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Head and Neck Cancer 

Main causes:  
 

 Tobacco (smoked or chewed) 
 Alcohol  
 Human papilloma virus (HPV) 

infection 

Treatment options: 
 

 Surgery 
 Radiation therapy 
 Chemotherapy 

identified by the area in which they begin: 

 Oral cavity 

 Salivary glands 

 Paranasal sinuses 

 Nasal cavity 
 Pharynx 

 Larynx (voicebox) 

 Lymph nodes in the neck.  

U.S. National Cancer Institute. (2013). Head and Neck Cancers  

Presenter
Presentation Notes
Concurrent chemoradiotherapy is an established modality in the management of head and neck cancer. Although employed to improve quality of life, its association with several side effects remains a clinical threat.Studies reveal that oral mucositis (OM) is a common and serious complication of head and neck chemoradiotherapy that has a profound effect on morbidity, compliance, and treatment outcomes (Treister and Sonis, 2007).Reference

http://www.medicinenet.com/asbestos-related_disorders/article.htm


Radiotherapy of 
head and neck 
malignancies 

ORAL MUCOSITIS 
85-100% 

POOR NUTRITION 

INFECTION 

UNPLANNED 
BREAKS in 
Treatment 

QUALITY of LIFE 

Local Control and 
Survival 

 
 
Trotti et al. Mucositis incidence, severity and associated outcomes in head and neck cancer receiving RT: a systematic 
literature review. Radiotherapy Oncology 2003; 66: 253–262.  
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Presentation Notes
Concurrent chemoradiotherapy is an established modality in the management of head and neck cancer. Although employed to improve quality of life, its association with several side effects remains a clinical threat.



 Matrix-metalloproteinases (MMP) 

•  are zinc-dependent endopeptidases 

 

     MMP-1 (interstitial collagenase or collagenase-1)  

 : the only enzyme that has the ability to initiate the breakdown of the interstitial      

            collagens such as  Collagen type-1, Collagen type-2, and Collagen type-3.  

         

    (Ross, Pawlina. 2011.) 

There is a correlation between MMP-2, -3, and -9 and oral mucositis.  

•recommends further research vis-à-vis other relevant MMPs and interventional 

therapies that target correlated MMPs to prevent or reduce the severity of oral  

mucositis and to promote faster healing of oral mucositis lesions (Al-Azri, 2013). 
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Presentation Notes
MMP’s are zinc-dependent endopeptidases which include collagenases, gelatinases, stromelysins, matrilysins, membrane-type MMPs and macrophage metalloelastases. MMP-1 is also known as interstitial collagenase or collagenase-1, is the only enzyme that has the ability to initiate the breakdown of the interstitial collagens: collagen type-1, collagen type-2, and collagen type-3It is said that the breakdown of these components is essential for many physiological processes such as embryonic development, morphogenesis, reproduction, and tissue resorption and remodeling. They have subsequently been found to be upregulated in nearly every tumor type. As digestion of the extracellular matrix is essential for tumor invasion and metastasis, MMPs have been studied for their role in the advanced stages of tumor development. They are also well established as mediators of tumor invasion and metastasis by breaking down connective tissue barriers.



Chemotherapy 
Radiotherapy 
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Presentation Notes
Sonis has described five phases of the pathobiologic expression of mucositis. It is in the second phase where MMPs are activated because of the damage to connective tissue, fibrin. (Yavas, Yavas, Bozkurt, Ata, Hakki., 2014)The pathologic progression of mucositis is made up of five phases known as the initiation phase, primary damage response phase, signal amplification phase, ulcerative phase and healing phase. During the first phase, phasing ionizing radiation and cytotoxic drugs directly injure DNA and cause strand breaks leading to the clonogenic death of basal epithelial cells. The development of reactive oxygen species (ROS) and oxidative stress then follows. The ROS prompt two important transcription factors called nuclear factor kB (NF-kB) and STAT3. These transcription factors activate the genes associated with tissue-damage mediating cytokines. During the second phase, a number of significant genes are expressed. These include those controlling the production of pro-10inflammatory cytokines, endothelial growth factors and cycloxygenases. Matrix metalloproteinases are activated due to damage of the connective tissue fibrin. The mediators generated during the second phase provide positive feedback during the third phase that result in a growing cascade of damaging mediators. During the fourth phase, a robust infiltrates within the macrophages, neutrophils, and mast cells (Sonis, 2004).The activation of monocytes/macrophages and lymphocytes due to ionizing radiation leads to the release of eicosanoids, cytokines, and matrix metalloproteinases (MMPs). These factors are implicated in endothelium damage. (Raederstorff, et. Al. 2009). An intact vascular endothelium prevents bleeding and thrombosis by inhibiting platelet and coagulation activation by promoting fibrinolysis. However, damaged vascular endothelium promotes coagulations. Thrombopoietin (TPO) is a hormone that, side by side with cytokines, induces stem cells to differentiate into megakaryocyte progenitors, and ultimately to megakaryocytes, thus inducing the proliferation and maturation of megakaryocytes and increase in platelets. (Rodak, et. Al., 2012). Maintenance the balance between anabolic and catabolic events due to articular damage is important in order to prevent hypertrophy and excessive degradation of the11extracellular matrix, respectively. The major components of the ECM are collagen and proteoglycans. Catabolic events are controlled by the expression of various genes, one being MMPs that eventually break down collagen. Break down of the ECM in cartilage degradation is mainly caused by MMP-1 and MMP-3 (Raederstorff, et. Al. 2009).



SPECIFIC OBJECTIVES: 

1. To determine change in the levels of MMP-1 among head and neck carcinoma 

patients after 10 days of radiation therapy.  

2. To determine the correlation between MMP-1 and the manifestation of 

radiation-induced oral mucositis. 

3. To determine the correlation between complete blood count (CBC) results 

with levels of MMP-1 among head and neck carcinoma patients undergoing 

radiation therapy. 

GENERAL OBJECTIVE:  

 To determine the extent of MMP-1 level increase among head and neck 

squamous cell carcinoma (HNSCC) patients before and during radiation therapy. 



 Limited to 20 head and neck cancer patients receiving 
ionizing radiation 
 
 Specific only  to MMP-1 
 
 Levels of MMP-1 will only be quantified before and 

on the 10th day of radiotherapy and chemotherapy. 
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Diagnosed with biopsy proven malignancy of the head and 
neck, stages I-IVB (i.e. lip and oral cavity, pharynx, larynx, 

nasal and paranasal sinuses) 

Diagnosed early and advance head and neck cancer patients 
treated with concurrent chemotherapy. 

Diagnosed early stage head and neck cancer patients treated 
with radiation therapy alone. 

Eastern Cooperative Oncology Group performance of status 
≤ 2. 
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Presentation Notes
 Inclusion Criteria	Diagnosed with biopsy proven malignancy of the head and neck, stages I-IVB (i.e. lip and oral cavity, pharynx, larynx, nasal and paranasal sinuses)Diagnosed early and advance head and neck cancer patients treated with concurrent chemotherapy.	Diagnosed early stage head and neck cancer patients treated with radiation therapy alone.	Eastern Cooperative Oncology Group performance of status ≤ 2.
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Recurrence of the disease. 

Patients diagnosed with 
metastatic disease during 

chemoradiotherapy planning. 

Active cancer in another part 
of the body. 
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Presentation Notes
Exclusion CriteriaRecurrence of the disease.Patients diagnosed with metastatic disease during chemotherapy planning.Active cancer in another part of the body.



 Dilution of Samples : 5-fold 

 Absorbance : 450 nm 

 Samples were tested in duplicates 

MMP-1 Human ELISA kit (Abcam) 

D. Enzyme-Linked Immunosorbent Assay 

 Based on colorimetric changes 

 Stop solution : blue to yellow 

 Beer- Lambert’s law 



Day 0        and         Day 10 
D. Complete Blood Count 

 Hemoglobin 

 Hematocrit 

 RBC 

 WBC 

 Platelet 

 Neutrophil 

 Lymphocyte 

 Eosinophil 

 Basophil 

 Monocyte Sysmex Xn1000TM Hematology Analyzer 

Presenter
Presentation Notes
Patients undergoing radiotherapy undergo a weekly complete blood count (CBC) test in order to monitor their hemoglobin levels. With the approval from the Institutional Review Board and with the consent of the participants, CBC results were retrieved from patient records and copied at the CBC form (See Appendix B). The parameters retrieved included hemoglobin level, hematocrit, red blood cell count, white blood cell count, platelet count and differential leukocyte counts starting a week prior to radiation treatment (Day 0) and on the 10th day of radiation therapy. The machine used to conduct CBC was a Sysmex Xn1000TM Hematology Analyzer. It uses fluorescent flow cytometry and cell counting methods to provide a sensitive measure and differentiation cell types in whole blood.



E. Radiation Therapy Oncology Group (RTOG) 
 Grading   [ 0 ] [ 1 ] [ 2 ] [ 3 ] [ 4 ] 

SKIN No change over 
baseline 

Follicular, faint or dull 
erythema/ epilation/dry 

desquamation/ decreased 
sweating 

Tender or bright erythema, 
patchy moist desquamation/ 

moderate edema 

Confluent, moist 
desquamatiom other than 
skin folds, pitting edema 

Ulceration, 
hemorrhage, necrosis 

MUCOUS 
MEMBRANE 

No change 
over baseline 

Injection/ may experience 
mild pain not requiring 

analgesic 

Patchy mucositis which may 
produce an inflammatory 

serosanguinitis discharge/ 
may experience moderate pain 

requiring analgesia 

Confluent fibrinous 
mucositis/ may include 
severe pain requiring 

narcotic 

Ulceration, 
hemorrhage or 

necrosis 

EYE No change 
Mild conjunctivitis with or 
without scleral injection/ 

increased tearing 

Moderate conjunctivitis with or 
without keratitis requiring steroids 
&/or antibiotics/ dry eye requiring 

artificial tears/ iritis with 
photophobia 

Severe keratitis with corneal 
ulceration/ objective 

decrease in visual acuity or in 
visual fields/ acute glaucoma/ 

panopthalmitis 

Loss of vision 
(unilateral or bilateral) 

EAR No change over 
baseline 

Mild external otitis with 
erythema, pruritis, secondary to 
dry desquamation not requiring 

medication. Audiogram 
unchanged from baseline 

Moderate external otitis requiring 
topical medication/ serious otitis 
medius/ hypoacusis on testing 

only 

Severe external otitis with 
dischange or moist 

desquamation/ symptomatic 
hypoacusis/tinnitus, not drug 

related 

Deafness 

SALIVARY 
GLAND 

No change over 
baseline 

Mild mouth dryness/ slightly 
thickened saliva/ may have 

slightly altered taste such as 
metallic taste/ these changes 
not reflected in alteration in 

baseline feeding behavior, such 
as increased use of liquids with 

meals 

Moderate to complete dryness/ 
thick, sticky saliva/ markedly 

altered taste 
------- Acute salivary gland 

necrosis 

PHARYNX & 
ESOPHAGUS 

No change over 
baseline 

Mild dysphagia or 
odynophagia/ may require 
topical anesthetic or non-
narcotic analgesics/ may 

require soft diet 

Moderate dysphagia or 
odynophagia/ may require 

narcotic analgesics/ may require 
puree or liquid diet 

Severe dysphagia or 
odynophagia with 

dehydration or weight 
loss(>15% from pre-

treatment baseline) requiring 
N-G feeding tube, I.V. fluids 

or hyperalimentation 

Complete obstruction, 
ulceration, perforation, 

fistula 

LARYNX No change over 
baseline 

Mild or intermittent 
hoarseness/cough not requiring 

antitussive/ erythema of 
mucosa 

Persistent hoarseness but able to 
vocalize/ referred ear pain, sore 
throat, patchy fibrinous exudate 

or mild arytenoid edema not 
requiring narcotic/ cough 

  

Whispered speech, throat 
pain or referred ear pain 

requiring narcotic/ confluent 
fibrinous exudate, marked 

t id d  

Marked dyspnea, 
stridor or hemoptysis 
with tracheostomy or 
intubation necessary 

  [ 0 ] [ 1 ] [ 2 ] [ 3 ] [ 4 ] 

MUCOUS 
MEMBRANE 

No 
change 
over 
baseline 

Injection/ may 
experience mild 

pain not 
requiring 
analgesic 

Patchy mucositis 
which may 
produce an 

inflammatory 
serosanguinitis 
discharge/ may 

experience 
moderate pain 

requiring 
analgesia 

Confluent 
fibrinous 

mucositis/ may 
include severe 
pain requiring 

narcotic 

Ulceration, 
hemorrhage 
or necrosis 
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Presentation Notes
RTOG Grading SystemThe Radiation Therapy Oncology Group (RTOG) Grading System is a standard tool used by oncologists to subjectively grade the severity of the side effects experienced by their patients. Radiation induced side effects included in this grading system are oral mucositis, xerostomia, dermatitis, conjunctivitis, decreased hearing, and upper digestive tract obstructive complications. (See Appendix C).The evaluation and grading of each patient was performed by only one medical personnel prior to radiation treatment (Day 0) and on the 10th day of radiation therapy. Among the side effects graded by RTOG under head and neck cancers, oral mucositis was chosen as the clinical parameter of choice. Data was collated systematically using data collection forms (See Appendix B).



E. Radiation Therapy Oncology Group (RTOG) Grading 

Patients with Oral Mucositis 
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Presentation Notes
Pic of oral mucosits



  
Paired T-Test    MMP-1 level before and during the 10th  
    day radiation therapy  
 
Regression analysis                 MMP-1 level for observable side effects  
    of radiation  
 
Pearson Correlation   Correlation between the CBC results  
  test    and the levels of MMP-1 
 

F. Data and Statistical Analysis 

Presenter
Presentation Notes
Data and Statistical AnalysisData retrieved were reviewed then subjected to statistical treatment.The Paired T-Test is a statistical technique used to compare two population means in the case that the two samples that come from the same source, such as in ‘before-and- after’ studies. This tool was used for the first objective to determine the statistical difference between MMP-1 levels before the start of Radiation Therapy treatment and on the tenth day of treatment.Regression Analysis is a statistical process that is used to estimate the relationships among variables. This includes analyzing several variables when the focus is on the relationship between a dependent variable and one or more independent variables. This test was used for the second objective to determine the MMP-1 level at which oral mucositis induced by ionizing radiation therapy can be observed.The Pearson Product-Moment Correlation Coefficient is a measure of the linear correlation between two variables. The coefficient comes from a range of -1 and +1, where -1 is total negative correlation, 0 is no correlation, and 1 is a total positive correlation. This test was used for the third objective, to identify the correlation between the levels of MMP-1 and the different hematologic parameters included in the CBC test.



DEMOGRAPHIC PATIENT PROFILE 

• Total of 20 individuals  

• Males    
85% 

• Females    
15% 

25% 

20% 15% 

5% 
5% 

5% 
5% 5% 

Age Group Distribution 

50-54
45-49
40-44
15-19
35-39
55-59
65-69
70-74

Pie Chart 4.1 Age Group Distribution 

Presenter
Presentation Notes
total of 20 individuals were included in this study. �Majority of the participants were males, having a population of 85% and the remaining 25% of the population were females. �Age group varies ranging from 16-71. �The largest bulk of the population, having a percentage of 25% of the whole population, was the age range of 50-54 years followed by a 20% age range of 45-49 years. The next age group, 40-44 and 30-34 years, have the same percentage of 15%. Lastly the remaining age group, 15-19, 35-39, 55-59, 65-69 and 70-74 years, all have the same percentage of 5%. The presented data concludes that there are more male participants than females. The age range of the participants shows a big difference starting from 16 years old to 71 years old. However, majority of the population are concentrated on the age range of 45 years old to 54 years old.  



PATIENT PROFILE 

ANATOMIC SITE NO. 
Larynx 3 

Nasopharyngeal 11 
Oral cavity 4 

Oropharyngeal 2 
TOTAL: 20 
STAGE NO. 
Stage I 1 
Stage II 1 
Stage III 8 

Stage IVA 6 
Stage IVB 4 

TOTAL 20 

CHEMOTHERAPY NO. 
WITH 18 
WITHOUT 2 
TOTAL 20 



Graph 4.2. MMP-1 Trend of Day 0 and Day 10 
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Presenter
Presentation Notes
The mean MMP-‐‑1 concentration of day 0 was 8031.08 with a standard error of means (SEM) of 2672.34, while the mean MMP-‐‑1 concentration of day 10 was 8685.40 with a SEM of 3160.98. The collected MMP-‐‑1 values exhibited an increasing trend from day 0 to day 10.



Mean MMP-1 Levels of 20 patients 10 days after site-directed 
radiotherapy

  Concentration Day 0 
pg/mL 

Concentration Day 10 
pg/mL 

Mean 8031.08 ± 2672.34 8685.40 ±  3160.98 

Observations  (n) 20 20 

T Stat -1.076241777   

p-value (two-tail) 0.147647894   

Table 4.2.1. T-test: Paired Two Sample for Means MEAN CONCENTRATION 
OF CONTROL GROUP: 
3080.026071 pg/mL 

Presenter
Presentation Notes
Normal value of MMP1 (Healthy Human Subjects): 320-4000 pg/ml



Hematologic Parameters 
Hematologic 
Parameter 

Mean Value of Parameter on 
Day 0 

Mean Value of Parameter on 
Day 10 

Hemoglobin 105.534 109.45 

Hematocrit 12.7277 3.636111111 

RBC 4.619473684 4.055263158 

WBC 8.983 6.548333333 

Platelet 280.95 293.9444444 

Neutrophil 0.62 0.705263158 

Lymphocytes 0.318947368 0.245263158 

Eosinophil 0.036111111 0.021111111 

Basophil 0.033888889 0.015555556 

Monocyte 0.592222222 0.526666667 

Presenter
Presentation Notes
Table 5 showed the mean values of the different hematologic parameters included in the Complete Blood Count. The table also showed comparison the CBC mean data on days 0 and 10. Hematologic parameters such as hemoglobin, platelet and neutrophil had increased values from baseline, while hematocrit, RBC, WBC, lymphocytes, eosinophil, basophil and monocyte had decreased. WBC and platelet were found to be statistically significant.



Statistical Analysis of Hematological Parameters 

Table II. Pearson Correlation Value and p-value for CBC Parameters 
CBC 

parameters 
Pearson 

Correlation Value p-value Interpretation 
Hemoglobin -0.1029 0.6750 No significant relationship 
Hematocrit 0.2152 0.3763 No significant relationship 
RBC -0.2496 0.3027 No significant relationship 
WBC 0.4753 0.0397 Significant relationship 
Platelet 0.5754 0.0099 Significant relationship 
Neutrophil 0.2690 0.2655 No significant relationship 

Lymphocyte -0.3638 0.1258 No significant relationship 
Eosinophil 0.2478 0.3549 No significant relationship 
Basophil 0.4686 0.0672 No significant relationship 
Monocyte -0.0059 0.9827 No significant relationship 

*Relationship is significant if p-value is less than 0.05. 
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Presentation Notes
Table 4 showed the Pearson Product-Moment Correlation and p-value of each parameter included in the Complete Blood Count. The hematologic parameters depicting a positive correlation with MMP-1 levels were Hematocrit (0.2152), WBC (0.4753),25Platelet (0.5754), Neutrophil (0.2690), Eosinophil (0.2478) and Basophil (0.4686). The hematologic parameters which showed a negative correlation with MMP-1 levels were Hemoglobin (-0.1029), RBC (-0.2496) and Lymphocyte (-0.3638). Monocyte (-0.0059), on the other hand, had no correlation with MMP-1 levels.WBC and platelet were found to be statistically significant.



  Coefficients Standard Error t Stat P-value 
Intercept 12587.32853 1724.484 7.299185 8.81554E-07 
Mucous 

Membrane -1903.37817 783.0479 -2.43073 0.025747092 

Statistical Analysis on the Levels of MMP-1 with the Results of 
RTOG Grading System, specific for radiation-induced mucositis 

Table 4.3. Regression Model of MMP-1 vs. RTOG   

Presenter
Presentation Notes
In Table 6, regression model showed significance between the MMP-‐‑1 levels and radiation-‐‑induced oral mucositis with p-‐‑value of 0.026 from the ANOVA table. Although significant, only 24.71% (r square value of 0.2471) of the variation of MMP-‐‑1 level could be the reason for observable side effects. The rest (75.29%) could have been caused by other factors.The relationship between MMP-‐‑1 levels and the observed side effects of radiotherapy (e.g oral mucositis) showed that at different levels of MMP-‐‑1, it has been proven to be significantly related to radiation-‐‑induced oral mucositis.



• MMP-1 values exhibited an increasing trend from day 0 to day 
10,  but the recorded increase was not statistically significant 
(p> 0.05). 

• Significant correlation between WBC and Platelet counts and 
MMP-1 levels on the 10th day of radiotherapy.  

• There was a significant relationship between MMP-1 level (10th 
day) and the mean results of RTOG Analysis (Oral mucositis). 
 

                   (24.71%  MMP-1) 
      (75.29%  other factors)  



 MMP-1 has the potential to be a predictive marker to 

estimate the severity of oral mucositis for head and neck 

cancer patients undergoing radiotherapy. 

FUTURE DIRECTIONS: Interventional therapies that target 

correlated MMPs to prevent or reduce the severity of OM and 

to promote faster healing of OM lesions. 



• Larger sample size   

• Target population should be more specific  

• Conduct with longer time frame, with the observation of 
MMP-1 levels at more intervals  

• Explore causality relationship between MMP-1 levels and 
the parameters that were found to have a significant 
correlation (WBC and Platelet count) 



T H A N K    Y O U! 

25 Puerto Princesa Subterranean River (Underground River), UNESCO World Heritage Site, New 7 Wonders of Nature 
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