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Primary  

 To assess the feasibility and tolerance of using neoadjuvant chemotherapy with low 

dose radiotherapy in addition to concurrent chemoradiotherapy in locally advanced 

head and neck carcinoma 

Secondary 

 To assess the feasibility and tolerance of radical chemo-radiotherapy following 

neoadjuvant chemotherapy with low dose radiotherapy in locally advanced head and 

neck carcinoma 

 To assess the response to neoadjuvant chemotherapy with low dose radiotherapy 

given prior to concurrent chemoradiotherapy in locally advanced head and neck 

carcinoma 
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2. INTRODUCTION 
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Introduction 

Cancer of the head and neck region is the fifth most common malignancy in the world (1). In 

India, cancer of the head and neck region accounts for 23% of all cancers occurring in men and 

6% of all cancers in women(2). Majority of the head and neck cancers present in locally 

advanced stages (stage III and IV). 

In locally advanced head and neck cancers use of combined modality of treatment with surgery, 

radiotherapy, and chemotherapy leads to better outcome. The outcome in terms of 5 year survival 

in head and neck carcinomas of stages III and above is about 30 to 40% (3). 

Use of newer techniques in radiotherapy, advanced surgical techniques and the introduction of 

biological agents have revolutionized the treatment of head and neck carcinomas. The most 

notable change though has been the increasing use of chemotherapy.  Chemotherapy is now used 

in various settings from neoadjuvant to concurrent to adjuvant as well as for palliation.  

Neoadjuvant chemotherapy in head and neck carcinomas was first studied in 1980’s by major 

oncology groups such as GETTEC and EORTC (4, 5, 6). With optimal chemotherapy regimens 

and careful patient selection it was found that neoadjuvant chemotherapy in locally advanced 

head and neck carcinomas increased the response rate by upto 5% at 5 years(7).  

To further improve outcome various clinical and experimental modalities have been studied. 

Delivery of radiotherapy at doses less than 100 cGy by multiple fractions is called 

Ultrafractionated radiotherapy. The mechanism of such low dose radiotherapy has been studied 

in the laboratory as well as clinical settings. It has been shown that, the radiobiology of low dose 

radiation (<100 cGy) is different than the usual dose of radiation (≥ 1 Gy). At very low radiation 

doses, less than 30 cGy, it is observed that all cells are extremely sensitive to radiotherapy. This 

phenomenon is called Hyper Radio-Sensitivity (HRS). At higher doses, between 30 to 80 cGy 

most cells have increasing resistance to the effect of radiation. This phenomenon is termed 

Induced Radiation Resistance (IRR).  

HRS and IRR have been studied at molecular level. HRS is due to induced apoptosis, resulting in 

acute radiation induced cell loss. Early G2M checkpoint, which has a threshold value around 30 

cGy, is activated at doses higher than 30 cGy.  
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Very few clinical trials have studied the use of ultrafractionated radiotherapy in combination 

with neoadjuvant chemotherapy in locally advanced head and neck cancers though the results are 

encouraging. In the Indian setting, there is acute paucity of studies involving low dose 

radiotherapy. There is a need for further study to establish the advantages of using low dose 

radiotherapy as a chemopotentiator. The present study looks into the feasibility, tolerance and 

efficacy of ultrafractionated radiotherapy with neoadjuvant chemotherapy in locally advanced 

head and neck carcinomas. 
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3. REVIEW OF LITERATURE 
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Cancer of the head and neck region is the fifth most common malignancy in the world. In India, 

cancers arising from the head and neck region account for 23% of all cancers that occur in men 

and 6% of all cancers in women. It is the second commonest cancer found in men and fourth 

commonest site of cancer in women.  Among these, stages III and above constituting the locally 

advanced stages are most commonly encountered. Locally advanced cancers are more commonly 

encountered in the Indian context. Lack of knowledge among the population, socio-economic 

restraints and limited availability of medical care to susceptible population, all contribute to the 

higher incidence of locally advanced head and neck carcinomas. 

3.1. Histology:  

Squamous cell carcinoma (SCC) accounts for up to 90 percent of all malignant tumors of the 

head and neck (8). These tumors are graded as well-, moderately-, or poorly-differentiated based 

upon how closely they resemble normal squamous epithelium. Verrucous, basaloid, spindle cell 

carcinoma are distinct subtypes. Most head and neck adenocarcinomas arise from salivary glands 

or from the sinonasal tract and range from low-grade to aggressive in behavior.  

Table 1 shows the distribution of histological types of  head and neck cancer. (9).  

Table 1: Incidence of histology of head and neck malignancy (9) 

 Squamous 

cell 

carcinoma 

(%) 

Adenocarcinoma 

(%) 

Lymphoma 

(%) 

Adenoid cystic 

carcinoma(%) 

Muco 

Epidermoid 

(%) 

Lip 93.6 2.8 0.1 1.0 1.4 

Tongue 93.2 0.2 3.4 0.6 1.0 

Tonsil 84.8  13.8 - - 

Oropharynx 81.6 3.2 3.8 2.1 5.5 

Hypopharynx 96.3 0.5 - 0.3 - 

larynx 97.4 0.5 0.2 0.2 - 
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3.2. Etiology:  

Smoking — There is an increased risk of head and neck cancer, ranging from a 5- to 25-fold, in 

cigarette smokers compared to nonsmokers (10).  

A Swedish study done by Lewin F et al in 1998, concluded that current smokers had a relative 

risk of 6.5% of developing head and neck cancer. Also with cessation of smoking they noted that 

the risk gradually declined with no excess risk seen after 20 years (11). 

Studies have suggested that the use of smokeless tobacco in the form of snuff or chewing 

tobacco leads to increased risk of cancer in the oral cavity and pharynx. In a large case control 

study done in India by Sapkota et al, tobacco chewing was a significant risk factor for the 

development of hypopharyngeal carcinoma. Laryngeal cancer risk was not increased among non-

smokers who chewed tobacco (12). The prevalence of smoking is about 29.3% among Indian 

males and 2.4% among Indian females. The practice of chewing tobacco is about 28% among 

males and 12% among females with the majority from rural areas.  

Alcohol — Alcohol consumption independently increases the risk of cancer in the upper 

aerodigestive tract, although it is often difficult to separate the effects of smoking and alcohol. 

The relative risk of developing head and neck cancer due to alcohol is dose dependent. A study 

reported a five- to six fold increased risk for head and neck cancer with alcohol intake greater 

than 50 g/day versus less than 10 g/day (one drink contains approximately 12 g of alcohol) (13). 

Alcohol intake and tobacco smoking appear to have an interactive and multiplicative effect on 

the risk of developing head and neck cancer (14). 

Human papillomavirus — Epidemiologic and molecular evidence has established a causal role 

for HPV, primarily type 16, in patients with head and neck cancer, particularly those arising in 

the base of the tongue and the tonsils (15). 

Betel nut chewing — Betel nut chewing, which is widespread in India, is an independent risk 

factor for the development of squamous cell head and neck cancer (12). 

Other risk factors — Poor oral hygiene and periodontal disease has been linked with carcinoma 

of the oral cavity. Protracted irritation in the form of ill-fitting dentures also leads to 

development of carcinomas. 

file:///C:/Users/Subhashini%20John/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/H73D75QG/BIBLIOGRAPHY-SUJATHA.docx
file:///C:/Users/Subhashini%20John/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/H73D75QG/BIBLIOGRAPHY-SUJATHA.docx
file:///C:/Users/Subhashini%20John/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/H73D75QG/BIBLIOGRAPHY-SUJATHA.docx
file:///C:/Users/Subhashini%20John/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/H73D75QG/BIBLIOGRAPHY-SUJATHA.docx
file:///C:/Users/Subhashini%20John/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/H73D75QG/BIBLIOGRAPHY-SUJATHA.docx
file:///C:/Users/Subhashini%20John/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/H73D75QG/BIBLIOGRAPHY-SUJATHA.docx
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Premalignant:  

Leukoplakia is a clinical term used to describe patches of keratosis on the mucous membranes of 

the oral cavity. Use of tobacco and vitamin deficiency is associated with development of 

leukoplakia. 5% to 25% of leukoplakias turn malignant.  

Erythroplakia is a term used to describe a flat red patch or lesion in the oral cavity which cannot 

be attributed to any other pathology.  It is commonly associated with smoking. Upto 40% of 

cases are found to have associated carcinoma.  

Submucous fibrosis is an irreversible pre-cancerous condition characterized by juxta-epithelial 

inflammatory reaction and progressive fibrosis of the submucosal tissue. Chronic exposure to 

betel nuts, chilli, pepper and prolonged deficiency of iron and zinc leads to an alteration in oral 

mucosa, which causes hypersensitivity to these irritants. This hypersensitivity reaction may often 

result in a juxta-epithelial inflammation that leads to increased fibroblastic activity resulting in 

formation of collagen fibres in lamina propria. 

3.3. Staging  

TNM STAGING AND GROUPING  

Primary Tumor (T) 

Oral cavity 

TX Primary tumor cannot be assessed 

T0 No evidence of primary tumor 

Tis Carcinoma in situ 

T1 Tumor 2cm or less in greatest dimension 

T2 Tumor more than 2cm but not more than 4 cm in greatest dimension 

T3 Tumor more than 4 cm in greatest dimension 
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T4a (Lip) Tumor invades through cortical bone, inferior alveolar nerve, floor of mouth, or skin 

of face, i.e., chin or nose 

T4a (Oral Cavity) Tumor invades through cortical bone, into deep [extrinsic] muscle of tongue 

(genioglossus, hyoglossus, palatoglossus, and styloglossus), maxillary sinus, or skin of face  

T4b Tumor involves masticator space, pterygoid plates, or skull base and/or encases internal 

carotid artery  

Oropharynx 

Tl Tumor 2cm or less in greatest dimension 

T2 Tumor more than 2cm but not more than 4 cm in greatest dimension 

T3 Tumor more than 4 cm in greatest dimension  or extension to lingual surface or epiglottis 

T4a Tumor invades the larynx, deep/extrinsic muscle of tongue, medial pterygoid, hard palate, or 

mandible  

T4b Tumor invades lateral pterygoid muscle, pterygoid plates, lateral nasopharynx, or skull base 

or encases carotid artery  

Hypopharynx 

T1 Tumor limited to one subsite of hypopharynx and 2 cm or less in greatest dimension 

T2 Tumor invades more than one subsite of hypopharynx or an adjacent site, or measures more 

than 2 cm but not more than 4 cm in greatest diameter without fixation of hemilarynx  

T3 Tumor measures more than 4 cm in greatest dimension or with fixation of hemilarynx 

T4a Tumor invades thyroid/cricoid cartilage, hyoid bone, thyroid gland, esophagus or central 

compartment soft tissue 

T4b Tumor invades prevertebral fascia, encases carotid artery, or involves mediastinal structures 

Larynx  
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Supraglottis  

T1: Tumor limited to one subsite of supraglottis with normal vocal cord mobility ; Subsites: 

False cords, arytenoids, suprahyoid epiglottis, infrahyoid epiglottis, aryepiglotic folds  

T2: Tumor invades mucosa of more than one adjacent subsite of supraglottis or glottis or region 

outside the supraglottis (e.g., mucosa of base of tongue, vallecula, or medial wall of pyriform 

sinus) without fixation of the larynx 

T3: Tumor limited to larynx with vocal cord fixation and/or invades any of the following: 

postcricoid area, pre-epiglottic tissues, paraglottic space, and/or minor thyroid cartilage erosion 

(e.g., inner cortex) 

T4a: Tumor invades through the thyroid cartilage, and/or invades tissues beyond the larynx (e.g., 

trachea, soft tissues of the neck including deep extrinsic muscle of the tongue, strap muscles, 

thyroid, or esophagus) 

T4b: Tumor invades prevertebral space, encases carotid artery, or invades mediastinal structures 

Glottis 

T1: Tumor limited to the vocal cord(s), which may involve anterior or posterior commissure, 

with normal mobility  

T1a: Tumor limited to one vocal cord  

T1b: Tumor involves both vocal cords 

T2: Tumor extends to supraglottis and/or subglottis and/or with impaired vocal cord mobility 

T3: Tumor limited to the larynx with vocal cord fixation and/or invades paraglottic space, and/or 

minor thyroid cartilage erosion (e.g., inner cortex) 

T4a: Tumor invades through the thyroid cartilage and/or invades tissues beyond the larynx (e.g., 

trachea, soft tissues of neck, including deep extrinsic muscle of the tongue, strap muscles, 

thyroid, or esophagus) 

T4b: Tumor invades prevertebral space, encases carotid artery, or invades mediastinal structures 
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Subglottis 

T1: Tumor limited to the subglottis 

T2: Tumor extends to vocal cord(s) with normal or impaired mobility 

T3: Tumor limited to larynx with vocal cord fixation 

T4a: Tumor invades cricoid or thyroid cartilage and/or invades tissues beyond the larynx (e.g., 

trachea, soft tissues of neck, including deep extrinsic muscles of the tongue, strap muscles, 

thyroid, or esophagus) 

T4b: Tumor invades prevertebral space, encases carotid artery, or invades mediastinal structures 

Regional Lymph Nodes (N) 

NX Regional lymph nodes cannot be assessed 

N0 No regional lymph node metastasis 

N1 Metastasis in a single ipsilateral lymph node, 3cm or less in greatest dimension 

N2 Metastasis in a single ipsilateral lymph node, more than 3 cm but not more than 6 cm in 

greatest dimension; or in multiple ipsilateral lymph nodes, none more than 6cm in greatest 

dimension; or in bilateral or contralateral lymph nodes, none more than 6cm in greatest 

dimension 

N2a Metastasis in single ipsilateral lymph node more than 3 cm but not more than 6 cm in 

greatest dimension 

N2b Metastasis in multiple ipsilateral lymph nodes, none more than 6 cm in greatest dimension 

N2c Metastasis in bilateral or contralateral lymph nodes, none more than 6 cm in greatest 

dimension 

N3 Metastasis in a lymph node more than 6 cm in greatest dimension 

Distant Metastasis (M) 
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MX Distant metastasis cannot be assessed 

M0 No distant metastasis 

M1 Distant metastasis 

 

STAGE GROUPING 

Table 2: Stage grouping of Oral cavity, oropharyngeal, hypopharyngeal and laryngeal cancer  

 

Stage T N M 

0 Tis N0 M0 

I T1 N0 M0 

II T2 N0 M0 

 

III 

T3 N0 M0 

T1/T2/T3 N1 M0 

 

IV A 

T4a N0 M0 

T4a N1 M0 

T1-4a N2 M0 

 

IV B 

Any T N3 M0 

T4b Any T M0 

IV C Any T Any N M1 
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3.4. Treatment of head and neck carcinomas: 

Surgical resection, radiation and chemotherapy are the available treatment options for patients 

with head and neck cancers. The choice of treatment modality primarily depends on the stage of 

the tumor. Other considerations include site of the disease, likely morbidity and the treatment 

and patient factors.  

 

3.4.1 Early stage disease (T1N0, T2N0, T3N0—Stage I and II)  

Head and neck carcinoma of stages I and II are amenable to treatment with either definitive 

surgery or radiotherapy. High cure rates are seen with a single modality of treatment.  

Surgical resection with curative intent has been the treatment of choice in selected sites of head 

and neck carcinomas with early stage disease. For example early laryngeal carcinomas show 

upto 90% survival rate with surgery alone (16). Factors which preclude surgical resection are the 

morbidities such as loss of organ, loss of function like speech or swallowing, cosmetic 

disfigurement and presence of medical co-morbidities. The advantage of using surgery is that a 

quick local clearance is achieved and also complete pathologic staging of the disease is possible. 

Definitive radiotherapy alone has been used in the treatment of carcinomas arising from certain 

sites of the head and neck region. External beam radiotherapy using photons with or without 

electrons is used. In oral cavity carcinomas, brachytherapy using interstitial technique may be 

used in selected cases. Radiotherapy has the advantage of avoiding surgical morbidities. Organ 

preservation as well as functional preservation is possible by avoiding surgery. Treatment of high 

risk nodal regions electively is achieved with radiotherapy with little added toxicity. In case of 

local recurrence, the option of surgical salvage remains. Radiotherapy as a modality of treatment 

has certain disadvantages. It is a prolonged course of treatment, usually lasting 6 to 7 weeks. It 

has a number of associated side effects such as xerostomia, mucositis, osteoradionecrosis, 

hypothyroidism etc.  
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3.4.2. Locally advanced disease (Stage III, IV) 

A combined modality treatment approach is preferred in locally advanced disease.  

A) Role of surgery: 

Loco regional recurrences and distant metastases are frequent after surgical treatment of stage III 

or IV squamous-cell carcinoma of the head and neck. Typically, local or regional disease recurs 

in 30 percent of patients, and distant metastases appear in 25 percent. In patients with such 

locally advanced tumors, surgery is followed by adjuvant therapy, namely radiotherapy or 

chemoradiotherapy.  

Use of post operative radiation therapy increases the loco regional control (LRC) rates. In the 

RTOG 73-03 trial, advanced stages of head and neck carcinoma patients were randomized to 

receive preoperative versus postoperative radiation therapy (17). The local control improved with 

postoperative radiotherapy from 58% to 70%, though there was no impact on overall survival.  

EORTC 22931 (18) and RTOG 9501(19) have studied the benefits of adding chemotherapy to 

post op radiotherapy in patients with high risk features, like T3 or T4 primary with any nodal 

stage, involved surgical margins, extracapsular extension, perineural invasion, vascular invasion, 

or involvement of two or more lymph nodes. Pooled data from both studies have shown that 

presence of extracapsular invasion and microscopically involved surgical margins were the only 

risk factors showing significant benefit with the addition of chemotherapy to postoperative 

radiotherapy (20). 

B) Role of radiotherapy: 

The traditionally used schedule of radiotherapy, given alone is 2 Gy in a single fraction per day, 

5 days a week, for 7 weeks called as conventional fractionation. New radiotherapy regimens 

have been studied to reduce the inherent limitations of this fractionation. Radiobiologically, a 

shorter treatment time leads to greater benefit by overcoming the phenomenon of accelerated 
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repopulation. Also use of lesser dose per fraction leads to lesser chance of developing late 

toxicities.  

The RTOG 9003 trial has studied different fractionation regimens (21). This study compared the 

use of conventional fractionation, hyperfractionation (1.2Gy/fraction, twice a day, 5 days a 

week), accelerated fractionation with a treatment break (1.6Gy/day, 5 days/week with a 2 week 

gap after 38.4Gy) and accelerated fractionation (1.8Gy/day,5 days/week with a concurrent boost 

for the last 12 fractions).  This showed a significant improvement in loco-regional control by 

using hyperfractionation and accelerated fractionation with concurrent boost. Though there was a 

modest improvement in overall survival with hyperfractionation, it was not statistically 

significant. The use of altered fractionated radiotherapy is associated with some increase in acute 

toxicity, especially mucositis.  

A meta-analysis was undertaken by the MARCH (Meta-Analysis of Radiotherapy in Carcinomas 

of Head and neck) Collaborative Group (22).  This meta-analysis of individual patient data 

showed that different types of altered fractionated radiotherapy could improve the effectiveness 

of radiotherapy in HNSCC, compared with conventional radiotherapy, with a small but 

significant benefit in survival and a more pronounced benefit in locoregional and local control. 

The survival benefit was mainly seen in the group with hyperfractionated radiotherapy, and 

corresponded to an absolute benefit of 8% at 5 years in this group. This benefit is similar to the 

effect due to the use of chemotherapy concomitantly with radiotherapy. 

C) Role of chemotherapy: 

Chemotherapy can be administrated before, at the same time or after loco-regional treatment 

corresponding to induction, concomitant or adjuvant chemotherapy. An individual patient data 

meta-analysis of randomised trials, MACH-NC included 93 trials and 16,485 patients of which 

3,727 patients were treated on different trials of concurrent RT and chemotherapy(7). It showed 

that chemotherapy improved survival in non-metastatic HNSCC treated by surgery and/or 

radiotherapy (hazard ratio [HR] of 0.90, 95% confidence interval [CI] 0.85–0.94) with an overall 

4% benefit at 5 years, from 32% to 36%. The updated meta-analysis published in 2011 included 

newer trials comparing radiotherapy to chemoradiotherapy in HNSCC patients, conducted 

between 1965 and 2000. In this analysis a selection of 15 studies with a total of 2,487 patients 
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treated with cisplatin and 5FU as induction chemotherapy showed a significant survival benefit 

of 5% at 5 years.  

Concurrent chemotherapy- 

The meta analysis, MACH-NC analysed the type of drugs to be combined concomitantly with 

radiotherapy. It was shown that cisplatin alone; cisplatin or carboplatin associated with 5-FU or 

other combination chemotherapy including either platin or 5-FU gave a benefit of the same order 

of magnitude. In contrast mono-chemotherapy with a drug other than cisplatin led to inferior 

results. Hence, single agent cisplatin appears to be one of the standard treatments in combination 

with radiotherapy. Most of the randomized trials used a dose of cisplatin of 100 mg/m2, every 

three weeks throughout the course of radiotherapy (cumulative dose of 300 mg/m2. Concomitant 

chemotherapy is found beneficial in both conventional radiotherapy as well as with altered 

fractionation.  

 

Induction Chemotherapy- 

Induction chemotherapy prior to RT may reduce tumor volume and improve function prior to 

concurrent chemoradiotherapy, thereby permitting more effective and less toxic local therapy. 

Induction chemotherapy could treat subclinical distant metastatic disease without delay. The 

administration of chemotherapy concurrently with RT may sensitize tumor cells to the effects of 

radiation and thus overcome radiation resistance. Induction chemotherapy can provide 

prognostic information to select chemoradiotherapy treatment intensity. 

Clinical trials found that cisplatin and 5-fluorouracil (PF- cisplatin 100 mg/m2, and 5-

fluorouracil 1000 mg/m2/day continuous 24-hour infusion for five days) given every three weeks 

as induction chemotherapy induced higher rates of complete response and better survival 

compared with earlier cisplatin and bleomycin-based regimens.  

The TAX 324 trial studied 501 patients who were randomly assigned to induction with 

docetaxel, cisplatin, plus 5-fluorouracil (TPF) or cisplatin plus 5-fluorouracil (PF) (5). Both 

induction regimens were given every three weeks for three cycles. This was followed by 

concurrent chemoradiotherapy using weekly carboplatin (dosed at an area under the 
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concentration x time curve [AUC] of 1.5). With a median follow-up of 72 months, overall 

survival was significantly better with TPF compared with PF (hazard ratio 0.75, five-year 

survival 52 versus 42 percent). Acute toxicity associated with TPF induction chemotherapy in 

the TAX 324 trial was substantial. Severe myelosuppression was manifested by grade 3 or 4 

neutropenia in 83% and febrile neutropenia in 12 percent of cases.  Severe nonhematologic 

toxicities included stomatitis (mucositis), nausea, esophagitis, and anorexia in 21, 14, 13, and 12 

percent of cases, respectively. Treatment delays due to toxicity occurred in 29 percent of patients 

during induction chemotherapy and were less frequent on the TPF arm.  

The TAX 323 trial randomly assigned 358 patients to four cycles of a slightly different TPF 

induction regimen or the same PF regimen used in the TAX 324 trial. Chemotherapy was not 

administered concurrently with RT. Overall survival was significantly improved with this TPF 

regimen compared with PF (median 18.8 versus 14.5 months) (6). 

The majority of toxicities observed with these regimens was attributed to the use of 5-

Fluorouracil. Newer studies were conducted which omitted 5-Fluorouracil and equivalent 

response rates were observed.  A study by Dunphy et al, published in 2001 analyzed 62 patients 

treated with induction therapy with Paclitaxel and Carboplatin (23). An overall response rate of 

66% at the primary site and 53% at nodal site was reported. Also Vokes et al studied induction 

chemotherapy in locally advanced head and neck carcinoma in 69 patients (24). This study used 

a weekly regimen of Paclitaxel with Carboplatin.  The reported response rate was about 87% at 

the primary site. The main toxicity observed was neutropenia which was noted in 36% of 

patients. Machtay et al in 2002 studied the use of induction chemotherapy with Paclitaxel and 

Carboplatin. 53 patients were studied and followed up over 31 months (25). 89% of patients 

responded to the induction chemotherapy. 77% of patients underwent organ preservation therapy 

after induction chemotherapy. These studies have shown good response rate with use of 

combination of taxane and platinum drug as induction therapy with acceptable toxicity. The 

overall response rate ranged from 55 to 89%. 
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Paclitaxel -  

Paclitaxel is a chemotherapeutic agent which belongs to the class of anti-microtubule agent. It 

was naturally extracted from the bark of the Pacific yew tree and is now manufactured 

synthetically. It has a cell cycle specific action and is active in the M phase of cell cycle. It binds 

to microtubules with high affinity and causes tubulin polymerization. This leads to inhibition of 

mitosis and hence cell cycle is stopped.  

one of the most important side effect is myelosuppression which occurs between the 8th to 10th 

day. Hypersensitivity to Paclitaxel is seen in 20 to 40% of patients, usually in the first 10 minutes 

of infusion. Other side effects include neurotoxicity, transient asymptomatic bradycardia, 

alopecia, mucositis and transient elevations in liver enzymes. 

It is indicated in a wide range of neoplasms like ovarian carcinoma, breast carcinoma, bladder 

carcinoma, lung carcinoma etc. In combination with a platinum agent, it is used as part of 

induction chemotherapy regimens in head and neck carcinomas. 

 

Carboplatin -  

Carboplatin  is platinum containing chemotherapy drug which belongs to the class of alkylating 

agents. It acts by binding with DNA to form intrastrand crosslinks which cause DNA adducts 

formation. This changes the conformation of DNA and hence interferes with replication. As the 

clearance of Carboplatin is exclusively by renal mechanisms, a dosage formula is devised. This 

formula can achieve a specific Area Under Curve (AUC) for an individual patient.  

Dose = desired AUC × (GFR + 25) 

The major side effects include thrombocytopenia and leucopenia with a nadir at 14 days. Other 

associated side effects are renal toxicity, nueological toxicity, mild alopecia, occasional 

nausea/vomiting and ontological toxicity. 

Carboplatin has been used as a radio sensitizing agent in many disease sites. Examples include 

unresectable Non-small cell lung carcinoma, carcinoma cervix. It has been used as part of 
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induction chemotherapy along with taxanes in head and neck carcinoma in many studies (23, 24, 

25). 

 

 

3.5. Low dose fractionated radiotherapy: 

Radiobiologic basis of fractionation of radiotherapy- 

4 Rs' of Radiobiology: 

1. Repair 

2. Reassortment 

3. Repopulation 

4. Reoxygenation 

Repair 

This refers to the process by which the function of DNA is restored. Evidence for this came from 

studies of strand breaks in DNA, which disappears during the few hours after irradiation. This is 

the potential mechanism by which the normal tissue damage that is caused by irradiation is 

repaired during the course of radiotherapy. There are two types of recovery processes. First one 

is `recovery from sub lethal damage'(SLD) or `Elkind recovery'. The other one is `recovery from 

potentially lethal damage' (PLD). 

Reassortment 

The radio sensitivity of cells varies considerably as they pass through the cell cycle. 'S' phase is 

the most resistant phase of cell cycle whereas cells which are in 'G-2' phase during irradiation are 

more radiosensitive. Cells that survive a first dose of radiation will trend to be in a resistant 

phase of cell cycle and within few hours they may progress into a more sensitive phase. This is 

the factor which increases the radio sensitivity by more cells kill in a fractionated radiotherapy. 
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Repopulation 

During an extended course of radiotherapy cells that survive irradiation may proliferate faster 

and thus increase the number of cells that must be killed. 

Reoxygenation 

In a tumour, cells that survive the first dose of radiation will tend to be hypoxic and 

radioresistant. After death and loss of other tumor cells due to previous irradiation the surviving 

cells become more exposed to oxygen (and thus more radiosensitive) by coming into closer 

proximity to capillaries. 

 Tumour, early responding tissues and late responding tissues have different cell kinetics and 

they are affected by these 4 factors in different . 

Fractionation based on Iso-effect 

There are few models which explained the effects of fractionation on different tissues which vary 

in their kinetics. These models also explain the basis of fractionation. 

The Strandqvist Plot 

Strandqvist, in 1944 plotted the log of iso-effective total dose, D, against the log of overall 

treatment time, T. This was mainly on the effect of skin. Same effect can be obtained by 

changing the dose and fractionation. It was found that the dose was proportional to T
0.33 

. This 

model did not separate the overall treatment time from number of fractions.  

Radiobiological modeling: 

The Nominal Standard Dose System (NSD)  

This led Ellis (1969) and colleagues to develop the Nominal Standard Dose (NSD) system. Ellis 

et al., recognized the importance of separating the overall treatment time from number of 

fractions in their NSD system. According to this hypothesis the total dose is related to the 

number of fractions (N) and overall treatment time (T) by the following relation. 

Total dose = NSD x T
0.11

 N
0.24
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The pitfall was it was unable to predict the late effects. Animal experiments showed that the 

proliferation doesn't occur until sometime after the irradiation started, but this was not accounted 

in NSD system. 

The Linear - Quadratic Model 

The Linear - Quadratic Model explains that the radiation cell kill has 2 components. It takes into 

account the radiobiology of cell (alpha/beta ratio) into account. The initial linear component 

(αD) is due to single track events and the quadratic component (ßD2) which is due to two track 

events. 

S = e 
-(αD + ßD2)

 

S is the fraction of cells surviving the dose D. 

The Linear Quadratic Model explains why there are different responses between tumour, early 

responding and late responding tissues. Here the tumour resembles early responding tissues in 

response to radiotherapy.  This is due to differences in repair capacity or shoulder shape of the 

underlying dose-response curves. The dose-response relationship for late responding tissues is 

more curved than that for early responding tissues and tumours. In terms of linear quadratic 

relationship between effect and dose this translates into a larger α/ß ratio for early than late 

effects.  
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Figure 1: Linear Quadratic Model of DNA damage 
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The α/ß ratio is the dose at which cell killing by the linear (α) and quadratic (ß) components are 

equal. The α/ß ratio for fast responding tissues like tumour is higher, usually 10, whereas the α/ß 

ratio for late responding tissues is 2 to 3. 

Radiobiology of low dose fractionated radiation 

Effect of radiation has been studied at cell culture level by the method developed by Marcus and 

Puck in 1967 (26). It was not possible to study the effect of radiation at various cell cycle phases 

till the development of methods like flow cytometry and  DNA labeling techniques.  

The earliest study on the effect of low dose radiation was done by Joiner et al in 1986. Dose per 

fraction of less than 1 Gy was used on mouse skin and the effects were studied. It was found that 

dose of 0.75 Gy per fraction led to increase in radiosensitivity of the skin cells. They 

hypothesized that the reason behind this increased sensitivity was due to the presence of sub-

population of cells with very high radiosensitivity which are replenished during the interfraction 

intervals (27) 

Effect of doses below 2 Gy per fraction was studied on mouse spinal cord by Ang et al. The 

Linear quadratic model of cell survival predicts that as the dose per fraction decreases, the 

tolerance of late responding tissues to radiation increases.  However this study showed that at 

doses below 2 Gy per fraction, no evidence was found which showed increase in tolerance of 

mouse spinal cord to radiation. (2) 

Stewart et al. studied the effect of doses upto 0.75 Gy per fraction for up to 80 dose fractions on 

renal damage in mouse. This also showed increased radiation effectiveness below 2 Gy per 

fraction, which was a deviation from that predicted by the LQ Model. ( 29) 

Though it was thought that the increasing effectiveness of cells to radiation doses below 2 Gy 

was a universal phenomenon, an exception was noted. A study by Parkins on mouse lung 

showed that even at doses of 0.15 Gy per fraction, the LQ model held true. (30) 

A study by Joiner et al on the effect of various doses per fraction on functional damage of mouse 

kidneys was published in 1988. Here they plotted the Dose-Response curve of cell lines for 

different dose groups.  It was shown that at doses in the range of 1 to 2 Gy per fraction, with 

adequate interfraction interval, the LQ model was valid. Whereas at doses below 1 Gy, LQ 
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model was no longer valid. There was a substantial increase in effectiveness of radiation, 

especially below 0.8 Gy per fraction (31). 

This phenomenon of increasing effectiveness of various cells to low doses of radiation was 

termed hyper radio sensitivity (HRS).  

This mechanism was explained by Joiner and Marples in 1993. They studied the survival of 

Chinese hamster cells after exposure to doses of radiation ranging from 0.01 to 10 Gy in a single 

fraction. At doses below 0.6 Gy they observed increased effectiveness of radiation, i.e. the 

observed survival was lower than that predicted by the LQ model. The earlier hypothesis that 

such increased effectiveness was due to a sub population of highly sensitive cells was disproved 

as such cells were not identified either genetically of phenotypically. Similar doses of radiation 

with neutrons did not show the same phenomenon of increased radiation effectiveness. Dose rate 

also did not affect this phenomenon. They postulated that increased effectiveness was due to lack 

of a stress response of cells resulting in induction of repair mechanism. At higher doses per 

fraction there is sufficient damage to cells which leads to induction of radio protective 

mechanisms like repair systems (32). 
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Figure 2: HRS and IRR in relation to LQ model (33) 
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It was further seen that at doses above 0.3 Gy per fraction the effectiveness of radiation 

increased(33). This phenomenon was termed Increased Radiation Resistance or Inducible 

Radiation Resistance (IRR). As the dose is increased above about 0.3 Gy, there is increased 

radioresistance (IRR) until at doses beyond about 1 Gy, radioresistance is maximal and the cell 

survival follows the usual downward-bending curve with increasing dose. Exposure to radiation 

leads to accumulation of DNA double standard breaks (DSBs). This in turn leads to localization 

of DNA damage-response proteins at the site of radiation injury. DSBs also lead to 

overexpression of ataxia telangiectasia mutated (ATM) protein kinase. ATM and related proteins 

regulate downstream cell cycle checkpoints which avoid the replication of damaged DNA.  

 

Two checkpoints are described at G2 phase of the cell cycle. The first is called as ‘Sinclair’ 

checkpoint which operates in a dose dependent manner. It arrests the progression of radiation 

damaged G1 or S phase cells in G2 phase.  A second checkpoint called ‘Early’ G2 phase 

checkpoint was discovered in 2002 (34). This checkpoint is ATM dependent and dose 

independent upto 10Gy. It is rapidly activated after exposure to radiation. Its activation depends 

on ATM kinase activity. Hence cell cycle arrest at G2 phase occurs.  The dose range at which 

ATM activation occurs is the same dose range at which transition from HRS to IRR is noted. 

Krueger et al studied the association between HRS/IRR transition and the activation of the 

‘Early’ checkpoint using flow cytometry studies. They found that the checkpoint functions at 

doses higher than the HRS region, corresponding to the activation of IRR. It was presumed that 

the early arrest of the cell cycle allows time for repair of radiation damaged cells before 

proceeding to mitosis (35). In case of HRS, cells evade G2 early checkpoint and undergo 

apoptosis. Here the radiation cell killing occurs without inducing DNA repair mechanism. Cells 

with p53 mutation have pronounced HRS as they do not induce repair mechanisms. 

 

Hence it is postulated that ATM activation is the underlying mechanism for this transition. The 

transition point between HRS and IRR is variable and depends on the amount, type and 

reparability of DNA lesions (33). It was also observed that the phenomenon of HRS is common 

to all types of radiation acting on all cell lines whereas IRR is observed in repair-competent cells 

after exposure to low LET radiation.  
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Figure 3: Mechanism of HRS and IRR (35) 

 

 

Krause et al attempted to use this phenomenon of HRS to improve local control in glioma cells 

of mice. A dose of 50.4 Gy was prescribed using either conventional fractionation or 

Ultrafractionated radiation. They found that the arm receiving low doses i.e. 0.4 Gy per fraction 

was found to have a significant decrease in tumour growth delay (36). 

One of the first studies to describe response of human cells to low dose radiation was published 

in 1993. Hamilton et al studied the response of human skin to doses in the range of 0.4 Gy to 5.2 

Gy per fraction with an end point of erythema. They found that at doses less than 1.5 Gy per 

fraction, there is higher erythema than predicted by the LQ model (37). 
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Harney et al studied the effect of low dose fractionated radiotherapy on metastatic skin nodules 

versus conventional fractionated radiotherapy. The doses of radiation used were 1.5 Gy per day 

in the conventional treatment group. The group receiving low dose radiotherapy received 0.5 Gy 

per fraction with 3 fractions given in 1 day 4 hours apart. Both groups were treated for 12 days. 

The skin nodules were measured in 3 dimensions during treatment and were followed up till 

regrowth was noted. It was demonstrated that the group receiving low dose radiotherapy had 

significant delay in time to re-growth of the nodules to original size (38). 

Tome et al in 2007 studied whether HRS can lead to increased tumour control probability(TCP) 

in human glioma cell lines. They used of pulsed doses of radiation in the form of 0.20 Gy pulses. 

The dose at which transition of HRS to IRR occurs in human glioma cells is around 0.20 

Gy,hence this dose was chosen. On 5 different glioma cell lines they showed there was a 

substantial increase in TCP (39). 

 

3.6. Low dose radiotherapy as chemosensitizers: 

It is shown that HRS is a measure of cell death of G2 phase cells, hence synchronization of cells 

to increase the number in G2 phase which could lead to increased radiosensitivity at low doses of 

radiation. At the same time, strategies that activate ATM prematurely cause cell cycle arrest at 

the early G2 checkpoint can be used to protect normal tissues exposed to low dose radiation at 

field edges (35). 

In colorectal cell lines with wild-type and mutant p53 status, the effect of varying doses of 

radiation, paclitaxel and both in combination were studied by Chendil et al. Doses of radiation 

used varied from 0.5 Gy to 6 Gy. At conventional doses (2 Gy per fraction) and with the use of 

paclitaxel alone, it was noted that cells with wild type p53 status were more sensitive to the 

effect of radiotherapy and chemotherapy.  Combination of paclitaxel with radition led to higher 

radiosensitivity of cells with wild type p53 status. Cells with mutat p53 did not exhibit any 

radiosensitivity. Use of pretreatment paclitaxel followed by low dose radiation given by multiple 

fractions caused significant radiosensitisation in both cell lines. This showed that regardless of 
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p5 3 status, low dose fractionated radiotherapy enhances the chemotherapeutic effects of 

paclitaxel (40).  

Use of radiation dose above 30cGy up to 100cGy fractions causes arrest of cell cycle at G2-M 

phase.  Due to this, there is G2 phase cell synchrony. Hence use of G2 specific agents may lead 

to enhanced cytotoxicity. Chemotherapeutic agents like Taxanes, Platinum, Etoposide, Vinca 

alkaloid are highly active at G2 phase.  

 

 

Figure 4: Action of cell cycle specific chemotherapeutic agents (33) 
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A similar study published in 2003 by Dey et al studied the chemopotentiation action of paclitaxel 

and the relation with radiation delivered at different doses per fraction. This was tested on 2 cell 

lines of squamous cell carcinoma of the head and neck region, with one cell line having wild 

type p53 and the other having mutant p53. They concluded that irrespective of the p53 status of 

cells, low dose fractionated radiotherapy at less than 1 Gy per fraction caused chemopotentiation 

(41). 

3.7. Clinical studies 

A Phase I/II trial on the use of low dose fractionated radiotherapy as a chemopotentiator was 

studied by Regine et al. A total of 10 patients with unresectable or metastatic cancers of the 

upper GI tract were treated with Gemcitabine and low dose radiation. Radiation was delivered 

either to the upper abdomen or to the whole abdomen. Doses of 60 cGy per fraction or 70 cGy 

per fraction delivered twice a day for 2 days of chemotherapy. They found that low doses of 

radiation at 60 cGy per fraction was well tolerated. Response was noted in 3 patients out of the 

10 and stable disease was seen in 5 patients. An overall median survival of 10 months was noted 

among the 10 patients (42). 

Valntini et al studied the clinical efficacy of using low dose radiation as a chemopotentiator in 

the treatment of various epithelial tumours.  A total of 22 patients suffering from relapsed or 

metastatic disease  were enrolled in this study. Patients with lung cancer, head and neck 

malignancy, breast carcinoma and esophageal carcinoma were treated with palliative 

chemotherapy and concurrent low dose radiotherapy. The patient population chosen for this 

study was pre-treated with chemotherapy or radiotherapy with only 3 exceptions. Radiation dose 

of 40 cGy with multiple fractions was used, total doses delivered ranged from 3.2 Gy to 12.8 Gy. 

Assessment of response to therapy showed an overall response rate of 45%. Grade 3/4 toxicity 

was observed in 9% of patients (43). 

Kunos et al studied the use of fractionated low dose radiotherapy as a chemosensitiser for 

docetaxel based chemotherapy. A total of 13 women with recurrent carcinoma ovary or 

peritoneal cancers were treated with weekly administration of docetaxel given at different dose 

levels. They all received concurrent low dose radiotherapy to the abdomen at 60 cGy per 
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fraction, 2 fractions per day every week for the entire course of therapy. At lower doses of 

chemotherapy the use of low dose radiation as a chemosensitiser was well tolerated. An overall 

progression free survival of 3.3 months was noted though in patients with measurable disease, no 

objective response was noted (44). 

Balducci et al studied the feasibility of concurrent low dose fractionated radiotherapy and 

palliative chemotherapy in patients with recurrent or progressive Glioblastoma multiforme.  The 

palliative chemotherapy used was Temozolamide in recurrent tumours and Cisplatin and 

Fotemustine in patients who progressed on Temozolamide. Radiation dose used was 0.4 Gy 

twice daily for 2 to 4 cycles of chemotherapy. The total dose achived varied from a median of 

7.2 Gy in retreated patients to a median total dose of 88 Gy in naïve patients. About 6% of 

retreated patients and 11% of new patietns experienced grade 3 or 4 toxicity. In pretreated 

patients the overall progression free survival(PFS) was 4 months whereas the PFS in new 

patients was 9 months. The use of low dose fractionated radiotherapy as chemosensitiser in 

patients with GBM was well tolerated (45). 

3.8. Low dose radiotherapy in the treatment of head and neck carcinomas: 

Arnold et al were the first to study the use of low dose fractionated radiotherapy along with 

induction chemotherapy in locally advanced head and neck carcinomas. The induction 

chemotherapy in this study consisted of Inj Paclitaxel at 225 mg/m2 and Inj Carboplatin at AUC 

of 6. Chemotherapy was administered every  3 weeks to a total of 2 cycles. At each cycle of 

chemotherapy, patients were treated with 4 fractions of radiotherapy at a dose of 80 cGy per 

fraction with 2 fractions per day. Radiation was delivered on days 1 and 2 of each cycle of 

chemotherapy. A total of 40 patients with locally advanced non metastatic carcinomas of the 

head and neck region were enrolled.  After completion of induction therapy patients underwent 

definitive therapy in the form of either surgery or chemo-irradiation. Response assessment was 

done at 3 weeks after second cycle chemotherapy by radiographic imaging. Primary tumour 

response and nodal response were reported. One patient was lost to follow up after first cycle 

chemotherapy hence 39 patients were assessed. Grade 3 and 4 toxicities observed were 

neutropenia in 50% of patients, infections in 8%, dermatologic reactions in 8%, allergy in 3% 

and pulmonary toxicity in 3%. Of these 38% patients developed grade 4 neutropenia. After 
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completing induction therapy 19 patients received definitive chemo-irradiation with no treatment 

breaks. At the end of 1 year 7 patients had died of progressive disease. Complete response at 

primary site was seen in 29% and complete nodal response was seen in 31% of patients. Partial 

response was seen at primary site in  62% and at nodal site in 38% of patients. Stable disease was 

noted in 10% at primary tumour site and 28% at nodal site. One patient developed nodal site 

progression after 2 cycles of induction therapy. The overall response including complete and 

partial response at both primary and nodal site was seen in 82% of patients (46). 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



38 
 

4. MATERIALS AND METHODS 
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The study was conducted at the Department of Radiotherapy, Unit II of Christian Medical 

College between the months of June 2011 and November 2011. All new patients with head and 

neck malignancy seen in the out-patient department were screened according to the following 

inclusion and exclusion criteria.  

 

4.1. Inclusion criteria 

1. Patients diagnosed to have stage III, IVA or IV B squamous cell carcinoma of head and 

neck, including oral cavity, oropharynx, larynx and hypopharynx, with histological 

confirmation by biopsy. 

2. Female or male patients aged above 18 years and below 65 years 

3. ECOG Performance Status of  0 or 1 

4. No previous tumour related surgery except for biopsy or fine needle aspiration cytology 

(FNAC) 

5. No previous chemotherapy or radiotherapy for any malignancy 

6. Adequate bone marrow function: WBC > 4000/mm
3
;Absolute Neutrophil count > 

1500/mm
3
 platelets > 100,000 mm

3
 

7. Adequate renal function for chemotherapy (Estimated creatinine clearance more than or 

equal to 50ml/min/1.73 square metre of body surface area, calculated using the Cockroft-

Gault formula) 
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4.2. Exclusion criteria 

Any of the following is regarded as a criterion for exclusion from the study. 

1. Stage I or II cancers or with metastatic disease  (stage IVc)  

2. Nasopharyngeal, thyroid, paranasal sinus or salivary gland tumours 

3. Presence of other synchronous primary or past history of malignancy other than head and 

neck region, diagnosed within the last 5 years 

4. Serum bilirubin ≥5.0 mg/dL 

5. Alanine aminotransferase (ALT) or aspartate aminotransferase (AST) >3 times the upper 

limit of the reference range 

6. Any evidence of chronic / severe or uncontrolled medical illnesses  

7. Concomitant use of other anticancer agents or experimental drugs. 

8.  Pregnancy or breastfeeding 

 

4.3. Patient recruitment 

Patients who fulfilled the inclusion and the exclusion criteria were selected for the study. All 

suitable subjects were explained about the study, and were provided with information regarding 

the proposed treatment plan in their own language. After reading the consent form and 

clarification of any doubts, they were enrolled into the study after obtaining their written 

informed consent. 

4.4. Pre-treatment evaluation  

After obtaining a detailed history, all patients were subjected to a thorough clinical examination. 

All patients were required to undergo the following investigations –  

1. Baseline Nasophayngolaryngoscopy (NPL scopy) 
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2. Blood investigations included haemoglobin, total and differential blood counts, platelet 

counts, liver function test and serum creatinine 

3. Screening for blood borne viruses (BBVS) 

4. Cardiac evaluation was done with electrocardiograph and 2-D echocardiograph 

5. Prior to treatment, dental clearance was done which required extraction of unsalvageable 

teeth in poor condition. 

After completing pre-treatment evaluation, patients underwent radiotherapy planning.  

4.5. Radiation therapy 

Patient immobilization 

Patients were immobilized in the supine position using a head rest. Immobilization device used 

was a customized thermoplastic ray cast to secure the accuracy and reproducibility of patient 

positioning during the process of radiotherapy planning as well as during treatment.  

Planning CT scan acquisition 

A set of CT slices of 3mm thickness extending from skull vertex to T4 vertebral level were 

acquired. The CT scan was performed in treatment position with a flat table top and with the 

immobilization device in place along with intravenous administration of 80 ml of contrast. 

Treatment planning for low dose radiotherapy 

The gross tumour volume (GTV) was defined as the gross tumour including primary disease and 

neck nodes identified by clinical examination and radiologic imaging. The treatment volume was 

defined as the GTV with a margin of 2cm in all directions. The spinal cord was spared when 

possible. Parallel opposed lateral beams were used in all cases.  The dose used per fraction of 

radiation was 80cGy. A total dose of 320cGy in 4 fractions over 2 days was prescribed to the 

mid plane of the treatment field. 
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4.6. Chemotherapy 

The chemotherapy used was: 

 Inj Paclitaxel at a dose of 175mg per square metre of body surface area 

 Inj Carboplatin at a dose to achieve Area under the curve of 5 

All patients were premedicated with  

1. Two doses of Inj Dexamethasone 20mg given 12 hours and 6 hours before chemotherapy 

2. Two doses of Inj Ranitidine 50mg given along with Dexamethasone 

3. Inj Pheniramine 20mg given half hour before chemotherapy 

4. Inj Ondansetron 8mg given half hour before chemotherapy 

The above premedication is used to prevent chemotherapy associated hypersensitivity reaction as 

well as to avoid nausea and vomiting. 

All patients received prophylactic growth factors with Inj Granulocyte stimulating factor (G-

CSF) at a dose of 300 micrograms, starting on day 3 of each chemotherapy cycle. They received 

5 days of Inj. G-CSF, following which WBC counts were checked. If the absolute neutrophil 

count was greater than 10,000/cu.mm, the growth factors was discontinued. If neutrophil counts 

were below 10,000/cu.mm at the end of 5 doses of Inj G-CSF, it was continued till the counts 

improved.  

Patients underwent repeat evaluation before starting cycle 2 of chemotherapy. All patients had 

clinical examination, Nasopharyngolaryngoscopy, blood counts, Serum Creatinine and Liver 

function test.  

If there was evidence of disease progression after cycle 1 of chemotherapy, patients were 

withdrawn from the study and offered radical therapy with chemo-irradiation. 

Re-evaluation was done 3 weeks after cycle 2 chemotherapy with a repeat 

Nasopharyngolaryngoscopy and CT scan of the head and neck in treatment position.  Definitive 

chemoradiotherapy was started after a gap of 3 to 4 weeks from cycle 2 of chemotherapy.  
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The study protocol used is as follows: 

The first fraction of low dose radiation i.e. 80cGy was delivered after 2 to 3 hours of starting 

chemotherapy, with the second fraction being delivered after a gap of 4 to 6 hours on the same 

day. The last 2 fractions of low dose radiotherapy were given on the second day with a minimum 

interfraction gap of 6 hours. 

 

 

 

Figure 5: Flowchart of patient treatment 
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During the course of radiotherapy, patients were monitored weekly. Symptoms including pain, 

taste alteration, hoarseness of voice, difficulty in swallowing and change in diet were monitored. 

Radiation induced mucositis and dermatitis, weight loss during radiotherapy and blood counts 

were also assessed weekly. Adverse events were graded according to Common Toxicity Criteria 

for Adverse Events, version 4. 

Objective response to therapy was assessed at the end of neoadjuvant chemotherapy with low 

dose radiation and also at the end of radical chemo-irradiation. Response was described in terms 

of complete response, i.e. CR (complete disappearance of all target lesions), partial response 

i.e.PR (more than 30% reduction in size of sum of longest diameters of target lesions), 

progressive disease i.e. PD (more than 20% increase in size of sum of longest diameters of target 

lesions) and stable disease i.e.SD (neither partial response nor progressive disease) 
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5.RESULTS: 
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A total of 17 patients seen in the department of Radiotherapy, Unit II between the months of 

June 2011 and November 2011 satisfied all the inclusion and exclusion criteria.  

Among these patients 3 were unwilling to take part in the study. Hence a total of 14 patients 

were enrolled after obtaining informed consent. Out of the 14 patients who were recruited, 12 

went on to complete the course of chemotherapy with low dose radiotherapy. One patient had 

evidence of disease progression after cycle 1 of chemotherapy and was discontinued from the 

study, another patient developed prolonged febrile neutropenia and died after the first cycle of 

chemotherapy.  

5.1.Patient, tumor and treatment related characteristics. 

 The patient and tumor related details are shown in Table 3  

Table 3: Patient demographics and tumour characteristics 

Characteristic N 

Gender – Male 12 

                  Female 2 

Age – Range 29 – 61 

           Mean 50 

Performance – ECOG 0 2 

                           ECOG 1 12 

Site of primary – Oral cavity 1 

Oropharynx 6 

Hypopharynx 4 

Larynx 3 

Histology- Differentiation – Well 1 

Moderately 12 

Poorly 1 

Stage - III 5 

IV A 7 

IV B 2 
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Table 4: Treatment related characteristics 

 

Radiotherapy technique used n = 9 

2D conventional 6 

3D conformal radiotherapy 1 

Intensity modulated radiotherapy 2 

Concurrent chemotherapy 

Number of cycles of chemotherapy  

No chemotherapy 1 

2 cycles 5 

3cycles 1 

4 cycles 2 

 

All patients were planned for 6 cycles of weekly concurrent chemotherapy. None of the patients 

could receive more than 4 cycles of weekly concurrent chemotherapy. One patient did not 

receive any concurrent chemotherapy in view of low creatinine clearance. 

 

 

 

Number of patients enrolled 14 

Completed 2 cycles chemotherapy with low 

dose radiotherapy 

12 

Death 1 

Disease progression 1 

Patients evaluated at end of induction therapy 12 

Lost to follow up 1 

Completed radical chemo-radiotherapy 9 

Presently undergoing radical chemo-

radiotherapy  

2 
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Presenting symptoms –  

Table 5: Presenting symptoms 

Symptom N = 14 % 

Throat pain 10 71 

Referred pain 4 28 

Dysphagia 8 57 

Hoarseness 5 35 

Cough 1 7 

Neck swelling 1 7 

Headache 1 7 

 

Throat pain was the commonest presenting symptom, seen in about 71% of patients (10 patients). 

Other common symptoms seen were dysphagia (57%), hoarseness of voice (35%) and referred 

pain (28%). 

 

5.2. Feasibility of therapy 

1. Delay in starting cycle 2 neoadjuvant chemotherapy 

Table 6: Delay in second cycle of chemotherapy  

Delay in Cycle 2 chemotherapy N = 12 

Range (days) 2 – 22 

1 – 2 weeks 1 

> 2 weeks 2 
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Only 3 patients experienced delay of more than 1 week in starting second cycle of 

chemotherapy.  One patient developed transient periodic paralysis of the upper limbs, probably 

secondary to hypokalemia before second cycle of chemotherapy. This led to a delay of about 1 

week. Longer delays of more than 2 weeks were seen in 2 patients, of which one developed 

grade 4 urinary tract infection and the other patient developed grade 2 dental infections. Both 

patients recovered after a course of antibiotics. The delays in second cycle of neoadjuvant 

chemotherapy was probably not related to the treatment. 

2. Time gap before starting radical chemo-radiotherapy after completing neoadjuvant 

chemotherapy with low dose radiotherapy –  

 

Table 7: Delay in starting radical therapy 

Time to start radical chemo-radiotherapy   

No delay 6 

Delay from scheduled date 3 

 

Radical chemo-radiotherapy was started a3 to 4 weeks after completion of second cycle of 

chemotherapy. Long delay in starting radical chemo-radiotherapy was seen in 3 patients.  One 

patient had persistent elevated liver enzymes probably related to neoadjuvant chemotherapy. 

Delay in starting radical therapy in the other 2 patients was not treatment related. One patient 

reported late to starting radical chemo-radiotherapy and the other patient was delayed due to 

technical problem during radiotherapy planning.  

3. Breaks during the course of radical chemo-radiotherapy -  

All patients had a break during the course of radical chemo-radiotherapy.  

Table 8: Breaks during radical radiotherapy  

Break in treatment N = 9 

< 1 week 4 

1 to 2 weeks 4 

>2 weeks 1 
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Table 9: Causes of breaks during radical therapy 

 

Cause of break N = 9 % 

Grade 3 Mucositis 5 56 

Grade 3 Dermatitis 2 22 

Grade 3 Weight loss 1 11 

Technical problem 1 11 

 

Break in treatment lasting less than 1 week was seen in 4 patients. The break ranged 

from 3 to 5 days. Treatment related breaks seen in 5 patients and was most commonly 

due to grade 3 mucositis. Grade 3 dermatitis led to break in treatment in 2 patients. 

One patient developed grade 3 weight loss and radiotherapy was re-started after a 

break of 3 days to enable placement of feeding tube and improvement of nutritional 

support. Non treatment related delay of 5 days in starting boost phase of 3D 

conformal radiotherapy due to technical problem was seen in 1 patient.  

5.3. Assessment of toxicity –  

i) During neoadjuvant chemotherapy with Low dose radiotherapy –  

1) Weight loss 

Weight loss – Grade  (n = 12) % 

<1 5 84 

1 1 8 

2 1 8 

3 0 0 

4 0 0 
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About 6 patients had weight loss of grade 1 or less than grade 1 ` during the course of 

chemotherapy with low dose radiotherapy. Only 1 patient developed Grade 2 weight loss (loss of 

more than 10% of baseline weight) 

 

2) Neutropenia 

Neutropenia – Grade  (n = 12) % 

1 3 25 

2 0 0 

3 0 0 

4 1 8 

 

Only 1 patientdeveloped grade 4 neutropenia during neoadjuvant chemotherapy with low dose 

radiotherapy. Grade 1 neutropenia was seen in 3 patients during induction therapy, they were 

managed conservatively. 

 

3) Thrombocytopenia 

Thrombocytopenia – Grade  (n = 12) % 

1 9 75 

2 0 0 

3 0 0 

4 0 0 

 

Only grade 1 thrombocytopenia occurred in 9 patients (28.5%). They were managed 

conservatively. No patient developed thrombocytopenia more than grade 1.  
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4) Anemia 

Anemia – Grade  (n = 12) % 

1 11 91 

2 1 9 

3 0 0 

4 0 0 

 

Only 1 patient developed grade 2 anemia requiring blood transfusion. Grade 1 anemia (< lower 

limit of normal , >10 g/dl) was seen in 11 patients.  

5) Liver enzymes derangement 

SGOT – Grade    (n = 12) % 

1 3 25 

2 0 0 

3 0 0 

SGPT – Grade  (n = 12) % 

1 6 50 

2 2 16 

3 0 0 

Alkaline Phosphatase– Grade (n = 12) % 

1 1 9 

2 1 9 

3 0 0 

 

Only grade 1 elevation of SGOT was noted in 3 patients. Grade 1 elevation of SGPT was seen in 

6 patients and  Grade 2 elevation in two patients.  Grade 1 elevation of Serum Alkaline 
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Phosphatase was seen in 1 patient and Grade 2 in 1 patient. There was no instance of grade 4 

derangement of SGOT, SGPT or alkaline phosphatase.  

6)  Creatinine  

Serum Creatinine – Grade  (n = 12) % 

1 3 25 

2 1 9 

3 0 0 

4 0 0 

 

Increased serum creatinine levels as compared to baseline value were seen in 4 patients. Only 1 

patient had elevation of serum creatinine to more than grade 2 (>1.5 times baseline value). 

7) Cardiovascular complications 

Among the 12 patients who received both cycles of chemotherapy with low dose radiotherapy, 1 

patient developed transient asymptomatic bradycardia which was managed conservatively. 

8) Death  

One patient died after receiving first cycle of neoadjuvant chemotherapy with low dose 

radiotherapy. He developed prolonged febrile neutropenia starting on the third day of first cycle 

of neoadjuvant chemotherapy. He eventually succumbed to septicemia 2 weeks after cycle 1 of 

chemotherapy. 

 

ii) Toxicity during radical chemo-radiotherapy  

 

Of the 12 patients who received 2 cycles of neoadjuvant chemotherapy with low dose 

radiotherapy, 1 patient was lost to follow up. Hence a total of 11 patients were treated with 

radical chemo-radiotherapy. Of these, 2 patients were still undergoing treatment and were 

excluded from the present analysis. 
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I) Weight loss during chemo-radiotherapy: 

 

Weight loss as compared 

to baseline 

N = 9 % 

< Grade – 1 2 22 

Grade - 1 2 22 

Grade – 2 4 44 

Grade - 3 1 11 

 

Weight loss of more than grade 2 (>20% of baseline) was seen in only 1 patient. To facilitate 

feeding, Ryle’s tube was placed in 4 patients. Symptoms and signs - 

a. Pain 

Pain score N = 9 

1 – 5 6 

6 - 10 3 

b. Cough 

Cough - grade N = 9 % 

1 5 55 

2 2 22 

3 0 0 

c. Change in voice 

Voice – grade N = 9 % 

1 3 33 

2 1 11 

3 0  

d. Taste alteration 

Taste – grade N = 9 % 

1 3 33 
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2 0 0 

3 0 0 

e. Dryness of mouth 

Dryness – grade N = 9 % 

1 2 22 

2 0 0 

3 0 0 

f. Feeding 

Mode of feeding N = 9 % 

Oral 5 55 

Ryle’s tube feeding 4 44 

g. Mucositis 

Mucositis – grade N = 9 % 

1 0 0 

2 4 44 

3 5 55 

4 0 0 

Grade 2 mucositis was seen in 4 patients and grade 3 mucositis in 5 patients. Break in treatment 

was necessary in all 5 patients with grade 3 mucositis. No patient developed grade 4 mucositis. 

 

h. Dermatitis  

Dermatitis – grade N = 9 % 

1 6 66 

2 1 11 

3 2 22 

4 0 0 

 

 Grade 3 dermatitis was seen in 2 patients who required break in treatment of more than 1 week. 

None of the patients developed grade IV mucositis or dermatitis. 
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II) Hematological toxicity during radical chemo-radiotherapy : 

 

1. Anemia 

 Anemia - Grade N = 9 % 

1 8 89 

2 1 11 

3 0 0 

  

 During radical chemo-radiotherapy only one patient had grade 2 anemia (<10 g/dl) and required 

blood transfusion before proceeding with treatment.  

 

2. Total WBC counts: 

Leukopenia – grade N = 9 % 

1 1 11 

2 2 22 

3 1 11 

4 0 0 

 

Grades 1 and 2 leukopenia was noted in 3 patients. Only one patient had grade 3 leukopenia.  
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3. Absolute neutrophil counts: 

 

Neutropenia – grade N = 9 % 

1 2 22 

2 0 0 

3 1 11 

4 0 0 

 

Only 1 patient developed grade 3 neutropenia during radical chemo-radiotherapy following 2 

cycles of concurrent weekly chemotherapy, requiring hospitalization and intravenous antibiotics. 

Grade 1 neutropenia was seen in 2 patients. They were managed conservatively. 

 

 

 

4. Thrombocytopenia: 

 

Thrombocytopenia – grade N = 9 % 

1 5 55 

2 0 0 

3 0 0 

4 0 0 

 

 Grade 1 thrombocytopenia was seen in 5 patients, requiring only conservative management. No 

patient developed thrombocytopenia of more than grade 1 during radical therapy. 
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5. Renal function parameters: 

 

Rise in Serum creatinine 

- Grade 

N = 9 % 

1 3 33 

2 3 33 

3 0 0 

 

 

Increase in serum creatinine levels as compared to baseline was seen in  6 patients during radical 

chemo-radiotherapy. Among them only 3 developed rise in serum creatinine of grade 2 i.e.,  

more than 1.5 times the baseline value. 

 

 

6. Liver function tests:  

 N = 9 % 

SGPT – Grade 1 4 44% 

Grade 2 0  

SGOT – Grade 1 or above 0  

Alkaline phosphatase – Grade 1 or above 0  

 

Grade 1 derangement of SGPT (alanine transferase) was seen in 4 patients. They were managed 

conservatively.  No patient had worsening of SGOT or alkaline phosphatase levels. 
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VI.  Outcome: 

 

Outcome was evaluated  following neoadjuvant chemotherapy with low dose radiotherapy in 12 

patients. One patient developed clinical evidence of disease progression following the first cycle 

chemotherapy.  

 

Evaluation after 2 cycles 

a. Clinical evaluation of primary tumour (scopy and clinical examination) –  

 

Disease status N = 11 % 

Regression of primary tumour 8 73 

Persistence of primary tumour 3 27 

 

 Nasopharyngolaryngoscopy and clinical assessment showed regression of primary disease in 8 

patients (73%). Primary tumour was persistent with no change as compared to baseline in only 3 

patients (27%). 

 

b. Clinical evaluation of neck nodal status: 

Change in size of neck node 

(clinical examination) 

N = 7 % 

Decrease 6 85 

Same size 1 15 

increase 0  

Of the 7 patients who had clinically palpable neck nodes, 6 had shown response in the form of 

decrease in size of the nodes. One patient had no change in the size of neck node on clinical 

evaluation.  
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c. Objective assessment by CT imaging: 

 

Response assessment N = 11 % 

Complete response 0 0 

Partial response 5 45 

Stable disease 6 55 

Progressive disease 0 0 

 

Change in the size of the primary tumour as well as significant nodes was monitored for response 

assessment, as defined by RECIST criteria.  Of the 11 patients, 5 (45%) had partial response at 

the end of neoadjuvant chemotherapy with low dose radiotherapy and 6 patients (55%) had 

stable disease. 
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  Figure 5 (a): Pre-treatment image of carcinoma glottis stage III 

 

 

 

 

Figure 5 (b): CT image of same patient at end of neoadjuvant chemotherapy with low dose 

radiotherapy. 
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6.DISCUSSION 
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Conventional fractionation of radiation implies the use of radiation of 2 Gy per fraction, one 

fraction delivered per day, 5 fractions per week. Low dose radiation is the use of radiation of 

doses less than 1 Gy. Laboratory studies have shown that at doses below 30 cGy, all cells exhibit 

HRS and at doses between 30 cGy and 80 cGy, IRR is observed. This is due to arrest of cells at 

G2-M phase of cell cycle, leading to radioresistance. Hence use of low dose radiation leads to G2 

phase enrichment of cells. This increases the action of chemotherapeutic agents which are 

specific to G2-M phase. Few clinical trials have studied the combination of low dose radiation 

with chemotherapy in glioblastoma, metastatic carcinomas, pancreatic carcinomas etc. Though 

the results are encouraging, low dose radiation has been inadequately studied in large scale trials.  

Locally advanced head and neck carcinomas account for a majority of patients seen in the cancer 

clinic. Addition of chemotherapy in the treatment of head and neck carcinomas in the form of 

induction therapy leads to a survival benefit of 5% at 5 years (7).  

In the present study a total of 14 patients were enrolled. Of these, 12 patients (85%) completed 

the full course of 2 cycles of neoadjuvant chemotherapy with low dose radiotherapy. Among the 

2 patients who did not complete induction therapy, one patient died following first cycle of 

chemotherapy with low dose radiotherapy and the other had progressive disease on clinical 

assessment. The patient who died was a case of carcinoma oropharynx stage IV A. He developed 

febrile neutropenia on day 3 following chemotherapy and was treated with G-CSF and broad 

spectrum antibiotics The patient had persistent leukopenia with absent neutrophils and eventually 

succumbed to septicemia. The other patient, a case of Stage III carcinoma oropharynx had 

symptomatic relief and stable disease on CT imaging, but there was clinical evidence of disease 

progression on nasopharyngolaryngoscopic evaluation prior to the second cycle chemotherapy.  

In view of clinical evidence of disease progression, this patient was withdrawn from further 

chemotherapy and treatment was initiated with radical chemo-radiotherapy.  

Second cycle of chemotherapy with low dose radiotherapy was initiated within a week of the 

scheduled time in all but 2 patients. This delay was due to urinary tract infection in one patient 

and dental infection in the other which was treated before starting cycle 2 of chemotherapy. 

These delays in second cycle of chemotherapy were probably unrelated to the treatment. All 

patients continued with radical chemo-radiotherapy, except one who was lost to follow up after 

completing induction therapy. Definitive treatment could be started at the  scheduled time in 
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73% patients (8/11). Treatment related delay in starting radical chemo-radiotherapy was seen in 

only 1 patient due to transient hepatitis which resolved spontaneously.  Delay in initiating radical 

therapy was seen in 2 more patients but they were unrelated to the treatment. One patient 

reported late for treatment and the other had delay due to technical problem in radiotherapy 

planning. 

Radical chemo-radiotherapy was initiated in 11 patients after completing neoadjuvant 

chemotherapy with low dose radiotherapy. Among them 9 patients had completed radical 

chemo-radiotherapy. All patients received the full planned dose of radiotherapy. Treatment 

breaks were seen in all patients, the breaks ranged from a minimum of 3 days to a maximum 

break of 14 days. The reasons for treatment break were grade 3 mucositis in 5 patients (56%) and 

grade 3 dermatitis in 2 patients (22%). 

All patients on radical chemo-radiotherapy were planned for concurrent chemotherapy with 

weekly cisplatin for a total of 6 cycles. None of the patients received more than 4 cycles of 

concurrent chemotherapy. During the course of radical therapy, 6 out of the 9 patients received 3 

cycles of concurrent chemotherapy or lesser. One patient had grade 2 elevation of serum 

creatinine and did not receive any concurrent chemotherapy.  

During induction therapy neutropenia of more than grade 1 was seen in one patient (1/12). This 

patient had prolonged febrile neutropenia and eventually died of septicemia. The incidence of all 

neutropenia was 33%. Grade 1 thrombocytopenia was seen in 9 patients (75%).  There was no 

thrombocytopenia above grade 1. Grade 2 anemia requiring blood transfusion was seen in only 1 

patient (9%). Transient bradycardia was seen in 1 patient during the infusion of paclitaxel. No 

patient developed hypersensitivity to the chemotherapy. Weight loss of grade 1 and above was 

seen in 2 patients (17%). 

In the study by Arnold et al, where a higher dose of chemotherapy was used, the incidence of all 

grades of neutropenia was 64%, of which 38% was grade 4. Neutropenia of more than grade 1 

was seen in 56% of patients. Grade 1 thrombocytopenia was reported in 3% of patients. 

Thrombocytopenia of more than grade 1 was seen in 5% of patients. Anemia of more than grade 

1 was seen in 10% of patients. Weight loss of grade 1and above was seen in 6% of patients. 

Allergic reactions were noted in 3% of patients in this study (46). 
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Though our study had a low incidence of neutropenia as compared to the study by Arnold et al., 

there was one death due to the same. The rate of thrombocytopenia was higher in our study 

though it did not lead to any interruption in treatment. The incidence of anemia in our study is 

similar to that reported in the literature. We report a higher incidence of weight loss of grades 1 

and 2.  

During radical chemo-radiotherapy, neutropenia was seen in 3 patients (33%). Of these, one 

patient had grade 3 neutropenia leading to break in treatment of about 5 days. Grade 1 

thrombocytopenia was seen in 5 patients (55%), requiring conservative management only. 

Anemia requiring transfusion was seen in 2 patients (22%). There was no alteration of liver 

enzymes to more than grade 1 in any patient. Grade 2 elevation of Serum Creatinine was seen in 

3 patients (33%).  

In the study by Arnold et al, about 19 patients out of 39 were treated with radical chemo-

radiotherapy after induction therapy. The tolerance of patients to radical chemo-radiotherapy 

following neoadjuvant chemotherapy with low dose radiotherapy has not been reported. 

Response evaluation was done by clinical examination, scopy and imaging before cycle 2 

chemotherapy and at 3 to 4 weeks following second cycle of chemotherapy with low dose 

radiotherapy. 

Based on nasopharyngolaryngoscopy, regression of disease at primary site was seen in 8 patients 

(73%) at the end of 2 cycles of chemotherapy. One patient had evidence of disease progression at 

primary site on evaluation after first cycle chemotherapy. 

About 7 patients had clinically node positive disease. Nodal response was seen in all but one of 

the patients with node positive disease (86%).  

CT imaging and response evaluation showed partial response in 5 patients (45%) and stable 

disease was seen in 6 patients (55%). None of the patients had either complete response or 

progressive disease at the end of induction therapy. 

A study by Dunphy et al. of induction chemotherapy with Paclitaxel and Carboplatin has shown 

response rate of 66% at primary site and nodal response rate of 53% (23).  Machtay et al., also 

studied a similar induction therapy and reported an overall response rate of 89% (25). Arnold et 
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al., studied the combination of neoadjuvant chemotherapy with low dose radiotherapy and 

reported a response rate of 90% at primary site and 69% nodal response rate (46).  
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7.CONCLUSIONS 
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The study shows the feasibility of the use of low dose radiotherapy in combination with 

neoadjuvant chemotherapy in locally advanced head and neck carcinomas. There was one 

treatment related death due to neutropenia; all the other patients tolerated induction therapy with 

Paclitaxel and Carboplatin with low dose radiotherapy reasonably well.  

All patients tolerated radical radiotherapy following neoadjuvant chemotherapy with low dose 

radiotherapy reasonably well. 

Response rate seen was 45%, which is lesser than that reported by major studies. This could be 

due to small number of patients in the study.  

Patients did not tolerate the full planned course of concurrent chemotherapy. Most patients 

received less than half of the planned doses of concurrent chemotherapy. Concurrent 

chemotherapy had to be with-held in one patient following induction therapy which was 

probably related to the treatment. 

Hence, addition of low dose fractionated radiotherapy to neoadjuvant chemotherapy is a 

clinically viable option for locally advanced inoperable head and neck cancer which needs to be 

evaluated in the setting of controlled clinical trial.  

 

 

 

 

 

 

 

 

 

 

 

 

 



69 
 

BIBLIOGRAPHY 

REFERENCES: 

1. GLOBOCAN 2008 [homepage on the Internet]. Lyon, France: The Globocan Project [cited 2011 

November 28]. Available from: http://globocan.iarc.fr/factsheet.asp 

2.  NATIONAL CANCER REGISTRY PROGRAMME [homepage on the Internet]. [cited 2011 

November 28]. Available from: http://icmr.nic.in/ncrp/cancer_reg.htm 

3. Corvo' R. Evidence-based radiation oncology in head and neck squamous cell carcinoma. 

Radiotherapy and Oncology 2007 Oct;85:156-70. 

4. Domenge C, Hill C, Lefebvre JL, De Raucourt D, Rhein B, Wibault P, Marandas P, Coche-

Dequeant B, Stromboni-Luboinski M, Sancho-Garnier H, Luboinski B, French Groupe d'Etude 

des Tumeurs de la Tête et du Cou (GETTEC) Randomized trial of neoadjuvant chemotherapy in 

oropharyngeal carcinoma. Br J Cancer. 2000;83(12):1594. 

5. Lorch JH, Goloubeva O, Haddad RI, Cullen K, Sarlis N, Tishler R, Tan M, Fasciano J, 

Sammartino DE, Posner MR. Induction chemotherapy with cisplatin and fluorouracil alone or in 

combination with docetaxel in locally advanced squamous-cell cancer of the head and neck: long-

term results of the TAX 324 randomised phase 3 trial. Lancet Oncol. 2011;12(2):153. 

6. Vermorken JB, Remenar E, van Herpen C, Gorlia T, Mesia R, Degardin M, Stewart JS, Jelic S, 

Betka J, Preiss JH, van den Weyngaert D, Awada A, Cupissol D, Kienzer HR, Rey A, Desaunois 

I, Bernier J, Lefebvre JL, EORTC 24971/TAX 323 Study Group. Cisplatin, fluorouracil, and 

docetaxel in unresectable head and neck cancer. N Engl J Med. 2007;357(17):1695. 

7. Pignon JP, le Maître A, Maillard E, Bourhis J, MACH-NC Collaborative Group. Meta-analysis of 

chemotherapy in head and neck cancer (MACH-NC): an update on 93 randomised trials and 

17,346 patients. Radiother Oncol. 2009;92(1):4. 

8. Ridge JA, Glisson BS, Lango MN, et al. "Head and Neck Tumors" in Pazdur R, Wagman LD, 

Camphausen KA, Hoskins WJ (Eds) Cancer Management: A Multidisciplinary Approach. 11 ed. 

2008. 

9. Davies L, Welch HG. Epidemiology of head and neck cancer in the United States. Otolaryngol 

Head Neck Surg. 2006 Sep;135(3):451-7. 

10. Blot WJ, M. J.-M. ( 1988;). Smoking and drinking in relation to oral and pharyngeal cancer. 

Cancer Res., 48(11):3282. 

11. Lewin F, N. S. (1998). Smoking tobacco, oral snuff, and alcohol in the etiology of squamous cell 

carcinoma of the head and neck: a population-based case-referent study in Sweden. Cancer, 

82(7):1367. 

12. Sapkota A, Gajalakshmi V, Jetly DH, Roychowdhury S, Dikshit RP, Brennan P,Hashibe M, 

Boffetta P. Smokeless tobacco and increased risk of hypopharyngeal and laryngeal cancers: a 

multicentric case-control study from India. Int J Cancer. 2007 Oct 15;121(8):1793-8. 

13. De Stefani E, B. P. (1998). Hard liquor drinking is associated with higher risk of cancer of the 

oral cavity and pharynx than wine drinking. A case-control study in Uruguay. Oral Oncol, 

34(2):99. 

14. Hashibe M, B. P.-F. (2007). Alcohol drinking in never users of tobacco, cigarette smoking in 

never drinkers, and the risk of head and neck cancer: pooled analysis in the International Head 

and Neck Cancer Epidemiology Consortium. J Natl Cancer Inst., 99(10):777. 



70 
 

15. Gillison ML, D. G. (2008;). Distinct risk factor profiles for human papillomavirus type 16-

positive and human papillomavirus type 16-negative head and neck cancers. J Natl Cancer Inst. , 

100(6):407. 

16. Chen AY, Fedewa S, Zhu J. Temporal trends in the treatment of early- and advanced-stage 

laryngeal cancer in the United States, 1985-2007. Arch Otolaryngol Head Neck Surg. 2011 

Oct;137(10):1017-24. 

17. Kramer S, Gelber RD, Snow JB, Marcial VA, Lowry LD, Davis LW, Chandler R. Combined 

radiation therapy and surgery in the management of advanced head and neck cancer: final report 

of study 73-03 of the Radiation Therapy Oncology Group. Head Neck Surg. 1987 Sep-

Oct;10(1):19-30. 

18. Bernier J, Domenge C, Ozsahin M, Matuszewska K, Lefèbvre JL, Greiner RH, Giralt J, Maingon 

P, Rolland F, Bolla M, Cognetti F, Bourhis J, Kirkpatrick A, van Glabbeke M; European 

Organization for Research and Treatment of Cancer Trial  22931. Postoperative irradiation with 

or without concomitant chemotherapy for locally advanced head and neck cancer. N Engl J Med. 

2004 May 6;350(19):1945-52. 

19. Cooper JS, Pajak TF, Forastiere AA, Jacobs J, Campbell BH, Saxman SB, Kish JA, Kim HE, 

Cmelak AJ, Rotman M, Machtay M, Ensley JF, Chao KS, Schultz CJ, Lee N, Fu KK; Radiation 

Therapy Oncology Group 9501/Intergroup. Postoperative concurrent radiotherapy and 

chemotherapy for high-risk squamous-cell carcinoma of the head and neck. N Engl J Med. 2004 

May 6;350(19):1937-44. 

20. Bernier J, C. J. (2005). Defining risk levels in locally advanced head and neck cancers: a 

comparative analysis of concurrent postoperative radiation plus chemotherapy trials of the 

EORTC (#22931) and RTOG (# 9501). Head Neck. , 27(10):843. 

21. Fu KK, Pajak TF, Trotti A, Jones CU, Spencer SA, Phillips TL, Garden AS, Ridge JA, Cooper 

JS, Ang KK. A Radiation Therapy Oncology Group (RTOG) phase III randomized study to 

compare hyperfractionation and two variants of accelerated fractionation to standard fractionation 

radiotherapy for head and neck squamous cell carcinomas: first report of RTOG 9003. Int J 

Radiat Oncol Biol Phys. 2000 Aug 1;48(1):7-16. 

22. Bourhis J, Le Maître A, Baujat B, Audry H, Pignon JP; Meta-Analysis of Chemotherapy in Head, 

Neck Cancer Collaborative Group; Meta-Analysis of Radiotherapy in Carcinoma of Head, Neck 

Collaborative Group; Meta-Analysis of Chemotherapy in Nasopharynx Carcinoma Collaborative 

Group. Individual patients' data meta-analyses in head and neck cancer. Curr Opin Oncol. 2007 

May;19(3):188-94. 

23. Dunphy FR, Dunleavy TL, Harrison BR, et al. Induction paclitaxel and carboplatin for patients 

with head and neck carcinoma: Analysis of 62 patients treated between 1994 and 1999. Cancer 

2001;91:940–948. 

24. Vokes E, Kies M, Haraf D, et al. Concomitant chemoradiotherapy as primary therapy for 

locoregionally advanced head and neck cancer. J Clin Oncol 2000;18:1652–1661. 

25. Machtay MM, Rosenthal DI, Hershock D, et al. Organ preservation therapy using induction plus 

concurrent chemoradiation for advanced resectable oropharyngeal carcinoma: A University of 

Pennsylvania phase II trial. J Clin Oncol 2002;20: 3964–3971. 

26. Puck TT, Marcus PI. Action of x-rays on mammalian cells. J Exp Med 1956;103:653–666. 



71 
 

27. M.C. Joiner, J. Denekamp and R.L. Maughan. The Use of ‘‘Top-up’’ Experiments to 

Investigate the Effect of Very Small Doses Per Fraction in Mouse Skin. Int. J. Radiat. 

Biol.1986, Vol. 49(4);565-580 

28. Ang KK, van der Kogel,  van der Schueren. Lack of evidence for increased tolerance of rat spinal 

cord with decreasing fraction doses below 2 Gy. Int. J. Radiation Oncology Biol. Phys 1985 

January;11(1): 105-110 

29. Stewart FA, Oussoren, Luts A , Begg AC, Dewit L, Lebesque J, Bartelink H. Repair of 

sublethal radiation injury after multiple small doses in mouse kidney: An estimate of 

flexure dose. Int. J. Radiation Oncology Biol. Phys 1987 May;13(5): 765-772 

30. Parkins C. S, Fowler J. F. The linear quadratic fit for lung function after irradiation with 

X-rays at smaller doses per fraction than 2 Gy. Br. J. Cancer.1986; 53, Suppl. VII, 320-

323 

31. Joiner M. C., Johns H. Renal Damage in the Mouse: The Response to Very Small Doses 

per Fraction. 1988; Radiat. Res. 11(4):385-398 

32. Marples B, Joiner MC. The response of Chinese hamster V79 cells to low radiation doses: 

Evidence of enhanced sensitivity of the whole cell population. Radiat Res 1993;133:41–51 

33. Marples B, Collis SJ.  Low-dose hyper-radiosensitivity: past, present, and future.Int. J. Radiation 

oncology biol. Phys 2008.;70,(5):1310–1318 

34. Xu B, K. S. Two molecularly distinct G(2)/M. Mol Cell Biol, 2002; 22:1049-1059. 

35. Krueger S, Collis SJ, Joiner MC, Wilson GD, Marples B. Transition in survival from low-dose 

hyper-radiosensitivity to increased radioresistance is independent of activation Of ATM SER1981 

activity. Int. J. Radiation Oncology Biol. Phys. 2007; 69(4): 1262–1271 

36. Krause M, Hessel F, Wohlfarth J, et al. Ultrafractionation in A7 human malignant glioma in nude 

mice. Int J Radiat Biol 2003; 79:377–383 

37. Hamilton CS, Denham JW, O’Brien M, et al. Underprediction of human skin erythema at low 

doses per fraction by the linear quadratic model. Radiother Oncol 1996;40:23–30 

38. Harney J, Short SC, Shah N, et al. Low dose hyper-radiosensitivity in metastatic tumors. Int J 

Radiat Oncol Biol Phys 2004; 59:1190–1195 

39. Tome WA , Howard SP. On the possible increase in local tumour control probability for gliomas 

exhibiting low dose hyper-radiosensitivity using a pulsed schedule. The British Journal of 

Radiology 2007; 80: 32–37 

40. Chendil D, Oakes R, Alcock RA, Patel N, Mayhew C, Mohiuddin M, Gallicchio VS, Ahmed 

MM. Low dose fractionated radiation enhances the radiosensitization effect of paclitaxel in 

colorectal tumor cells with mutant p53. Cancer. 2000 Nov 1;89(9):1893-900 

41. Dey S, Spring P, Arnold S. Low-Dose Fractionated Radiation Potentiates the Effects of Paclitaxel 

in Wild-type and Mutant p53 Head and Neck Tumor Cell Lines. Clin Cancer Res 2003;9:1557-

1565 

42. Regine WF, Hanna N, Garofalo MC, Doyle A, Arnold S, Kataria R, Sims J, Tan M, Mohiuddin 

M. Low-dose radiotherapy as a chemopotentiator of gemcitabine in tumors of the pancreas or 

small bowel: a phase I study exploring a new treatment paradigm. Int J Radiat Oncol Biol Phys. 

2007 May 1;68(1):172-7. 



72 
 

43. Valentini V, Massaccesi M, Balducci M, Mantini G, Micciché F, Mattiucci GC, Dinapoli N, 

Meduri B, D'Agostino GR, Salvi G, Nardone L. Low-dose hyperradiosensitivity: is there a place 

for future investigation in clinical settings? Int J Radiat Oncol Biol Phys. 2010 Feb 1;76(2):535-9. 

44. Kunos CA, Sill MW, Buekers TE, Walker JL, Schilder JM, Yamada SD, Waggoner SE, 

Mohiuddin M, Fracasso PM. Low-dose abdominal radiation as a docetaxel chemosensitiser for 

recurrent epithelial ovarian cancer: a phase I study of the Gynecologic Oncology Group. Gynecol 

Oncol. 2011 Feb;120(2):224-8. 

45. Balducci M, Chiesa S, Diletto B, D'Agostino GR, Mangiola A, Manfrida S, Mantini G, Albanese 

A, Fiorentino A, Frascino V, De Bari B, Micciche' F, De Rose  F, Morganti AG, Anile C, 

Valentini V. Low-dose fractionated radiotherapy and concomitant chemotherapy in glioblastoma 

multiforme with poor prognosis: a feasibility study. Neuro Oncol. 2011 Oct 12. 

46. Arnold SM, Regine WF, Ahmed MM, Valentino J, Spring P, Kudrimoti M, Kenady D,  

Desimone P, Mohiuddin M. Low-dose fractionated radiation as a chemopotentiator of 

neoadjuvant paclitaxel and carboplatin for locally advanced squamous cell carcinoma of the head 

and neck: results of a new treatment paradigm. Int J Radiat Oncol Biol Phys. 2004 Apr 

1;58(5):1411-7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



73 
 

 

APPENDIX 

 

 

 

 

1. Patient information sheet 

2. Consent form 

3. Case report form 

4. Institutional review board approval letter 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



74 
 

Patient Information Sheet 

 

A single arm Phase II prospective study to assess the feasibility, tolerance and efficacy of Ultra Fractionated Radiotherapy 

with Neoadjuvant Chemotherapy in locally advanced head and neck carcinoma` 

This is a study which involves patients with head and neck cancer in locally advanced stages who are being planned for 

neoadjuvant chemotherapy before definitive radiotherapy. The study consists of administering low dose radiation to the gross 

tumour during first 2 days of chemotherapy in order increase the efficacy of the chemotherapy. 

 

 You will be treated with 2 cycles of neoadjuvant chemotherapy given 3 weeks apart. On the first and second days of each cycle 

you will receive 2 fractions of low dose radiation to the tumour site. This is done to increase the effectiveness of chemotherapy. 

The response to treatment will be assessed 3 weeks after second cycle of chemotherapy. Next you will be planned and treated 

by chemoradiotherapy.  This would require a minimum of 6 weeks without any interruptions. Final assessment will be done 

after 6 weeks from the completion of radiotherapy. 

 

The actual intervention would consist of administering low dose radiation to the gross tumour twice a day on the first 2 days of 

chemotherapy.  It is a noninvasively procedure. 

 

You might experience some acute side effects like mucositis and dermatitis. But as the dose delivered is very low, such 

reactions are less likely to occur. 

 

The expected benefit would be increased efficacy of the chemotherapeutic agents, thereby increasing tumour responsiveness.  

 

An alternative treatment is available, which consists of only neoadjuvant chemotherapy without the addition of low dose 

radiation. 

 

Your identity will be maintained under strict confidentiality during analysis and reporting results. Only the primary investigator 

will have full access to the subject’s medical records. 

You are expected to adhere to the recommended schedule regarding chemotherapy and radiotherapy. You are expected to 

come for weekly clinical visits for assessment of any toxicity.  

You can decide to leave the study at any point of time during treatment. This will not affect your future line of management. 

The usual standard of care, i.e. definitive chemoradiation will be offered.  

 

You may be withdrawn from the study in case of poor tolerance to chemotherapy and low dose radiation. You may also be 

withdrawn of you are found to have increasing disease due to tumour nonresponsiveness. 
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Costs involved are only for the standard regular treatment of neoadjuvant chemotherapy followed by definitive radiotherapy. 

There are no additional costs as the intervention of low dose radiation will not be charged. 

 

If you decide to leave the study at any point of time, you will undergo further definitve treatment in the form of 

chemoradiotherapy.  

 

If it is found that you are not responding to neoadjuvant chemotherapy with low dose radiation you will be informed of this.   

 

This study involves the use of cytotoxic chemotherapy and radiotherapy which carry high risk to a foetus. 
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Informed Consent form to participate in a research study 

Study Title: A single arm Phase II prospective study to assess the feasibility, tolerance and efficacy of low dose radiotherapy with 

Neoadjuvant Chemotherapy in locally advanced head and neck carcinoma 

Study Number: 

Subject’s Initials: _________ Subject’s Name: __________________________________ 

Date of Birth / Age:_______ 

Please initial box  

(Subject) 

(i) I confirm that I have read and understood the information sheet dated _________ for the above study and have had the 

opportunity to ask questions. [ ] 

(ii) I understand that my participation in the study is voluntary and that I am 

free to withdraw at any time, without giving any reason, without my medical care or legal rights being affected. [ ] 

 (iii) I understand that the Sponsor of the clinical trial, others working on the Sponsor’s behalf, the Ethics Committee and the 

regulatory authorities will not need my permission to look at my health records both in respect of the current study and any 

further research that may be conducted in relation to it, even if I withdraw from the trial. I agree to this access. However, I 

understand that my identity will not be revealed in any information released to third parties or published. [ ] 

(iv) I agree not to restrict the use of any data or results that arise from this study provided such a use is only for scientific 

purpose(s) [ ] 

(v) I agree to take part in the above study. [ ] 

Signature (or Thumb impression) of the Subject/Legally Acceptable Representative:_____________ 

Date: _____/_____/______ 

Signatory’s Name: _________________________________ 

 

Signature of the Investigator: ________________________ 

Date: _____/_____/______ 

Study Investigator’s Name: _________________________ 

 

Signature of the Witness: ___________________________ 

Date:_____/_____/_______ 

Name of the Witness: _____________________________ 
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Department Of Radiation Oncology, Unit II 

Christian Medical College & Hospital, Vellore 

 

Study Title : A single arm Phase II prospective study to assess the feasibility, tolerance and efficacy of Low 

Dose Radiotherapy with Neoadjuvant Chemotherapy in locally advanced head and neck carcinoma 

Date:   

PATIENT INFORMATION 
 

Patient’s name: 
  Marital status 

 Single  /  Married 

Birth date: Age: Sex: 

       /          /   M  F 

Street address:  Phone no.: 

   

P.O. box: City: State: ZIP Code: 

    

Occupation: 

 

Inclusion Criteria Yes No 

Written informed consent   

Female or male patients aged above 18 years and below 65 years   
ECOG Performance Status of 0 or 1   

No previous surgery to the tumour except for biopsy    

Presence of stage III or IVA squamous cell carcinoma 

and neck confirmed histologically  
  

No previous chemotherapy or radiotherapy for any neoplasm/tumour   

Adequate bone marrow function: WBC > 3000/mm3; platelets > 100,000 mm3   
Adequate renal function for chemotherapy (Creatinine clearance more than or equal to 

50) 
  

 

Exclusion Criteria Yes No 

Presence of simultaneous primary tumours or other co-existing malignancies or 

malignancies diagnosed within the last 5 years 
  

Absolute neutrophil counts (ANC) ≤1.0 x 109/litre (L) or platelets ≤100 x 109/L   

Alanine aminotransferase (ALT) or aspartate aminotransferase (AST) >3 times 

the ULRR 
  

Any evidence of severe or uncontrolled systemic   
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Diseases 

Evidence of any other significant clinical disorder or laboratory finding that 

makes it undesirable for the patient to participate in the study 
  

Pregnancy or breastfeeding   

Concurrent treatment with other experimental drugs and/or anticancer agents   

Presenting complaints 

 Yes /No Duration Other details 

Throat  pain    

Dysphagia(liquids/semisolids/solids)        

Referred pain    

Hoarseness    

Cough      

Stridor     

Neck swelling    

Headache    

Others    

 

Associated disease: 

Systems Yes No If yes, Details 

Genitourinary    

Allergy    

Cardiovascular    

Respiratory    

Gastrointestinal    

Neurological / Psychiatric    
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Eyes, Ear, Nose & Throat    

Hematological & Lymphatic    

Dermatological    

Musculoskeletal    

Endocrine & metabolic    

Addictions 

1.  Smoking:   Y/N  

Type:  

Number per day:  

Duration:      /yrs   Pack years:         

       
2. Smokless Tobacco:   Y/N                 

Type:   

Duration:      /yrs 

 

3. Alcohol:   Y/N           

Amount & frequency : 

 Duration -       /yrs        

 

General physical examination 

Performance status ECOG -  

Height ___  cms 

Weight ___  kgs 

Body surface area ___  sq m 

Blood pressure  ___/___mm of Hg 

Pulse rate ___/mt 

Pallor : Y / N Icterus : Y / N Cyanosis : Y / N Clubbing : Y / N 

Feeding procedure :  Tracheostomy :  

System examination 

 Normal Abnormal Details, if abnormal 

Respiratory    

Cardiovascular    

Abdomen    

Neurological    

Musculoskeletal    

Skin    
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Urogenital    

Spine / Thyroid / Breast    

Local examination of the primary site  

Indirect laryngoscopy (IDL scopy)  

Nasopharyngolaryngoscopy (NPL scopy)   

 

 

 

 

 

 

Examination of the neck 

Lymph nodes : Y / N 

Side Level no Size 
Mobile/ 

Fixed 

Discrete/ 

Matted 

Skin –Free/ 

Tethered 

Ulcerated 

Right 

1      

2      

3      

4      

5      

Left 

1      

2      

3      

4      

5      
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Disease Info 

Site Oral cavity Oropharynx Larynx Hypopharynx 

Sub site  

Histology Squamous cell carcinoma 
Well 

differentiated 

Moderately 

differentiated 

Poorly 

differentiated 

TNM Staging 

Tumor (T) :  Node (N) :  Metastases (M) : 

Stage III IV A IV B IV C 

Baseline Imaging 

CT / MRI   

 

 

 

 

Base line Blood investigations 

Haemogram 

 (__/__/____) 

Hb Total Count Differential Platelets 

  
N 

 

L 

 

M 

 

E 

 

B 

 
 

Biochemistry 

(__/__/____) 

Serum Creat 

 
Liver function tests 

Creat 

Clearance 

 

TP 

 

Alb 

 

TB 

 

DB 

 

SGOT 

 

SGPT 

 

ALP 

 

Virology 
HIV HBV HCV 
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Final Diagnosis 

Site  

Sub site  

T N M Stage 
 

 

Day 21 Date Findings  Comments 

Clinical 

examination/ 

NPLscopy 

  

 

 

 

 

  

CT head and neck 

 

 

 

 

 

 

  

 

 

 

 

  

 

 

Day 42 Date Findings  Comments 

Clinical 

examination/ 

NPLscopy 

  

 

 

 

 

  

CT head and neck   
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Treatment Details 

2 Cycles of Induction Chemotherapy with Low Dose Fractionated Radiation followed by Definitive Chemoradiation 

 

Cycle 1 

 

 

Intervention 

 

Date 

 

Comments 

DAY 0 Steroid premedication   

DAY 1 Steroid premedication   

DAY 1 Inj Paclitaxel 175Mg/m2 

over 3 hours 

+ 

Inj Carboplatin AUC5 

over 3 hours 

  

DAY 1 80cGy to Gross Tumour – 

First Fraction 

  

DAY 1 80cGy to Gross Tumour – 

Second Fraction 

  

DAY 2 80cGy to Gross Tumour – 

Third Fraction 

  

DAY 2 80cGy to Gross Tumour – 

Fourth Fraction 

  

DAYS 3 TO 7 Inj G-CSF 300 

micrograms s/c once daily  

  

 

 

Cycle 2 

 

Intervention 

 

Date 

 

 

Comments 

DAY 21 Steroid premedication   

DAY 22 Steroid premedication   

DAY 22 Inj Paclitaxel 175Mg/m2 over 3 

hours 

+ 

Inj Carboplatin AUC5 over 3 

hours 

  

 

DAY 22 

80cGy to Gross Tumour – First 

Fraction 

  

DAY 22 80cGy to Gross Tumour – Second 

Fraction 

  

DAY 23 80cGy to Gross Tumour – Third 

Fraction 

  

DAY 23 80cGy to Gross Tumour – Fourth 

Fraction 

  

DAYS 24 to 28 Inj G-CSF 300 micrograms s/c 

once daily 
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 Weekly assessment sheet 

Week 1 2 3 4 5 6 

Day     
 

 

Date     
 

 

Dose     
 

 

Weight     
 

 

Pain     
 

 

Diet     
 

 

Feeding route     
 

 

Cough     
 

 

Voice     
 

 

Taste     
 

 

Smell     
 

 

Dryness of 

mouth 
    

 
 

Saliva     
 

 

Mucositis      
 

 

Dermatitis      
 

 

Candidiasis     
 

 

RT – stop / 

restart 
    

 
 


