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Abstract

Approximately one-third of advanced squamous cell carcinoma of the head and neck (HNSCC) 

recur within two years of treatment. Due to ease of collection, saliva is of interest to monitor 

changes that correlate with treatment. Previously this was a challenge due to xerostomia following 

conventional radiation. The emergence of gland-sparing radiation has made it possible to collect 

saliva post-treatment.

Objective—This study investigated changes in cytokines in saliva pre- to post-treatment to 

provide foundational knowledge for future studies exploring the use of saliva to monitor treatment 

response.

Study Design—Pre- and post-treatment saliva was evaluated for eight cytokines by multiplex 

assay and ELISA.

Results—In oropharyngeal HNSCC, secretion of EGF, GROα, IL-1α, IL-1β, IL-6, IL-8, TNFα, 

and VEGF increased significantly post-treatment. In additional patients, significant increases of 

GROα and IL-6 were validated but EGF showed no change.
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Conclusions—The uniqueness of this study is the comparison of salivary cytokines from 

HNSCC patients pre- and post-treatment.
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Introduction

Saliva has been eagerly pursued as a diagnostic fluid since its composition reflects disease or 

physiologic conditions.1 Saliva has several advantages, including non-invasive collection 

that does not require specialized training. In addition to secretions from the parotid, 

submandibular, sublingual and minor salivary glands, and proteins detectable in serum, 

whole saliva also contains proteins derived from desquamated epithelial cells, leukocytes, 

gingival sulcular fluid, and bronchial and nasal secretions.2 Therefore, saliva may be more 

sensitive than serum for detection of disease.

Salivary biomarkers, including proteins, RNA, metabolites and DNA, are active areas of 

interest for detection of head and neck cancer (HNSCC).1 HNSCC includes cancers that 

originate in the oral cavity, OP, larynx and hypopharynx.3 Cytokines, particularly 

inflammatory and angiogenic cytokines, have been investigated in saliva as potential protein 

biomarkers of HNSCC.4, 5 Sources of cytokines in HNSCC may be tumor cells and the 

immune response to the tumor.4 Cytokines, such as IL-6 and VEGF, have a role in cell 

growth, angiogenesis, invasion, immunosuppression and survival.6–8 Elevated levels of NF-

κB-related cytokines such as IL-6, IL-8, HGF, and VEGF, have been detected in saliva of 

patients with HNSCC; the NF-κB pathway plays an important role in HNSCC development 

and progression.6, 9–14

Saliva studies have focused on relative levels of cytokines in saliva between HNSCC patients 

and healthy individuals.1 However, changes in saliva from pre- to post-treatment have not 

been extensively explored due to destruction of salivary glands and subsequent xerostomia 

with conventional radiation. This stalemate changed with the emergence of salivary gland-

sparing radiation that allows saliva recovery.15–18 In a recent study on pre- and post-

radiation parotid saliva from HNSCC patients, we showed qualitative recovery in post-

treatment salivary EGF.19 Recent investigations suggest that a multiplex approach (e.g. 

evaluating multiple cytokines concurrently), will be more informative than a single 

biomarker.20 Hence, in this study we investigated a panel of cytokines in whole saliva from 

HNSCC patients, pre- and post-treatment. As the use of gland-sparing, intensity modulated 

radiation therapy (IMRT) increases, the findings of the present study will provide 

foundational knowledge for subsequent studies with larger patient populations.

Material and Methods

Patient Population

Approval was obtained from the Institutional Review Board (IRB) at the University of 

Michigan prior to the study. Saliva from patients from the University of Michigan SPORE 
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prospective Epidemiology project who had signed an informed consent form, was evaluated 

(Fig. 1A). No patients with distant metastases at diagnosis were included. All patients 

received the treatment shown (Figs. 1A, 3A) and were alive and recurrence-free at 12 

months. Saliva from sixteen patients was used for the initial cohort (Fig. 1A) and twelve and 

six treated with radiation and surgery, respectively, for the validation cohort (Fig. 3A).

Saliva Collection

Whole stimulated saliva was collected pre- and post-treatment (12 months post-diagnosis). 

Prior to collection, the patient rinsed with water (discarded). Salivary flow was stimulated by 

sugarless, flavorless gum by chewing for 2 minutes (no collection). For the next five 

minutes, under continued stimulation, saliva that accumulated in the mouth was expectorated 

into a tube on ice. The total volume was quantified and the amount secreted per minute (flow 

rate) was calculated. Saliva was centrifuged at 10,000xg for 20min. Protease and 

phosphatase inhibitors (1e−4U/ml aprotinin, 1.2mM Na3OV4, 0.1mg/ml PMSF) were added 

to the supernatant, which was aliquoted and frozen at −80°C.

Cytokine Multiplex Assay

Saliva was evaluated for EGF, GROα, IL-1α, IL-1β, IL-6, IL-8, TNFα, and VEGF using a 

MILLIPLEX MAP Cytokine/Chemokine Magnetic Bead Panel Immunology Multiplex 

Assay (Millipore, Billerica, MA) according to the manufacturer’s instructions. Briefly, 

standard controls or sample, and magnetic beads were added to each well. After incubation 

the wells were washed and detection antibodies were added. The plate was analyzed on a 

Luminex200 system (Millipore) by the Immunology Core (University of Michigan).

ELISA

GROα, IL-6 and EGF were analyzed by ELISA (Peprotech, Rocky Hill, NJ) per the 

manufacturer’s instructions. One sample was excluded from EGF analysis due to inadequate 

sample volume for the validation ELISA. Statistical analysis was performed as described 

below.

Statistical Analysis

The analysis comparing pre- to post-treatment groups was pre-specified by a statistician 

prior to analysis. The experiment was designed to have at least 80% power to detect change 

in cytokine levels of at least 1 standard deviation in magnitude allowing for a wide range of 

intra-subject correlation scenarios. Cytokine measures were log-transformed for statistical 

testing after normalization by time point specific volume (log(crude level/volume)). Grubbs 

test was applied to each measure to test for extreme outliers. One subject was identified as 

an outlier (extremely high) pretreatment in multiple cytokines (EGF, TNFa), however 

removal of this subject from the analysis did not affect any significance of results reported 

among all 16 subjects. The final analysis was performed on n=16 subjects (32 specimens). 

Pearson correlation coefficients were used to describe correlations among cytokines. 

Cytokine change from pre-treatment to post-treatment (12 months post-diagnosis) was first 

tested using unadjusted paired t-tests of log-transformed measures. Next, multivariable 

analyses controlling for stage, age and smoking were performed using linear mixed models 
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with unstructured covariance matrices to account for within subject correlation of repeated 

measurements. Since each cytokine was analyzed individually, but was likely correlated with 

other cytokines, formal multiple testing corrections of the p-values may be overly 

conservative and were not performed. Instead, crude two-sided p-values are reported for 

interpretation by the reader. A two-sided p-value of 0.05, corresponding to a Type I error 

rate of 0.05, was considered significant for the purposes of discussion in the manuscript. All 

analyses were performed in SAS v.9.3 (SAS Institute Inc., Cary, NC).

Validation

An independent cohort of 12 patients (Fig. 3A, left panel) was chosen to validate the original 

cytokine array for GROα, IL-6 and EGF. One sample was excluded from EGF analysis due 

to inadequate sample volume for the validation ELISA. All patients with lesions in the OP 

location had radiation. Statistical analysis was performed as described above in the original 

cohort. To explore whether cytokine changes were dependent on treatment modality, an 

additional validation cohort (Fig. 3A, right panel) was selected independent of all previous 

patients. This cohort was composed of 6 patients who received only surgery. These saliva 

samples were also analyzed by ELISA for GROα, IL-6 and EGF. Similar to the previous 

two analyses, cytokine change from pre-treatment to post-treatment were tested in this 

cohort using unadjusted paired t-tests of log-transformed measures. Next, the two validation 

cohorts were combined and a t-test performed on the pre-post differences by treatment 

cohort.

Results

To determine treatment-related changes in cytokines, pre- and post-treatment saliva was 

collected (Fig. 1A). In initial studies, eight cytokines, TNFα, EGF, GROα, IL-1α, IL-1β, 

IL-6, IL-8, and VEGF were analyzed concurrently by multiplex analysis. Analyses were on 

16 patients (pre- and post-treatment, i.e., 32 specimens). Mean cytokine levels, standard 

deviations, ranges and distributions are shown (Supplementary Fig 1). For all eight 

cytokines, log-transformed values were significantly higher post-treatment than pre-

treatment (Fig. 1B).

To determine whether changes in salivary cytokines are a result of reduced fluid in post-

treatment saliva, differential changes and correlations between cytokines were investigated 

pre- and post-treatment and normalized to volume. Pearson’s Correlation Coefficients (rho) 

were calculated to summarize the degree of linear dependence between two variables, if any, 

between two cytokines at pre- and post-treatment (Fig. 1C) and for the difference from pre- 

to post-treatment of the log-transformed measures (Fig. 1D). Strong pre-treatment 

correlations (rho≥0.8) were evident between TNFα and GROα with IL-8 (Fig. 1C). The pre-

treatment correlations between TNFα and GROα with IL-8 were also strong post-treatment 

(Fig. 1C). In contrast, positive correlations such as those between TNFα and GROα with 

VEGF were evident post-treatment but were not strong pre-treatment. VEGF and EGF had 

strong positive correlations pre- and post-treatment (Fig. 1C). There were strong positive 

correlations between changes in VEGF with EGF as well as changes in IL-8 with IL-1β, 

IL-1α, and GROα (Fig. 1D). For example, patients with increasing IL-8 also tended to have 
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increasing IL-1β, IL-1α, and GROα. Together these data showing differential changes 

between cytokines pre- and post-treatment.

Cytokine changes observed earlier (Fig. 1B) were still significant after controlling for age, 

stage and smoking (Fig. 2A, linear mixed model). Individual patients were plotted to 

monitor for outliers (Fig. 2B).

To validate the original dataset, an independent cohort of samples from patients with OP-

HNSCC was used to investigate changes in GROα, EGF and IL-6. Age and gender 

distribution (Fig. 3A, left panel) were similar to the original group (Fig. 1A). Both GROα 
and IL-6 significantly increased in saliva post-treatment compared to pre-treatment (Fig. 3B, 

3D) whereas there was no significant change in EGF (Fig. 3B).

The original patient cohort received radiation. To determine if radiation induces changes in 

cytokines, a third cohort of samples (Fig. 3A, right panel) from patients receiving surgery 

only was tested for GROα, IL-6 and EGF. Due to surgery alone being an unusual treatment 

option in OP-HNSCC, oral cavity cancers were included in this group. Results in the surgery 

cohort were similar to those in the original and validation cohorts. There was no significant 

change in EGF between pre- and post-treatment (Fig. 3C, 3D). GROα (p=0.06) and IL-6 

(p=0.05) trended towards an increase but did not attain significance. Importantly, there were 

no significant differences between radiation and surgery cohorts (Fig. 3C). Together the data 

support that increases in cytokines in post-treatment saliva are independent of treatment 

modality.

Discussion

This study reports a post-treatment increase in multiple cytokines in stimulated whole saliva 

from patients with HNSCC. GROα, IL-1α, IL-1β, Il-6, IL-8, TNFα, and VEGF increased 

pre- to post-treatment. These findings may serve as the foundation of studies exploring the 

use of saliva as a biofluid to monitor response to treatment.

The patient group was consistent with the demographics for OP-HNSCC, which has a male 

predilection.6, 21 Eight cytokines, TNFα, EGF, GROα, IL-1α, IL-1β, IL-6, IL-8, and VEGF 

were analyzed because these cytokine are secreted in saliva from HNSCC patients9, 11–13, 22 

and were quantifiable concurrently in a multiplex assay. The concurrent increase in IL-6 and 

IL-8 in post-treatment saliva suggests a common regulatory mechanism, such as NF-κB, 

which plays an important role in development and progression of HNSCC. NF-κB-regulated 

cytokines are upregulated in saliva in HNSCC.10

The radiation validation cohort was used to test conclusions about three cytokines from the 

initial test group in an independent sample of OP-HNSCC. The findings for GROα and IL-6 

were validated but EGF showed no change. Cytokines in the initial test group were 

quantified using a multiplex cytokine array and in the validation group by ELISA for 

individual cytokines. Therefore, data from the initial and validation groups was not 

combined.
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A surprising finding in the present study was the post-treatment increase in cytokines. 

Several studies have reported increases in salivary IL-8, TNFa, IL-1, IL-6, basic fibroblast 

growth factor and IL-1β.1, 9, 10, 13, 22 in HNSCC relative to normal patients but did not 

quantify changes post-treatment. The present study quantified cytokines pre- and post-

treatment. IL-6 and GROα showed an increase post-treatment. This may be related to 

response to treatment. Other factors to consider are post-radiation mucositis which correlates 

with increases in cytokines.23 However, IL-6 was increased in patients who received surgery 

alone suggesting that this increase is related to response to treatment not radiation-induced 

inflammation. Of note, we previously reported that EGF in stimulated parotid saliva from 

HNSCC patients returned to baseline levels at 12 months post-treatment after an initial 

decrease at 6 months.19 These findings are similar to the present study in whole stimulated 

saliva, supporting our findings in two independent patient cohorts.

The differential changes observed between different cytokines pre- and post-treatment 

support that the changes are not entirely a function of reduced fluid content of post-

treatment saliva, which would increase all cytokines. Furthermore, changes are not due to 

variations in salivary flow rate alone since all samples were normalized to flow rate. 

Moreover, since ionizing radiation increases expression of pro-inflammatory and pro-

angiogenic cytokines,5 differences in cytokines between patients treated with radiation or 

surgery were investigated. In the surgical cohort of this study, combination of samples from 

different disease sites was necessitated by limitations of sample availability for the surgical 

cohort. Changes in cytokines did not vary as a function of treatment modality.

HNSCC patients may develop recurrent or second primary tumors3 highlighting the 

importance of permanently monitoring patients after treatment. However, repeated clinical 

visits maybe inconvenient, expensive and time-consuming, emphasizing the importance of 

developing alternative monitoring approaches. Ease of collection and changes in salivary 

composition in health versus disease have escalated the importance of saliva as a diagnostic 

fluid. When applied to a high-risk population such as HNSCC survivors, a saliva-based test 

utilizing a panel of biomarkers for HNSCC could provide an accurate, non-invasive and 

relatively inexpensive monitoring method. The initial step in developing such a test is 

characterizing changes in saliva post-treatment. Unfortunately, this has been a challenge 

likely due to unavailability of saliva. This xerostomia (perception of dry mouth) or salivary 

hypofunction (decreased salivary flow) due to destruction of salivary glands is the most 

common long-term complication of conventional radiation. The impact is usually 

permanent. Consequently, information about post-treatment salivary changes is sparse. 

IMRT, an emerging standard-of-care in HNSCC,24 spares salivary glands15–18 and is 

associated with preferential recovery of stimulated saliva whereas unstimulated volumes 

remain depressed.17 To maximize the likelihood of detecting changes pre- to post-treatment, 

we took advantage of post-IMRT recovery of stimulated saliva.

In the current study, cytokines were not investigated in healthy controls due to the focus on 

changes in cytokines in response to treatment, not as a diagnostic test for cancer. Indeed, a 

significant advantage of the current study was the longitudinal design, i.e. pre- and post-

treatment comparison of the same patient. Most investigations of cancer biomarkers in saliva 

used a cross-sectional design making pre-treatment comparisons to healthy controls. Then 
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patients were followed clinically to determine the prognostic value of pre-treatment 

biomarkers, but the biomarkers were not serially measured.6, 9–13, 25, 26 Pre-treatment levels 

of cancer biomarkers can vary widely in patients with the same type of cancer.27 Moreover, 

variations in cytokine secretion occur in individuals without cancer.1 For example, average 

IL-6 in whole unstimulated saliva in healthy individuals may vary from 1.4±0.9 to 

47.46±18.74 pg/ml.1, 11 Therefore, we investigated differences in cytokines in pre- and post-

treatment saliva in the same patient. IL-6 and IL-8 are elevated in common oral diseases 

such as periodontal disease and lichen planus.1 Although no dental findings were recorded 

as part of this study, an advantage was the comparison between saliva samples from the 

same patient.

Another limitation of this study was that cytokines in post-treatment saliva were measured at 

12 months post-diagnosis. This may have been at different time points post-treatment if 

treatment was variably paced in different patients. We expect that most patients were treated 

at similar pace because of the single institution. However, if the cytokines varied with time 

post-treatment, this would not be taken into account.

Given the small sample size, the multivariable analyses (controlling for age, stage and 

smoking) of the original cohort were not intended to provide definitive conclusions, only 

evidence about whether the significant change reported is worthy of further exploration.

Although saliva exhibits protein changes in response to HNSCC,28 the mechanism is 

unclear. This is of particular interest when the biomarker decreases in cancer i.e. is there a 

negative feedback loop from HNSCC to the adjacent normal epithelium? Alternatively, is the 

protein secreted by normal salivary gland and does HNSCC provide feedback to salivary 

gland to decrease protein secretion? These issues remain to be answered.

Conclusions

Previously post-treatment saliva was not extensively explored because salivary glands are 

destroyed with conventional radiation. This will change as salivary gland-sparing radiation 

(IMRT) that allows saliva recovery, becomes more widely used. The uniqueness of the 

present study is the serial nature of the saliva samples from patients who have undergone 

salivary gland-sparing radiation. Results from a small group of patients (n=28) suggest that 

there are post-treatment increases in salivary cytokines. This study provides foundational 

knowledge for future large studies exploring the use of saliva as a diagnostic fluid to monitor 

response to treatment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Statement of Clinical Relevance

This study provides foundational knowledge for translational studies exploring the use of 

saliva to monitor response to treatment for patients with head and neck cancer.
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Figure 1. Cytokine levels pre- and post-radiation
A) Patient population demographics and treatment B) Boxplots of pre-treatment and post-

treatment cytokines on a log-transformed scale. p-values from a paired t-test. C) Pearson’s 

correlation coefficients between cytokines pre-treatment (upper left corner) or post-treatment 

(lower right corner). D) Correlation coefficients from pre- to post-treatment. Darker shading 

signifies stronger positive correlation.
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Figure 2. Change in cytokines pre- to post-treatment
A) Univariate and multivariate analyses for pre- to post-treatment change from linear mixed 

model. Information about the model is provided in the footnote. B) Pre-treatment to post-

treatment volume normalized cytokine levels. Each line represents a different patient and 

values are log-transformed.
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Figure 3. Validation of GROα, IL-6 and EGF in an independent radiation cohort
A) Patient demographics within radiation (left panel) and surgery (right panel) cohorts. B 

and C) Mean, and standard deviation (std) of pre- and post-treatment GROα, IL-6 and EGF 

in: B) Radiation cohort. The original samples were analyzed using the Multiplex cytokine 

array and the validation cohort was analyzed via ELISA, hence the difference in scale. C) 

Surgery cohort. p-values from paired t-test. D) Pre-treatment and post-treatment cytokines in 

radiation and surgery cohorts. Each line represents a different patient.
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