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ABSTRACT 

Purpose: Epidermal growth factor receptor (EGFR) activation is an early event in head and neck 

carcinogenesis. As a result, targeting EGFR has become an attractive strategy for 

chemoprevention. We examined the impact of using calcitriol, the active metabolite of vitamin 

D, as a bio-adjuvant in combination with the EGFR inhibitor, erlotinib, in the prevention of oral 

cancer. 

 

Methods: Experimental studies were conducted in the 4-nitroquinoline-1-oxide (4NQO) oral 

carcinogenesis model to study the chemopreventive efficacy of calcitriol and erlotinib treatment, 

as single agents and in combination. Imaging results were correlated with histology and 

immunoblotting analyses to assess the impact of the combination regimen on oral 

carcinogenesis. Incidence of tumor development and evidence of disease progression were 

utilized as measures of response. Body weight measurements were acquired throughout the study 

as an assessment of systemic toxicity and echocardiography was performed to assess the effect of 

combination treatment on cardiac function.      

 

Results: All control animals showed visible lesions on MRI examination at 26 weeks. 

Combination treatment was well tolerated and was not associated with any toxicity. MRI 

revealed a reduction in tumor incidence and tumor volume following treatment with erlotinib 

alone and in combination. Histopathologic evaluation revealed a reduction in the degree of 

dysplasia with combination treatment. Immunoblot analysis of whole tongue extracts revealed 

decreased expression of phospho-EGFR and phospho-Akt with the combination treatment. 
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Conclusion: These results demonstrate the potential of combining calcitriol with erlotinib in the 

chemoprevention of head and neck cancer. Further investigation into the optimal schedule and 

dosing of this combination strategy is necessary. In addition, future studies examining the use of 

less calcemic vitamin D3 analogues and dietary vitamin D against this disease is warranted. 
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CHAPTER 1. BACKGROUND 

1.1. Head and Neck Cancer 

Head and neck squamous cell carcinoma (HNSCC) is the sixth most common cancer and 

accounts for approximately 350,000 yearly deaths worldwide (1). Malignancies of the head and 

neck are primarily epithelial-based and can constitute tumors that originate in multiple 

anatomical sites including the oral cavity, oropharynx, larynx and hypopharynx. Oral cancer is 

the most commonly diagnosed form of head and neck cancer and is often preceded by precursor 

lesions such as leukoplakia, erythroplakia, or erythroleukoplakia (2, 3). In addition to having 

anatomical heterogeneity, HNSCC is also characterized by its molecular heterogeneity due to 

‘field cancerization’. Field cancerization refers to the presence of one or more mucosal areas 

having epithelial cells that display cancer-associated genetic or epigenetic alterations (3). This 

unique biology contributes to tumor recurrence and/or the growth of a second primary tumor in a 

neighboring field (3). Two of the most common risk factors for oral and head and neck cancers 

include tobacco use and alcohol consumption, which have been shown to have a synergistic 

effect when used together (4, 5). HNSCC patients often have a poor prognosis due to the late 

stage in which the disease is diagnosed; less than 50% of patients diagnosed in advanced stages 

survive for 5 years, during which overall quality of life post-treatment is drastically reduced (6, 

7).  

Treatment of HNSCC patients differs based upon the stage of disease at diagnosis. Early-

stage malignancies are treated primarily with either surgery or radiation therapy, while later stage 

tumors are often treated with both surgery and radiation (8, 9). Within the past ten years, there 

has been an increase in treatment involving combined chemoradiation and surgery (3). Although 

these treatment strategies exhibit moderate efficacy among HNSCC patients, these strategies also 

are non-selective and can cause damage to normal tissue, as well as have systemic toxic effects 
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(6). There is a need for safe and effective treatment strategies for the head and neck patient 

population. More recently, molecular-targeted drugs have been used for treatment of HNSCC 

that have enabled organ preservation (3, 9-11).    

 

1.2. Targeting the Epidermal Growth Factor in HNSCC  

 The epidermal growth factor receptor (EGFR) is the only proven molecular target for 

treatment of HNSCC (12, 13). The epidermal growth factor receptor is a cell-surface 

glycoprotein that consists of three domains, an extra-cellular ligand-binding domain, a 

hydrophobic transmembrane domain, and an intracellular tyrosine kinase domain (14). 

Activation of the EGFR results in activation of intracellular signaling pathways that can lead to 

inhibition of apoptosis, activation of cell proliferation and angiogenesis, as well as an increase in 

the potential for metastasis (15). EGFR is overexpressed in up to 80-90% of HNSCC cases and 

level of expression can be an indication of prognosis (16). High expression of EGFR is 

associated with increased tumor size, decreased radiation sensitivity and increased risk of 

recurrence, collectively resulting in decreased overall survival (17-21). Two main pharmacologic 

approaches exist to inhibit the EGFR. The first approach, and currently the most clinically 

successful, is use of a monoclonal antibody (mAb). Monoclonal antibodies specifically inhibit 

the extracellular-binding domain, preventing endogenous ligands, such as, epidermal growth 

factor (EGF) and transforming growth factor alpha (TGF-α), from binding and activating the 

receptor (21). Cetuximab is an anti-EGFR mAb and is currently the only Food and Drug 

Administration (FDA)-approved molecularly targeted therapy for HNSCC (12, 13). Due to its 

success in clinical trials, cetuximab in combination with radiation has become a standard therapy 

for patients with HNSCC, as well as in combination with chemotherapy for patients who have 
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recurrent and/or metastatic HNSCC (12, 13). The second approach to inhibit EGFR is through 

the intracellular tyrosine kinase domain. Tyrosine kinase inhibitors (TKIs) are small molecules 

which act by blocking the adenosine triphosphate (ATP) binding site, thereby inhibiting 

phosphorylation of EGFR and further activation of downstream intracellular signaling pathways 

(6, 21). Erlotinib, an EGFR TKI, has had promising Phase II study results, and remains in active 

development for HNSCC (22). Targeted therapy in HNSCC in combination with chemotherapy 

and/or radiation has shown increased efficacy when compared to chemotherapy and radiation 

alone (12, 13). Improvements in overall survival have been achieved, although only minimal, 

and the mortality rate of HNSCC patients still remains high. It is evident that strategies that 

differ from the current methods of treatment are warranted.  

 

1.3. Chemoprevention 

The concept of cancer chemoprevention denotes the use of an agent; artificial, natural, or 

biological, to reverse, slow or arrest the process of carcinogenesis (23). Chemoprevention can be 

categorized into primary, secondary or tertiary prevention. Primary prevention involves 

preventing initial cancer in healthy individuals who are at risk, secondary prevention refers to 

preventing cancer in patients with lesions characteristic of premalignancy, and tertiary 

prevention is inhibiting a second primary cancer in patients cured of a previous cancer (24). The 

first FDA-approved primary prevention agent was tamoxifen, an estrogen receptor antagonist, 

which is used in the prevention of breast cancer. Clinical trial studies with tamoxifen in women 

with early-stage breast cancer showed overall survival benefit in patients that had taken 

tamoxifen for 5 years and decreased risk of recurrence (25, 26). Celecoxib, another FDA-

approved chemoprevention agent, is currently used for the control of familial adenomatous 
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polyposis (27). More recently, there has been a focus on developing chemoprevention regimes in 

head and neck cancer, specifically oral cancer, where premalignant lesions can be more easily 

detected. It is well documented that head and neck carcinogenesis represents a step-wise 

progression to the development of invasive cancer (28-30), and methods of delaying or stopping 

the progression of the disease would provide great benefits to the head and neck patient 

population.   

 

1.4. Chemoprevention of Head and Neck Cancer 

Both secondary and tertiary prevention, targeting of premalignant lesions and 

intervention in patients at high risk for development of a second primary tumor, respectively, are 

very relevant for head and neck cancer patients. Various types of agents have been studied in 

chemoprevention of head and neck cancer including retinoids (vitamin A derivatives) and 

inhibitors of molecular targets such as anti-EGFR agents and cyclooxygenase 2 (COX-2) 

inhibitors (31-41). As previously stated, the EGFR is commonly overexpressed in head and neck 

cancer. In addition, activation of the EGFR is considered to be an early event in HNSCC 

carcinogenesis (16, 42, 43). Increased production of EFGR mRNA has been reported in 

pathological samples of normal mucosa from patients at risk for primary or secondary head and 

neck cancers with increased expression seen throughout progression to invasive cancer (16). 

These observations have led to preclinical and clinical investigations of EGFR as a target for 

chemoprevention (44, 45). Clinical investigation of the chemopreventive efficacy of erlotinib 

and cetuximab is currently ongoing in HNSCC patients with advanced premalignant lesions of 

the upper aero-digestive tract (46, 47). A recent chemoprevention study by Rosenthal et al. 

examined erlotinib as an adjuvant in head and neck cancer patients who had undergone salvage 



5 

 

surgery after recurrence. The trial highlighted poor tolerance to long-term erlotinib treatment at 

150 mg (daily) (37). Given that chemoprevention strategies require long-term intervention, 

agents with low toxicity profiles offer an attractive approach in the prevention of HNSCC. Using 

dietary or natural supplements has the potential for long-term use and minimized toxicity 

compared to the standard chemotherapeutic agents. As previously mentioned, clinical studies 

have investigated vitamin A derivatives in chemoprevention of HNSCC, however, mixed 

outcomes and development of resistance to these agents has demonstrated difficulties in clinical 

application (34, 35). Due to the toxic effects of high dosing of single agents, development of 

resistance to single agents, and the aggressive nature of HNSCC, combination strategies that 

dual-target active signaling pathways or synergistically inhibit cancer progression are currently 

the most promising approach in chemoprevention (45, 47). Furthermore, the use of natural 

compounds or nutritional supplements as potential ‘bio-adjuvants’ for cancer prevention have 

become increasingly attractive (44, 48). In the present study, we examined the impact of 

calcitriol, the active metabolite of the nutritional supplement vitamin D3, as a bio-adjuvant on the 

chemopreventive efficacy of erlotinib against oral cancer.          

 

1.5. Role of Vitamin D in Cancer  

Vitamin D is a steroid hormone that can be obtained from dietary sources or synthesized 

from 7-dehydrocholesterol in the skin following UV light exposure (49). The precursor form of 

vitamin D is transported through the circulation to the liver where it is hydroxylated to 25-

hydroxycholecalciferol and then further hydrolyzed in the kidneys to 1,25-

dihydroxycholecalciferol (1,25-(OH)2D3) or calcitriol (49, 50). Vitamin D has effects on bone 

and mineral metabolism and is also involved in the proliferation and differentiation of various 
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types of cells and tissues (49, 50). In addition to findings on the physiological role of vitamin D, 

various epidemiological studies indicate that vitamin D could serve as a potential risk-modifying 

factor in cancer (50, 51). In vitro studies in breast cancer, prostate cancer, and SCC cell lines 

have documented calcitriol’s growth inhibitory effects (52, 53). Vitamin D has been widely 

studied as a chemopreventive agent in a variety of other cancers such as colorectal cancer, 

prostate cancer, and breast cancer (54-56). The diverse biological effects of vitamin D on cell 

proliferation, apoptosis, inflammation and angiogenesis, make it an attractive anti-cancer agent 

(52, 53, 56-58). Given the aggressive nature of head and neck tumors, combination strategies 

targeting multiple aspects of the tumor’s biology, such as overexpression of the EGFR, 

angiogenesis, inflammation, and cell proliferation, should have significant therapeutic impact.    
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CHAPTER 2. PROJECT GOAL 

The overall goal of this project was to examine the impact of calcitriol (1,25-dihydroxyvitamin 

D3) on the chemopreventive efficacy of erlotinib against oral cancer.  

 

2.1. Rationale and hypothesis 

 As previously mentioned, studies have found EGFR activation to be an early event in 

HNSCC carcinogenesis, leading to increased activation of downstream intracellular signaling 

pathways, such as the ERK-MAPK and PI3-AKT pathways, which are critically involved in cell 

growth, cell survival, and angiogenesis (59). Calcitriol has demonstrated to have interactions 

with these downstream signaling pathways through a decrease in the phosphorylation of Akt and 

Erk that is necessary for their activation, in addition to its activity inducing apoptosis (60). Based 

on this knowledge, we hypothesized that targeting EGFR and interacting signaling pathways 

using calcitriol in combination with the EGFR inhibitor, erlotinib, will result in improved 

suppression of oral cancer.  

 

2.2. Specific Aims 

 Two specific aims were developed to test the hypothesis previously mentioned.       

Specific Aim 1: To non-invasively characterize HNSCC progression in the 4NQO model 

using MRI. 

Specific Aim 2: To examine the impact of calcitriol on the chemopreventive efficacy of 

erlotinib against oral carcinogenesis in the 4NQO model.      
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2.3. Approach 

Conducting clinical trials of chemopreventive agents is a challenging endeavor. The 

financial burden, as well as maximal patient compliance, can be problematic. Therefore, the 

importance of preclinical investigation in models that simulate the multi-stage progression of 

carcinogenesis in humans cannot be emphasized enough. Published literature has documented 

that the molecular events and carcinogen-induced changes in mice after 4NQO exposure mimic 

the changes that occur in humans throughout and after carcinogen exposure (61). We conducted 

preclinical studies of our chemoprevention strategy using this model of oral carcinogenesis in 

mice. We used non-invasive MRI in conjunction with histologic and molecular analyses to assess 

the chemopreventive impact of our combination strategy.  
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Figure 1. Experimental Design. The experimental design and the cohorts evaluated in the 

study. Following 14-week exposure to the carcinogen, 4NQO, animals were randomized into one 

of four arms: control, erlotinib alone, calcitriol alone or combination (n = 12-13 per group). 

Tumor presence was assessed through white-light visual examination of the oral cavity at various 

time points. Non-invasive magnetic resonance imaging (MRI) was performed at week 14 

(following carcinogen exposure and prior to treatment); n = 7-9 per group, at week 18 (at the end 

of 4 weeks of treatment); n = 11-13 per group, and at week 26 (8 weeks post completion of 

treatment); n = 12-13 per group. Naïve animals (n = 3) were also imaged with MRI at weeks 0 

and 26. Immunoblot analysis was carried out in a subset of animals (n = 3 per group) at weeks 18 

and 26. Histopathologic assessment was carried out at week 18 (n = 4-5 per group) and week 26 

(n = 7-9 per group). Imaging data is comprised of a collection of data from multiple studies. 
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CHAPTER 3. MATERIALS AND METHODS 

3.1. Animal Model System. Four-to-six week old female C57Bl/6 mice were purchased from 

the National Cancer Institute (Rockville, MD). Animals were housed in cages in a laminar flow 

unit under ambient light and provided with food and water. The carcinogen, 4NQO (Sigma, St. 

Louis, MO), was dissolved in propylene glycol at 50 mg/ml and added to the drinking water at a 

final concentration of 100 µg/ml. Animals were administered 4NQO in their drinking water for 

14 weeks. The water was changed ad libitum every 7-10 days. Regular autoclaved water was 

provided following completion of the 14-week period of carcinogen exposure. Control animals 

received autoclaved water at all times. This protocol for carcinogen exposure was based on 

published reports in the literature that have demonstrated consistent formation of lesions in this 

model that progress through various stages of carcinogenesis (62). All experimental procedures 

were performed in accordance with protocols approved by the Institutional Animal Care and Use 

Committee (IACUC) at Roswell Park Cancer Institute (RPCI).   

 

3.2. Treatments. Erlotinib (Tarceva®) powder (Selleck Chemicals, Houston, TX) was dissolved 

in dimethyl sulfoxide (DMSO) at a concentration of 5 mg/ml and administered by oral gavage 25 

mg/kg (5 days/week for 4 weeks). Calcitriol, 1,25-dihydroxyvitamin D3, (Hoffman-La Roche, 

Inc., Nutley, NJ) was kindly provided by the laboratory of Candace S. Johnson of the 

Pharmacology and Therapeutics Department at RPCI. Calcitriol was reconstituted in 100% ethyl 

alcohol then diluted in phosphate-buffered saline to a final concentration of 1 µg/ml and 

administered 0.1 µg per mouse (3 days/week for 4 weeks) by intraperitoneal injection.  
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3.3. Imaging-Based Assessment 

3.3.1. Magnetic Resonance Imaging. Experimental MRI examinations were performed using a 

4.7 T/33-cm horizontal bore magnet (GE NMR Instruments, Fremont, CA) incorporating 

AVANCE digital electronics (Bruker Biospec with ParaVision 3.0.2; Bruker Medical Inc., 

Billerica, MA) and a removable gradient coil insert (G060, Bruker Medical Inc., Billerica, MA) 

generating maximum field strength of 950 mT/m and a custom-designed 35-mm RF transmit-

receive coil. Animals were anesthetized using 2.5% Isoflurane (Benson Medical Industries, 

Markham, ON, Canada) prior to and during imaging. The mice were secured in a form-fitted, 

MR compatible sled (Dazai Research Instruments, Toronto, Canada) equipped with temperature 

and respiratory monitoring sensors. The sled, along with a phantom containing 0.15 mM 

gadopentetate dimeglumine (Gd-DTPA; Magnevist, Berlex Laboratories, Wayne, NJ), was 

positioned inside the scanner using a plastic carrier tube. Animal body temperature was 

maintained at 37°C during imaging using an air heater system (SA Instruments Inc., Stony 

Brook, NY), and automatic temperature feedback was initiated through thermocouples in the 

sled, in conjunction with computer software supplied with the heater. Transverse axial multi-

slice, two-dimensional T2-weighted (T2W) spin echo images incorporating RARE (rapid 

acquisition with relaxation enhancement) encoding were acquired for each mouse using the 

following parameters: matrix size 256 x 192, TE/TR = 41/2500 ms, slice thickness 1 mm, field 

of view (FOV): 3.2 x 3.2 cm, number of slices = 20, acquisition time = 4 minutes. T2W images 

were acquired at different time points throughout and post 4NQO exposure. Post processing of 

raw datasets was performed using the medical imaging software, Analyze PC (Version 8.0, 

AnalyzeDirect, Overland Park, KS. A region of interest (ROI) was traced around the entire 

tumor on each slice on T2-weighted images and saved as an object map. Tumor volume was 
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calculated measuring the cross sectional area on each slice and multiplying this area with slice 

thickness and the number of slices. 

 

3.3.2. White Light Digital Imaging. For confirmation of MRI results and assessment of visual 

changes in tongue morphology, white light images were acquired every two weeks throughout 

the course of the study. For in vivo imaging, mice were anesthetized using 2.5% isoflurane prior 

to imaging and visual inspection. For ex vivo analysis, animals were humanely sacrificed and 

tongues were resected immediately prior to imaging.  

 

3.4. Immunohistochemistry and Histology. Whole tongue specimens were fixed in 10% 

neutral-buffered formalin (Sigma, CA) for immunostaining and histology. Immunostaining of 

whole tongue sections for the vitamin D receptor (VDR) was performed using the monoclonal 

antibody 9A7 (MA1-710; Thermo Fisher Scientific Pierce Antibody Products, Rockford, IL) by 

the Mouse Tumor Model Resource at RPCI. Relative VDR expression was qualitatively 

analyzed based on intensity of the stain within a given 20x magnification field. The Pathology 

Resource Network at RPCI performed the tissue sectioning on all tissue samples for H&E 

staining. All samples were paraffin-embedded and cut at 4 µm, placed on charged slides, and 

dried. For H&E staining performed in the Seshadri lab, slides were deparaffinized in two 

changes of xylene, followed by multiple rehydration steps of different ethyl alcohol 

concentrations and lastly with distilled water. Nuclei were stained with Harris Hematoxylin 

(Sigma, St. Louis, MO), rinsed in running tap water and then differentiated with 1% acid alcohol. 

Slides were rinsed in running tap water for four minutes for bluing, followed by a rinse in 95% 

ethyl alcohol. Next, the slides were stained with Eosin (Sigma, St. Louis, MO) for one minute. A 
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series of dehydration steps in three changes of alcohol occurred followed by three changes of 

xylene to clear the slides. Lastly, the slides were cover slipped. All slides were scanned and 

digitized using the Scanscope XT system (Aperio, Vista, CA) and images were captured using 

the ImageScope software. H&E stained sections of the tongue were examined by a board-

certified pathologist with a clinical practice focus in head and neck cancer, blinded to therapeutic 

arm, imaging findings and outcome. Histologic assessment of hyperkeratosis (thickened 

keratinized layer), dysplasia grade (architectural disarray, increased nuclear to cytoplasmic ratio, 

hyperchromatic nuclei, increased or abnormal mitotic figures), and invasive carcinoma (frank 

invasion into the connective tissue stroma) was conducted as described previously (63).  

 

3.5. Immunoblotting. Animals were humanely sacrificed and whole tongues excised and flash 

frozen for molecular analysis at various time points post carcinogen exposure. Expression levels 

of VDR and phosphorylated forms of EGFR and Akt in tissues were measured by 

immunoblotting of whole tongue extracts using primary antibodies specific for these markers. 

Protein extracts of whole tongue tissue were prepared by manually homogenizing the tissue with 

a mortar and pestle to a fine powder and adding TX-100/SDS lysis buffer, phosphatase inhibitor 

cocktail (CalBioChem, Billerica, MA) and protease inhibitor. Protein extracts were kept on ice 

for 30 minutes and vortexed at 10 minute intervals. Lysates were clarified by centrifugation for 

10 minutes at 4 ºC and protein concentrations were determined using the BCA protein assay 

(Thermo Scientific, Waltham, MA). Proteins were resolved using SDS-PAGE and transferred to 

PVDF membranes. Western blots were performed using the following primary antibodies: 

monoclonal rat anti-VDR (clone: 9A7; Thermo Fisher Scientific, Waltham, MA), monoclonal 

rabbit anti-phospho-EGFR (phospho Y1092; abcam, Cambridge, MA), polyclonal rabbit anti-
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phospho-AKT1 (phospho S473; abcam, Cambridge, MA). Anti-rabbit and anti-mouse 

horseradish-peroxidase-conjugated secondary antibodies (GE Healthcare, Pittsburgh, PA) were 

used and blots were developed using enhanced chemiluminescence. Actin (I-19; Santa Cruz, 

Dallas, TX) was used in each experiment as a loading control. To assess differences in protein 

expression, western blot films were analyzed using the UN-SCAN-IT program (Silk Scientific, 

Inc., Orem, UT). Equal sized regions of interest (ROIs) were fitted around each expression band 

to measure total pixels. Using the total pixels acquired from the blot and the total pixels acquired 

from the corresponding actin blot, a normalized expression value was achieved [(antibody total 

pixels/actin total pixels)/average control tissue expression].  

 

3.6. Toxicity Assessment. Animals were monitored according to changes in wellness including: 

decreased mobility, weight loss, and difficulty eating/drinking, upon which displaying the listed 

symptoms, were euthanized. Body weight measurements were obtained three times weekly 

during and after intervention. Animals were humanely euthanized when sustained loss of body 

weight (≥20% of initial body weight) was observed. In addition, cardiotoxicity was assessed by 

ultrasound imaging. Cardiac imaging was performed with the Vevo® LAZR (VisualSonics Inc., 

Toronto, ON, Canada) system with a 55MHz ultrasound transducer. Mice were anaesthetized 

with 2% isoflurane and secured to the heated imaging platform. The animal’s forelimbs and 

hindlimbs were taped to the ECG leads to acquire the heart rate of the animal. The platform was 

tilted forward and angled to allow optimum visualization of the left ventricle. Once in position, 

gel was placed on the chest of the animal and the transducer was lowered into position. To obtain 

a parasternal long axis view, the transducer was tilted forward and rotated 35° counter-

clockwise. Cardiac imaging mode was activated and long axis images were acquired for 100 
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frames. From this position, the transducer was rotated 90° clockwise to obtain a parasternal short 

axis view of the heart. The left ventricle was broken up into four quadrants down the length of 

the ventricle and each quadrant was imaged during systole and diastole. Following acquisition of 

datasets, the Vevo® 2100 processing suite was used to perform a Simpson measurement of the 

heart. First, the three lower quadrants on the short axis were analyzed by tracing out the 

endocardium at diastole and systole. For the long axis view a line was drawn from the 

endocardium at the apex of the heart to the entrance of the aorta during systole and 

diastole.  Parameters of cardiac function [ejection fraction (EF), cardiac output (CO), and stroke 

volume (SV)] were calculated by the VevoCQ image processing software (VisualSonics Inc., 

Toronto, ON, Canada). 

 

3.7. Statistical Considerations. All statistical analyses were measured using GraphPad version 

6.00 for Windows (Graphpad Software, San Diego California USA, www.graphpad.com). 

Measured values were reported as the mean ± standard error of the mean. Tumor volume 

calculated from MRI and percentage of animals with tumor visible on MRI were reported. For 

imaging studies and western blot analyses, mean tumor volume comparisons between different 

cohorts and difference in protein expression between the cohorts were analyzed using one-way 

ANOVA statistical tests. Tabulated data reporting incidence of tumor on MRI, incidence of 

dysplasia and incidence of invasive SCC through histopathologic assessment was analyzed using 

the Fisher exact probability test. P-values of <0.05 were considered statistically significant.  
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CHAPTER 4. RESULTS 

4.1. Characterization of HNSCC progression in the 4NQO model  

4.1.1. Non-invasive MRI of oral carcinogenesis in vivo  

We performed serial magnetic resonance imaging (MRI) to non-invasively monitor oral 

carcinogenesis in the 4NQO model. T2-weighted MRI was performed at 14 weeks (immediately 

after completion of carcinogen exposure) and follow up scans were acquired at weeks 18, 22, 24 

and 26. Figure 2 shows T2-weighted axial images of naïve (Figure 2A) and 4NQO-treated 

animals (Figure 2B) at different time points after carcinogen exposure. Exposure to 4NQO 

resulted in morphologic changes in the oral cavity that included thickening of the borders of the 

tongue (outlined, Figure 2B) as well as development of exophytic lesions on the dorsal surface 

(arrow, Figure 2B). Figure 2D demonstrates the morphologic changes throughout the whole 

tongue that occurred by week 26 in 4NQO-treated animals compared to naïve controls (Figure 

2C). When comparing the enlarged images of the tongues in the anterior slices, thickening of the 

tongue’s ventral and lateral borders can be observed (outlined in red, Figure 2C, D). The 

middle-posterior slices show thickening on the dorsal surface of the 4NQO-treated tongue 

(hyperintensive regions), possibly indicative of hyperplasia or dysplasia, as well as presence of 

an exophytic growth (arrowhead, Figure 2D). MRI offers a safe, non-invasive method to detect 

morphological changes in the oral cavity during the carcinogenesis process following 4NQO 

exposure, confirming the application of this model to our studies. 

  



17 

 

 

 

 

 

 

Figure 2. MRI of 4NQO-induced oral carcinogenesis.  (A) T2-weighted axial images of a 

naïve C57Bl/6 mouse at the beginning of the study, week 0, and at the end, week 26. (B) T2-

weighted axial images of a C57Bl/6 mouse at various time points following exposure to the 

carcinogen, 4NQO. 
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Figure 2. MRI of 4NQO-induced oral carcinogenesis. (C) T2-weighted axial images of a 

naïve mouse at week 26 and a 4NQO-treated mouse (D) at week 26. Images shown left-to-right 

represent MRI slices of the anterior portion of the mouse and tongue traveling further posteriorly 

through the mouse/tongue. Lower panel of images in (C) and (D) represent enlarged versions of 

the tongue shown directly above. Red outline in (C) and (D) highlight difference in thickening of 

the ventral border of the tongues. White outline in (D) shows lateral border thickening; white 

arrowhead shows dorsal surface solid tumor. 
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4.1.2. Digital imaging of oral carcinogenesis in vivo  

Serial white-light digital images were acquired in addition to MRI for confirmation of findings. 

Figure 3A illustrates the progression of carcinogenesis in vivo throughout the study. 

Leukoplakia and dysplastic-looking lesions developed post-completion of carcinogen exposure. 

Increased thickening of the tongue, in addition to development of white lesions were visible by 

week 23 and week 26 (arrows, Figure 3A) and exophytic growths on the tongue were present by 

week 26 (outlined, Figure 3A). No changes based on visual examination were seen in the naïve 

tongues over time. Figure 3B shows the corresponding in vivo and ex vivo digital images at the 

end point of the study (week 26), as well as corresponding whole tongue H&E sections of the 

naïve and 4NQO-treated tongue in addition to the matching T2 axial MRI. Presence of solid 

tumor is identified on MRI (arrow, Figure 3B) and by digital imaging (outline, Figure 3B). 

Consistent with the imaging data, histologic assessment of the 4NQO-treated tongue confirmed 

dysplasia and focal invasive squamous cell carcinoma (Figure 3B) at week 26.   

  



20 

 

 

 

 
 

 

 

 

 

 

 
 

Figure 3. 4NQO-induced oral carcinogenesis. (A) Serial digital images of a 4NQO-treated 

tongue during carcinogen exposure (week 12) and after (weeks 15, 21, 23 and 26). Outlined 

black box highlights development of tumor growth on the right lateral border/floor of the mouth 

at week 26. (B) T2-weighted axial MRI images of a naïve mouse and a 4NQO-treated mouse at 

week 26. In vivo and ex vivo photomicrographs and histologic sections of the corresponding 

tongues are shown for comparison of the carcinogen-induced changes. 
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4.1.3. Immunohistochemical evaluation of vitamin D receptor expression in the 4NQO 

model 

To determine whether the 4NQO model of oral cancer expressed the receptors our 

chemopreventive agents were targeting, we performed immunohistochemical analyses on naïve 

(untreated) tongues of C57Bl/6 mice as well as tongues treated with 4NQO to determine the 

vitamin D receptor status. The effects of calcitriol are primarily mediated through its interactions 

with the vitamin D receptor (VDR). The VDR is expressed in several tissues as well as in 

multiple types of cancer cells (57, 64, 65). In addition, upregulation of VDR has been previously 

observed with disease progression (66). We therefore performed immunohistochemical analyses 

on naïve and 4NQO-exposed tongues to determine the VDR status in our experimental system. 

No confirmation of expression of the epidermal growth factor was necessary due to findings in 

previous published work stating that 4NQO causes increased expression of the EGFR in a rodent 

model, consistent with the pathology of head and neck cancer in humans (61). The panel of 

images shown in Figure 4 represents photomicrographs of VDR-stained sections of tongues 

obtained from naïve and 4NQO-treated mice (top panel). Corresponding hematoxylin and eosin 

stained sections are also shown (bottom panel). Increased expression of VDR was seen in the 

4NQO-exposed tongue (Figure 4B), particularly in regions exhibiting hyperplastic and 

dysplastic changes (Figure 4E), compared to the normal epithelium of naïve tongues (Figure 

4A, D). Higher expression of VDR was also observed in regions of the 4NQO-treated tongue 

with invasive squamous cell carcinoma (Figure 4C, F) compared to the naïve untreated tongue 

(Figure 4A, D). 
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Figure 4. Vitamin D receptor expression in the 4NQO model. (A) VDR-stained untreated 

(naïve) tongue showing modest VDR expression and (B) VDR-stained tongue at week 26, 12 

weeks post completion of 14 weeks of 4NQO exposure, showing increased VDR expression. (C) 

VDR-stained neoplastic lesion of the 4NQO-treated tongue, week 26. Corresponding H&E 

stained sections of the naïve tongue (D), 4NQO-treated tongue (E), and neoplastic lesion in 

4NQO-treated tongue (F). Magnification bars, 100 µm. 
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4.2. Chemoprevention of oral carcinogenesis with erlotinib and calcitriol  

4.2.1. Longitudinal MRI of the effects of erlotinib and calcitriol on oral carcinogenesis 

MR images were acquired at various time points throughout 4NQO exposure and post treatment 

of single agent erlotinib, single agent calcitriol, and combination to assess differences in cancer 

progression among the groups. Minimal changes were seen in tongue morphology prior to 

completion of 4NQO exposure (week 14) on MRI. Definitive changes in tongue appearance were 

identified on MRI beginning week 18 (immediately post completion of treatment with erlotinib, 

calcitriol, or combination). The panel of images shown in Figure 5A represents T2-weighted 

axial MR images of animals from each cohort at four time points. Figure 5A exhibits the 

changes induced by 4NQO exposure detectable by MRI, such as, thickening of the tongue on the 

dorsum and lateral borders, as well as development of solid tumor (indicated by the white 

arrows). Percentage of tumor incidence and quantification of tumor volume from MRI revealed 

differential changes in disease progression and tumor growth among all groups (Figure 5B-F). 

At week 18 (immediately following completion of 4 weeks of treatment), 5/11 animals in the 

control group showed presence of tumor on MRI while 6/11 animals in the calcitriol arm showed 

evidence of tumor upon imaging examination (one animal in the control arm and one animal in 

the calcitriol arm did not receive imaging at week 18). 1/13 animals in the combination treatment 

group had tumor visualized on MRI, and 1/12 animals treated with erlotinib alone showed 

presence of tumor on MRI examination at week 18. Tumor incidence (% of animals with tumor 

on MRI) increased in all four groups over time. By week 26, all control mice had detectable 

tumor, while mice treated with combination of erlotinib and calcitriol displayed a significantly 

lower incidence of tumor compared to controls (Figure 5F). Quantification of tumor volume by 

MRI was calculated at weeks 18, 22, 24, and 26 (n = 5-6 per group). Throughout the study, the 
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combination-treated mice exhibited a significantly lower mean tumor volume compared to 

tumor-bearing control mice (Figure 5B-E). In addition, single agent calcitriol had a higher mean 

tumor volume compared to control mice (Figure 5B-E).  
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Figure 5. Assessment of treatment impact on oral carcinogenesis through MRI. (A) Serial 

T2-weighted axial MRI images of one mouse per treatment group at four time points; 

immediately after preventive intervention (week 18), to the end of the study (week 26). Animals 

received treatment for 4 weeks, following 14 weeks of 4NQO exposure. erlotinib was 

administered 25 mg/kg p.o, 5 days per week, calcitriol was administered 0.1 μg i.p, 3 times per 

week. Control animals were exposed to 4NQO for 14 weeks and received no further treatment.  
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Figure 5. Assessment of treatment impact on oral carcinogenesis through MRI. (B) – (E) 

Tumor volume measurements based on MRI; n = 5-7 per group; significance reported compared 

to control group (p<0.05). (F) Incidence of tumor detected by MRI weeks 18 and 26; n = 11-13 

per group (p<0.05). 
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4.2.2. Ex vivo evaluation of the effects of erlotinib and calcitriol on oral cancer 

Visual inspection of all tongues, in addition to white light digital imaging, occurred weekly 

throughout the duration of the study to monitor the carcinogenesis process among all groups. At 

the end point of the study (week 26), tongues were resected and analyzed for presence of tumor 

growth. Upon inspection of ex vivo tongues, quantity of visible lesions per tongue was recorded 

for each cohort (n = 7-9 per group). Figure 6B presents tongue lesion multiplicity by treatment 

group. Erlotinib single agent treatment and combination treatment with calcitriol exhibited 

significantly lower mean number of lesions per mouse compared to control mice (Figure 6B). 

“Lesions” were identified as growths protruding from the normal tongue musculature. Figure 6A 

displays representative images of ex vivo tongues from each cohort; lesions identified are 

outlined in black.        
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Figure 6. Ex vivo digital imaging analysis of tumor growth. 

(A) Ex vivo digital images of one tongue per group at week 26. Lesions detected on tongues are 

outlined. (B) Quantification of lesion multiplicity per tongue by treatment group compared to 

control group (p<0.05). 
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4.2.3. Histopathologic evaluation of the impact of erlotinib and calcitriol on oral 

carcinogenesis  

Histopathologic assessment of tissues was performed at weeks 18 and 26 to determine the effects 

of the preventive intervention on incidence and progression of pre-neoplastic and neoplastic 

lesions. Representative H&E-stained whole tongue sections obtained from an animal in each 

cohort at week 18 are shown in Figure 7A. At week 18, control mice exhibited the highest 

incidence of moderate-severe dysplasia, while combination-treated mice exhibited the lowest 

incidence of moderate-severe dysplasia (Figure 7B). Figure 8A shows representative H&E 

stained whole tongue sections from an animal in each cohort at week 26. The control tongue 

shows presence of a papilloma in addition to severe dysplasia and focal invasive SCC (Figure 

8A). Both control and calcitriol-treated tongues reveal additional thickening of the epithelium 

compared to tongues treated with either single agent erlotinib or combination (Figure 8A). 

Varying degrees of dysplasia were observed in the tongue post 4NQO exposure; however, the 

greatest effect on slowing progression of disease post treatment was seen in the combination-

treated tongues. At week 26 (8 weeks post cessation of treatment), combination demonstrated 

decreased severity of dysplasia, having significantly higher incidence of mild dysplasia, as well 

as significantly lower incidence of moderate-severe dysplasia compared to controls (Figure 8B). 

Control tongues exhibited the highest incidence of invasive SCC (71.4%) on histopathologic 

examination. Calcitriol-treated tongues showed 62.5% incidence, while tongues treated with 

erlotinib both single agent and combination treatment exhibited a marked reduction in invasive 

SCC, 37.5% and 33.3%, respectively (Figure 8B).  
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Figure 7. Histopathologic assessment of the chemopreventive efficacy of erlotinib-calcitriol 

combination treatment against oral carcinogenesis at week 18.  (A) Images of hematoxylin 

and eosin stained mouse tongues (at week 18) 24 hours post completion of 4 weeks of treatment 

with erlotinib alone (25 mg/kg p.o, 5 days/week), calcitriol alone (0.1 µg i.p 3 times/week), 

combination treatment, or no treatment (control). 
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Figure 7. Histopathologic assessment of the chemopreventive efficacy of erlotinib-calcitriol 

combination treatment against oral carcinogenesis at week 18. (B) Incidence of dysplasia and 

incidence of invasive squamous cell carcinoma by treatment group. 

 

  

Group Treatment
Mild dysplasia 

(%)
Moderate-Severe

Dysplasia (%) SCC (%)

1 4NQO only 0/4 4/4 (100) 1/4 (25)

2 4NQO + Erlotinib 1/5 (20) 4/5 (80) 2/5 (40)

3 4NQO + Calcitriol 1/5 (20) 4/5 (80) 4/5 (80)

4
4NQO + Erlotinib + 

Calcitriol 2/5 (40) 3/5 (60) 2/5 (40)
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Figure 8. Histopathologic assessment of the chemopreventive efficacy of erlotinib-calcitriol 

combination treatment against oral carcinogenesis at week 26.  (A) Images of hematoxylin 

and eosin stained mouse tongues (at week 26) 12 weeks post completion of 4 weeks of treatment 

with erlotinib alone (25 mg/kg p.o, 5 days/week), calcitriol alone (0.1 µg i.p 3 times/week), 

combination treatment, or no treatment (control). 
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Figure 8. Histopathologic assessment of the chemopreventive efficacy of erlotinib-calcitriol 

combination treatment against oral carcinogenesis at week 26. (B) Incidence of dysplasia and 

incidence of invasive squamous cell carcinoma by treatment group. 

 

 

 

 

 

 

 

 

 

 

Group Treatment
Mild dysplasia 

(%)
Moderate-Severe

Dysplasia (%) SCC (%)

1 Drinking water only 0/3 0/3 0/3

2 4NQO only 0/7 7/7 (100) 5/7 (71.4)

3 4NQO + Erlotinib 2/8 (25) 6/8 (75) 3/8 (37.5)

4 4NQO + Calcitriol 1/8 (12.5) 7/8 (87.5) 5/8 (62.5)

5
4NQO + Erlotinib + 

Calcitriol 5/9 (55.6)* 4/9 (44.4)* 3/9 (33.3)

*P < 0.05 compared to Group 2 (Fisher exact probability test)
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4.2.4. Immunoblot analysis of mechanisms of interaction  

The AKT pathway is downstream of the EGFR and has previously been shown to be inhibited by 

calcitriol (60). We therefore examined the effects of these two agents on the levels of 

phosphorylated EGFR and AKT immediately following completion of treatment (week 18) and 8 

weeks following cessation of treatment (week 26). We also examined the effects of the agents on 

the vitamin D receptor since the response of cells to calcitriol is dependent on the presence of 

VDR (Figure 9, 10). Although calcitriol and erlotinib did not exhibit significant effects on p-

EGFR or p-AKT as single agents, combination treatment caused a modest reduction in p-EGFR 

at week 18 (Figure 9B) and week 26 (Figure 10B). Notably, immunoblotting of whole tongue 

extracts revealed a significant reduction in p-AKT following combination treatment compared to 

control animals (p<0.05) at week 26 (Figure 10C). VDR levels were lower among all treatment 

groups compared to controls at week 18 (Figure 9D). At week 26, combination treatment 

resulted in a significantly lower VDR expression compared to single agent erlotinib (Figure 

10D).      
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Figure 9. Immunoblot analysis of molecular changes immediately post chemoprevention 

treatment. (A) Protein expression levels of p-AKT, p-EGFR, and VDR among all groups at 

week 18 (24 hours post completion of 4-week treatment regime). (B) Protein expression levels of 

p-AKT, p-EGFR, and VDR among all groups at week 18. Whole tongue extracts; n=3 per group 

(p<0.05). 
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Figure 10. Immunoblot analysis of molecular changes in response to chemoprevention 

treatment. (A) Protein expression levels of p-AKT, p-EGFR, and VDR among all groups at 

week 26 (12 weeks post completion of 4-week treatment regime). (B) Protein expression levels 

of p-AKT, p-EGFR, and VDR among all groups at week 26. Whole tongue extracts; n=3 per 

group (p<0.05). 
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4.2.5. Safety of combined erlotinib-calcitriol treatment 

Body weight measurements were obtained throughout the course of the study as a measure of 

safety and tolerability of the treatments. No significant changes in body weight were seen among 

any of the groups throughout 4NQO exposure and treatment with erlotinib, calcitriol or 

combination (Figure 11A). Given the potential risk of cardiotoxicity associated with tyrosine 

kinase inhibitors, we utilized echocardiography to assess cardiac function in animals following 

treatment. No significant difference in parameters of cardiovascular function (cardiac output, 

ejection fraction, stroke volume) was observed between animals in control and treatment arms 

post completion of 4 weeks of treatment (Figure 11B).       
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Figure 11. Safety and toxicity assessment. (A) Body weight measurements throughout 

carcinogen exposure and chemoprevention treatment; n=5 per group. (B) Echocardiographic 

measurement of cardiac output, ejection fraction, and stroke volume at week 21 (3 weeks post 

completion of erlotinib, calcitriol, or combination treatment); n=3 per group. 
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CHAPTER 5. DISCUSSION AND FUTURE DIRECTIONS 

 Head and neck cancers are aggressive tumors most often treated with non-selective 

therapies. As a result, head and neck patients often experience systemic toxicity, severe 

treatment-related comorbidities, and poor quality of life post-treatment. In addition, high rate of 

recurrence and formation of second primary tumors (3, 16, 43) remain prevalent. Given this 

reality, a more strategic approach to combat head and neck cancer and improve patient quality of 

life would be to examine novel prevention strategies that can be safely and effectively 

administered. As previously mentioned, for proper investigation into the effectiveness of a 

chemoprevention approach, a preclinical model system that mimics the multi-stage progression 

of human disease is of absolute importance. 4-nitroquinoline-1-oxide administration to rodents 

forms DNA adducts, causing DNA damage which mimics the damage caused by tobacco smoke 

in humans (61). The molecular events induced by 4NQO have been shown to mimic the multi-

stage progression of human disease, thereby confirming the applicability of this model to our 

studies (61, 67). Utilization of the 4NQO model of oral carcinogenesis allowed for an effective 

method to test the impact of calcitriol, the active metabolite of vitamin D, on the 

chemopreventive efficacy of the EGFR inhibitor, erlotinib, against HNSCC. 

To carry out our investigation of this chemoprevention approach, we utilized a non-

invasive imaging method. Although cancer is a chronic process, very few studies have utilized 

longitudinal imaging to monitor the oral carcinogenesis process in vivo. The majority of studies 

have utilized histopathologic evaluation, which will always remain important. However, given 

the invasive nature of this technique, serial assessment of changes within the same experimental 

cohort cannot be achieved. Published preclinical work has characterized molecular changes 

within the 4NQO model at various time points (62, 68). Other preclinical studies in the 4NQO 
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model have utilized various methods of assessing longitudinal changes associated with the 

carcinogenesis process, such as nuclear magnetic resonance spectroscopy, autofluorescence, and 

digital imaging (69, 70). However, to our knowledge, longitudinal imaging studies in the 4NQO 

model have not been carried out on the same animals over time. To achieve serial assessment of 

oral carcinogenesis in the 4NQO model, we utilized magnetic resonance imaging. MRI is 

clinically relevant and offers the ability to non-invasively detect visual and functional changes 

within the tissue. In particular, we employed T2-weighted MRI, which takes advantage of the 

intrinsic properties within the tissue to provide contrast among the different tissues being imaged 

(71). Utilization T2-weighted imaging allowed for assessment of morphologic changes in the 

tissue without the use of exogenous contrast agents. Based on MRI, we saw suppression of tumor 

growth and decreased tumor incidence in the combination treatment group. Although these 

results are encouraging, investigation into longer durations of treatment is warranted to better 

mimic the clinical setting.    

An extensive body of literature exists on the anti-neoplastic activity of calcitriol against 

breast, prostate, colon and skin cancers (51-53, 57-59). Studies have also reported on the growth 

inhibitory effects of calcitriol against SCC and oral SCC cell lines (53, 57, 72-74). Meier et al. 

have shown that administration of vitamin D3 delayed the oral carcinogenesis process in the 

hamster buccal pouch SCC model (72). At the clinical level, Walsh et al. have demonstrated an 

immunomodulatory effect produced by treatment of vitamin D3 in patients with HNSCC, which 

led to overall slower time to recurrence of disease post-surgery compared to untreated patients 

(75). In addition, combination treatment of vitamin D3 and erlotinib in acute myeloid leukemia 

cells has exhibited synergistic anti-proliferative and pro-apoptotic effects (76). We therefore 
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investigated if calcitriol could enhance the efficacy of an EGFR inhibitor against oral squamous 

cell carcinoma.  

The effects of calcitriol are mediated by its interaction with the vitamin D receptor (49). 

The VDR is located primarily in the nucleus and binds to vitamin D response elements resulting 

in activation or repression of target genes. The presence of VDR has been documented in normal 

tissue types, such as, the intestinal tract, kidneys and bone, as well as in epithelial and 

mesenchymal tumors including breast, prostate and colon carcinomas and osteosarcomas (49, 

50). Several endothelial cell types including murine and bovine aortic endothelial cells and 

human capillaries also express VDR (58, 77). Given that the effects of calcitriol seem to be 

conditional upon the expression of VDR in the target tissue (57, 64, 65), we examined the status 

of VDR expression in our carcinogen-induced mouse model. When comparing an untreated 

mouse tongue to a tongue exposed to the carcinogen, 4NQO, we found that the intensity of VDR 

staining was increased in carcinogen-exposed epithelium compared to healthy epithelial tissue. 

Consistent with our findings, recent published literature has revealed that VDR expression is 

much higher in both human and murine oral SCC than in normal oral epithelium (78). In normal 

oral epithelium, VDR expression was found to be predominantly in the basal layer, while in 

neoplastic lesions, VDR expression was dispersed throughout the epithelium (79).  

Published literature of preclinical studies in colon and breast cancer models has 

demonstrated interactions of vitamin D3 and the epidermal growth factor on expression of EGFR 

and VDR, respectively (79-81) However, modulation of EGFR by vitamin D3 appears to be 

dependent on the cell type. Conflicting results have been reported in two different breast cancer 

cell lines; Koga et al. found that treatment with vitamin D3 resulted in a decrease in EGFR 

number, while Desprez et al. found that vitamin D3 treatment resulted in an increase in EGFR 
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expression (80, 81). In a human colon adenocarcinoma cell line, treatment with vitamin D3 

resulted in a decreased abundance of EGFR (79). Tong et al. also found that the epidermal 

growth factor suppressed expression of the VDR (79). Furthermore, in an epidermoid carcinoma 

cell line, treatment with 1,25-D3 downregulated EGFR-growth signaling and reduced EGF-

induced tyrosine phosphorylation of the EGFR (82). The presence of crosstalk between these two 

intracellular signaling pathways has been documented; however, the extent to which the 

pathways interact in oral SCC is unknown. To investigate possible interactions between the two 

agents, we performed western blot analyses on mouse tongue extracts at multiple time points 

post treatment with erlotinib and calcitriol. As previously stated, immediately post 4 weeks 

treatment (week 18), expression of p-EGFR in combination-treated tongues was reduced 

compared to all other groups. At week 26, combination-treated tongues had a significantly lower 

expression of p-EGFR compared to tongues treated with single agent erlotinib, as well as a 

significantly lower expression of p-AKT compared to controls. Although the mechanism of 

interaction between the two agents requires further investigation, these results indicate presence 

of crosstalk between the two agents resulting in sustained inhibition of multiple signaling 

pathways downstream of EGFR with the combination treatment. 

Prior clinical work has demonstrated the safety and tolerability of both erlotinib and 

calcitriol as single agents (36, 37, 45, 83-85). Unlike cetuximab, which requires an intravenous 

injection, erlotinib is orally active and can be taken at the patient’s home. As previously 

mentioned, erlotinib is currently being investigated for its efficacy in chemoprevention and 

treatment of HNSCC (37, 47). Erlotinib is FDA-approved for treatment in patients with non-

small cell lung cancer, as well as treatment in combination with gemcitabine for locally 

advanced and metastatic pancreatic cancer (86, 87). Clinical dosing of erlotinib typically ranges 
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from 100 mg to 150 mg daily (86, 87). Most preclinical studies have documented erlotinib’s 

therapeutic efficacy at 50 mg/kg or higher in mice, which corresponds to approximately 240 mg 

or more daily in humans, much greater than the amount currently given in the clinic (88-90). Our 

studies have demonstrated tumor growth inhibition in mice at 25 mg/kg daily for 4 weeks. This 

dose corresponds to approximately 122 mg daily in humans (90). A recent clinical trial 

investigating daily erlotinib (150 mg) as an adjuvant in head and neck cancer patients who had 

recently undergone salvage surgery found poor tolerance to long-term treatment at this dose. Of 

the 31 patients enrolled in the study, only 8 patients completed the 12-month course of erlotinib 

therapy given at 150 mg, 5 days per week. Discontinuation of treatment as well as dose 

reductions occurred as a result of intolerance to prolonged therapy (37). Although our studies 

investigated a lower dose of erlotinib, future studies into even lower doses at longer durations 

need to be performed to better mimic a chemoprevention clinical trial. In addition, clinical trials 

have exhibited the safety and tolerability of calcitriol administration (83-85). In our study, 

calcitriol was administered to mice at a dose of 0.1 µg (i.p) 3 days/week (MWF) for 4 weeks. 

This dosing in an SCC animal model has previously exhibited therapeutic efficacy (91). Daily 

administration of calcitriol has been shown to be associated with risk of hypercalcemia (92). 

However, intermittent dosing has exhibited therapeutic efficacy in addition to decreased risk of 

toxicity-related side effects (83, 84, 93). While no evidence of toxicity was observed with both 

agents at the doses evaluated in our studies, future studies should therefore investigate the 

efficacy and toxicity of long-term treatment at multiple doses and schedules.  

We recognize the limitations of our study. Although we have shown promising results in 

our combination regimen, we observed that single agent calcitriol treatment had possible growth 

stimulatory effects as demonstrated by the higher mean tumor volume compared to the control 
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group detected through MRI. Prior in vitro studies have shown that calcitriol has growth 

stimulatory effects on the nontumorigenic oral cell line, HGF-1, in a dose-dependent manner 

(74). In addition, studies examining oral keratinocytes have found that vitamin D3 treatment 

stimulates proliferation, most likely due to up-regulation of proteins belonging to the ErbB 

family or tyrosine kinase receptors, such as EGFR (94). Whether these findings play a role in 

growth stimulation of cells in the oral cavity after exposure to carcinogen is not fully known, 

however, timing of intervention with calcitriol as a preventive agent needs to be investigated 

further. In this regard, non-invasive imaging techniques can provide useful information on the 

sequence and timing of application of preventive intervention. Furthermore, clinical translation 

of effective doses of calcitriol without the risk of hypercalcemia is difficult. Alternative 

approaches to safely promote local tissue production of 1,25-(OH)2D3 are warranted. Dietary 

supplementation of vitamin D has been studied in other preclinical tumor models and in the 

clinic (95-97). A randomized clinical trial investigating calcium plus vitamin D supplementation 

in postmenopausal women found a reduced cancer incidence among the combination arm 

compared to the placebo and calcium-only arms (97). The ease of dietary supplementation makes 

this approach particularly attractive for clinical translation. To this end, ongoing studies in our 

laboratory are investigating the effects of dietary vitamin D3 on the chemoprevention of HNSCC. 

Further testing of this bio-adjuvant combination chemoprevention approach is required to fully 

examine its impact throughout the process of oral carcinogenesis. 
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