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BACKGROUND. Increased pretreatment serum interleukin (IL)-6 levels among

patients with head and neck squamous cell carcinoma (HNSCC) have been

shown to correlate with poor prognosis, but sample sizes in prior studies have

been small and thus unable to control for other known prognostic variables.

METHODS. A longitudinal, prospective cohort study determined the correlation

between pretreatment serum IL-6 levels, and tumor recurrence and all-cause sur-

vival in a large population (N 5 444) of previously untreated HNSCC patients.

Control variables included age, sex, smoking, cancer site and stage, and comor-

bidities. Kaplan-Meier plots and univariate and multivariate Cox proportional

hazards models were used to study the association between IL-6 levels, control

variables, and time to recurrence and survival.

RESULTS. The median serum IL-6 level was 13 pg/mL (range, 0-453). The 2-year

recurrence rate was 35.2% (standard error, 2.67%). The 2-year death rate was

26.5% (standard error, 2.26%). Multivariate analyses showed that serum IL-6

levels independently predicted recurrence at significant levels [hazard ratio (HR)

5 1.32; 95% confidence interval (CI), 1.11 to 1.58; P 5 .002] as did cancer site

(oral/sinus). Serum IL-6 level was also a significant independent predictor of

poor survival (HR 5 1.22; 95% CI, 1.02 to 1.46; P 5 .03), as were older age, smok-

ing, cancer site (oral/sinus), higher cancer stage, and comorbidities.

CONCLUSIONS. Pretreatment serum IL-6 could be a valuable biomarker for pre-

dicting recurrence and overall survival among HNSCC patients. Using IL-6 as a

biomarker for recurrence and survival may allow for earlier identification and

treatment of disease relapse. Cancer 2008;113:750–7. � 2008 American Cancer

Society.
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D espite improvements in diagnosis and local disease manage-

ment, long-term survival rates in patients with head and neck

squamous cell carcinoma (HNSCC) have not increased significantly

over the last 30 years, and are among the lowest of the major can-

cers. Because recurrence of HNSCC is strongly associated with poor

survival, earlier identification of tumor relapse through the use of

assays for molecular markers could be beneficial in allowing early

detection and treatment when recurrences are small, more easily

resected, and potentially more curable. Likewise, if patients at high-

est risk for recurrence are identified, they could be targeted for

more intensive surveillance and chemoprevention therapy. In this

study, we prospectively evaluated the relationship between pretreat-

ment levels of serum interleukin (IL)-6, and tumor recurrence and

survival among previously untreated patients with HNSCC.
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IL-6 is a multifunctional cytokine that was ori-

ginally identified by its ability to drive the differentia-

tion of B-lymphocytes into antibody-producing

plasma cells. It was thought to be produced by sev-

eral types of inflammatory cells and fibroblasts, play-

ing a central role in host defense mechanisms.1,2

Since that discovery, IL-6 has been found to be a

potent proinflammatory cytokine, which in conjunc-

tion with IL-1 and tumor necrosis factor can initiate

the innate immune response by inducing the acute

phase of inflammation.3,4 Furthermore, IL-6 has

recently been implicated in malignant transforma-

tion of epithelial cells and in tumor progression.

Under the influence of the transcription factor nu-

clear factor kappa b, its expression can be induced in

several types of malignancy.5 Specifically, HNSCC has

been shown to express high levels of IL-6, and

HNSCC cells are more apt to invade and metastasize

in an environment rich in this cytokine.6,7 IL-6 can

also promote immune unresponsiveness and induce

cachexia, both of which are observed in HNSCC

patients who have a poor prognosis.8-10 IL-6 can also

trigger signal transduction and activator of transcrip-

tion (STAT)-3 phosphorylation, which is associated

with various human cancers and commonly suggests

poor prognosis related to apoptotic as well as prolif-

erative effects.11-14

In gastric, renal, prostate, ovarian, and breast can-

cer, increased levels of serum IL-6 have been asso-

ciated with poor prognosis,15-19 but similar studies in

head and neck cancer are lacking. In a small study

(N 5 34), De Schutter et al illustrated that pretreat-

ment serum IL-6 levels in HNSCC patients correlated

with radioresistence, local control, disease-free sur-

vival, and overall survival.20 Other small case-control

studies in head and neck cancer alluded to similar

findings, but universally the authors suggest that larger

studies are needed.7,21,22 As a result of such sugges-

tions, a longitudinal study was designed to prospec-

tively determine the correlation between pretreatment

serum IL-6, and tumor recurrence and all-cause sur-

vival in a large population (N 5 444) of HNSCC

patients, controlling for other prognostic indicators.

MATERIALS AND METHODS
This was a prospective cohort study of patients en-

rolled in the University of Michigan Head and Neck

Cancer, Specialized Programs of Research Excellence.

The primary explanatory variable was pretreatment

serum IL-6 levels. Control variables were age, sex,

smoking, cancer site, cancer stage, and comorbid-

ities. The outcome variables were tumor recurrence

and all-cause survival.

Study Population
Research assistants approached 869 newly diagnosed

patients with HNSCC for participation in this study.

Excluded were those 1) <18 years of age, 2) pregnant,

3) non-English speaking, 4) psychiatrically or men-

tally unstable (such as suicidal ideation, acute

psychosis, or dementia), or 5) with nonupper aerodi-

gestive tract cancer (such as thyroid or skin cancer).

Of those approached, 638 (73%) were eligible and

agreed to participate. For this analysis, those with

recurrent disease or previously treated HNSCC were

also excluded (n 5 57). An additional 137 subjects

did not have a pretreatment serum sample, which

left a sample size of 444.

Institutional review board approval was received

from the 3 study sites: the University of Michigan

Medical Center, Veterans Affairs (VA) Ann Arbor

Healthcare System, and Henry Ford Health System.

Recruitment began in January 2003. Patients were

censored as having a recurrence or not at their last

annual chart review, and as being dead or alive as of

February 1, 2007.

Procedure
Research assistants recruited patients to the study in

the waiting rooms of otolaryngology clinics by

obtaining signed informed consent and providing a

written survey that had questions on demographics

and health behaviors. A medical record audit was

also conducted. Pretreatment blood was drawn into

coded sterile red-top vacuum tubes.

Measures
Explanatory variable––serum IL-6 analysis
Serum samples were kept frozen at 2808C and then

thawed shortly before determination of IL-6 levels.

Quantification of serum IL-6 levels was performed

using an enzyme-linked immunosorbent assay

(ELISA) performed in triplicate using a commercially

available ELISA kit (Quantikine Human IL-6 Immu-

noassay, R&D Systems, Minneapolis, MN). Briefly, se-

rum samples from all patients were incubated for

2 hours at room temperature in duplicate (100 lL)
on microtiter plates coated with a monoclonal anti-

body specific for IL-6. Any unbound substances were

washed away, and an enzyme-linked polyclonal anti-

body specific for IL-6 was introduced. After incuba-

tion for 2 hours at room temperature, the plates

were washed, a substrate solution was added, and

color development was stopped after 25 minutes at

room temperature. A microplate reader was then

used to determine colorimetric densities at 570 nm

and 450 nm for each sample. Results were calculated

from a standard curve generated by a parametric
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logistic curve fit and expressed in pg/mL of serum.

The standard curve used 8 concentrations ranging

from 1.5 pg/mL to 200 pg/mL. Twenty plates were

used for the experiment; the intra-assay coefficient

of variation (CV) had a median of 6%, and the inter-

assay variability of the control samples had a CV of

7%. The lower limit of detection as determined by

the manufacturer is 0.7 pg/mL.

Control variables
Standard questions on demographics were asked,

including age and sex. Smoking status was classified

into never smokers, former smokers, and those who

were currently smoking. Tumor sites were classified

into 3 groups, a) larynx, b) oropharynx, hypopharynx,

nasopharynx, or unknown primary, and c) oral cavity

or sinus. Tumor stages were measured by using the

American Joint Commission on Cancer (AJCC) sta-

ging classification system23 and grouped into stage 0,

I, and II versus stage III and IV. Comorbidities were

measured by using the Adult Comorbidity Evalua-

tion-27 and grouped into none or mild comorbidities

versus moderate or severe comorbidities.24,25 Treat-

ments were classified as surgery only, radiation only,

surgery and radiation, radiation and chemotherapy,

surgery, radiation and chemotherapy, or unknown/no

treatment. There were no chemotherapy-only

patients. Because recurrence was an outcome vari-

able, those treatments received after a recurrence

were not classified, although treatments for those

with persistent disease were included.

Outcome variables––tumor recurrence and survival
Recurrence dates were abstracted from medical

records and data collection forms by the study

research assistants, and notations were made about

local recurrence, regional recurrence, or distant re-

currence/metastatic disease. Data collection forms

allowed for serial entries of recurrence. Patients for

whom the treatment never rendered tumor free were

assigned a recurrence time of 1 day. By contacting

patients every 3 months, staff kept track of patient

status (dead or alive). For those patients who were

lost to follow-up, the Social Security Death Master

File was used to determine whether and when they

had died. Patients lost to follow-up and not found on

the Social Security Death Master File were assumed

alive as of February 1, 2007.

Statistical Analysis
Means and frequency distributions were examined for

all variables. Associations between serum IL-6 and

control variables (age, sex, smoking, cancer site, cancer

stage, comorbidities, and treatments) were assessed by

using analysis of variance. Because the data were not

normally distributed, medians instead of means were

given for serum IL-6. For univariate and multivariate

analyses, serum IL-6 was treated as a continuous vari-

able after log transformation [ln(IL-6 1 2)]. Kaplan-

Meier plots and the log-rank tests were used to com-

pare quartiles of serum IL-6 with recurrence and

survival. Univariate and multivariate Cox proportional

hazards models were used to study the relation

between serum IL-6, control variables, and time to re-

currence and death. Time to recurrence and death was

measured from the pretreatment blood draw date.

RESULTS
Description of the Sample
Explanatory and Outcome Variables
The median serum IL-6 level was 13 pg/mL (range,

0-453). The 2-year recurrence rate was 35.2% (stand-

ard error, 2.67%). The 2-year death rate was 26.5%

(standard error, 2.26%). The median follow-up time

was 783 days (range, 0-1438).

Control Variables
The mean patient age was 59 years (standard devia-

tion, 11). Most patients were men, were current or

former smokers, had cancer of the pharynx/unknown

primary, had stage III or IV cancer, and had no or

mild comorbidities. Because most patients had

advanced disease, the most common treatment regi-

men was combined radiation and chemotherapy

(41%), followed by combined surgery, radiation, and

chemotherapy (19%), and the rest had surgery only,

radiation only, radiation and surgery, or unknown/no

treatment.

Older persons were more likely to have increased

serum IL-6 levels than younger persons (P 5 .008).

Current and former smokers were more likely to have

higher serum IL-6 levels than nonsmokers (P < .001).

Those with stage III and stage IV cancers had higher

levels of serum IL-6 than those with stage 0, I, or II

cancers (P 5 .002). Those with moderate or severe

comorbidities had higher serum IL-6 levels than those

with no or mild comorbidities (P <.001). There was no

association between serum IL-6 and sex, cancer site,

or treatment type (Table 1).

Serum IL-6 and Control Variables as Independent
Predictors of Recurrence
Figure 1 shows the Kaplan-Meier curve for the inde-

pendent association between serum IL-6 (stratified

by quartile) and recurrence. Those with the lowest

quartiles of pretreatment serum IL-6 had fewer

recurrences than those with the highest quartiles,
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and the second and third quartiles fell in between.

The results of the univariate and multivariate Cox

proportional hazards regression models for recur-

rence are presented in Table 2. Univariate analyses

showed that higher pretreatment serum IL-6 was sig-

nificantly associated with recurrence. Multivariate

analyses showed that higher pretreatment serum IL-6

levels remained significantly associated with recur-

rence, even after controlling for the other variables

(HR 5 1.32; 95% CI, 1.11-1.58; P 5 .002). Cancer site

(oral/sinus) was also significantly associated with re-

currence in the multivariate model. Type of treat-

ment was not included in the final model, because

treatment was highly correlated with cancer site and

stage, and did not change the results when it was

included (other than attenuating stage); hence, the

most parsimonious model is presented.

Serum IL-6 and Control Variables as Independent
Predictors of Survival
Figure 2 shows the Kaplan-Meier curve for the inde-

pendent association between serum IL-6 (stratified

by quartile) and survival. Similar to Figure 1, those

with the lowest quartiles of pretreatment serum IL-6

had better survival than those with the highest quar-

tiles, with others falling in between. Results of uni-

variate and multivariate Cox proportional hazards

regression models for survival are presented in Ta-

ble 3. Univariate analysis showed that serum IL-6,

age, smoking status, cancer stage, and comorbidities

were significantly associated with survival. Multivari-

ate analysis showed that higher pretreatment serum

IL-6 levels were significantly associated with survival

(HR 5 1.22; 95% CI, 1.02-1.46, P 5 .030). Older age,

smoking, cancer site (oral/sinus), cancer stage, and

comorbidities were also independently associated

with poorer survival in the multivariate analysis,

whereas sex was not associated with survival. Again,

treatment type was not included in the final model,

because it was highly correlated with cancer site and

stage, and treatment type did not greatly change

results when it was included (other than attenuating

stage).

DISCUSSION
To our knowledge, this is the largest prospective

study that demonstrates an independent association,

when controlling for other prognostic factors,

between pretreatment serum IL-6 levels and both re-

currence and survival among HNSCC patients. The

temporal association between pretreatment serum

IL-6 and both recurrence and survival confirms that

serum IL-6 may be a valuable prognostic biomarker

in this population. Patients with high levels of

TABLE 1
Description of Control Variables and Association With Pretreatment
Serum Interleukin-6 (N 5 444)

Control Variable No. %

Serum IL-6 (pg/mL)

PMedian (5th, 95th %)

Age

�58 220 50 12 (1, 66) .008

>58 224 50 14 (1, 127)

Sex

Men 350 79 13 (1, 114) .770

Women 94 21 11 (2, 114)

Smoking

Never 76 17 9 (1, 31)

Former 251 57 14 (1, 125) <.001

Current 117 26 15 (3, 111)

Cancer site

Oral cavity 100 22 13 (2, 99)

Pharynx 230 52 12 (1, 122) .590

Larynx 114 26 14.5 (2, 125)

Cancer Stage

Stage 0, I, II 89 20 9 (1, 97)

Stage III 70 16 12.5 (1, 64) .002

Stage IV 285 64 14 (2,125)

Comorbidity

None or mild 295 66 10 (1, 84) <.001

Moderate or severe 149 34 18 (4, 135)

Treatment

Surgery only 63 14 11 (2, 58)

Radiation only 50 11 12 (3, 174)

Surgery1radiation 46 10 17 (2, 84) .420

Radiation1chemotherapy 180 41 12 (1, 99)

All treatment 83 19 13 (1, 125)

Unknown treatment or none 22 5 18 (1, 225)

FIGURE 1. A Kaplan-Meier plot is stratified by quartile (Qrt) of pretreat-
ment serum interleukin-6 for recurrence events (N 5 444).
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pretreatment serum IL-6 levels may benefit from clo-

ser follow-up to have a better chance of identifying

recurrences at an early stage. Those with higher pre-

treatment serum IL-6 levels could be candidates for

more aggressive intervention to prolong survival.

Increasing evidence implicating serum IL-6 as a

prognostic marker for HNSCC and other cancer types

is emerging in this and other studies. Studies in solid

tumors (gastric, renal cell, colorectal, prostate, non-

small cell lung, melanoma) as well as hematologic

malignancies (myeloma, non-Hodgkin’s lymphoma)

indicate the potential prognostic significance of

increased pretreatment serum IL-6 levels. Several

studies have demonstrated associations between

serum IL-6 genotypes and cancer risk.26,27 Variations

in individual inflammatory response could explain

the considerable variations in recurrence and survival

rates among patients with similar tumor grades and

stages.26

The mechanism by which serum IL-6 contributes

to or reflects cancer progression and biology is likely

due to its dual effects on tumor initiation by para-

crine or autocrine mechanisms and to its additional

inhibitory effects on the immune response directed

against the tumor.28-30 IL-6 inhibits dendritic cell dif-

ferentiation, thus inducing immune tolerance of

tumors and facilitating metastatic spread.31 The

source of IL-6 in cancer patients’ sera has been

shown predominately to emanate from the tumor

itself, but monocytes in head and neck cancer

patients have been shown to secrete higher levels

than monocytes from normal individuals.32 It is well

documented that monocyte functional abnormalities

and impaired cellular immunity are frequent and

early characteristics of patients with head and neck

cancer. When taken together with our prior findings

that tumor-associated macrophages predict aggres-

sive behavior in HNSCC,33 an interesting hypothesis

is raised, which proposes that IL-6 secretion from

both tumor and monocytes in the tumor microenvir-

onment results in an immune-tolerant situation that

allows the tumor to thrive.

Unpublished data from our laboratory have fur-

ther confirmed the impairment of dendritic cell mat-

uration in head and neck cancer patients secondary

to IL-6 signaling. Park et al found that IL-6 inhibits

in vivo dendritic cell differentiation through STAT-3

activation.31 Interestingly, of the STAT family mem-

bers, STAT-3 is most frequently associated with neo-

plasia, and it has been found to be constitutively

TABLE 2
Univariate and Multivariate Hazard Ratios of Serum Interleukin (IL)-6 From Cox Proportional Hazards Regression Models for Recurrence Events

Univariate Model Results Multivariate Model Results

Variable Name Hazard Ratio 95% CI P Hazard Ratio 95% CI P

Log serum IL-6 1.42 1.21-1.66 <.001 1.32 1.11-1.58 .002

Age, decades 1.15 0.98-1.34 .091 1.14 0.96-1.35 .150

Men vs women 1.11 0.72-1.71 .630 1.17 0.75-1.83 .490

Current smoker vs never 1.72 0.97-3.04 .062 1.39 0.76-2.53 .280

Former smoker vs never 1.41 0.83-2.38 .200 1.15 0.66-2.02 .620

Pharynx cancer site vs oral 0.67 0.45-1.01 .053 0.62 0.40-0.96 .031

Larynx cancer site vs oral 0.64 0.40-1.03 .066 0.59 0.36-0.97 .036

Stage III vs 0-I 1.58 0.85-2.94 .150 1.77 0.93-3.36 .081

Stage IV vs 0-I 1.62 0.98-2.68 .063 1.60 0.93-2.76 .089

Comorbidity, moderate/severe vs none/mild 1.26 0.88-1.80 .210 1.08 0.74-1.59 .680

N 5 444: 130 events and 314 censored. For IL-6, the hazard ratio is for a unit increase in ln(IL-6 1 2 pg/mL).

FIGURE 2. A Kaplan-Meier plot is stratified by quartile (Qrt) of pretreat-
ment serum interleukin-6 for survival events (N 5 444).
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active in HNSCC. Conversely, inhibition of STAT-3

function results in growth retardation in HNSCC.34–36

Although active epidermal growth factor receptor

(EGFR) is capable of inducing STAT-3 phosphoryla-

tion,30 the incidence of EGFR expression in HNSCC

varies greatly, whereas STAT-3 phosphorylation is a

more common event.30 In an important finding,

Sriuranpong et al showed that IL-6-mediated activa-

tion of STAT-3 in HNSCC occurs via autocrine/para-

crine stimulation of the gp130 receptor and is

independent of EGFR activation.30 These data sup-

port the hypothesis that disruption of the IL-6/gp130

signaling pathway that prevents STAT-3 activation

could be a novel therapeutic target for HNSCC,

because it may reduce tumor growth and allow for

improved dendritic cell maturation and immune rec-

ognition of tumors. At the same time, the interrup-

tion of this pathway could compromise wound

healing, cytokine homeostasis, and immune response

among head and neck cancer patients.

The development of HNSCC is likely to be asso-

ciated with inflammation related to smoking and

alcohol intake, or with exposure to the human papil-

lomavirus type 16, or with other nonspecific agents

that could manifest as comorbidities. Thus, it was

not surprising that, when they were compared with

nonsmokers, both current and former smokers had

higher serum IL-6 levels and decreased survival.

Although no serum acute-phase protein levels or

inflammatory diseases were assessed, comorbidities

that may be associated with inflammatory disease

were also associated with serum IL-6, and they pre-

dicted recurrence and survival.

Although not associated with serum IL-6, cancer

site (oral/sinus) predicted recurrence and survival.

This expected finding is well known and reflected in

SEER data, which show that laryngeal cancer patients

have better 5-year survival rates (64.1%) than oral/

pharyngeal cancer patients (58.8%), and that more

oral/pharyngeal cancer patients present at a later

cancer stage.37 Because a higher cancer stage may be

associated with greater inflammation, ulceration, and

greater inflammatory response, it is not surprising

that those at a higher cancer stage were more likely

to have higher serum IL-6 levels than those at lower

stages, and this has been demonstrated in other stu-

dies.7,20 Cancer stage also significantly predicted

poor survival; however, there was little variability,

because the vast majority (80%) of patients in the

sample were stage III or IV cancer patients. Treat-

ment was not associated with serum IL-6 levels, and

was omitted from the final model because of the

high correlation with cancer site and stage. When

included in the model, treatment did not alter results

(other than attenuating cancer stage) and was not

associated with recurrence, and only 1 form of treat-

ment (the combination of surgery, radiation, and

chemotherapy) was associated with survival. The

lack of treatment effect was likely because there was

little variability in treatment, as most patients had

advanced disease, and all patients were from tertiary

care centers that provided state-of-the-art treatment

for their particular cancer site and stage.

Age-associated decreases in immune compe-

tence are well known, and an increase in serum IL-6

levels with age was an expected observation.

Although women generally live longer than men,38

there were no sex effects for recurrence or survival.

Two-year recurrence and survival rates were similar

to those found in other studies.39,40 The median se-

rum IL-6 level of the sample was 13 pg/mL (range,

0 pg/mL-453 pg/mL), which was lower than the

TABLE 3
Univariate and Multivariate Hazard Ratios of Serum Interleukin (IL)-6 From Cox Proportional Hazards Regression Models for Death Events

Univariate Model Results Multivariate Model Results

Variable Name Hazard Ratio 95% CI P Hazard Ratio 95% CI P

Log serum IL-6 1.49 1.27-1.74 <.001 1.22 1.02-1.46 .030

Age, decades 1.47 1.26-1.73 <.001 1.48 1.23-1.77 <.001

Men vs women 1.23 0.78-1.94 .370 1.36 0.84-2.19 .210

Current smoker vs never 2.69 1.38-5.23 .004 2.34 1.17-4.69 .016

Former smoker vs never 2.30 1.22-4.33 .010 1.82 0.94-3.54 .076

Pharynx cancer site vs oral 0.69 0.46-1.05 .082 0.59 0.38-0.91 .019

Larynx cancer site vs oral 0.63 0.38-1.03 .066 0.47 0.28-0.79 .004

Stage III vs 0-II 1.44 0.75-2.77 .280 1.81 0.92-3.56 .087

Stage IV vs 0-II 1.70 1.01-2.86 .045 1.87 1.07-3.27 .029

Comorbidity, moderate/severe vs none/mild 1.91 1.34-2.73 <.001 1.51 1.03-2.21 .034

N 5 444: 124 events and 320 censored. For IL-6, the hazard ratio is for a unit increase in ln(IL-6 1 2 pg/mL).
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mean of 19.5 pg/mL (range, 0 pg/mL -313 pg/mL)

found in a smaller sample (N 5 90) of HNSCC

patients.7 Although the smaller study found the mean

serum IL-6 of healthy controls to be 6.0 pg/mL (range,

0 pg/mL -52 pg/mL), no normal control subjects were

available for comparison in this study. Although nat-

ural IL-6 inhibitors may be present in some patients’

sera, so that low IL-6 levels may be false-negative, we

did not screen for these in this study.

Pretreatment serum IL-6 predicted cancer recur-

rence and survival within a large sample of HNSCC

patients, when other prognostic factors were statisti-

cally controlled, and, thus, may provide a valuable

prognostic biomarker for HNSCC patients. Identify-

ing those at risk for recurrence may allow earlier

identification and treatment of disease relapse.

Higher pretreatment serum IL-6 levels may also

identify candidates for more aggressive surveillance

and treatment. Further studies to determine the bio-

logic basis for this association may also provide new

targets for development of innovative, biologically

based adjuvant therapy in this challenging disease.
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