cavity 3(3.2%) 1(22%) 2 (4.3%)
Tumor localization 0.5 (Fisher’s)
Hypopharynx 16 (17.2%) 9 (19.6%) 7 (14.9%)
Larynx 10 (10.7%) 3(6.5%) 7 (14.9%)
Oral cavity 21 (22.6%) 12 26%) 9 (19.2%)
Oropharynx 46 (49.5%) 22 (47.8%) 24 (51%)
Postoperative radio- 11 (12%) 6 (6.6%) 5 (5.4%) 0.7 (A
chemotherapy
Staging 0.16 (Fisher’s)
1 9 (9.7%) 7 (15.2%) 2 (4.3%)
11 11 (11.8%) 3(6.5%) 8 (17%)
1 24 (25.8%) 11 (23.9%) 13 (27.7%)
IVA 48 (51.6%) 25 (54.4%) 23 (48.9%)
IVB 1(1.1%) - 1(2.1%)
Smoker 65 (69.9%) 35 (76%) 30 (63.8%) 0.27 (P
Never-smoker 16 (17.2%) 5(10.9%) 11 (23.4%)
Ex-smoker 12 (12.9%) 6 (13%) 6 (12.7%)
Alcohol (n=288 patients) 020
Daily drinker 34 (38.6%) 21 (47.7%) 13 (29.6%)
Never-drinker 36 (40.9%) 15 (34.1%) 21 (47.7%)
Ex-drinker 18 (20.5%) 8 (18.2%) 10 (22.7%)
BMI (range) 25(17.2-34.3) 24 (17.2-33.5) 26 (17.6-34.3) 0.006 (z test)

median pretreatment values to calculate the ALI of our
cohort were as following: lymphocyte count was 1.7 G/1
(range 0.4-3.6 G/1), neutrophil count was 4.7 G/l (range
2.5-10.8 G/1), albumin was 42.6 g/dl (range 29.7-51 d/
dl) and BMI was 24.9 (range 17.2-34.4) The median ALI
was calculated as 37.6 (range 10—111). We dichotomized

patients into “ALI high” group (ALI > 37.6; low inflamma-
tion) and ALI low group (ALI<37.6, high inflammation),
respectively. Baseline characteristics of those groups are
listed in Table 1. A significant association could be observed
for BMI (p =0.006), whereby a high ALI was associated
with a higher BMI (Table 1). No differences were observed
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for sex, age, N- and T-classification, HPV high-risk status,
tumor localization, chemotherapy received, smoker-status
or alcohol abuse.

Prognostic value on clinical outcome

Out of 93 patients, 32 (34.4%) suffered from disease
recurrence and 45 (48.4%) died during follow-up. Of the
32 recurrences, 20 were local, 5 loco-regional and 7 dis-
tant. The median DFS was 13 years (range 0.3—-16.2 years)
and the median overall survival was 13.2 years (range
0.3-16.2 years). The 5-year DFS and OS was 65.5% and
59%, respectively. Patients with a low ALI had a shorter
median DFS (3.8 years) compared to patients with a high
ALI (median survival not reached), and a worse 5-year DFS
(47% compared to 83.5%, p=0.0007, Fig. 1b) Furthermore,
patients with a low ALI had a shorter median OS com-
pared to patients with a high ALI (4.3 years vs. 13.7 years,
respectively,) and the 5-year overall survival in patients
with low ALI was 44.4% compared to 73.6% as shown by
Kaplan—Maier analysis (p=0.008, Fig. 1a).

Parameters included in the univariate Cox-regres-
sion analysis included the HPV high-risk status, T- and

N-classification, AJCC stage, tumor site, adjuvant chemo-
therapy, age at surgery, radiation dose, ALI status, number
of packs of cigarettes per day and alcohol drinking status.

Univariate Cox-regression analysis for DFS revealed
that low ALI (p =0.002), number of packs of cigarettes
smoked per day (p=0.017), tumor site (p =0.019) and
T-classification (p =0.007) were found to be significantly
associated with poorer DFS. In multivariate analysis, how-
ever, only low ALI (HR 0.2, p <0.001) and T-classification
(HR 1.93, p=0.007) remained significant predictors for
worse DFS (Table 2). Univariate Cox-regression analysis
revealed that the number of packs of cigarettes smoked per
day (p <0.001), low ALI (p=0.01) and T-classification
(p =0.04) predicted poor overall survival. In multivari-
ate Cox-regression analysis low ALI (HR 0.44, p=0.02)
and cigarette-packs smoked per day (HR 1.86, p =0.006)
remained significant predictors of worse OS.

Fig. 1 Kaplan-Maier analysis A 8, =¥
of OS (a) and Kaplan—Maier — log-rank p=0.008 8 ~ log-rank p<0.001
. . . o c
failure function for disease- § 10 g 10|
free-survival (DFS) (b) between -7 I T 3 ©
patients with low ALI and high » o L o
c 0 £ 94
ALI 5 o = 3
2 H
2 & s &/
S o € o
o
Q.
8, g 8|
S T T IS
0 2 4 8 10
Years
Number at risk Number at risk
low ALl 46 32 22 14 10 6 low ALI 46 26 18 10 8 5
===+ high ALI 47 41 37 28 16 1 -==- high ALI 47 39 36 27 15 10
Table 2 Cox-regression analysis Univariate Multivariate
HR p value 95% CI HR p value 95% CI

Disease-free survival
ALI (high vs. low)
Packs/day
Tumor site
T-classification
Chemotherapy (yes/no)

Overall survival
ALI (high vs. low)
Packs/day
Tumor site
T-classification
Alc. (drinker vs. non-drinker)

0.28 0.002 0.13-0.62 0.2 0.000 0.08-0.46
1.65 0.017 1.09-2.49 1.35 0.166 0.88-2.04
0.71 0.019 0.53-0.94 0.77 0.1 0.57-1.1

1.77 0.007 1.16-2.68 1.93 0.007 1.2-1.6

0.24 0.16 0.037-1.7 0.2 0.13 0.027-1.6
0.44 0.01 0.23-0.82 0.45 0.022 0.22-0.89
1.86 0.000 1.32-2.6 1.66 0.006 1.15-2.39
0.8 0.092 0.63-1.03 0.92 0.6 0.68-1.25
14 0.043 1.01-1.98 1.32 0.12 0.93-1.87
1.65 0.1 0.89-3.02 1.04 0.12 0.54-1.02
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Discussion

A readily available biomarker for the prediction of dis-
ease recurrence of head and neck squamous cell carci-
noma could help identify patients with a high recurrence
risk. Early identification of these high-risk patients might
enable more aggressive adjuvant therapies and might
ultimately help to improve overall survival in this patient
population. Systemic inflammation has been linked to car-
cinogenesis, [5] cancer promotion, and progression [4].
Systemic inflammatory response can easily be measured
by standard laboratory tests. Hence, different inflammatory
biomarkers have been studied in various cancer entities as
potential prognostic indicators for disease outcome [9-11,
18]. In HNSCC patients, elevated NLR has been shown
to be an independent prognostic factor for OS in patients
with recurrent or metastatic HNSCC [19]. Another recent
study investigated the prognostic value of nutritional and
hematologic markers in treatment naive HNSCC patients
who were treated with definitive chemoradiotherapy. They
found that pre-treatment hypoalbuminemia and high NLR
were independent marker in multivariate analysis for poor
OS and progression-free survival [20]. Furthermore, a low
pre-treatment BMI has emerged as a prognosticator for
poor overall survival in HNSCC patients receiving pri-
mary definitive chemoradiotherapy or radiotherapy but not
for patients treated with surgery [21].

Since weight loss and hypoalbuminemia are associated
with systemic inflammation in cancer patients, Jafri et al.
combined these markers with the NLR and developed a
unified index, the Advanced Lung Cancer Inflammatory
Index, in 2013 [8, 22]. Subsequently, the ALI has been uti-
lized in different cancer entities and successfully predicted
worse overall and disease-free survival [8, 12, 16, 17, 23].
To the best of our knowledge, the ALI has not been inves-
tigated for it’s prognostic value in HNSCC patients.

In this retrospective observational cohort study, we
demonstrated that the ALI has a significant prognostic
value in predicting disease-free and overall survival for
patients with HNSCC treated with primary resection and
postoperative radiotherapy. Therefore, ALI might be a use-
ful marker for personalized recurrence risk assessment in
this patient population.

There are several limitations of this study. First, this is
a retrospective single-institution study with a small cohort
and, therefore, selection bias cannot be fully excluded.
We tried to limit this potential bias using a homogenously
treated group of HNSCC patients. Second, we did not spe-
cifically assess local or systemic infection at the time of
data collection. However, since patients were eligible for
major surgery, it is highly unlikely that severe infection
was present at the time the ALI was calculated. Third,

we did not verify our findings on an independent dataset
and, therefore, the external validity of these findings is
uncertain. Finally, different threshold values for ALI have
been utilized in different studies, namely 18 [8, 23], 19.5
[24] and 37.6 [25]. These studies used thresholds deter-
mined by ROC curve or by dichotomizing the cohort at
the median value, which resulted in two relevant cut-off
“sections” described in the relevant literature, particularly
at 18-19 and 37 as mentioned above. In our study, the
median value was used to stratify patients into “ALI low”
and “ALI high”, which corresponded to the cut-off value
used by Tomita et al. [25]. However, it is not clear why
different values emerge in different study populations and
which cut-off is most appropriate. The lack of uniformity
for this threshold value complicates interpretation of ALI
values and, therefore, needs further investigation.

In conclusion, our data provides strong evidence of an
association between low ALI and shortened disease-free sur-
vival and overall survival in HNSCC patients after surgical
resection and postoperative radiotherapy. Given the inex-
pensive and readily available character of this inflammatory
biomarker, it could be easily used in routine clinical practice
and, therefore, merits further investigation. External valida-
tion of our findings using an independent patient cohort will
be needed to assess the robustness of the ALI as a prognostic
marker for HNSCC patients.
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