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Aim 

 

To study the role of diffusion weighted magnetic resonance imaging for predicting clinical 

and pathologic response to neoadjuvant chemoradiotherapy in esophageal cancer. 

 

Objective 

  

Primary Outcome:  To study the role of diffusion weighted MRI derived parameters i.e. ADC 

as an imaging biomarker to predict response to concurrent Chemoradiotherapy (CRT) in 

locally advanced oesophageal cancer and correlating with complete pathological response. 

 

Secondary Outcome: Validating the role of diffusion weighted MRI in detection and 

characterization of cancers as well as for monitoring the response to CRT. 

  

 

Hypothesis 

Diffusion weighted imaging can predict treatment response to neoadjuvant 

chemoradiotherapy in patients diagnosed with locally advanced esophageal malignancy. 
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Introduction: 

      Esophageal cancer is the eighth most common cancer in the world and sixth leading 

cause of death due to cancer in the world and the fourth common cancer related in India (1)(2).In 

India as globally, squamous cell carcinoma is the most common type, while the numbers of 

adenocarcinoma are also increasing(3). Esophageal cancer typically presents late and the overall 

survival has been found to be less than 26 % in locally advanced esophageal cancers with the current 

standard of care (4). Traditionally, esophagectomy was the mainstay in the treatment of locally 

advanced carcinoma esophagus (5). However, this was associated with increased relapse rates and 

low 5year survival rates. Two landmark studies RTOG 8501 and CROSS trial data, augmented by 

other studies, established the current standard of care in (stage III) locally advanced cancer of 

esophagus as neoadjuvant chemoirradiation followed by reassessment for surgery (6)(7). 

      The response of the tumor post neoadjuvant chemoradiotherapy is routinely 

assessed after surgery from the pathological response reported in the surgical specimen based 

on the Tumor regression grade (TRG). Pathological complete response is defined as the 

absence of residual cancer and fibrosis extending through the different layers of the 

esophageal wall (7)(8).  Complete pathological response has been strongly correlated with 

overall survival as well (8). Of the patients who received neoadjuvant chemoirradiation only 

20 % had complete pathological response with the remaining majority of patients who 

received chemoradiotherapy with its associated side effects had only partial or even no 



14 
 
 

response (9).This led to the search for reliable tools that could predict the tumor response 

upfront so that the patients who were detected to be non-responders or poor responders could 

be spared from the chemoradiotherapy regimen and could be subjected to upfront surgery. 

Many studies have looked into various imaging tools like CT, FDG-PET and MRI (10). 

Apparent Diffusion Coefficient (ADC) values measured by diffusion weighted MRI (DW-

MRI) has found to be gaining importance as a tool to predict the therapeutic effect of 

chemoradiotherapy in cancers of various sites (11)(12). 

         Diffusion weighted imaging is based on the principle of Brownian movement of water 

molecules within the tissue. Brownian movement is the erratic random movement of microscopic 

particles in a fluid, as a result of continuous bombardment from molecules of the surrounding 

medium. Human tissue is predominantly composed of water molecules and relatively less cellular 

molecules. However, in a malignant tissue, cells proliferate with high mitotic activity 

exponentially leading to higher density of cellular molecules in a tissue thus causing lesser 

movement of the water molecules. Thus the “diffusion” of water molecules is restricted due to 

high cellularity in the tissue (13). The factor causing the reduced diffusion of the water molecules 

is termed as apparent diffusion coefficient (ADC). Hence high ADC implies less cellularity in the 

tissue and vice versa. 

The action of chemoirradiation on cancer cells is measured in terms of cell kill. 

Radiobiologically it is proved that the cell kill is higher in the beginning owing to its high 

cellularity as compared to the end of treatment where the cellularity is low as is the cell kill. 

ADCs measured by DW-MRI will vary with the cellular density of a tissue (14). Hence 

measuring the ADC prior to and after initiation of chemoirradiation might show a difference 
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corresponding to the difference in the cellularity, which could be utilized as an imaging tool to 

predict response to treatment. The purpose of this study is to correlate the variation in ADC 

values with the TRG in the surgical specimen post neoadjuvant chemoirradiation among 

patients with locally advanced esophageal cancer. 

 

Review of Literature 

Epidemiology: 

      According to the GLOBOCAN datasheet about 4,96,363 new cases of oesophageal 

cancers are being diagnosed every year worldwide and 45,563 new cases are being diagnosed every 

year in India (2). Esophageal cancer contributes to significant morbidity and mortality and is the sixth 

leading cause of cancer attributable death in the world (3). The incidence of esophageal carcinoma 

and the specific histological type involved vary significantly with the geographic region involved. 

Squamous cell carcinoma, the commonest type of esophageal cancer is more commonly seen in 

developing countries. Region termed “esophageal cancer belt” extending from China to the Middle 

East reports high incidence even upto 100 patients per 100,000 population (15). 

 

  

 

         Fig 1: WHO 2015 data on distribution of esophageal cancer across the globe 
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Fig: 1 shows the Estimated age-standardised rates (World) per 100,000 population across the globe. 

It also highlights the high burden reported in the “esophageal cancer belt” as explained above.  

Likely to the increasing acid reflux disease across the globe, adenocarcinoma secondary to 

esophageal mucosal metaplasia is also on the rise. Adenocarcinoma is particularly common among 

the developing countries including United States, United Kingdom, France and Australia. In addition 

to the above two common histological types, lymphoma, small cell carcinoma, sarcoma, melanoma 

and carcinoid rarely involve the esophagus. The incidence of esophageal cancer typically increases 

with age and is rarely found in young people. Squamous cell carcinoma involves both sexes equally 

while adenocarcinoma has a significant male preponderance. 

 

              Fig 2: Globacan 2012 report on incidence and mortality rate in Asia 
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Fig: 2  shows the  Globocan 2012 report showing the standardized incidence and mortality 

rates with esophageal cancer in various countries from Asia. This image highlights 

significant geographical variation in the epidemiology of esophageal cancer. (downloaded 

from http://globocan.iarc.fr) 

 

In India, esophageal cancer is the fourth leading cause of cancer related deaths. About 

47,000 patients are diagnosed with esophageal cancer yearly in India contributing to around 

42000 deaths yearly (3). Like many areas of the world, the disease shows significant 

variability in incidence in India as well. The Indian Cancer Registry by the Indian Council of 

Medical Research (ICMR) reports high incidence rates from the Northeastern states of 

http://globocan.iarc.fr/
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Meghalaya, Mizoram, Assam and Kashmir is also another area of increased incidence. The 

projection figures for the numbers of esophageal cancer across various states of India 

between 2015 and 2020 are shown here. More than 80% of esophageal cancers in India are of 

the squamous cell type and lower third of the esophagus is the commonest site of 

involvement. Though the incidence of adenocarcinoma is increasing a similar trend has not 

been reported in India yet. Review of our own hospital data for the last 7 years of 138 

patients revealed 76% of patients had SCC and 24% had adenocarcinoma. 69.5% of our 

patients presented with Stage 3 disease and complete pathological response was achieved in 

58% of the patients underwent neoadjuvant chemoradiation therapy. 

 

                  

 

 

          Fig 3: ICMR report on projected number of various cancers in 2015 and 2020 
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Fig :3 reveals the projected number of various cancers in the years 2015 and 2020 in India. 

From the National cancer registry from the Indian Council of Medical Research.  

(Three-Year Report of the Population Based Cancer Registries 2012-2014: Report of 27 

PBCRs; National Cancer Registry Programmed. Bangalore: Indian Council Medical 

Research; 2016. Available from: 

http://www.ncrpindia.org/ALL_NCRP_REPORTS/PBCR_REPORT_2012_2014/index.htm.) 

 

Risk factors: 

Squamous cell carcinoma: 

The traditional risk factors associated with squamous cell carcinoma of the esophagus 

include smoking and alcohol consumption. DNA damage and oxidative injury are the 

putative mechanisms.  There appears to be synergistic damage between alcohol and smoking. 

Nitrosoamines produced by pickled and salted fish are also implicated explaining the 

geographic predominance of SCC. Squamous cell carcinoma of middle and lower esophagus 

has been found to be associated with a rare autosomal dominant syndrome called Tylosis (a 

non-epidermolytic palmoplantar keratosis (PPK) also called as Howel-Evans syndrome). The 

family members of an individual with tylosis need to be screened with gastroscopy after the 

age of 20 years. Patients with achalasia cardia, a motility disorder of the esophagus is 

associated with ten times more risk of SCC. Oncogenic papilloma viruses appear to increase 

the risk of SCC though further studies are needed to clearly prove this association (16).  

Risk factors of adenocarcinoma: 

  The use of tobacco has been found to be associated with adenocarcinoma and even 

after smoking cessation the risk remains unchanged for adenocarcinoma. Gastroesophageal 

http://www.ncrpindia.org/ALL_NCRP_REPORTS/PBCR_REPORT_2012_2014/index.htm
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reflux disease (GERD), high body mass index (BMI), obesity, and Barrett’s esophagus are 

also associated with adenocarcinoma. The incidence of esophageal cancer increases by seven 

fold in people reporting daily GERD symptoms (17). Unlike SCC, alcohol has no significant 

association with adenocarcinoma of the esophagus. Red meat, processed food and fat rich 

food appear to increase the incidence of both types of esophageal cancer. H.pylori infection 

is a known protective factor against esophageal adenocarcinoma (16). H pylori produces an 

atrophic gastritis, causing destruction of acid producing glands thereby decreased incidence 

of acid induced esophageal damage and formation of Barret’s esophagus. H.pylori has no 

known association with squamous cell carcinoma. 

Genetic risk factors for esophageal cancer: 

The genetic mutations linking to the development of esophageal cancers are complex 

and are still evolving. Whole genome sequencing strategies have reported around 80% 

mutations in TP53 gene in patients with esophageal squamous cell cancer (18). Mutations in 

genes that control cell differentiation like NOTCH1 and NOTCH3 are also reported in less 

than 10% of patients with SCC (19). Overexpression of genes controlling cellular 

proliferation like CCND1, CDK4/CDK6 and MDM2 is also common. Mutations involving 

the EGFR (Epidermal Growth Factor Receptor) and also their downstream pathways like 

RAS and tyrosine kinase is also very common in SCC (20). However, in the setting of 

adenocarcinoma VEGF (Vascular endothelial Growth Factor) receptor appears to play an 

important role (21). Overexpression of the above is noticed in more than 75 % of the patients 

and specific alleles of the VEGF receptor gene is shown to have prognostic significance (22). 

Apart from these, epigenetic modifications like methylation of the DNA, histone moiety 
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modifications and changes in the DNA imprinting are also associated with esophageal cancer 

development (23).Tylosis or palmoplantar keratoderma, a rare autosomal dominant genetic 

disorder is associated with specific mutations linked to chromosome 17q21-22, conferring a 

very high risk for squamous cell cancer (24). 

 

Clinically relevant anatomy: 

Esophagus is a 25 cm long muscular structure, which is lined with stratified squamous 

epithelium. It extends from the cricopharyngeus muscle superiorly to the gastroesophageal 

junction inferiorly. It is in close proximity to the pericardium and the mediastinum anteriorly, 

right pleura and azygos vein in the right, aorta and left pleura in the left and thoracic duct and 

spine posteriorly (25). Sphincters in the esophagus are essential to prevent the gastric 

contents being sucked inside due to the negative intrathoracic pressure. The superior 

sphincter is the caudal part of the cricopharyngeus and the inferior sphincter is a functional 

one involving the lower part of the esophageal musculature. The right crus of the diaphragm 

reinforce it contracting during the inspiration and acts as the external sphincter. The muscular 

wall comprises the mucosa, submucosa and the muscularis propria (26).  

The entire esophagus is divided into 4 sections namely cervical, upper thoracic, 

middle thoracic and lower thoracic. The cervical part of the esophagus lies within the neck 

region as it extends from the cricopharyngeus muscle upto the thoracic inlet (25). The 

thoracic part of esophagus extends from the level of T3 to T10 or T11 level and is subdivided 

into upper, middle and lower thoracic esophagus.  
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Superiorly the esophagus is supplied by the inferior thyroid arteries, most of the 

thoracic portion is supplied by direct branches from the aorta and within the abdomen it is 

supplied by left inferior phrenic artery, left gastric and short gastric arteries. During 

endoscopy, the esophagus appears as a smooth pale tube with visible submucosal vessels. 

The gastroesophageal junction is identified by a circumferential irregular line with the paler 

esophageal mucosa above and the darker gastric mucosa below (26). Vagus nerve provides 

the motor innervation to the esophagus. 

 

                           

 

 

 

 

 

                                      Fig 4: Anatomy of esophagus 
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Fig 4: shows the anatomy of the esophagus and its relationship to other organs. (Gray, Henry 

Gray's Anatomy: Descriptive and Applied (Philadelphia: Lea & Febiger, 1913) 1238) 

 

Lymphatics: 

The characteristic feature of the esophagus is its extensive lymphatic network that is 

predominantly found within the submucosa. The lymphatic channels that are situated in the 

lamina propria facilitate the systemic spread of even superficial lesions. Lymphatic 

capillaries run throughout parallel to the length of the esophagus in the muscular layer. From 

here, they drain into the regional lymph nodes. The proximal third of the esophagus drains 
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into the deep cervical lymph nodes and the middle third drains into the superior and posterior 

mediastinal lymph nodes. The lymphatics from the lower third of the esophagus run along 

the left gastric vessels and drain into the celiac and gastric lymph nodes (25). Another 

pathognomonic feature, which is secondary to this extensive lymphatic system, is the 

presence of skip lesions i.e. normal tissue noticed between gross tumor and micrometastases. 

 

Pathology: 

Esophageal cancers comprise various histologies, 95% of which are either squamous 

or adenocarcinoma. The remaining 5% are the rare histologies namely adenoid cystic, 

mucoepidermoid and adenosquamous. Recently it has been observed that the incidence of 

adenocarcinoma is on the rise compared to that of squamous cell carcinoma. 

Adenocarcinoma usually evolves from Barrett’s esophagus (The normal epithelium is 

replaced by metaplastic, columnar epithelium secondary to gastroesophageal reflux disease 

(GERD)). Non-epithelial tumors like leiomyosarcoma, and malignant melanoma have been 

found to be rare. In addition to the TNM staging, adequacy of the surgery and lymph nodal 

metastasis, other histopathological features like vessel invasion, lymphatic vessel 

involvement. Perineural invasion and involvement of the circumferential resection margin 

are also shown to be of prognostic significance (27). Standardised datasets for reporting 

esophageal cancers have been developed by the leading pathological societies. 

 

Clinical Presentation: 
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The symptomatology in patients with esophageal cancer usually depends on the 

location of the tumor. Despite the significant differences in the pathogenesis and geography, 

both squamous cell and adenocarcinoma presents in a similar fashion. However, more than 

90% of them present with dysphagia irrespective of the location of the tumor. Second 

common (50%) symptom is odynophagia. Other common presentations are weight loss 

(found to have worse prognosis), hoarseness of voice, cough and vague chest pain due to 

involvement of the recurrent laryngeal nerve or tracheobronchial involvement. Patients with 

advanced disease may present with features suggestive of tumor invasion such as 

hematemesis, dyspnoea, malena, tracheoesophageal fistula, superior venacava syndrome, 

horner’s syndrome, left recurrent laryngeal nerve or phrenic nerve involvement. Lower 

esophageal lesions can present with abdominal or back pain due to celiac lymphadenopathy. 

Increasing number of patients are being picked in an asymptomatic stage atleast in situations 

where screening programmes are in place. Synchronous or metachronous esophageal cancer 

with head and neck squamous cell cancer is also reported. 

 

Diagnostic evaluation: 

All patients with suspected esophageal malignancy should undergo basic blood tests 

(counts, metabolic parameters and liver function tests). 

Esophagogastroduodenoscopy-  

Upper GI scopy has to be done not only to identify the location and extent of the 

lesion but also to aid in performing the biopsy of the suspicious lesion thereby obtaining 
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histological evidence and characterisation of malignancy. In patients with squamous cell 

carcinoma of esophagus, a second primary in the head and neck region and upper airway 

needs to be ruled out by performing a panendoscopy. Also in patients with mid thoracic 

esophageal lesions, bronchoscopy should be done in order to exclude any tracheal or 

bronchial invasion by the tumor. There are no significant macroscopic differences between 

squamous cell cancer and adenocarcinoma by upper GI scopy. Areas of metaplasia and their 

extent should also be noted during the endoscopy. More the number of biopsies done, better 

is the yield from the endoscopy. The diagnostic yield reached close to 100% when six or 

more representative samples are taken (28). Careful assessment for any skip lesions is of 

importance as they are common in esophageal cancer and are of prognostic significance. In 

circumstances where biopsies are difficult like a large suspected malignant stricture, 

brushings could be taken before attempted biopsies to increase the diagnostic yield (29). 

Endoscopic ultrasound (EUS)-  

This modality helps in accurately assessing the primary tumor and the lymph nodal 

extent. The depth of tumor invasion predicts the lymph nodal involvement as well as overall 

prognosis. Also, patients with tumors limited to the superficial layers will benefit from a 

local resection or endoscopic procedure while deeper lesions will likely require 

multimodality therapy. EUS performs better than CT in the assessment of the depth of 

invasion by the tumor. The performance of the EUS improves with increasing depth of the 

tumor and the overall sensitivity ranges around 85% (30). However, as the endoscopic probes 

are larger in size particular care needs to be exercised especially while assessing malignant 

strictures. 
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Computed Tomography (CT)-  

CT imaging of the chest and abdomen with oral and intravenous contrast is commonly 

done in the assessment of esophageal cancer.  While it is useful in assessing secondary 

lesions in the liver, adrenals and lungs it is limited in its assessment of T stage of the lesion 

and lymph nodal status. Primary lesion is typically visualised as an area of thickening usually 

ranging more than 5 mm. However, the sensitivity of identifying invasiveness across various 

layers in a primary lesion is around 60% while that of EUS is around 80% (31). 

PET-CT-  

18 F- fluorodeoxyglucose Positron Emission Tomography scans have been a valuable 

imaging tool in staging esophageal malignancies. PET scans are a type of metabolic imaging 

which identifies the metabolically active part and inactive part of a lesion or organ, thereby 

aids in identifying the metabolically active extent of the tumor and also picking up occult 

metastases. The parameter with which the activity of a tissue or lesion is defined is called 

standardized uptake value (SUV). Using these SUV values PET-CT has played a major role 

in staging the disease, assessing disease response to treatment thereby identifying responders 

and non-responders (32). 

Bone scan-                                                                                                                           

In the event of a PET scan not being done, a bone scan will help in identifying osseous 

metastases. 

Surgical procedures: 
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In some institutions invasive procedures like thoracoscopy, mediastinoscopy and 

laparoscopy have been used for staging esophageal malignancies, though they are not 

performed in common practice. 

 

Staging systems for esophageal cancer: 

The American Joint Commission on Cancer (AJCC) proposed TNM staging system is 

used for staging esophageal cancer. The seventh edition of the staging system is commonly 

used, while an eighth edition has recently been published. However, the incorporation of the 

Eighth edition is delayed till January 2018 (33). Hence the seventh edition is used for 

discussion here (34). The following are the basic precepts and caveats on the seventh edition. 

1. The nodal burden is an important determinant of prognosis. Hence accordingly the 

nodal staging is classified as N1 being 1-2 nodes, N2 being 3 to 6 nodes and N3 being 

more than 7 nodes (35).  

2. The extent of involvement of the nodes within the mediastinum poorly corresponds to 

prognosis. Hence, the distinction of the nodal status and metastatic nodal (M1a) 

involvement has been removed and the nodes between the thoracic inlet and the celiac 

axis are considered as nodal involvement and not metastatic involvement (36). 

3. Since the prognosis of the squamous and adenocarcinoma is different they have been 

classified accordingly (37).  

4. Tumor grade has been included because of the attendant prognostic significance. 

The following are the common criticisms of the seventh TNM staging, some of which have 

been addressed to in the eighth system (38). 
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1) The classification does not have a separate category for patients undergoing neoadjuvant 

treatment before surgery. Hence it has a tendency to overestimate the prognosis. 

2) The seventh staging included only patients who underwent esophagectomy for estimation 

of prognosis. A wider spectrum of patients may predict prognosis better. 

3) It does not include anatomic factors like location of the tumor in the esophagus. 

Prognosis of the cervical esophagus cancer is not well represented in the seventh 

classification system. 

               

               

                         Fig 5: AJCC TNM staging of esophageal cancer, 7th edition 

 

 

 

 

Fig 5: represents the schema used in the seventh edition of the AJCC TNM staging. 

(Tis=intraepithelial neoplasia. HGD=high-grade dysplasia.) (39) 
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Treatment strategies in esophageal cancer: 

The treatment of esophageal cancer has evolved significantly over the last few 

decades and there has been improvement in mortality as well. In summary, the treatment of 

limited disease (cT1-2, N0M0) is resection whereas locally advanced disease would require a 

multimodality approach including radiation and chemotherapy in most of the instances. The 

management also depends to a lesser extent on the performance status and comorbidities of 

the patient. In non-metastatic, resectable disease, surgery is the mainstay of treatment. 

However, surgery has a role even in palliative setting for patients with dysphagia or fistula. 

The various techniques by which esophagectomy is done include transhiatal esophagectomy, 

Ivor-Lewis esophagogastrectomy (right thoracotomy and laparotomy with intrathoracic 

anastomosis, Mc Keown esophagogastrectomy (right thoracotomy and laparotomy with 

cervical anastomosis), and left thoracotomy. Each of the aforementioned techniques has its 

merits and demerits. The transthoracic approach is superior in terms of visualization with 

better access to the upper and middle third esophagus and the mediastinal nodes whereas the 

transhiatal approach has less morbidity with better access for anastomotic leaks. The aim of 

resection in esophageal cancer is to achieve macroscopic and microscopic negative margins. 

There are also potential differences in approach in view of the histological type 

involved. Squamous cell carcinoma tends to recur predominantly locally after resection while 

the lower one third adenocarcinomas tend to manifest with distant metastasis (40). Generally, 

the prognosis of adenocarcinoma is considered better overall compared to the squamous cell 

carcinomas (41). Some clinicians believe the role of radiation therapy is questionable in 

adenocarcinomas and the main treatment required is chemotherapy in addition to surgery. 
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However, there are no patient based rigorous outcome studies to support the above statement 

so far. 

 

Management of local and locoregional disease 

1.  Limited disease (cT1–T2 cN0 M0): 

Surgery is the mainstay of treatment in limited disease. In early lesions (T1a N0), 

endoscopic procedures offer the best chance of cure (42).Endoscopic mucosal and 

endoscopic submucosal resection are the techniques that are commonly employed. For 

cancers beyond the early stages (T1a N0) radical transthoracic esophagectomy offers the best 

chance of cure. Minimally invasive, thoracoscopic esophagectomies are also increasingly 

being done and the short-term results are similar to that of the radical and open Ivor Lewis 

procedure (43). It is also clear that centralisation of the esophagectomy services to high 

volume centres decreases mortality (44). The benefit of adding chemotherapy or radiotherapy 

to the surgical procedure has been unclear mainly secondary to the very low number of 

representative patients in trials. Recently, a small randomised control trial including less than 

200 patients with stage I and II esophageal cancer, showed increased postoperative mortality 

with no effect on the R0 resection rate with adding neoadjuvant cisplatin with fluorouracil 

and radiotherapy to surgery (45). However, for patients who are unwilling or unable to 

undergo surgical therapy, radiotherapy in addition to chemotherapy offers the best chance of 

cure (46). In current era of Intensity modulated radiation therapy (IMRT) combined with 

functional imaging, higher doses of radiation even up to 60 Gy with 2 Gy per fraction could 

potentially be delivered to patients with carcinoma esophagus. 
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2. Locally advanced disease (cT3–T4 or cN1-3 M0) 

                     Surgery achieves R0 clearance of disease only in about 50% of patients with 

locally advanced disease. Even among patients where a complete surgical resection is 

possible, the overall long-term survival is only around 20% in advanced disease. The use of 

neoadjuvant chemotherapy and radiotherapy improved the chance of achieving an R0 

resection and impacted the overall survival positively.  The poor outcomes with surgery 

alone and the possible radiosensitisation by the chemotherapeutic agents are the reasons for 

the evolution of the trimodality therapy in esophageal cancer. The following section 

discusses the evidences, which resulted in the development of trimodality therapy in 

esophageal cancer. 

  

Evidence for concurrent chemoradiotherapy: 

 (i) CCRT vs radiotherapy alone: 

Most of the studies mentioned here recruited patients with squamous cell carcinoma 

and the preoperative staging during the study period was usually inadequate to compare the 

outcome with whether the tumor was operable or not before the procedure. 

RTOG 85-01: 

This is a landmark mark trial (4) published in 1999, which established the role of 

chemoradiation in the management of inoperable carcinoma esophagus. The patient group 

included mainly (90%) patients with SCC locoregional esophageal cancer without metastatic 

disease and surgery was not a part of the treatment plan. The intervention arm included 

concurrent chemoradiotherapy (5-FU plus cisplatin and RT - 50 Gy in 25 fractions over five 

weeks). The control arm included only RT (64 Gy in 32 fractions over 6.5 weeks). The trial 
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was stopped prematurely because of significantly more mortality in the control group (five-

year survival 27 versus 0 percent).  Both locoregional and distant disease was the reason for 

the poor outcome. 

US Intergroup Study 0123 (INT 0123): 

This study (47) included 236 patients with non-metastatic locoregional advanced 

esophageal cancer to explore the possibility of better locoregional control with higher dose of 

radiation therapy. All patients received concurrent chemotherapy as in the previous study and 

the intervention arm received RT dose of 64.8 Gy (36 fractions of 1.8 Gy each, five fractions 

per week) while the control arm received 50.4 Gy (28 fractions of 1.8 Gy each, five fractions 

per week). There was no superior locoregional control in the intervention arm and was 

associated with increased side effect. 

(ii) NACRT vs surgery alone: 

While larger studies with well-characterised patients are yet to be done, smaller 

studies have shown better local control, albeit with higher side effects. The following are the 

studies showing evidence for the superiority of neoadjuvant chemoradiation therapy over 

surgery alone. 

                                   

 

 

 

 

 

                                    Table 1: Various studies on chemoirradiation 
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Study 

and year 

Patient 

population 

Intervention arm Control 

arm 

Outcome Study result 

CROSS 

trial (6) 

363 patients with 

resectable 

esophageal 

cancer 

Chemoradiothera

py using weekly 

paclitaxel plus 

carboplatin plus 

concurrent RT 

(41.4 Gy over 

five weeks) with 

surgery 

Surger

y alone 

Survival 

along with 

complete 

pathologica

l response 

overall survival 

was significantly 

better in 

intervention arm 

(hazard ratio [HR] 

for death 0.657, 

95% CI 0.495-

0.871 

CALGB 

9781(48) 

500 patients with 

Stage 1-2 

esophageal 

cancer planned 

for surgery 

(study closed 

prematurely due 

to poor accrual - 

finally had only 

56 patients 

enrolled) 

Cisplatin + 5 FU 

and radiation 

therapy 

Along with 

surgery 

Surger

y alone 

pathologic 

complete 

response 

40% achieved 

pathologic 

complete response 

- no difference in 

perioperative 

morbidity or 

mortality 
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Dublin 

study 

(Walsh et 

al) (49) 

55 patients with 

resectable 

esophageal 

adenocarcinoma 

58 patients for 

concurrent 

chemoirradiation 

with Cisplatin (75 

mg/m2 on day 7) 

+ 5 FU(15 mg/kg 

for 5 days) on 

week 1 and 6 with 

RT (40 Gy in 15 

fractions over 3 

weeks from day 1 

of chemotherapy) 

Surger

y alone 

Survival 

and 

pathologic 

complete 

response 

25 % pathological 

complete response 

FFCD 

9901 

(2014) 

(45) 

195 patients with 

small resectable 

esophageal 

cancer 

(T1N0/N+, T2 

N0/N+, or T3) 

Cisplatin + 5 FU 

and radiation 

therapy 

along with 

surgery 

Surger

y alone 

overall 

survival 

did not improve 

three-year overall 

survival (47.5 

versus 53 percent, 

HR 0.99, 95% CI 

0.69-1.40) 

  

The meta-analysis including the above trials and few other smaller trials also confirmed the 

benefits with the neoadjuvant chemoradiation therapy before the surgery. The hazard ratio in 

the meta-analysis was 0.78 (95% CI 0.70-0.88), and the NNT (number needed to treat) to 

protect against death was 1 in 11 patients (50).  
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Radiation therapy: 

Radiation therapy has been found to play a major role in the treatment of esophageal 

cancers in definitive, preoperative, postoperative and palliative setting. With the advanced 

technologies available nowadays the toxicities due to radiation therapy has been found to be 

very minimum. The efficacy of radiation therapy has increased with the administration of 

chemotherapy either concurrently or sequentially. 

(i) Evolution of radiation therapy: 

Radiation therapy is the modality of treatment, which utilizes ionising radiations (for 

example gamma rays, x ray photons) to cause cell kill in the tissues and thereby facilitating 

apoptosis of malignant cells. Along with malignant tissue even normal tissues undergo DNA 

damage due to the ionising radiation and go through cell death. Hence the primary aim of 

radiation therapy is to deliver maximum dose to the tumor tissue while minimising the dose 

to normal tissue. The entire evolution and advancements in the field of radiation therapy is 

focused on achieving this principle with reproducibility and precision.   

In the initial years of radiation therapy prior to the emergence of advanced 

technologies conventional techniques like parallel opposed (AP-PA) fields were used with 4 

MV or 8MV photons (49). Modifications in the aforementioned field arrangements like 3 

field techniques (Anterior, right and left posterior oblique pair) were also in practice to 

reduce the dose to spinal cord. About 5 cm longitudinal margin and 2-3 cm radial margins 

were given to the conventional field owing to respiratory motion and set up error which in 

turn resulted in increased risk of normal tissue toxicity. Over years along with the 

technological advancements in radiation therapy with the surge in conformal radiation 
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therapy the use of conformal techniques has become the standard of care even in the 

treatment of esophageal cancers. 3DCRT has proved its supremacy especially in esophageal 

malignancies with reduction in normal tissue toxicity and escalating tumor dose with 

improvement in precision and accuracy with the multi leaf collimators and on board imaging 

facilities during treatment delivery (6). Various studies have shown the superiority of using 

Intensity Modulated Radiation Therapy (IMRT) compared to 3DCRT in terms of smaller 

volume of irradiated normal tissue and better overall survival (51) thereby becoming the 

technique of choice in many institutions. However, there was no difference observed in 

radiation induced normal tissue toxicity in IMRT compared to 3DCRT. 

In conformal radiation technique the patient is in supine position during simulation with an 

appropriate immobilisation method like vacuum bag and contrast enhanced planning CT scan 

is taken with 5mm slice thickness covering from cricoid to L1 vertebral level. Once the CT 

scan is done the images are transferred to the treatment planning system for contouring. The 

organs at risk namely heart, lungs and spinal cord are delineated as per the RTOG guidelines. 

The target volumes as per the ICRU 50 are defined as detailed below. 

(i) Gross Tumor Volume (GTV): 

The visible tumor and any enlarged lymph node on CT, endoscopy and ultrasound are 

delineated with the help of a radiologist for the gross tumor volume. Nowadays metabolic 

imaging modalities like PET-CT are widely used in contouring the GTV. 

(ii) Clinical Target Volume (CTV): 

The CTV comprises the region around the gross tumor, which has the potential for 

microscopic spread of the disease. A longitudinal margin of 3-4 cm and a radial margin of 
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1.5-2 cm is given to the GTV to obtain the CTV. The CTV is cropped from the vital 

structures like heart, lung, vessels and bones. 

(iii) Planning Target Volume (PTV): 

The PTV is obtained by growing the CTV with 0.5 cm margin in all dimensions, thus 

accounting for the set-up errors. 

 

Dose and schedules: 

Various doses and schedules have been in practice based on the setting (neoadjuvant 

or definitive) and based on institution protocol. Some schedules in practice for neoadjuvant 

setting are 41.4 Gy in 23 fractions over 5 weeks (6), 45 Gy in 25 fractions over 5 weeks 

along with concurrent chemotherapy weekly with Paclitaxel (50 mg/m2) and Carboplatin 

(2AUC) . In the setting of radical radiation therapy alone a total dose of 60 - 66 Gy in 30- 33 

fractions with 1.8-2 Gy per fraction with 5 fractions a week is a commonly practised 

schedule. These schedules have been found to have the optimum tumor control and overall 

survival with most favorable toxicity profile. Accelerated fractionations like 45 Gy in 30 

fractions with 1.5 Gy per fractions over 3 weeks with two fractions per day have gained 

popularity in view of good tolerance, high pCR rates and better overall survival. It is 

observed that in palliative settings radiation therapy with a total dose of 40-45 Gy in 2.5 Gy 

per fraction have been found to relieve the patient from obstructive symptoms thereby 

providing adequate palliation and quality of life. In a definitive setting external beam 

radiation therapy is followed by intraluminal brachytherapy (ILRT). 
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Tumor regression grading: 

Tumor regression grading systems enable uniformity in reporting the response to 

multimodal therapy like neoadjuvant Chemoradiation in patients with gastrointestinal 

malignancies. Various grading systems are in practice for reporting the esophagectomy 

surgical specimen post neoadjuvant chemo irradiation. Most systems like Mandard et al and 

Ryan et al are based on the proportion of fibrosis and residual tumor tissue present in the 

surgical specimen, whereas newer systems use the percentage of residual tumor tissue in the 

previous site of tumor (52). Interobserver variations especially in borderline biopsies have 

resulted in clearly defined protocols in sample preparation and reporting (53). All post 

NACRT samples should be ideally reported with a Tumor regression grading.  

 

Changes in the esophageal cancer after neoadjuvant chemotherapy: 

The following image (fig:6) gives macroscopic details of esophagectomy specimens 

with significant tumor regression (A) and without significant tumor regression (B) 

respectively. At the microscopic level, the characteristic changes include necrosis, fibrosis, 

dystrophic calcification and presence of excessive foamy histiocytes. While the accumulation 

of the foamy histiocytes are highly suggestive of NCRT, changes like granulomatous 

inflammation and necrosis could be a part of tumor related changes itself (54). One of the 

pointers for response to cytotoxic therapy in adenocarcinomas is the presence of acellular 

mucin rich lakes (55). While they themselves do not point to residual tumor, a careful search 

for the same in the vicinity is needed. The malignant cells respond to cytotoxic therapy with 
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accumulation of an eosinophilic cytoplasm, vacuolation of the cytoplasm and may show 

neuroendocrine differentiation. Mitotic forms become rare and necrosis predominates.  

 

Fig 6: Gross specimens of esophageal tumors showing significant regression (A) and 

without significant tumor regression (B) 

 

 

Classification of tumor regression: 

While the histopathological alterations that are mentioned above are commonly seen after 

NACRT may of the above changes are nonspecific. Hence, more specific changes like extent 

of fibrosis in relation to the residual tumor are commonly used in the classification systems. 

The common classification systems used are described below: 

1. Mandard’s classification system: 

The Mandard classification system was first described in patients undergoing NACRT in 

squamous cell cancer esophagus with cisplatin followed by radiotherapy (7). Firstly, 

macroscopically the specimen was classified as significant tumor (ulcerative growth), 

significant regression and doubtful cases. Histologic categories included changes in the 
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stroma and cytologic alterations. Using these 5 tiers of reporting was established with 

varying degrees of fibrosis and residual tumor. The multivariate analyses in the study 

revealed best prognostication of disease free survival with extent of tumor regression. This is 

one of the most commonly used TRG systems.  

                   Fig 7: Mandard system of tumor regression grading 

 

 

Fig 7: details the histopathological responses in the Mandard system of Tumor regression 

grading. The first slide marked TRG1 shows complete response with no malignant cells and 

extensive necrosis and fibrosis. The second slide marked TRG2 notes the small group of 

residual tumor with extensive fibrosis. The third image marked TRG 3 reveals significant 

fibrosis, which dominates over the residual cancer. The next image marked TRG 4 reveals 

scanty fibrosis with excessive residual tumor. The final photo shows significant residual 

tumor with no fibrosis (56).  
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2. American College of Pathologists system: 

 The TRG system endorsed by the American College of pathologists is a modification 

of the system proposed by Ryan et al, which also classifies tumor response by residual tumor 

in comparison with fibrosis. The American College of Pathologists system classifies 

responses into four tiers with increasing evidence of residual tumor (57). The above system 

was used in our patients in the study.  

3. Other systems:  

Other TRG systems proposed by Dwarak et al, Becker et al and Rödel et al are also 

infrequently used (52).  

 

Potential markers for predicting treatment response of Neoadjuvant chemoirradiation 

therapy in esophageal cancer: 

Neoadjuvant chemoirradiation therapy has evolved as a proven, standard of care in the 

treatment of locally advanced esophageal cancer. However, only a fraction of the patients 

who undergo neoadjuvant CRT benefits from it. The complete pathological response in the 

resected surgical specimen correlates well with clinical outcomes. However, so far there is no 

single prognostic marker that would identify these patients prospectively, though many 

serological, histopathological, molecular and imaging markers have been studied. The 

following section reviews the evidence behind the common prognostic markers reported in 

the literature. In general, the techniques employed could be classified as follows: 

1. Biochemical predictors 

2. Molecular predictors 

3. Imaging based predictors 
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1. Biochemical parameters: 

(i).  Neutrophil to lymphocyte ratio (NLR): 

         In JCOG 9907, a randomised control trial evaluating the timing of chemotherapy in 

relation to surgery in thoracic esophageal cancer showed that a NLR of more than 2.2 was 

predictive of good outcome following neoadjuvant chemotherapy in esophageal cancer. 

However, the pathological response definition used in the trial was reduction in cancer cells 

at least to one third rather than a complete response that is commonly used (58).  

  

      (ii) Plasma fibrinogen: 

         Plasma fibrinogen is proposed to play an important role in the stickiness of the cancer 

cells to vascular endothelium in various organ systems thereby promoting metastasis (59). 

However, the studies to predict response of NACRT in esophageal cancer have resulted in 

conflicting results (60) (61). 

  

      (iii) Serum C reactive protein: 

         In patients who have a markedly elevated CRP at baseline, return to normal within 2 

to 3 weeks of therapy appears to correlate with pathological response closely (62).  However, 

this needs to be replicated in other trials and may not be of benefit in a significant number of 

patients with a normal or borderline CRP to start with. 

  

2. Molecular predictors: 

(i).  Studies looking at specific alteration of genomic DNA: 
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Cisplatin and 5-fluorouracil are commonly used in the treatment of esophageal cancer. 

Excision repair cross-complementing 1 (ERCC1) gene is involved in the synthesis of a 

protein, which is crucial for repair of DNA following chemotherapy and radiation. Patients 

with polymorphisms of the above gene are shown to have predictable varied response to 

neoadjuvant CRT in esophageal cancer (63). The p53 gene, if present in the wild form in the 

pretreatment endoscopy biopsy sample, is predictive of a better response to NACRT (64). 

(ii).  Studies evaluating messenger RNA and microRNA signaling: 

         mRNA expression levels of the above mentioned ERCC1 gene, genes coding for 

proteins involved in the metabolism of 5FU like thymidylate synthetase and thymidine 

phosphorylase are proposed to be predictors of NACRT response in esophageal cancer 

(65)(66). Micro RNAs (mi RNAs) modulate gene expression by inhibiting the messenger 

RNAs. miR-192 and miR-194 are two microRNAs correlated with significant tumor 

regression with NACRT (67). 

   (iii).  Whole genome sequencing and microarray strategies: 

The complexity of tumor biology and treatment responses in esophageal cancer 

predicts that studies looking at single gene or their product expression are unlikely to 

contribute to the complete picture. Likely the responses have a polygenic influence. Hence 

studies looking into multiple genes or large part or whole of the genome sequenced are likely 

to show the various mechanisms and their interactions in a clearer light. A complementary 

DNA microarray analysis has shown such polygenic prediction for esophageal cancer 

response to NACRT is possible (68). 

 

3. Imaging based predictors: 
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(i) FDG PET based imaging: 

        18F-fluorodeoxyglucose (18F-FDG) positron emission tomography (PET) scans are 

regularly employed in staging patients with esophageal cancer along with information on 

distant spread and burden of disease in an individual patient. The SUV (standard uptake 

value) also gives a measure of viable tumor cell burden. However, ability of SUV scores 

done few weeks into the neoadjuvant CRT to predict treatment outcomes has been an area of 

intense research. Multiple studies, often done in smaller numbers have given conflicting 

results.  

A recent meta-analysis done evaluated 28 such trials, though 15 were included in the 

final analysis as others did not have complete data (69). These studies were divided into 

group A, comprising 4 studies were FDG PET was done within 2 weeks of starting NACRT 

and group B when the PET study was done later. The pooled sensitivity and specificity in 

predicting treatment response in group A were 85% and 59% respectively. Similarly, the 

pooled sensitivity and specificity in predicting treatment response in group B were 67% and 

69% respectively. However, in the group B when 4 studies including patients with SCC alone 

were included, the sensitivity improved to 90% with a specificity of 69%. Overall, the 

authors suggested that FDG PET should not be used as a prognostic tool in predicting 

treatment response during NACRT in esophageal cancer, however it may be beneficial in 

patients with ESCC. They also noted that radiation related esophagitis might produce a false 

positive FDG PET uptake. However, the pattern of the uptake is more linear and streaky 

compared to residual disease. 

  

(ii) Diffusion weighted imaging: 
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Diffusion weighted imaging as tool for predicting response: 

Diffusion weighted imaging is a MRI sequence where diffusion of water molecules is 

used to add contrast to the existing MR images. This diffusion of water molecules is 

modified by the presence of cell membranes, intracellular molecules, other macromolecules 

and cellular packing. Hence, DWI generates the architecture of the tissue at a microscopic 

level, which is projected in the sequence obtained. Characteristically, malignant tissue slows 

down water molecules movement more than the normal tissue. It also has the additional 

advantage of not requiring contrast, being a relatively quick sequence to do and able to 

predict early pathologic changes in the tissues. It is being routinely used in oncology for 

diagnosis, tumor burden, to diagnose relapse of disease and for differentiate between post 

treatment tissue changes (eg. radiation esophagitis) from disease recurrence. However, the 

role of DWI in predicting treatment responses of NACRT in esophageal cancers is evolving. 

Basic principles: 

DWI explores the random movement of water molecules within the body. Water 

molecules within the body is distributed in the intercellular space, intracellularly and also in 

the intravascular compartment. All these molecules contribute to the imaging voxels that are 

generated. While water in a cup can be truly in random brownian movement, the motion of 

water molecules within the brain are restricted by other molecules, cell membranes, density 

with which the cells are packed etc.                                   
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                                  Fig 8: Principles about diffusion  

 

 

 

Fig 8: The above schematic representation gives an explanation about diffusion principles of 

water.  

A – represents the movement of water molecules in a container.  

B – represents diffusion of water molecules in a tissue limited by the cellular    membranes 

and other cellular linings.  

C – represents a situation of a damaged cell enabling increased diffusion of water molecules 

(70).  

Naturally, the diffusion distance would be the greatest with the water molecules 

within the intravascular compartment in relation to the other compartments in a given time. 

However, tissues with a higher vascularity like malignant tissues also possess a higher 

diffusion values. On the other hand, the diffusion of water molecules also decreases when the 

cells are packed together and lipophilic cell layers impair the movement of water. When the 

cellular layers are disrupted, the diffusion values may increase again in view of unimpeded 

diffusion of water molecules across them. 
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Fig 9: explains the image generation in a DWI sequence. In the standard T2 weighted spin 

echo sequence, two symmetric desensitizing gradients are applied around the 180° refocusing 

sequence. The transverse magnetization that happens with gradients applied with opposite 

polarity gives rise to the images generated in a DWI sequence (71).  

 

Fig 9: Schematic representation of principle in diffusion weighted magnetic resonance 

imaging 

 

 

Applications of DW MRI: 

Diffusion weighted MRI has found its role in various settings like identifying a cerebral 

ischemia early, differentiating an epidermal cyst from an arachnoid cyst, differentiating an 

abscess from a necrotic tissue, identifying a diffuse glioma from a herpetic encephalitis etc. It 

has also been widely studied and used in the field of oncology in staging a tumor, defining 

the extent of a tumor, and also being studied by various groups to ascertain its role in 

predicting the tumor response to a particular treatment. Introduction of advanced techniques 

like stronger magnetic fields, echo planar imaging technology and multichannel coils have 

improved the ability of DWI imaging to make precise images to aid in the field of oncology. 
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On DW-MRI imaging, the tumor cells show a hypointense signal on T2 weighted sequence 

whereas the water molecules or the less cellular region show hyperintense signal thus 

correlating with low and high ADC values respectively (72). DW-MRI is not very useful in 

adenocarcinomas and necrotic tumors. Hence limiting its use in necrotic lymph nodes or 

treated metastatic liver lesions. The commonest technique used for DWI imaging is the 

application of a two symmetric motion probing pulses captured in a single spin echo T2 

sequence applied between the two refocusing pulses (73). 

1. Tissue characterisation: 

While the exact mechanisms underlying the low signal in DWI with malignant lesions 

remain to be explained, the proposed reasons include increased cellularity, changes in the 

cellular membranes and loss of normal tissue organisation (74). However, the ADC values 

may remain falsely high in necrotic lesions in view of the increased water diffusion. Highly 

organised tumors like adenocarcinomas can also have a misleadingly positive ADC (75). 

Hence, cancers with necrotic metastatic lymph nodes like head and neck cancers may have a 

false positive ADC values (76).  

2. Treatment response monitoring: 

On therapy the change of the size of the lesion is preceded by microscopic cellular 

death and vascular changes. These microstructural alterations are picked up much better and 

earlier by ADC values. This is usually predicted by an increase in ADC as the lesion 

responds to treatment in many cancers (77) (78). 

3. Differentiating between treatment related changes and residual or recurrent disease: 

The therapy used in oncology induces significant necrosis in the neoplasm and hence 

it is often difficult to differentiate between the changes due to therapy and recurrence of the 
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tumor both clinically and radiologically. However, DWI can pick up the treatment changes 

with increasing ADC values from the baseline while recurrent disease will show an opposite 

pattern. Analysis of the DWI images with high b values can give a straightforward clue to 

rule out recurrent disease. FDG PET often fails in this aspect as the treatment related changes 

like radiation esophagitis may also show increased uptake (78). 

4. Treatment response prediction: 

As our study, the ability of DWI imaging to predict specific treatment responses have 

been studied in various tumors including breast, rectum, brain, esophagus and hypopharynx 

malignancies (72). Counter intuitively in rectal cancer, the higher ADCs post therapy 

predicted an increased necrosis with the radiation and correlated with higher hypoxia induced 

radiation resistance and poorer outcome (79). 

5. Potential for use in drug development: 

Serial changes in DWI may give a clue to the efficacy of a particular treatment 

strategy especially in phase I trials in future. 

 

DWI as a tool for outcome prediction:  

Studies in DW MRI: 

Sakurada et al (80) described the limited role of diffusion weighted MRI in 

esophageal tumors in terms of detection of primary and assessment of lymph nodal status. 

However, DW-MRI with its ADC values was found to have a role in prognostication of the 

tumor and its response to treatment in various studies. Van Rossum et al (81) outlined the 

role of functional imaging including PET CT and DW-MRI in esophageal cancers for 

staging, treatment planning and assessment of response to treatment. Using MRI in 
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esophageal tumors is challenging by itself due to the image artefacts caused by the 

continuous respiratory and cardiac motion (81). However, this limitation can be overcome by 

using 3 tesla MRI instead of 1.5 tesla and by incorporating gating techniques, which are 

features of the advanced machines. This study also found that the most appropriate sequences 

in MRI for assessing an esophageal tumor would be T2 weighted and diffusion series. DW-

MRI was found to be limited in its assessment of the lymph nodal status thereby not being 

widely used as the primary modality of imaging in malignancies but only as an adjunct. 

Another study by Van Rossum et al (9) performed DW-MRI in 20 patients with 

esophageal cancer receiving neoadjuvant chemoirradiation before initiation of radiation, after 

8-13 fractions and before surgery. The median ADC value, correlation with pathological 

complete response (pCR) and good response (TRG 0 and 1) were done. It was observed that 

the ΔADC (rate of change in ADC during and after treatment) was significantly higher 

among patients who had pathological complete response compared to the others who did not 

have a pCR (34.6% ± 10.7% vs. 14.0% ± 13.1%, p = 0.016). ΔADC was significantly higher 

in those who had good response (30.5% ± 8.3% vs. 9.5% ± 12.5%, p = 0.002). Thus, they 

concluded that the change in ADC during the first two-three weeks of treatment is predictive 

of response to treatment. 

A study by Aoyagi et al (13) found the association between ADC values and tumor 

response to treatment. It was observed that tumors with low ADC values were associated 

with high restriction of diffusion signifying the high tumor burden and poor prognosis. 

Whereas, tumors with high ADC values had less restriction of diffusion and better prognosis. 

However this was not true in case of nasopharyngeal tumors where the patients with high 

pretreatment ADC values had poorer local relapse free survival and disease free survival and 
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vice versa (82). This difference observed could be attributed to the difference in the 

pathophysiology and biology of each tumor based on its site. Also, ADC values can be 

influenced by the inflammation, hypoxia, integrity of cellular membrane, etc. Hence ADC 

values need to be interpreted with caution and care depending on the site and pathology of 

the tumor. In esophageal squamous cell carcinoma, it was noted that the higher the difference 

in ADC values during treatment better was the response and better was the prognosis. An 

additional observation of an association between tumor location and ADC values was 

observed (lower esophageal tumors were found to have higher ADC values and vice versa). 

Shu Liu et al (83) did a retrospective analysis of 73 patients with locally advanced 

esophageal squamous cell carcinoma receiving chemoirradiation without any surgical 

resection during their treatment and looked into the role of ADC values in predicting their 

outcomes. It was observed that low ADC values correlated with poor survival and lower 

esophageal tumors had higher ADC values. Also, they did not find any statistically 

significant difference in ADC values between patients who had complete response (CR) and 

those who did not have a complete response. 

Imanishi et al (84) conducted a prospective observational cohort study in 27 patients 

diagnosed with T4 stage esophageal cancer undergoing chemoirradiation to investigate the 

role of diffusion weighted imaging. All patients received 40 Gy in 20 fractions with 

concurrent chemotherapy with CDDP and 5-fluorouracil (day 1-5). In this study DW-MRI 

was done pretreatment, after 20 Gy and after 40 Gy of radiation therapy. It was observed that 

patients who were responders had significantly high ADC values after 20 Gy compared to 

non-responders. The increase in ADC at 20 Gy (ΔADC) was also significantly higher in 

responders than non-responders (1.13 vs. 0.93; p = 0.005). 
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Aoyagi et al (13) performed baseline DW-MRI in 80 patients with advanced 

esophageal squamous cell cancers correlating the ADC values with response to the 

chemoirradiation. It was observed that patients with high baseline ADC values (higher than 

the average ADC of esophageal cancer tissue 1.10 x 10 –3 mm 2 /s), had a significantly higher 

survival rate. 

Wang et al (14) conducted a prospective observational cohort study in 38 patients with 

locally advanced esophageal cancers receiving chemoirradiation. They performed serial DW-

MRIs starting from pretreatment and every week during concurrent chemoirradiation. It was 

observed that similar to other studies patients with a high baseline ADC value had better 

therapeutic effect. The rate of change in ADC values (ΔADC) was similar in both responders 

and non-responders. However, it was found that the ADC value in the 3rd week had an 

influence on the tumor response independent of any other factor. Also, patients in whom the 

4th week ADC did not show much change were found to have higher risk of recurrence in 

the first year post treatment. 

De Cobelli et al (85) studied the correlation between ADC values and response to 

neoadjuvant therapy (NT) in 32 patients with gastroesophageal cancers. In this study the 

patients with low pre-NT ADC values (1.32 versus 1.63×10−3mm2/s; P=0.002) and high post-

NT ADC (2.22 versus 1.51×10−3mm2/s; P=0.001) were found to have better response. Also, 

higher the ΔADC better was the response (ΔADC, 85.45 versus −8.21 %; P=0.00005). The 

inter-observer reproducibility was good. 

Ongoing trials: 

From the CROSS trial’s (6) results it has been observed that 49% of the patients with 

squamous cell carcinoma and 23% of patients with adenocarcinoma had pathological 
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complete response. This has led to the interest of many in not only finding the role and 

necessity of surgical resection but also to find the possibility of avoiding the same in patients 

with complete pathological response thereby decreasing morbidity and mortality and 

increasing the quality of life. ‘Surgery as needed’ approach in esophageal cancers (SANO) 

trial in which the patients completing NACRT would be under active surveillance has been 

proposed by Noordman et al from Netherlands. However, before this trial comes into action 

the reliability of the tool to predict the presence or absence of residual disease needs to be 

tested. Hence, Noordman et al (86) from Netherlands are in the process of studying the 

accuracy of assessing residual disease after NACRT with CROSS protocol in esophageal 

cancer (preSANO trial).  

It is a prospective, single arm study where patients with operable esophageal cancer 

after receiving the proposed NACRT undergo clinical response evaluation (CRE 1) with 

endoscopy, esophageal ultrasound and biopsy as needed at 4-6 weeks and second evaluation 

(CRE 2) after 6-8 weeks from CRE 1 in those no residual disease is found. During the CRE 2 

whole body PET is also performed to look for any evidence of disease prior to surgery. 

During both CRE 1 and 2 along with whole body PET, endoscopy and random mucosal 

biopsies and biopsies from suspected lesions are also performed. If the results of this study 

show that the prediction of presence or absence of disease is reliable then the ‘surgery as 

needed’ approach will be studied in the SANO trial. 
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Table 2: Studies on using diffusion weighted MRI as a tool in assessing response to treatment 

Study Year n Chemo RT MRI Outcome studied 

Van 

Rossum 

et al (9)  

2015 20 Weekly 

Paclitaxel 

(50 mg/m2) / 

Carboplatin 

(2AUC) 

41.4 

Gy in 

23# 

Baseline, 

after 8-13#, 

Before 

surgery 

Good response was defined as 

pathCR or near-pathCR (tumor 

regression grade [TRG] 1 or 2). 

Kwee 

RM et 

al (73) 

2014 11 Cis/5FU 50.4Gy 

in 28# 

Before & 10 

days after 

NACRT 

Reproducibility (ADC) 

measurements by manual 

(freehand) and semi-automated 

volumetric methods was 

assessed. 

 

Imanish

i et al 

(84) 

2013 27 Cis/5 FU 40 Gy 

in 20 # 

before 

NACRT and 

after 20 and 

40 Gy 

tumor ADCs and association of 

the treatment effect between 

responders and non-responders 

Wang L 

et al 

(14) 

2014 77 cisplatin 25 

mg/m2 × 3 

days, 

(5-FU) 450–

500 mg/m2 × 

5 days) 

54-

61.2 

Gy 

in1.8 -

2 Gy/# 

Before and 

1-3 months 

after 

NACRT 

disappearance status of 

hyperintense expression (HE) in 

DWI and the 

apparent diffusion coefficient 

(ADC) of DWI with the 

complete response (CR) as TE 

and survival 

De 

Cobelli 

et al 

(85) 

2013 32 Cis/5FU 50.4 

Gy in 

28# 

pre- and 

post-

NACRT 

To assess changes in 

apparent diffusion coefficient 

(ΔADC) and volume (ΔV) after 

neoadjuvant treatment (NT), and 

tumour regression grade (TRG) 

in gastro-oesophageal cancers 
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(GEC), and to discriminate 

responders from non-responders. 

 

Aoyagi 

et al 

(13) 

2011 80 Cis/5FU 40 Gy 

in 20 # 

ADC before 

CRT 

survival rate in the high-ADC 

group was significantly better 

than that in the low-ADC group 

 

 

Methodology 

Materials and methods: 

This is a prospective observation cohort study conducted in Christian Medical college, 

Vellore. All patients with biopsy proven locally advanced esophageal cancers discussed in 

the multidisciplinary tumor board and planned for chemoirradiation fulfilling the following 

criteria presenting to Christian Medical College, Vellore between 2015 and 2017 were 

enrolled into the study.  

 

Inclusion Criteria: 

1.   Age 18-70 years 

2.   ECOG Performance Status of 0 to 2 

3.   Non-metastatic disease 

4.   No previous chemotherapy or radiotherapy for any neoplasm/tumor 

5.   Weight more than 35 kg 

6.  Adequate bone marrow function: WBC > 4000/mm3; Absolute Neutrophil count > 2000/cc 

platelets > 100,000 mm3 

7.   Estimated creatinine clearance > 50ml/min/1.73m2 
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8.   Total bilirubin ≤ 1.5 times upper limit of normal (ULN), SGOT and SGPT ≤ 2 times upper limit 

of normal.  

9.   Pulmonary function test – To exclude obstructive or restrictive disease 

 

Exclusion Criteria: 

1.   Presence of severe or uncontrolled systemic disease 

2.   Pregnant or breastfeeding mother 

 

All patients were explained about the study by the principal investigator. They were 

also provided with a patient information sheet with the contact details of the principal 

investigator. After informed consent, the epidemiological details like age, sex and the 

geographic area from which the patient is coming from, ECOG functional status and the 

details about the tumor like staging, extent and histological type were documented. They 

were also assessed based on the clinical examination findings, upper gastrointestinal scopy 

findings and baseline CT scan. The study was approved by the institutional review board 

(IRB). The copy of the IRB approval letter has been attached in the annexure for reference. 

The study was funded by the Institutional research fund. All patients included in the study 

underwent Diffusion weighted MRI imaging. Subsequently the patients received their 

planned treatment with neoadjuvant radiotherapy with 45 Gy in 25 fractions / 41.4 Gy in 23 

fractions with concurrent weekly chemotherapy with Paclitaxel and Carboplatin. 

All treatment decisions were taken by the concerned treating team including radiation 

doses, chemotherapy schedules, dose modifications, modes of RT and need for supportive 
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care. Patients were not asked to follow-up separately from the routine clinical care. These 

were recorded on the patient proforma by the primary investigator. 

The details of the chemotherapy and radiation therapy, toxicity encountered, dose 

modifications done were recorded. As part of the study, ADC values were measured at 

baseline, 1 week and at completion of radiotherapy. Subsequently if the patient underwent 

surgical resection, pathological response was ascertained from the surgical specimen. If the 

patient was deemed inoperable by the surgical team, that was considered as an unfavorable 

outcome. The ADC values at baseline, 1 week of chemoradiotherapy and at completion were 

compared against complete pathological response and inoperability. The interim DWI was 

decided to be done at the end of one week as most of the studies mentioned in the literature 

review found this the most appropriate time period to predict outcomes of NACRT. We also 

proposed that during this period the confounding effect of the radiation esophagitis would be 

lesser which typically sets in during the latter half of the NACRT treatment. ADC studies 

were also estimated at the end of therapy to study the temporal change in ADC values 

through the NACRT and to calculate the δ ADC values to study the relative change in ADC 

between the studies. 

  

Date of commencement of the study: April 2016 

Date of last enrolment: June 2017 

 

Confounders: No specific confounding factors were identified during the study period. 
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Fig 10: Overall schema of the research plan 
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Sample size calculation: 

The required sample size to show a correlation between ADC and complete 

pathological response was found to be 30 subjects with a power of 80% and 5% level of 

significance when the anticipated correlation was considered to be 0.7 (9).  

 

 

 

 

 

 

 

 

 

The formula used for the calculation of the sample size is given below: 

Regression methods - Sample size for correlation coefficient 

analysis (testing against population value)   

Sample correlation coefficient  0.3 

Population correlation coefficient  0.7 

Power (1- beta) % 80 

Alpha error (%) 5 

1 or 2 Sided 2 

Required sample size 28 
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DWI imaging and ADC values: 

All patients were examined using a 3-T MR system (Achieva; Philips Medical Systems), 

using an eight-channel phased-array body coil positioned according to tumor location. T2W DRIVE 

axial images with TR – 3400ms and TE – 120ms with slice thickness of 3-4mm were obtained 

through the oesophageal mass. DWI using single-shot echoplanar imaging with b factors of 0 and 

800 s/mm2 were obtained through the lesion. The tumor size (anteroposterior and transverse 

dimensions) on T2 sequence, the diffusion restricted tumor size, the minimum and mean tumor ADC 

values were calculated from upper, middle and lower sections containing the tumor, avoiding the 

lumen and necrotic areas in each MRI study (baseline, during RT and at the end of RT). The 

necrotic areas were avoided, as they would yield a falsely high ADC due to increased diffusion of 

the water molecules.  The ΔADC was calculated by the formula ΔADC b-n = (ADC n-ADC b)/ 

ADC b X 100, where ADC n is the ADC measured at the particular time frame (interim or end of 

RT), ADC b is the ADC measured at the baseline.  All the images were generated in the supine 
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position and no antiperistaltic agents were specifically used during acquisition of the DWI images 

for the study. All the images were analysed by a single radiologist and she was blinded from the 

clinical and pathological data of the study participants. 

                      

Histopathological assessment -Tumor regression grades: 

 The American association of pathologists grading was used for the assessment of the tumor 

regression grading following the NACRT. The pathologists involved in the study were blinded from 

the clinical and radiological data from the study participants. The American College of Pathologists 

grading system for tumor regression was used in the grading of pathological responses post NACRT 

in our patients. According to the above classification, tumor responses were classified as: 

 

Grade 0 – Complete pathological response (pCR)– no cancer cells seen. 

Grade 1 – Near complete pathological response – occasional cancer cells seen in the resection 

specimen. 

Grade 2 – Partial or moderate pathological response – though the tumor has shown definite evidence 

of tumor regression, there are residual cells noted in pathological examination and they are more 

than occasional or rare cancer cell noted in grade 1. 

Grade 3- Poor or no pathological response – were there are extensive cancer cells still present with 

no obvious evidence of cancer regression.  

For the analysis in the study, the patients with grade 1 and 2 responses were classified as good 

responders and grade 3 and 4 responders were classified as poor responders.  

 

Pilot study: 



63 
 
 

In December 2015, pilot study of 2 patients was conducted to ensure the feasibility of the 

research proposal. In the first patient all the DWI sequences could not be measured as it was an early 

esophageal lesion. The other patient with locally advanced disease completed the study 

requirements. Subsequently, the study began.  

 

 

 

 

Data analysis: 

The baseline characteristics of the patients and the epidemiology profile were 

analysed with the tumor response. Also, the temporal profile of the ADC values were 

documented and correlated with the pathological response using Mann-whitney U test. The 

potential of radiological prediction for tumor response was analysed by correlating with the 

pathological response. 
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Results 

                                                     Fig 11: Strobe figure 
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In our study 27 patients with locally advanced esophageal cancer presented to our 

outpatient department who were planned for neoadjuvant chemoirradiation based on the 

multidisciplinary tumor board decision were screened to be recruited. However, 3 patients 

were excluded as 2 of them had significant comorbidities with ischemic heart disease and 

advanced age, whereas 1 patient had a sarcomatoid differentiation in the biopsy. Thus 24 

patients were recruited into the study after obtaining an informed consent in the language the 

patient understands.  

All the recruited patients underwent a baseline DW-MRI whereas 20 out of 24 

patients underwent interim scan at about 7-10 days of initiation of chemoirradiation. 20 

patients underwent DW-MRI at the end of chemoRT. Two patients defaulted treatment 

during the course of chemoirradiation. Hence 22 patients completed the scheduled 

chemoirradiation. About 6 weeks after completing neoadjuvant chemoirradiation all the 22 

patients were assessed for operability with CT scan and discussed in the MDT meeting. One 

patient was deemed medically inoperable in view of persistent grade III neutropenia with 

oxacillin sensitive staphylococcal abscess whereas 2 patients were deemed surgically 

inoperable. The surgical specimens of the 19 patients who were operated were reported as 

per the American college of pathologists grading system. Among the 19 patients who were 

operated 11 patients were found to be responders (Complete/Near complete response) 

whereas 8 patients were found to be non-responders (moderate/poor response). Including the 

2 patients who were deemed surgically inoperable the non-responders were 10 in number. 

 

Baseline characteristics: 

 

  Table 3: Baseline characteristics of the study population 
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Parameters Mean n (%) 

Age (Range) 56 (32 -69) 

Sex 

1. Male 

2. Female 

 

17 (70.83 %)                   

  7 (29.16 %) 

Performance status   

             ECOG 1 

 

24 (100%) 

BMI 23.03 (14.7- 30.4) 

Comorbidities  

1. Nil 

2. Diabetes mellitus 

3. Systemic hypertension 

4. Others (Hep B, Hep C) 

 

19 (79.16%) 

 3 (12.5) 

 4 (16%) 

 2 (8.3%) 

Risk factors  

1. Nil 

2. Smoking 

3. Tobacco chewing 

4. Alcohol 

5. Others (h/o corrosive intake) 

 

 

15 (62.5%) 

  6 (25%) 

  5 (20.83%) 

  5 (20.83%) 

  1 (4.16%) 

Location of tumor 

1. Middle 1/3rd  

2. Lower 1/3rd  

3. Upper and middle  

4. Middle and lower  

 

13 (54 %) 
   2 (8.3 %) 

  1 (4.1 %) 

  8 (33 %) 

Histology 

1. Squamous  

2. Adenocarcinoma  

3. Adenosquamous  

 

 22 (91.6%) 

   1 (4.1%) 

   1 (4.1 %) 

Completed NACRT 

Did not complete NACRT 

 21 (87.5%) 

 3 (12.5%) 

DW-MRI  

1. Baseline  

2. Interim 

3. End of RT 

4. All 3 scans  

 

24 (100 %) 

20 (83. 33 %) 

20 (83.33 %)  

18 (75 %) 

Surgery 

1. Operated 

2. Not operated  

a. Medically inoperable 

 

19 (79.16 %) 

  5 (20.83 %) 

  1 (4.1 %) 
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b. Not resectable 

c. Defaulted 

 

  2 (8.3 %) 

  2 (8.3 %) 

  

TRG (n = 19) 

Responders 

0 (Complete response) 

1 (Near complete 

response) 

Non-responders 

2 (Moderate response) 

3 (Poor response) 

 

 

8 (42 %) 

3 (15.7 %) 

 

4 (16.6 %) 

4 (16.6 %) 

 

Outcome (n-18) 

1. Mean duration of follow up 

2. No. of deaths, locoregional 

recurrence, distant metastases 

 

103.16 days (16 - 266 days) 

0 

 

 

 

 Table 4: Geographical distribution of our study population 

State                 n 

Meghalaya 6 

Assam 3 

West Bengal 2 

Bangladesh 3 

Chattisgargh 1 

Andhra Pradesh 3 

Tamil Nadu 1 

Tripura 1 

Jharkhand 1 

Bihar 1 

Mizoram 1 

Maharashtra 1 

 

 

Table 5: NACRT details 

 

RT: 

Parameter Mean n (%) 

Type of RT 

1. 2D (Linac, cobalt-60) 

2. 3DCRT 

 

  5 (20.83%) 

14 (58.33%) 

  5 (20.83%) 



68 
 
 

3. IMRT  

Completeness of treatment 

1. Those who completed the scheduled RT 

2. Those who did not complete the 

scheduled RT 

 

21 (87.5%) 

 3 (12.5%) 

Dose 

1. 45 Gy in 25 fractions 

2. 41.4 Gy in 23 fractions 

 

16 (66.6%) 

  8 (33.3 %) 

   

 

Chemo details 

No. of cycles  

Mean n (%) 

3.25  

 

Side effects during treatment requiring 

hospitalisation 

Number (%) 

Nil 6 (25%) 

Febrile neutropenia 2 (8.3%) 

Afebrile neutropenia 9 (37.5%) 

Dysphagia 3 (12.5%) 

Enteritis (Vomiting, abdominal pain, loose 

stools) 

8 (33.3%) 

Others (dyselectrolytemia, fatigue, etc.) 3 (12.5%) 

 

 

The mean age among the study population was 56 (with a range 32 -69). Most of the 

patients were within the acceptable weight range based on BMI (mean 23.03). However, one 

patient had BMI.14.7 (underweight) and another had 30.4 (obese). All the 24 patients had 

good performance status (ECOG 1). The mean duration of follow-up was 103.16 days with a 

range of 16-266 days. 

 

Sex distribution: 

The study group had 17 (70.83%) males and 7 (29.16%) females. 

                                            Fig 12: Sex distribution 
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Comorbidities distribution: 

 

79.16% of the patients did not have any comorbidity. However, few patients had 

diabetes mellitus (3 patients (12.5%)), systemic hypertension (4 patients (16%)), hepatitis B 

and hepatitis C (2 patients (8.3%)). 

 

                                  Fig 13: Comorbidities distribution 
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Risk factors distribution: 

 

Out of 24 patients, 15 patients (62.5%) did not have any studied risk factor associated 

with esophageal cancer. However, 6 patients (25%) had smoking, 5 patients (20.83%) had 

history of chewing tobacco, 5 patients (4.16%) had alcohol consumption and 1 patient 

(4.16%) had history of intake of corrosive substance about 30 years before the diagnosis. 

 

                                           Fig 14: Risk factors distribution 

 

 

 

 

 

Location of tumor: 

Majority of the patients (13 patients (54%)) had the tumor in the middle third of 

esophagus while 2 patients (8.3%) were found to have the lesion in the lower third, 1 patient 

(4.1%) had the tumor in the upper and middle third and 8 patients (33%) were found to have 

involvement of middle and lower third of esophagus. 

 

                                Fig 15: Location of tumor 
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Histology distribution: 

The most predominant histological type seen among the study population was 

squamous cell carcinoma (22 patients (91.6%)). 1 patient (4.1%) was found to have 

adenocarcinoma and another patient (4.1%) had adenosquamous histology. 

                      

                        Fig 16: Histology distribution 
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Compliance of NACRT: 

Most of the study patients (21 patients (87.5%) completed the entire radiation therapy 

schedule as planned. However, 3 patients (12.5%) did not complete the same. Among the 3 

patients who did not complete the planned schedule, 1 patient developed grade IV 

neutropenia after 9 fractions, 1 patient had symptomatic hyponatremia after 7 fractions and 

another patient defaulted after 20 fractions due to personal reasons. 

                          

                      Fig 17: Compliance of NACRT 

 

 
 

 

Modality of RT: 

Most of the patients were treated with 3DCRT technique (14 patients (58.33%) 

whereas 5 patients (20.83%) were treated with IMRT and other 5 patients (20.83%) were 

treated with 2D (Linac / Cobalt-60) technique. 
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                                 Fig 18: Modality of RT 

 
 

 

RT schedule: 

Out of 24 patients, 16 of them (66.6%) were planned for 45 Gy in 25 fractions 

whereas 8 patients (33.35) were planned for 41.4 Gy in 23 fractions. The mean v95 to the 

PTV was 95.6% (87.25 - 97.35%) and the mean D95 of the PTV was 95.03% (46-97.2%). 

                    

                      Fig 19: Radiation therapy schedule 
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Acute toxicities during NACRT: 

Six patients (25%) did not report any acute toxicity during the chemoirradiation 

period. However, few patients developed acute toxicities requiring break in treatment like 

febrile neutropenia (2 patients (37.5%)), dysphagia requiring nasogastric tube placement (3 

patients (12.5%)), enteritis (8 patients (33.3%)), dyslectrolytemia and fatigue (3 patients 

(12.5%)). 

 

                                          Fig 20: Acute toxicities 

 

 

 

 

 

 

 

 

 

Surgery: 

 

Out of the 24 patients who were recruited in our study, 22 completed the NACRT 

schedule and were assessed for operability. However, only 19 of them underwent surgery. 
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inoperable and underwent intraluminal brachytherapy (ILRT). 2 patients were deemed 

surgically inoperable, among whom one patient underwent ILRT whereas the other patient 

defaulted further treatment. 

                                      

                                      Fig 21: Surgery 

 

 
 

Table 4: Details of patients who were not operated 

 

Not operated N (%) 

Medically inoperable 1 (4.1%) 

Not resectable 2 (8.3%) 

Defaulted 2 (8.3%) 

 

 

Tumor Response Grading (TRG) distribution: 

Among the 19 patients who underwent surgery, 11 patients (57.89%) were found be 

responders and 8 patients (42.1%) were found to be non-responders. Among the responders 8 

patients (42.1%) were found to have pathological complete response (pCR). 
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                                   Fig 22 : TRG distribution 

 

  
 

 

DW-MRI scans: 

Eighteen out of 24 patients (75%) underwent all 3 scans as proposed in the study. All 

24 patients (100%) underwent baseline DW-MRI scans. During treatment 2 patients 

defaulted. Of the remaining 22 patients, interim scan was not performed in 2 (8.3%) patients 

and end of RT scan was not performed in 2 (8.3%) patients due to technical difficulties and 

logistics. An example of the DWMRI scan in a pathological responder (fig 24-26) and non-

responder (fig 27-29) is shown below. 
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             Fig 23: Overall number of DW-MRI scans  

 

 

 

DW-MRI scan -Pathological complete responder: 

 

Fig 24 : Baseline scan: 

a) T2w                                  b) DWI                                           c) ADC 

   

 

Fig 25: Interim scan: 

c) T2w                                  d) DWI                                         e) ADC 
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Fig 26: End of RT scan:                                                                  

f) T2w                                     g) DWI                                        h) ADC 

   

 

DW-MRI scan in non-responder: 

Fig 27: Baseline scan: 

a) T2w                                            b) DWI                                          c) ADC 

           

Fig 28:Interim scan:  
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c)T2w                                               d) DWI                                           e) ADC 

          

Fig 29: End of RT scan: 

f) T2w                                     g) DWI                                      h) ADC 

            

 

 

 

 

Tumor size profile among pCR and non-responders: 

The following figure shows three sets of box-plots correlating the size of the tumor on 

the MRI at baseline ( p=0.294), during radiation therapy (p=0.0503) and at the end of 

radiation therapy (p=0.495). It is observed that the size of the tumor on T2weighted imaging 

did not correlate with tumor response . 
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                   Fig 30: Tumor size profile among  patients with pCR and non-responders 

 

                       a) Baseline size                                                 b) Interim size 

                          
                                                          c) End of RT size 

 
 

 

Diffusion - restricted size profile among pCR and non-responders: 

 

The following figure shows three sets of box-plots correlating the diffusion- restricted 

size of the tumor on the MRI at baseline (p=0.518) during radiation therapy (p=0.125) and at 

the end of radiation therapy (p=0.912). It is observed that the diffusion-restricted size of the 

tumor did not correlate with tumor response.                                                                                           
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Fig 31: Diffusion-restricted size profile among  patients with pCR and non-  responders 

 

              a) Baseline diffusion-restricted size                   b) Interim diffusion-restricted size 

                           
                                                        c) End of RT diffusion-restricted size 

 
                                                                             

 

ADC profile among the study cohort: 

 

All the patients in our study underwent baseline DW-MRI scans  and the size on the 

T2 weighted imgae, restricted size on diffusion weighted image and the ADC values were 

measured.The following three figures show the profile of absolute ADC (mean) values 

measured at baseline, during radiation therapy and at the end of radiation therapy among the 

entire study population, among patients with pathological complete response and non-
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responders. Overall the ADC values were lower in the baseline and highest in the end of 

treatment among responders and non-responders. 

 

                             Fig 32: ADC profile among the study cohort 

 

 
 

 

Mean ADC profile among pCR and non-responders: 

 

The figure 33: represents the profile of mean ADC values among pathological 

complete responders and non-responders. It shows that the mean ADC value in the interim 

scan is significantly higher (p= 0.013) among pathological complete responders compared to 

non-responders. 
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Fig 33: Mean ADC profile among pCR and non-responders 

                            a) Baseline ADC mean                      b) Interim ADC me           

     

                                                        

                                              c) End of RT ADC mean 
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Fig 34 : Mean ADC profile among pCR and non-responders showing significant change in 

the interim ADC mean value 

 

 

                     

          ADC minimum profile among pCR and non-responders: 

The figure 35: represents the graph showing the profile of minimum ADC values 

among patients        with pathological complete response and poor-response. It shows that the 

pCR 

Non-responder   
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minimum ADC value in the interim scan is significantly higher (p=0.001) in pathological 

complete responders.  

 

Fig 35: Minimum ADC profile among pCR and non-responders 

 

a) Baseline ADC minimum                           b) Interim ADC minimu    

      

c) End of RT ADC minimum 
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Fig 36: Minimum ADC profile among pCR and non-responders showing significant change 

in the intm ADC minimum value 

 

 

 

 

 

       ΔADC between baseline and interim scan in pCR vs non-responders: 

 

The figure 37: depicts the box-plots showing the ΔADC mean (a) and ΔADC 

minimum (b) profile among complete pathological responders and non-responders between 

baseline and interim scan. It is observed that the difference was not statistically significant 

(p=0.432 and p=1.000 respectively). 
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Fig 37: ΔADC between baseline and interim scan in pCR and non-responders 

a) ΔADC mean                                             b) ΔADC minimum 

    

 

 

 

ΔADC between baseline and end of RT in pCR vs non-responders: 

 

The figure 38: shows the box-plots representing the ΔADC mean (a) and ΔADC 

minimum (b) profile between baseline and end of radiation therapy scan among pathological 

complete responders and non-responders. It shows that ΔADC mean and ΔADC minimum 

between baseline and end of RT scan is not significantly different (p=0.953, p=0.165) among 

complete responders and non-responders. 
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            Fig 38: ΔADC between baseline and end of RT in pCR vs non-responders 

 

 

            a) ΔADC mean                                                  b) ΔADC minimum 

             
 

 

 

Correlations of radiological prediction in the end of RT scan with pathological 

response:   

The figure 39: shows that among the patients in whom complete response was 

predicted radiologically, all patients (n=6, 100%) had a pathological complete response. Out 

of 11 patients predicted to have a disease residue radiologically, 9 patients had residual 

disease, whereas 2 patients had a completed pathological response. Hence the sensitivity of 

the end of RT imaging with a DW-MRI was 100%, specificity was 81.8%. The positive 

predictive value was 75% whereas the negative predictive value was 100%. 
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                                        Fig 39 : Radiological prediction and pathological response 

 

 

 

Discussion 

 

The patient cohort in our study consisted of mostly (70.83%) males, whereas the 

worldwide statistics show an equal distribution of esophageal cancers between both sexes 

(1). This is probably reflective of the health seeking behavior in our society. Worldwide 

esophageal cancers are predominantly found in the elderly (2). However, in our study the 

mean age was 56 with the youngest patient 32 years and oldest patient of 69 years of age. 

Indian patients often have early onset of malignancies compared to their western counterparts 

(87).This is likely driven by a complex interplay between genetics and life style factors. In 

our study the patient cohort comprised predominantly with squamous cell carcinoma in 

contrast to other landmark studies (6). While the epidemiology of esophageal cancer is 

6

2

0

9

0

2

4

6

8

10

12

14

16

18

Complete response Residue

N
o

.o
f 

p
at

ie
n

ts

Radiological prediction

Radiological prediction vs TRG

pCR Non-responder



90 
 
 

changing across the globe with increasing adenocarcinomas, our study does not reflect that 

trend. The most common location of tumor in our patient population was in the middle third 

of esophagus whereas in various other studies the most common location was the lower third 

(2). Majority of the study population were from the northeastern region of India as noticed in 

the epidemiology of esophageal cancer. While the geographical proximity to the Southeast 

Asian region may explain a part of the increased numbers, dietary habits like increased 

consumption of fermented or smoked foods, tobacco use and low consumption of fruits and 

vegetables are also reported to contribute (88).  

 More than half (58.33%) of the patients in our study received radiation therapy with 

3DCRT whereas other studies predominantly used IMRT technique. A recent meta-analysis 

comparing both the techniques showed that IMRT is associated with better overall survival 

while the side effects profile remains similar (51). While this may be secondary to IMRT’s 

increased effective dose delivery, limiting cost constraints in Indian subcontinent and limited 

resources in the institution remain the main reasons for continued use of 3DCRT. The 

common schedule followed in our study was 45 Gy in 25 fractions (66.6%) whereas the 

CROSS protocol (41.4 Gy in 23 fractions) was followed in 8 patients (33.3%). Similar to 

CROSS trial, our patients received weekly concurrent chemotherapy with Paclitaxel (50 

mg/m2) and Carboplatin (2AUC). 87.5% of the study population completed the planned 

NACRT schedule similar to CROSS trial (6). 25 % of our study population did not 

experience any acute toxicity requiring interruption of treatment. However, the remaining 

patients experienced toxicities similar to that of other studies (6). In our study 79.16 % of 

patients underwent surgery whereas in other studies 94% underwent surgery after 
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neoadjuvant treatment. We observed 42% of pathological complete response in our patient 

cohort similar to CROSS trial (49%) (6). 

DWI imaging has gained significance as a prediction tool for tumor response to 

therapy because of the dynamic nature of the study and ease of doing in view of the short 

time required for the study and absence of contrast use for generating the images. There was 

no significant difference between the pretreatment ADC values (mean and minimum) among 

responders group and the non-responders group (mean baseline ADC p= 0.440 and minimum 

baseline ADC p=0.099), indicating that both the groups were similar at the start of the trial. 

However, we observed that the interim ADC mean and minimum values were significantly 

higher in responders group (p=0.013 and p=0.001 respectively), clearly identifying the 

patients who would develop complete pathological response at the end of NACRT. 

Interestingly, the end of treatment ADC values (mean and minimum) remained the same 

between the patients with complete pathological response and the non-responders (p=0.180, 

p=0.661). 

Our study reveals that the absolute ADC values in the interim images were 

significantly different between the patients with complete pathological response and patients 

with poor response, while the ADC values at the beginning and end of the treatment is not 

different. This would suggest that the tumor burden at baseline may not be predictive of the 

NACRT response according to our data.  Also, the fact that the end of treatment ADCs were 

found to be similar could possibly be due to the following explanation. The similarity in the 

ADC values (mean and minimum) measured at the end of radiation therapy probably 

indicates that even the non-responders who did not have an early response during treatment 

would have had a late response during treatment.  
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The study by Wang et al (14) and two other studies from Japan (84) (13) observed that 

the baseline or the pretreatment high ADC values were predictive of therapeutic effect in 

esophageal cancers. However, in our study we did not find correlation between the baseline 

or the pretreatment ADC and the pathological response. Van Rossum et al (9) made a similar 

observation to our study.  Another study by De Cobelli et al (85) observed that the baseline 

ADC was inversely related with tumor response (low pretreatment ADC predicted good 

response), which was again not in concurrence with our study as we did not find any 

significant difference in the baseline ADC values between pathological complete responders 

and non-responders. Hence, the current available literature is divided in the efficacy of 

baseline ADC as predictive tool necessitating further imaging studies before the initiation of 

NACRT treatment.  

Wang et al (14) observed that the ADC values during the 3rd weekend were best 

predictive of therapeutic effect while the ADC values remained higher among responders and 

statistically significant throughout the weekly imagings done from start of the study to the 

end. Similarly, in our study the mean ADC value and minimum ADC value measured during 

the interim scan (10-14 days after initiation of radiation therapy) was predictive of the 

pathological complete responders and non-responders as there was a significant difference in 

the absolute mean and minimum ADC values during the interim scan (p=0.013 and p=0.001 

respectively). However, we did not see a uniform ADC difference across the study between 

responders and non-responders in contrast to the observation by Wang et al. Both studies 

agree that the interim scans show the maximum ADC values between responders and non-

responders. However, our study clearly demonstrates that the high interim ADC value is 

independent of baseline ADC values being similar among responders and non-responders, 
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underscoring the importance of the predictive value of interim ADC. Van Rossum et al (9) 

recorded a similar conclusion with ΔADC, albeit with a smaller number of patients with 

complete pathological response.  

The ΔADC calculated during radiation therapy (interim scan) was significantly 

associated with pathological response in the study by Van Rossum et al (9) thereby 

concluding the potential of early change in ADC values during radiation therapy in 

predicting the responders. However, this was not in concurrence with our study (ΔADC mean 

p =0.432, ΔADC minimum p= 0.100). The study by Imanishi et al (84) observed that both 

the interim ADC and the ΔADC during radiation therapy (after 20 Gy) were significantly 

different for responders and non-responders. Our study did not come to the same conclusion. 

Hence, cut-off values generated by ROC curves using larger number of patients may be more 

predictive of response, especially in patients where the baseline ADC values are not 

different.  

The ΔADC (mean and minimum) calculated at the end of radiation therapy was also 

not significantly different (p= 0.953 and p=0.165) between pathological complete responders 

and non-responders in our study. Similar results were seen in the study conducted by van 

Rossum et al (9). However, in the study conducted by Imanishi et al (84), the end of RT 

ADC and the ΔADC at the end of radiation therapy were statistically significant in predicting 

responders and non-responders.  

By predicting the group of patients who will have pathological complete response at 

the end of radiation therapy with the help of diffusion-weighted imaging, the patient group in 

whom surgery can be avoided could be identified. This may be an additional useful tool for 

the cohort of patients who may be considered to be followed up after neoadjuvant 
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chemoradiotherapy following complete response based on imaging and biopsy. This group 

may avoid undergoing surgery. 

In our study we also looked at the correlation between visual prediction from DW-

MRI at the end of radiation therapy and the complete pathological response. We found that 

the sensitivity of the end of RT imaging with a DW-MRI was 100%, specificity was 81.8%. 

The positive predictive value was 75% whereas the negative predictive value was 100%. 

 

Limitations: 

 

1. Breakdown of the MRI machine used for acquiring the diffusion weighted imaging 

studies. It may be prudent to have a back-up coil or machine to perform these studies in a 

timely manner. 

2.  Motion artefacts caused due to respiratory movement and the cardiac pulsation 

resulted in blurred images thereby contributing to errors and discrepancies in ADC 

measurement. Advancement in the MRI technology may circumvent this problem. 

 

 

Future directions: 

1.  Diffusion weighted imaging in esophageal cancers during chemoradiotherapy may 

be useful in predicting early response to chemoradiotherapy prior to surgery. Patients with 

poor response may therefore have to be considered for early surgery or other therapies to 

improve their outcomes.  
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2. Complete response by diffusion weighted imaging both visually and by rising ADC 

values, may be a useful additional predictive tool in patients in whom surgery is being 

delayed or avoided by close follow-up, using various imaging and endoscopic biopsies.  

 

Conclusions: 

1. Serial diffusion weighted MRI performed in patients undergoing 

chemoradiotherapy is feasible and may be used to predict treatment response at surgery.  

2. A significant rise in ADC values in the interim scan obtained at 10-14 days, may 

predict a pathological complete response at surgery.  
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Appendix 

 

Patient information sheet and consent form 

 

 
 

 

Title of Research –`` Diffusion weighted magnetic resonance imaging for 

predicting clinical and pathologic response to neoadjuvant chemoradiotherapy 

in esophageal cancer.`` 

 

 

Person carrying out the research: Dr Neenu Oliver John 

 

 

Part I: - Information sheet 

 

Introduction- I am Neenu Oliver John, post graduate student in the department of 

Radiotherapy. I am doing a research on predicting response to preoperative 

chemoradiotherapy in patients diagnosed with locally advanced food pipe cancer 

(carcinoma oesophagus) with the help of the special MRI imaging during the course of 

your treatment. I am going to give you the information regarding my study and invite 

you to be a part it. At any point of time if there is any doubt or you are not clear with the 

study protocol please feel free to ask. 

Purpose of the research: All patients with locally advanced food pipe cancers similar to 

your type of cancer, are treated with preoperative chemoradiation - which is the standard 

treatment option. Shortly after initiation of the treatment, there is breakdown of tumour 

cells, which is detectable on the special MRI imaging. However, the non-responders to 

 

 
Informed Consent Sheet No.............. 

Department of Radiotherapy 

 

CMC Hospital Vellore, Tamil Nadu 
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chemoradiotherapy will have less cellular breakdown as a result of the poor response to 

the treatment with chemoradiotherapy. Thus in my study with the help of repeated special 

MRI imaging at baseline ,1 week and at completion of chemoradiation patients and by 

correlating with the postop sample are categorized as responders(those patients 

responding to chemoradiotherapy) and non-responders( patients not responding to 

chemoradiotherapy). This valuable outcome can be utilized for tailoring the treatment care 

for the select group of patients in future. 

 

Participant Selection: You have been invited to participate in this study because you have 

been diagnosed to have locally advanced food pipe cancer (carcinoma esophagus) and 

through this study we will be able to predict your treatment response to the preoperative 

chemoradiotherapy with the help of the series of special MRI imaging and comparing with 

the postop sample. untary participation: Your participation in this research is entirely 

voluntary. It is your choice to participate or not. Whether you choose to participate or not, 

your management does not change at all. You may even change your mind and withdraw 

even if you had agreed earlier. 

 

Information on the Research study: All patients who have been selected for the study –

ie the patients diagnosed with locally advanced food pipe cancer (carcinoma esophagus) 

planned for preoperative chemoradiotherapy. A series of special MRI imaging at baseline, 

1st week, and completion of chemoradiotherapy would be done. The imaging study would 

just take 6 minutes in all and would be well coordinated with the Department of Radiology 

for your convenience without  much waiting time. With this study we will be able to 

categorize you as responders and non responders to the current treatment of choice of 

preoperative chemoradiotherapy. This valuable information would be useful as a practise 

changing trend in tailoring the treatment patients diagnosed with locally advanced 

carcinoma esophagus. 

The series of special imaging would be provided free of cost for you. 

 

Side effects: This is an observational study posing no harm to the patients. This special 

form of imaging is a non invasive procedure with absolutely no side effects. 



106 
 
 

 

Risks: Being an observational study it poses no risks to the patients. 

 

Benefits: Categorizing the patients as responders and non responders does not  warrant 

any change in the management of the select group of patients. However the results of this 

study would help in the validation of the role of diffusion weighted MRI study in 

predicting the treatment response in a similar group of patients in the future and to tailor 

their treatments based on their ADC values.. 

 

Confidentiality: Your name will not be mentioned anywhere in the data sheet or the final 

published study. Your data will bear a study number and the same number will be used till 

analysis. 

 

Sharing of the result: The result of research is the property of Christian Medical College 

and I am entitled to publish it in a journal or at a conference. 

 

Right to refuse or withdraw: You do not have to participate in this research if you do not 

wish to. It  is your choice and all your rights will be respected. 

 

 

  This study has been reviewed by [IRB, Christian Medical College], which is a committee 

whose task is to make sure that research participants are protected from harm. If you wish 

to find more about the IRB Contact 

Institutional 

Review Board, 

Christian 

Medical College 

Office of Research, I st Floor, Carman Block, Bagayam, Vellore 

632 002 India. E-mail: research@cmcvellore.ac.in. 

Tel: 0416 -2284294, 2284202 Fax: 0416 – 2262788, 2284481. 

It has also been reviewed by the Ethics Review Committee CMC Vellore, which is 

mailto:research@cmcvellore.ac.in
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supporting the study. 

 

 

 

      Contact Details: 

Dr. Neenu Oliver 

John 

Employment 

number: 29266 

PG registrar in department of 

Radiotherapy CMC, Vellore. 

Mobile No: 09940377927 

E-mail: neenuoj@gmail.com    

 

 

PART II: Certificate of Consent 

 

Title of Research –`` Diffusion weighted magnetic resonance imaging for 

predicting clinical and pathologic response to neoadjuvant chemoradiotherapy 

in esophageal cancer.`` 

Informed Consent form to participate in a research study 

Study Title: 

Study Number: ____________ 

Subject’s Initials: __________________ Subject’s Name: 

_________________________________________ Date of Birth / Age: 

___________________________ 

(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. 

mailto:neenuoj@gmail.com
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(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 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)
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I agree to take part in the above study. 

Signature (or Thumb impression) of the Subject/Legally 

Acceptable Date:  /  /   

Signatory’s Name:    

Representative:   Date:  /  /   

Signatory’s Name:     Signature of the Investigator:     Date:  / 

 /   

Study Investigator’s Name:    Signature of the Witness:    Date: / /   

Name & Address of the Witness:    

 

 

 

 

Contact Details: 

Dr. Neenu Oliver 

John Employment 

number: 29266 

PG registrar in department of 

Radiotherapy CMC, Vellore. 

Mobile No: 09940377927 

E-mail: neenuoj@gmail.com 
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DATA SHEET 

 

 

 
NAME HOSPI NO AGE SEX GEOG ECOG Risk factors Comorbiditi BMI 

Linda Thaba 488671G 54 F Megh 1 Nil Nil 22.2 (accep 

William Khon 507901G 56 M Megh 1 Smoking, alcoNil 23.9 (accep 

Nagendra Du 610813G 41 M Bihar 1 Nil Hepatitis B 21.2 (accep 

Sivalanka Kon615003G 38 F Andhr 1 Nil Nil 25.7(Overw 

Nani Gopal P 619102G 61 M West 1 Nil Nil 19.8 (under 

Nirmal Choud645963G 63 M Megh 1 Nil DM, HTN 25.4 (overw 

Costly Dhkar 652782G 42 M Megh 1 Smoking, Pan NIl 20.7 (accep 

Lakshmi Kant 641004G 60 F Andhr 1 H/o corrosive NIl 25.3 (overw 

Pushpa Paliw 658517G 54 F Maha 1 Nil DM,HTN 19.5 (accep 

Sahadeb Dut 670310G 49 M Tripur 1 Smoker, Alco niL 18.2 (under 

Zokhuma R 684198G 47 M Mizor 1 Nil DM, HTn, H 30.1 (obese 

Om Prakash 689912G 69 M Assam 1 Nil Nil 22.7 (accep 

Pado Ram Ba 676759G 58 M Assam 1 Tobacco chewNil 24.2 (accep 

Vijaya 841947D 45 F Tamil 1 Nil Nil 22.4 (accep 

Romilin Tong 522938G 56 F Megh 1 Nil HTN 30.4 obese) 

Amor Krishna718045G 61 M Bangl 1 Nil NIl 19.7 (under 

Mantu Sau 719327G 32 M West 1 Nil Nil 14.7 (under 

Mathala Leel 753165G 66 F Andhr 1 Nil Nil 27.5 (overw 

Tileswar Saki 750417G 57 M Assam 1 Smoking, alcoNil 21.5 (accep 

Rashed 752136G 50 M Bangl 1 Pan chewer, aNil 29.3 (overw 

Rajiv Ranjan 754602G 53 M Jharkh 1 Nil Nil 26.8(overw 

Jayachandran769049D 62 M Chatti 1 Smoker Nil 21.1 (accep 

Sk Fazar Aha 875927G 62 M Bangl 1 Pan chewer, sNil 20.7 (accep 

Kindlystar Py 560519G 37 M Megh 1 Nil Nil 19.8 (under 
 56 1  
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TUMOR LOCATIO STAGE TYPE OF RT RT DOSE PLA RT DOSE RT SIDE EFFECTS v100 v95 

Middle third (24-2 T3N1 3DCRT 45Gy in 25 #  45 Gy Nil 38.5 95.7 

Middle third (30-3 T3N1 3DCRT 45Gy in 25 #  45 Gy Nil 15 93 

Middle third (30-3 T2N0 3DCRT 41.4 Gy in 23 41.4 Gy NIl 12 95 

Middle third (27-3 T2N1 3DCRT 41.4 Gy in 23 41.4 Gy +Nil 35 95 

Middle third (27-3 T3N2 3DCRT 45Gy in 25 #  45 Gy Vomiting and Dys 30 93.85 

Middle third (28-3 T2N0 3DCRT 45 Gy in 25# 12.67# G Fatigue 1.7 49 

Lower third (35-40T3N2 IMRT 41.4 Gy in 23 41.4 Gy Gastritis requiring 67.8 97.2 

Middle third (25-3T3N0 3DCRT 45 Gy in 25#  45 Gy dysphagia requiri 29 93.35 

Middle third (24-2 T2N0 3DCRT 45 Gy in 25#  45 Gy Nil 19 94 

Mid & lower third T3N2 3DMLC 41.4 Gy in 23 36 Gy / 2 NIl 20 92.58 

Upper & middle th T3N1 3DCRT 45 Gy in 25#  45 Gy NIl 16.75 87.25 

Middle third (30-3 T3N1 3DCRT 45 Gy in 25#  45 Gy Gastritis, fatigue r 4.47 89.96 

Middle third (30-3 T2N1 IMRT 45 Gy in 25#  45 Gy NIl 83.4 98.03 

Middle & lower (2 T3N1 3DCRT 45 Gy in 25#  45 Gy Vomiting 8.5 90.56 

Lower third (at GE T2N0 3DCRT 45 Gy in 25#  45 Gy Fever, cough, diar 30 97.35 

Middle third (33-3 T3N1 3DCRT 45 Gy in 25#  45 Gy Vomiting, loose st 26.9 93.9 

Middle and lower T3N0 2D Linac 41.4 Gy in 23 16.2 Gy/ Vomiting, loose stNA NA 

Middle & lower (2 T3N1 IMRT 41.4 Gy in 23 41.4 Gy   Excessive salivatio 84.5 96.7 

Middle & lower th T3N0 2D (Co-60) 45Gy in 25 #  45 Gy Absolute dysphag NA NA 

Middle & lower th T1N1 2D Linac 41.4 Gy in 23 41.4 Gy Abdominal pain, l NA NA 

Middle & lower th T3N3 IMRT 45 Gy in 25#  45 Gy Nil 80.6 96.95 

Middle third (28-3 T3N1 2D (Co-60) 45 Gy in 25#  45 Gy Nil NA NA 

Middle third (30-3 T3N0 2D (Co-60) 45 Gy in 25#  45 Gy Nil NA NA 
Middle & lower th T3N0 IMRT 41.4 Gy in 23 41.4 Gy   Nil 75.47 95.6 



112 
 
 

 

 
 

`D95 GTV 100 No. OF CCHEMO SIDE EFFECTS  BASEL INTERIM END OF  

SURGERY HISTOL 
95 96% 5 Nil YES YES YES YES SCC 

96.11 95% 4 Afebrile neutropenia ( YES YES YES YES

 SCC 

95 96% 2 Afebrile neutropenia ( YES YES YES YES

 SCC 

95 98% 2 Grade III neutropenia ( YES YES YES NO 

(Medically In SCC 

94 96% 3 Vomiting YES NO YES YES SCC 

46 80% 2 Symptomatic hyponatrYES NO NO NO (Defaulted)   SCC 

96.2 97.90% 3 ( + 1 N Afebrile neutropenia ( YES YES YES YES 

(Shillong) SCC 
 

94 96% 4 Nil YES NO YES YES SCC 

93.5 97% 3 Afebrile neutropenia ( YES YES YES YES SCC 

95 96% 4 Nil YES YES NO YES SCC 

91 96% 5 Nil YES YES YES YES SCC 

94 95% 4 Asymptomatic thromb YES YES YES YES SCC 

97.2 100.16% 6 Nil YES YES YES YES Adenos 

94 95% 4 Afebrile neutropenia ( YES YES YES NO (Inoperable) SCC 

96 97% 4 Febrile neutropenia (1 YES YES YES YES SCC 

95 97% 4 Vomiting, loose stools, YES YES YES YES SCC 

NA NA 1 Grade IV Febrile neutr YES NO NO NO (Defaulted) SCC 

95.02 98.78% 3 Afebrile neutropenia, YES YES YES NO (Inoperable) SCC 

NA NA 3 Nil YES YES YES YES SCC 

NA NA 3 Abdominal pain, loose YES YES YES YES SCC 

95.9 99.20% 4 + 1 NA Afebrile neutropenia ( YES YES NO YES Adenoc 

NA NA 4 Afebrile neutropenia ( YES YES YES YES SCC 

NA NA 0 NA YES YES YES YES SCC 
95.03 98.00% 5 Nil YES YES YES YES SCC 
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HPR TRG CRT period Surgery date Last visit date Last visit status 

ypT3N0 1 (Near CMay 16-Jun 2 25.08.16 07.12.16 No evidence of disease 

ypT0N0 0 (CR) Jun 16 - Jul 2 18.08.16 13.03.17 No evidence of disease 

ypT0N0 0 (CR) Jul-Aug 2016 13.10.16 05.07.17 No evidence Last visited 

S NA NA Jul-Aug 2016 NA 20.07.17 No evidence SURGERY 

DEF 

ypT0N0        0 (CR)      Jul-Aug 2016 04.10.16        19.11.16        No evidence  Visited 

S3 1 m NA NA Aug.16 NA NA NA

 DEFAULTED T ypT0N0 0 (CR) Aug-Sep 201612.11.16 17.09.16 NA 

ypT3N0 3 (poor r Aug-Sep 201601.11.16 30.11.16 NA Last visited 

S ypT2N0 1 (Near CSep-Oct 2016 17.11.16 24.04.17 No evidence of disease 

ypT3N0 3 (Poor r Aug-Sep 201618.12.16 27.01.17 NA (was 

planned ypT0N0 0 (CR) Oct-Nov 201615.12.16 15.04.17

 No evidence of disease ypT0N0 0 (CR) Oct-Nov 201620.12.16

 26.04.17 No evidence of disease ypT0N2 2 

(Mode Oct-Nov 201612.01.17 01.06.17 No evidence (Received 

NA NA NA Oct-Nov 2016NA 12.06.17 Progression developed es 

ypT0N0 0 (CR) Nov-Dec 201 17.01.17 15.05.17 No evidence of disease 

ypT3N0 3 (Poor r Nov-Dec 201 31.01.17 27.09.17 No evidence of disease 

NA NA  Nov.16 NA NA NA

 DEFAULTED T NA NA Dec 16-Jan 1 NA

 08.03.2017 NA INOPERABLE ypT2N0 1 (Near 

CDec 16-Jan 1 14.03.17 15.04.2017 NA 

ypT0N1 2 (Mode  Dec 16-Jan 1 21.03.17 12.04.2017 NA 

ypT3N1 2(Moder Jan 17-Mar 1 13.04.17 31.08.2017 No evidence Adjuvant 

che ypT0N0 0 (CR) Jun - Jul 2017 12.09.17 27.09.17 NA 

ypT3N0 3 (Poor r May-Jun 201 27.07.17 14.08.17 NA Hometown fo 

yp2N0 2 (Partial Jun - Jul 2017 29.08.17 13.09.17 NA 
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 NAME HOSPI NO AGE SEX Baseline Baseline size Baseline area 

1 Linda Thaba 488671G 54 F 25.05.2016 28 x 45 1260 

2 Willman Kho 507901G 56 M 13.06.2016 21 x 32 672 

3 Nagendra Du 610813G 41 M 30.06.2016 18.5 x 33.8 625.3 

4 Sivalanka Kon615003G 38 F 07.07.2016 28 x 22 616 

5 Nani Gopal P 619102G 61 M 19.07.2016 34 x 35 1190 

6 Nirmal Choud645963G 63 M 06.08.2016 25 x 41 1025 

7 Costly Dhkar 652782G 42 M 11.08.2016 29 x 32 928 

8 Lakshmi Kant 641004G 60 F 23.08.2016 26 x 41 1066 

9 Pushpa Paliw 658517G 54 F 01.09.2016 20 x 29 580 

10 Sahadeb Dutt670310G 49 M 09.09.2016 24 x 30 720 

11 Zokhuma R 684198G 47 M 20.09.2016 17 x 38 646 

12 Om Prakash 689912G 69 M 04.10.2016 20 x 24 480 

13 Pado Ram Ba 676759G 58 M 08.10.2016 25 x 32 800 

14 Vijaya 841947D 45 F 20.10.2016 33 x 58 1914 

15 Romilin Tong 522938G 56 F 27.10.2016 08 x 09 72 

16 Amor Krishna 718045G 61 M 08.11.2016 22x 31 682 

17 Mantu Sau 719327G 32 M 07.11.2016 21 x 32 672 

18 Mathala Leel 753165G 66 F 24.12.2016 35 x 44 1540 

19 Tileswar Saki 750417G 57 M 26.12.2016 23 x38 874 

20 Rashed 752136G 50 M 29.12.2016 Lesion too smNA 

21 Rajiv Ranjan 754602G 53 M 28.01.2017 25 x 42 1050 

22 Jayachandran769049D 62 M 01.06.2017 22 x 28 616 

23 Sk Fazar Aha 875927G 62 M 30.05.2017 21 x 38 798 
24 Kindlystar Py 560519G 37 M 13.06.2017 24 x 40 960 
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Restriction si Restricted ar upper ADC mid ADC lower ADC Interim

 Interim size 
 

21 x 44  924 1774, 1075 1495, 563 2154, 956 07.06.2016 25 x 48 

18.5 x 32  592 2221, 1815 1936, 1601 2011, 1508 28.06.2016 21 x 31 

16 x 20  320 1318, 614 1291, 899 1745, 1231 21.07.2016 09 x 22 

29x 26  754 1612, 1395 1772, 1488 1962, 1746 26.07.2016 19 x28 

28 x 36  1008 1527, 812 1286, 915 1625, 1377 NO NA 

NA NA  NA 1800, 1188 NA NO NA 

28 x 34  952 1807, 1231 1608, 1120 1436, 789 27.08.2016 28 x 30 

25 x 47  1175 1732, 568 1427, 829 1397, 973 NO NA 

14.5 x 21.3  308.85 1741, 1231 1415, 972 1802, 1422 21.09.2016 13.6x 14.6 

21 x 30  630 1375, 737 1662, 1082 2086, 1682 29.09.2016 11.6 x 22.7 

18 x 28  504 1256, 466 1905, 1174 2258 , 1705 13.10.2016 13.2 x 17.6 

12 x 16  192 NA NA NA 22.10.2016 11 x 24 

21 x 27  567 NA 1229, 718 NA 27.10.2016 23 x 27 

31 x 55  1705 1359, 996 1271, 562 1196, 566 09.11.2016 only upper cu 

04x08  32 NA 978, 102 NA 15.11.2016 08x08 

21 x 35  735 2579, 1284 1694, 1047 1293, 774 29.11.2016 21 x 29 

14 x28  392 GEJ 1786, 1283  NO  

31 x 45  1395 NA NA NA 07.01.2017 31 x 38 

19 x 32  608 2393, 1406 1703, 1372 2146, 1735 07.01.2017 20 x 33 
 NA  NA NA NA 12.01.2017  

22 x 40  880 1549, 645 1488, 661 2701, 1610 16.02.2017 15 x 31 

17 x 23  391 1959, 1801 1930, 1325 2122, 1488 15.06.2017 13 x22 

21 x 37  777 1687, 999 1679, 484 1791, 691 15.06.2017 20 x 33 
23 x 39  897 1975, 1550 2097, 1377 2324, 1641 24 .06.2017 22 x 40 
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Interim area  Restriction si Restri cted arupper ADC mid ADC lower ADC

 End of RT 
 

 1200 17 x 37   629 2765, 983 2121, 911 2024, 1530 30.06.2016 

651 11 x 26   286 2565, 2102 2554, 1637 2772, 2547 16.07.2016 

198 0x0   0 NA 2884, 2018 NA 13.08.2016 

532 17 x 26   442 NA NA NA 12.08.2016 

NA  NA  NA  NA NA Na 03.10.2016 

NA  NA  NA  NA NA NA NO 
 840 25 x 28   700 2032, 1075 2325, 1720 2071, 1550 19.09.2016 

NA  NA  NA  NA NA NA 29.09.2016 
 198.56 06 x 12   72 2444 , 1510 2353, 1071 2626, 1756 08.10.2016 
 263.32 14 x 19   266 NA NA NA NO 
 232.32 08 x12   96 1923, 558 2464, 1620 2801, 2132 06.12.2016 
 264  0  0 NA 3625, 3479 NA 19..11.2016 
 621 12 x12   144 NA 1308, 1071 NA 19.11.2016 

NA    NA     07.12.2016 
 64 NA  NA  NA 2308, 1924 NA 03.12.2016 
 609 18 x 14   252 2974, 2638 2148, 1060 2594, 1491 17.12.2016 

NA    NA     NO 
 1178 25 x 39   975 NA 1506, 509 NA 28.01.2017 
 660 21 x31   651 2080, 1508 2286, 964 2590, 1731 31.01.2017 

NA  NA  NA  NA NA NA 02.02.2017 
 465 -  NA     NO 
 286 09 x 14   126 2631, 1693 2569, 1448 2859, 2385 29.08.2017 
 660 15 x 24   360 1824, 1328 1928, 1057 1618, 1047 01.07.2017 
 880 13 x 17   221 2011, 1107 2090, 1348 2537, 1762 14.07.2017 
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End of RT siz End area Restriction si Restricted ar upper ADC mid ADC

 lower ADC 
 

16 x 28  448 9.2x 18.7   172.04 2426, 1710 2715, 1611 2970, 1796 

05 x 14  60 0x0   0 NA 2910, 1816 NA 

05 x 4.7  23.5 0x0   0 NA 3018, 2767 NA 

08 x 09  72 0x0   0 NA 2828, 2185 NA 

15 x 11  165 09 x 08   72 NA 2102, 1440 NA 

NA NA  NA  NA  NA NA NA 

16 x 18  2888 13 x 16   208 NA 2336, 988 NA 

09 x 10  90 10 x 10   100 2598, 2068 2325, 1406 2520, 1532 

7.2 x 9.7  69.84 08 x 10.4   83.2 2238, 1869 2118, 1563 3277, 2251 

NA NA  NA  NA  NA NA NA 

7.4 x 13.5  99.9  0  0 NA 3414, 2319 NA 

07 x 10  70  0  0 NA 3469, 3123 NA 

12.6 x 18  226.8 15 x 22   330 NA 2405, 1545 NA 

16 x37  592 20 x25   500  1486, 865 NA 

08x08  64 NA  NA  NA 2426, 2021 NA 

13 x 14  182 19 x 31   589 NA 2793, 1751 NA 
 NA    NA    NA 

17 x 28  476 09 x 17   153 NA NA NA 

18 x 19  342 13 x 14   182 NA 2690, 1703 NA 
 NA    NA  NA NA NA 
 NA    NA    NA 

06 x 07  42 0x0   0 NA 2891, 1205 NA 

15x29  435 15x27   405 1902, 1821 1940, 1704 1688, 1002 
14 x 16  224 09 x 15   135 2210, 1695 2340, 1578 2131, 1507 
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Prediction of HPR TRG Comments 

Residue ypT3N0 1 

(Near CR) CR

 ypT0N0 0 

(CR) 

CR in interim ypT0N0 0 (CR) CR NA NA 

Good respon ypT0N0 0 (CR) NA NA NA 

Good respon ypT0N0 0 (CR) 

Good respon ypT3N0 3 (Poor 

response) Residue ypT2N0

 1 (Near CR) 

NA ypT3N0 3 (Poor response) 

CR ypT0N0 0 (CR) 

CR ypT0N0 0 (CR)

 Artefacts present Residue

 ypT0N2 2 (Moderate 

response) 

NA NA NA 

CR ypT0N0 0 (CR) Lesion 

too small Residue ypT3N0 3 

(Poor response) 

NA NA NA 

Residue NA NA 

Good respon ypT2N0 1 (Near CR) 

NA ypT0N1 2 (Moderate response) 

NA ypT3N1 2(Moderate Response) 

CR ypT0N0 0 (CR) 

Residue ypT3N0 3 (Poor 

response) Good Respon yp2N0 2 

(Partial response) 
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Name: 

Age: 

Sex: 



119 
 
 

Diagnosis: 

Radiotherapy dose: 

Chemotherapy agent: 

No. of Cycles: 

 

Pretreatment Signal Intensity: 

Pretreatment Size:  

Pretreatment ADC1: 

Pretreatment ADC2: 

Pretreatment ADC3: 

Pretreatment ADC4: 

 

1st Week Signal Intensity:  

 1st Week Size: 

1st Week ADC1: 

1st Week ADC2: 

1st Week ADC3: 

1st Week ADC4: 

 

At completion Signal Intensity:  

At completion Size: 

At completion ADC1:  

At completion ADC2:  

At completion ADC3:  

At completion ADC4: 

 

Histopathology report: 
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