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AIM 


To  assess  the  benefits  of  FDG  F18  positron  emission  tomography-computed 
 tomography (PET-CT) in radiation therapy planning for patients with inoperable 
 stage  III  non-small  cell  lung  cancer,  and  the  prognostic  significance  of 
 quantitative metabolic parameters and serial tumour volumetric changes. 



OBJECTIVES  Primary Objective 


To compare the volumetric changes between contoured tumour volumes using 
 FDG F-18 PET CT versus contrast enhanced computed tomogram (CECT), in 
 patients with inoperable stage III non-small cell carcinoma lung. 



Secondary Objectives 


i.  To compare the radiation doses received by various Organs At Risk (OARs) in 
 the radiation field between PET CT versus CECT based radiation plans. 


ii.  To assess the role of various quantitative metabolic parameters obtained from 
 PET in prognostication of these patients. 


iii. To analyse the serial tumour volume changes on weekly cone beam computed 
tomograms  (CBCT)  done  routinely  for  image  verification  and  its  correlation 
with disease outcome. 
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INTRODUCTION 


Lung  cancer,  or  bronchogenic  carcinoma,  (ICD  10  code  C34.90),  refers  to 
 malignancies  that  originate  in  the  airways  or  in  the  lung  parenchyma  Lung 
 cancers are classified based on the histological pattern from the biopsy as either 
 small  cell  lung  cancer  (SCLC)  or  non-small  cell  lung  cancer  (NSCLC) 
 (approximately  95  %).  Lung  cancer  remains  one  of  the  most  prevalent 
 malignancies and ranks high in terms of mortality. Even though it is much more 
 common  in  males,  a  recent  increase  in  incidence  in  women  has  been  noted. 


Extensive studies have made major strides of development in understanding this 
 disease better, and devising newer diagnostic modalities.  


PET-CT  integrated  imaging  is  increasingly  being  utilised  in  staging, 
 radiotherapy  planning  as  well  as  in  the  follow  up  of  lung  cancers.  Based  on 
 various  metabolic  parameters  PET  CT  is  used  as  a  valuable  tool  for  disease 
 prognostication. 



EPIDEMIOLOGY 


Globally,  lung  cancer  continues  to  be  the  commonest  cancer  in  both  sexes 
 combined  as  well  as  for  men  for  several  decades  now,  as  well  as  the  leading 
 cause of cancer related deaths.  


As per Globocan 2018 data, out of the 2,093,876 new cases in 2018 (11.6% of 
 the total new cases in all sites), 58% occurred in less developed regions (1) (Fig. 


1),. It continues to be the most common cancer in men worldwide (1.2 million, 
16.7% of the total) with the highest estimated age-standardised incidence rates 
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in  Central  and  Eastern  Europe  (53.5  per  100,000)  and  Eastern  Asia  (50.4  per 
 100,000). In women, the incidence rates are generally lower, mainly reflecting 
 different  historical  exposure  to  tobacco  smoking.  However,  the  incidence  in 
 women in most countries shows an increasing trend compared to prior data. 


Lung  cancer  is  the  most  common  cause  of  death  from  cancer  worldwide, 
 estimated to be responsible for nearly one in five (1,761,007 deaths, 18.4% of 
 the total).(1) The overall ratio of mortality to incidence is 0.87 reflecting a high 
 fatality. 


Figure 1. Global trends in incidence and mortality from cancer, Globocan 2018 (2) 


In India, lung cancer is the 4th commonest malignancy in both sexes combined, 
 with 67,795 new cases (~5.9% of all sites) and the third commonest cause of 
 cancer related mortality in both sexes combined (63475 deaths, 8.1%)(3) (Fig. 


2).  Among  Indian  males,  lung  cancer  was  the  2nd  commonest  cancer,  but  the 
most common cause of cancer mortality at 48,697 deaths. The estimated lung 
cancer mortality among Indian females was 15,062 (ranking seventh in cancer-
related mortality). Smoker to non-smoker ratio is high, at 20:1 (4). 
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Figure 2: Incidence of lung cancer in India a) Both sexes b) Males (3) 



RISK FACTORS FOR LUNG CANCER 


There have been multiple proposed risk factors that lead to an increased risk of 
 developing lung cancer. A brief account of the major risk factors is described 
 here. 


A. Inhalational tobacco or smoking 


The  link  between  tobacco  smoking  and  bronchogenic  carcinoma  has  been 
 extensively  studied  and  was  unequivocally  established  from  multiple 
 epidemiological  studies(5).  The  geographical  and  temporal  patterns  of  lung 
 cancer incidence closely follow that  of tobacco consumption (6). The highest 
 incidence of lung cancer is seen in populations with rampant tobacco smoking 
 practices,  and  reduction  in  smoking  following  public  awareness  and  tobacco 
 control strategies is followed by a fall in incidence approximately 20 years later. 


The incidence of lung cancer has a rising trend among women, closely following 
the same trend in smoking habits.  Tobacco also causes field cancerisation, as 
demonstrated  by  multiple  coexistent  premalignant  lesions  in  respiratory 
epithelium, as well as nasal and oral mucosa, on histological examination.(7) 
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The cumulative lung cancer risk among heavy smokers may be as high as 30 %, 
 compared with a lifetime risk of lung cancer of 1 % or less in never smokers.(8)  
 Traditionally, the quantity and chronicity of smoking is cumulatively expressed 
 in pack-years, calculated by multiplying average packs smoked per day by the 
 duration of smoking, in years(9). 


No. of pack-years = (No. of cigarettes smoked per day× Years smoked) / 20 


Though  the  practice  of  collecting  pack-years  data  is  widespread  to  quantify 
 tobacco  exposure,  multiple  studies  have  shown  that  it  does  not  reflect 
 proportionately in the risk for lung cancer. Pack-years gives equal weightage to 
 duration  and  intensity  of  smoking.  This  is  inconsistent  with  an  effective 
 mathematical model by Doll et al which explains lung cancer incidence quite 
 well,  where  incidence  rate  is  proportional  to  the  fourth  power  of  age  in  non-
 smokers, and the excess risk in smokers is proportional to the fourth power of 
 smoking duration multiplied by the number of cigarettes smoked per day- i.e. 


the  risk  is  several  times  higher  a  function  of  duration  of  smoking,  than 
 intensity(10).  Lubin et al analysed data from 4625 lung cancer patients vs over 
 7884  controls  from  the  European  Smoking  and  Health  Study  and  found  that 
 smoking  at  a  lower  intensity  for  longer  duration  is  more  deleterious  than 
 smoking at a higher intensity for shorter duration- even though classically both 
 might reflect in pack-year numbers equally(11). 


Despite evidence showing lack of correlation between risk of lung cancer with 
smoking pack-years, it may have a prognostic value, as was shown by Janjigian 
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et al. In 2010 patients with stage IIIB/IV NSCLC, the median overall survival 
 among  smokers  significantly  decreased  with  increasing  pack  years;  patients 
 with ≤ 15 pack year history had longer median survival than patients who had 
 smoked > 15 pack years (14.6 months vs 10.8 months, log rank p =0.03) (12). 


Exposure to other forms of inhaled tobacco, like cigars, hookahs and beedis, is 
 not quantified in pack-years. In India 10 times more people smoke beedis, which 
 have an even higher risk. Beedis do not have filters, they deliver 3–5 times more 
 nicotine,  tar,  and  carbon  monoxide  than  cigarettes,  and  due  to  low 
 combustibility  of  the  tendua  leaves  the  beedi  smokers  take  five  puffs/min 
 compared to cigarette smokers who smoke two puffs/min (13).  


All histological types of lung cancer are significantly associated with smoking. 


A meta-analysis by Khuder et al showed that the association was strongest with 
 squamous cell carcinoma and small cell carcinoma than with large cell cancer 
 and adenocarcinoma. Also, the dose response curve for intensity of smoking was 
 steeper in women, with women having higher OR than men(14).  


B. Second-hand or passive smoking 


The  link  between  second-hand  smoking  (SHS)  in  never  smokers  has  been 
conclusively  established.    SHS  exposure  occurs  at  home  (childhood  exposure 
from parents/other family members and exposure from spouse/family members 
in adulthood), at work, and at public places. Due to public health education and 
legislation in several countries, exposure to second-hand smoke is declining. 
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A meta-analysis by Taylor et al of 55 studies analysed this risk, the pooled RR 
 for never-smoking women exposed to passive smoking ranged from 1.15 to 1.31 
 and consistently showed a causal relationship with lung cancer(15). 


Pooled  data  from  18  case-control  studies  in  the  International  Lung  Cancer 
 Consortium (ILCCO) was analysed in a meta-analysis by Kim et al. Odds ratios 
 between  never  smokers  with  no  domestic  exposure  to  tobacco  as  controls  vs 
 ones with SHS exposure was 1.31 (95% CI: 1.17-1.45) for all histological types 
 combined, 1.26 (95% CI: 1.10-1.44) for adenocarcinoma, 1.41 (95% CI: 0.99-
 1.99) for squamous cell carcinoma, 1.48 (95% CI: 0.89-2.45) for large cell lung 
 cancer, and 3.09 (95% CI: 1.62-5.89) for small cell lung cancer. The estimated 
 association with SHS exposure was greater for small cell lung cancer than for 
 NSCLC, and in NSCLC it was greatest for squamous cell carcinoma (16).  


Passive smoking during childhood increases risk of lung cancer  in adulthood 
 by 3.6 times (17). Subjects first exposed to SHS before the age of 25 were found 
 to have higher risk compared to those exposed after the age of 25 years (18). 


C. Occupational exposure 


WHO International Agency for Research on Cancer (IARC) in their latest report 
 gives an extensive list agents with a causal relationship to lung cancer and the 
 occupational risks of exposure to the same (19,20). Major ones are listed below. 


•  Arsenic and its compounds:  


Antifungal preservatives, pesticides, herbicides, insecticides, non-ferrous alloy 
manufacturing, glass-manufacturing, electronics industry are the major avenues 
for exposure to arsenic and its compounds. 
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•  Asbestos (all forms):  


Asbestos mining and use have a strong causal relationship to lung cancer. Up to 
 10 times increased risk is reported with moderate to high exposure and up to 6.8 
 times  increased  risk  even  with  low  exposure(21,22). Adenocarcinoma  is  the 
 most histologically dominant type in most studies with a predilection for the 
 lower lobe, but squamous cell carcinoma, small cell carcinoma and thoracic 
 sarcoma  are  seen  in  other  studies  (23,24).  In  a  retrospective  study  of  98 912 
 asbestos workers, Frost et al. demonstrated a multiplicative effect of concurrent 
 exposure to asbestos and tobacco to the occurrence of lung cancer. It also causes 
 other benign and malignant neoplasms like malignant mesothelioma (25). 


•  Silica dust and its crystalline form (quartz):  


Acheson  process  to  synthesise  graphite  and  silicon  carbide  is  specifically 
 indicated in increasing risk of lung cancer. Silicosis by itself also adds on to the 
 risk.  Liu  et  al  and  Kachuri  et  al  showed  that  the  effect  of  silica  and  smoking 
 together on lung cancer was close to multiplicative (26–28). 


•  Beryllium and beryllium compounds: 


Acute  beryllium  disease  resembles  chemical  pneumonitis,  and  chronic 
 beryllium  disease  resembles  other  pneumoconiosis-  lung  cancer  risk  is  more 
 pronounced in the latter (29). 


D. Radiation Therapy 


Prior  thoracic  RT  can  increase  the  risk  of  a  second  primary  lung  cancer,  e.g. 


Hodgkin’s lymphoma, breast cancer. This increased risk is most pronounced in 
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smokers.  The relative risk such patients was approximately 2.6 to 7.0, and  it 
 could last for 20 to 25 years(30). 


In  Hodgkin’s  lymphoma  survivors,  excess  risk  began  5  years  after  RT  and 
 persisted for more than 20 years. Risk after treatment with alkylating agents and 
 RT together showed a summative effect. Tobacco use increased lung cancer risk 
 more than 20-fold suggestive of a multiplicative increase in risk. In a study by 
 List  et  al,  small-cell  lung  cancer  was  the  predominant  histologic  type  in  both 
 smokers and non-smokers with HD after RT (31). 


In a study by Grantzau et al., median time from breast cancer treatment to second 
 lung  cancer  diagnosis  was  12 years  with  significantly  higher  incidence  in 
 smokers. The rate of lung cancer increased linearly with 8.5% per Gy and was 
 further  enhanced  for  ever  smokers  with  an  excess  rate  of  17.3%  per  Gy(32). 


Neugut et al. found that risk of lung cancer increased in women who received 
 RT compared to those who did not, 10 years after initial breast cancer diagnosis 
 with a relative risk of 2.0 (95% confidence interval, 1.0-4.3), specifically higher 
 for ipsilateral lung. All three major histologic subgroups were seen. 


E. Genetic predisposition to lung cancer 


The association of lung cancer to genetics and increased familial risk is noted 
but poorly understood. Multiple studies noted lung cancer specific loci mapped 
to chromosome 6q23-25, 15q24-25.1 and about 8% lung cancer cases were found 
to be related to a genetic predisposition (33,34). Studies from Xuanwei province 
in China have shown female predominant genetic susceptibility to lung cancer, 
however the exact genomics of the same are unclear (35). 
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CLINICAL ANATOMY 


1.  Structural anatomy of the lungs 


Both  lungs  are  made  of  anatomically  similar  but  asymmetric  lobes,  further 
 divided into and functional units called segments with independent bronchioles 
 and blood supply (denoted by Boyden’s classification). The left lung has 2 lobes 
 with 8 segments and the right lung has 3 lobes with 10 segments, detailed below: 



LEFT  LO BE


Left Upper Lobe 


1.  Apicoposterior segment (B1/2) 
 2.  Anterior segment (B3) 


3.  Superior lingular segment (B4) 
 4.  Inferior lingular segment (B5) 


Left Lower Lobe 


5.  Superior segment (B6) 
 6.  Anteromedial segment (B8) 
 7.  Lateral segment (B9) 
 8.  Posterior segment (B10)



RI GH T  LOB E


Right upper lobe 


1.  Apical segment (B1) 
 2.  Posterior segment (B2) 
 3.  Anterior segment (B3)
 Right middle lobe 


4.  Lateral segment (B4) 
 5.  Medial segment (B5) 


Right lower lobe 


6.  Superior segment (B6) 
7.  Medial segment (B7) 
8.  Anterior segment (B8) 
9.  Lateral segment (B9) 
10. Posterior segment (B10) 
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2.  Lymphatic drainage of lungs 


Lymphatic  spread  of  lung  cancer  generally  follows  a  sequential  pattern, 
 metastasising  first  to  the  ipsilateral  segmental,  interlobar,  or  lobar 
 intrapulmonary nodes, then to ipsilateral hilar node and thereafter to ipsilateral 
 mediastinal and/or subcarinal LNs and contralateral mediastinal LNs.  


The mediastinal pathways of spread are dependent on the lobe of origin of the 
 pulmonary lymphatics, i.e. the location of the primary tumour. Right upper lobe 
 tumours spread predominantly to the  right paratracheal nodes, left  upper lobe 
 tumours more frequently spread to the peri- and subaortic LNs while middle and 
 lower  lobe  tumours  metastasise  to  the  subcarinal  and  then  to  the  right 
 paratracheal nodes.  Direct drainage to the mediastinal lymph nodes bypassing 
 the hilar and interlobar nodes is noted most frequently with upper lobe tumours 
 and are responsible for skip metastasis seen in up to 25% cases(36). As there are 
 extensive anatomical variations in lung cancer drainage; tumour location is not 


Figure: 3a) Lobes of the lungs.    3b) Segments of the lungs 
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an  actual  predictor  of  nodal  metastasis  pattern  and  complete  systematic 
 mediastinal  nodal  dissection  remains  the  only  acceptable  procedure  during 
 surgical resection, from an oncological point of view(37,38). 


A comprehensive nodal staging of lung cancer is described by the International 
 Association for the Study of Lung Cancer (IASLC) lymph nodal mapping, that 
 defines  14  different  lymph  node  stations,  which  may  be  grouped  into  seven 
 zones (Fig. 4).  


For lung cancer, ipsilateral station 10-14 lymph node involvement is considered 
 N1  disease,  mediastinal  LNs  from  ipsilateral  stations  2-9  are  considered  N2 
 disease, contralateral mediastinal or hilar lymph nodes, as well as station 1 LNs 
 that have tumour cells present, are considered N3 disease. 


Figure 4a) IASLC mapping of mediastinal nodes     4b) IASLC nodal stations 
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NATURAL HISTORY AND PATTERNS OF SPREAD OF NSCLC 


Squamous cell cancers and small cell lung cancers tend to arise in the central 
 airways, whereas adenocarcinoma and large cell lung cancers tend to be located 
 peripherally.  


Lung  tumours  can  spread  by  direct  invasion  of  adjacent  structures,  e.g. 


mediastinal pleura, diaphragm, chest wall, or vertebrae. Haematogenous spread 
 to other organs occurs frequently and most commonly to both lungs (including 
 lymphangitic spread), bones, liver, adrenal glands, and brain (39).  


A study by Lee DS et al studied the primary patterns of metastases and clinical 
 outcomes between squamous cell carcinoma and adenocarcinoma between 427 
 patients. The most common metastatic sites were thoracic lymph nodes (84.3%), 
 lung nodules and lymphangitic spread (59%) and bone (54.8%). Bone metastasis 
 (60.4% vs 30.9%), lung and lymphangitic metastasis (63% vs 42%), and brain 
 metastasis (35% vs 16%) were more frequent in adenocarcinoma (40). 



HISTOPATHOLOGY OF LUNG CANCER 


The major classifications are non-small cell lung carcinoma and small cell lung 
 carcinoma.  As  per  the  WHO  2016  classification  of  lung  tumours,  NSCLC  is 
 majorly  classified  into  adenocarcinoma,  squamous  cell  carcinoma, 
 adenosquamous carcinomas, large cell carcinoma, non-small cell cancers with 
 neuroendocrine features, sarcomatoid carcinoma and non-small cell cancers not 
 otherwise specified (NSCC-NOS) (41).  


Adenocarcinoma,  adenosquamous  carcinoma,  squamous  cell  carcinoma  and 
large  cell  carcinoma  typically  constitute  the  non-small  cell  lung  carcinoma. 
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Adenocarcinoma  can  show  acinar,  papillary,  micropapillary,  lepidic  or  solid 
 growth pattern, with four other unusual variants like invasive mucinous, colloid, 
 foetal  and  enteric  adenocarcinoma  also  being  possible.  Squamous  cell 
 carcinoma has 3 subtypes: keratinising, non-keratinising, and basaloid. 


Sarcomatoid carcinoma is classified as pleomorphic, spindle cell and giant cell 
 carcinoma, carcinosarcoma, and pulmonary blastoma.  


Pulmonary neuroendocrine tumours can be small cell lung carcinoma, large cell 
 neuroendocrine  carcinoma,  carcinoid  tumour  or  diffuse  idiopathic  pulmonary 
 neuroendocrine  cell  hyperplasia  (DIPNECH).  Other  tumours  can  be  salivary 
 gland tumours, adenoma, papilloma, mesenchymal tumours, lymphohistiocytic 
 tumours, tumour of ectopic origin, and metastatic lesions. 



DIAGNOSTIC WORKUP FOR SUSPECTED LUNG CANCER 


The major goals of the initial evaluation of a patient with suspected lung cancer 
are to assess the clinical extent and stage of disease, choose an optimal target 
Figure 5 Histology a) Non-small cell lung carcinoma b) Small cell lung carcinoma  
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site and modality for tissue biopsy, to find the specific histological subtype and 
 to detect comorbidities, secondary complications, and paraneoplastic syndromes 
 that influence treatment options and outcome. 


There  are  varied  recommendations  for  the  above,  and  multiple  available 
 guidelines  like  those  from  American  College  of  Chest  Physician-s  (ACCP), 
 National  Comprehensive  Cancer  Network  (NCCN),  European  Society  of 
 Medical  Oncology  (ESMO),  etc.(42,43).  No  single  diagnostic  algorithm 
 addresses  the  complexity  and  variation  in  patterns  of  lung  cancer.  The  local 
 expertise,  resources,  health  system  factors,  etc.  may  influence  the  approach 
 taken. Multi-disciplinary teams may help facilitate an investigative plan.   


1.  DIAGNOSTIC EVALUATION 


a.  Detailed history and clinical examination 


A detailed history and complete physical examination provide important insight 
 into a patient presenting with suspected lung cancer. Not only does it raise the 
 initial  suspicion,  but  it  also  provides  guidance  in  terms  of  necessary  staging 
 studies etc. as advanced disease may often manifest itself symptomatically. 


Symptoms  in  lung  cancer  often  manifest  only  when  the  disease  is  locally 
 advanced,  or  metastatic,  and  are  broadly  due  to  local  effects  of  the  tumour, 
 effects  from  regional  or  distant  spread,  and  distant  effects  not  related  to 
 metastases (paraneoplastic syndromes).  


A  study  of  2293  patients  by  Kocher  et  al  with  non-small  cell  lung  cancer 
(NSCLC)  noted  a  mean  age  of  64  years,  with  the  commonest  presenting 
symptoms being cough (55 %), dyspnoea (45 %), pain (38 %), and weight loss 
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(36  %)(44).  Lung  cancer  should  always  be  suspected  in  a  current  or  former 
 smoker with new onset of cough or haemoptysis.  


Both non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC) 
 can present with similar symptoms. Features that suggest SCLC include rapidly 
 progressive  symptoms  and  the  presence  of  paraneoplastic  syndromes,  bulky 
 multi-station  mediastinal  metastasis,  superior  vena  cava  syndrome,  and  bone 
 and brain metastases. In contrast, Pancoast's syndrome and hypercalcemia are 
 more frequently encountered in patients with NSCLC. 


A  thorough  clinical  examination  is  necessary  with  an  additional  symptom 
 directed  approach.  Specific  findings  like  clubbing,  SVCO/Pemburton’s  sign, 
 mediastinal shift, pleural effusion, rib tenderness, Horner’s syndrome, skeletal 
 or spine tenderness, neurological deficits, etc. should be actively looked for. 


b.  Diagnostic workup and imaging 


The  initial  diagnostic  imaging  is  usually  a  plain  chest  X-ray  followed  by 
computed  tomogram  of  the  chest  when  the  patient  presents  specifically  with 
thoracic  symptoms; in  other cases, lung lesions are incidentally diagnosed  on 
imaging for other problems and warrants further workup or follow-up imaging 
depending  on  risk  criteria.  Integrated  PET-CT  can  contribute  to  diagnosis  as 
well as staging. In order to expedite treatment, it is preferable to combine the 
diagnostic and staging studies to the best possible extent, while keeping in mind 
resources and finances.  
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c.  Histopathology and approach to biopsy 


Different  modalities  are  used  to  attain  specimen  for  histopathology,  e.g. 


bronchoscopy  with  direct  tissue  sampling  and  bronchial  brush  cytology, 
 transbronchial needle aspiration (TBNA), image guided transthoracic biopsy or 
 FNA,  mediastinoscopy,  EBUS,  EUS,  navigational  bronchoscopy, 
 thoracocentesis  and  pleural  fluid  cytology,  and  even  sputum  cytology.  The 
 choice  of  approach  is  a  balance  between  one  that  is  the  least  invasive,  while 
 providing a high yield. The NCCN guidelines suggest the following approaches: 


•  Central masses or suspected endobronchial involvement → Bronchoscopy 


•  Peripheral / outer third nodules → Navigational bronchoscopy, radial EBUS, 
 or transthoracic needle aspiration (TTNA) 


•  Suspected  nodal  disease  →  Biopsy  by  EBUS,  EUS,  navigational 
 bronchoscopy or mediastinoscopy 


The following are reported on the biopsy: 


•  Histopathology: SCLC, NSCLC including subtypes, others 


•  Immunohistochemistry:  Minimal  histochemistry  tests  should  be  done  to 
 preserve  tissue  for  molecular  testing.  One  lung  adenocarcinoma  marker 
 (TTF-1, Napsin-A) and one squamous carcinoma marker (p40, p63) usually 
 suffice.  Almost  all  tumours  lacking  squamous  cell  morphology  with  co-
 expression of p63 and TTF-1 are classified as adenocarcinoma. 


•  Molecular  testing:    Common  driver  mutations  include  EGFR,  KRAS, 
BRAF,  HER2  mutations,  EML4-ALK,  ROS1,  RET  rearrangements,  and 



(29)21 | P a g e


MET amplifications. EGFR is expressed on the cell surface of a substantial 
 number  of  NSCLCs.  Somatic  mutations  like  exon  19  deletion,  exon  21 
 L858R, and exon 18 G719X confer responsiveness to TKIs, whereas exon 
 20  T790M  mutation  is  associated  with  acquired  resistance  to  TKI 
 therapy(45,46). Activating EGFR mutations are more commonly observed 
 in patients with adenocarcinomas, non-smokers, females, and Asians. 


KRAS mutations are also predominantly found in adenocarcinomas and are 
 seen  in  approximately  25%  of  cases.  They  are  more  common  in  smokers, 
 have a poorer prognosis and seem to be resistant to EGFR-TKIs. 


Fusion between EML4 and ALK is seen in approximately 2-7% of patients 
 with NSCLC adenocarcinomas. ALK rearrangements are more common in 
 non-smokers  or  light  smokers  and  adenocarcinomas,  and  EGFR  and  ALK 
 mutations are mutually exclusive(46). ROS-1 gene alterations are present in 
 approximately 1% of patients with NSCLC. 


2.  STAGING WORKUP 


a.  Role of imaging: 


Different  studies  have  compared  CT  thorax,  abdomen  and  pelvis  vs  a  whole 
body integrated PET-CT and have found the latter to help in both downstaging 
T criterion as well as upstaging disease by detection of distant extra-thoracic or 
non regional nodal metastases etc (47,48). The use of PET-CT can also reveal 
unusual  metastases  that  would  otherwise  escape  detection.  The  benefit  of 
combining conventional CT with PET imaging has been estimated to increase 
the  odds  of  identifying  metastases  at  those  uncommon  sites  by  5-29%.  In 
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selected cases, the use of PET-CT in the preoperative phase can reduce the rates 
 of thoracentesis and other futile interventions(49). 


The NCCN 2019 guidelines recommend FDG PET-CT from the skull base to 
 the knees or whole-body FDG PET-CT for evaluation of patients with stage I to 
 stage IV NSCLC (42). High FDG uptake suspicious for nodal metastases needs 
 histopathologic  confirmation,  and  high  FDG  uptake  suspicious  for  metastatic 
 disease  needs  histopathologic  or  other  radiologic  confirmation  to  confer  the 
 highest TNM stage. In the absence of availability of PET-CT, CT scan of neck, 
 entire  thorax  till  adrenal  glands  is  an  acceptable  alternative,  along  with  bone 
 scintigraphy  to  detect  skeletal  metastases.  MRI  brain  should  be  limited  to 
 NSCLC cases with neurological symptoms. 


b.  Role of mediastinoscopy 


Staging of mediastinal and hilar lymph nodes plays a crucial role in identifying 
the  best  treatment  option  for  patients  with  lung  cancer  without  distant 
metastasis. Imaging techniques often lack the required diagnostic accuracy for 
making the final treatment decision. Invasive lymph node  staging  techniques, 
such as EBUS and/or  EUS, are recommended in  most patients without extra-
thoracic  metastatic  disease  and,  in  many  cases,  also  confirm  a  diagnosis  of 
cancer. The gold standard of mediastinoscopy for invasive staging is challenged 
by EUS advancements, now considered the initial invasive test in most instances 
where  lymph  node  staging  is  required.  However,  if  they  are  negative,  then 
mediastinoscopy is still recommended as per NCCN, especially in patients who 
are considered to be suitable candidates for surgical management. 
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3.  PRE-TREATMENT FITNESS ASSESSMENT 


Treatment  decision  is  often  majorly  decided  by  the  pre-treatment  functional 
 status  of  the  patient  and  comorbidities  and  associated  organ  dysfunction,  etc. 


The basic necessary workup constitutes blood cell counts, renal function tests, 
 liver enzymes, serum calcium and phosphate levels, and also cardio-pulmonary 
 function assessment by spirometry, ECG and echocardiogram, and additionally 
 DLCO  (diffusing  capacity  of  the  lungs  for  carbon  monoxide) and  cardio 
 pulmonary exercise testing if indicated. 


A therapeutic intervention for lung cancer reduces the pulmonary and vascular 
 reserve capacity, either acutely following resection, or more gradually following 
 radiotherapy. This functional loss should be estimated pre-therapy to determine 
 whether  an  individual  patient  is  able  to  cope  with  it  and  to  maintain  an 
 acceptable quality of life and in case of non-metastatic NSCLC often ends up 
 being the major determinant of an acceptable treatment modality. 



STAGING OF NON-SMALL CELL LUNG CARCINOMA 


The American Joint Committee on Cancer (AJCC) 8th edition for classification 
of non-small cell lung  cancers came into effect from January 1, 2018. As per 
AJCC-8, changes have been made into the existing four stages of NSCLC, with 
the most notable change of our interest pertaining to the current study being in 
the sub-classification of stage III being increased to IIIA, IIIB and IIIC. (50) 
The staging of NSCLC is briefly tabulated in the following section: 



(32)24 | P a g e


T staging 


Tx  Tumour is sputum bronchial wash, no tumour on imaging 


T0  No primary tumour 


Tis  Carcinoma in situ 


T1  Tumours  up  to  3  cm  surrounded  by  lung/  visceral  pleura,  not 
 involving main bronchus 


T1a (mi)  Minimally invasive carcinoma 
 T1a  Up to 1 cm 


T1b  > 1 cm up to 2 cm 
 T1c  > 2 cm up to 3 cm 


T2  Tumour size > 3 up to 5 cm,  


Or,  involvement  of  main  bronchus  but  not  carina,  irrespective  of 
 distance from carina, 


Or, involvement of visceral pleura, 


Or, tumour causing atelectasis extending to the hilum 
 T2a  > 3 cm up to 4 cm 


T2b  > 4 cm up to 5 cm 


T3  Tumour > 5 cm up to 7 cm in greatest dimension,  


Or  tumour  of  any  size  invading  chest  wall,  pericardium,  phrenic 
 nerve,  


Or tumour with satellite nodules in same lobe of lung 
 T4  Tumour > 7 cm in greatest dimension, 


Or any size tumour with invasion of mediastinum, diaphragm, great 
 vessels, heart, recurrent laryngeal nerve, trachea, oesophagus, carina, 
 spine,  


Or tumour nodules in different lobes of ipsilateral lung 
 N staging 


N0  No regional node metastasis 


N1  Ipsilateral pulmonary or hilar nodal metastasis 
 N2  Ipsilateral mediastinal or subcarinal nodal metastasis 


N3  Contralateral  regional  nodal,  or  ipsilateral/contralateral  scalene  or 
supraclavicular metastasis 
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Definition of regional node maps (IASLC stations w.r.t. N-staging) 


RIGHT LUNG 


N1  10R, 11R, 12R, 13R, 14R 
 N2  2R, 3A, 3P, 4R, 7, 8, 9R 


N3  1R, 1L, 2L, 3A, 4L, 5, 6, 8, 9L, 10L, 11L, 12L, 13L, 
 14L 


LEFT LUNG 


N1  10L, 11L, 12L, 13L, 14L 
 N2  2L, 3A, 4L, 5, 6, 7, 8, 9L 


N3  1R, 1L, 2R, 3A, 3P, 4R, 8, 9R, 10R, 11R, 12R, 13R, 
 14R 


M staging 


M0  No distant metastasis 


M1a  Tumour nodules in contralateral lung, 


Or Malignant pleural or pericardial effusion or pleural/ pericardial nodules 
 M1b  Single extrathoracic metastasis in single organ 


M1c  Multiple extrathoracic metastases (in 1 or more organs) 


Stage grouping 


T/M  SUBGROUP  N0  N1  N2  N3 


T1  T1a  IA1  II B  III A  III B 


T1b  IA2  II B  III A  III B 


T1c  IA3  II B  III A  III B 


T2  T2a  I B  II B  III A  III B 


T2b  II A  II B  III A  III B 


T3  II B  IIIA  III B  III C 


T4  III A  IIIA  III B  III C 


M1  M1a  IV A  IV A  IV A  IV A 


M1b  IV A  IV A  IV A  IV A 


M1c  IV B  IV B  IV B  IV B 
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Stage IIIA includes T4 N0 M0, T3/4 N1 M0, and T1/T2 N2 M0 tumours. Stage 
 IIIB  tumours  are  either  T3/T4  N2  M0  or  T1/T2  N3  M0.  Stage  IIIC  involves 
 T3/T4  N3  M0  tumours.  Stage  III  NSCLC  is  usually  described  as  ‘locally 
 advanced lung cancer’, in view of its inoperability owing to the extensive loco-
 regional disease, but lack of distant metastasis. 



MANAGEMENT OF NON-SMALL CELL LUNG CANCERS


The management of NSCLC is described underneath, with focus and emphasis 
 on the management of stage III NSCLC which comprises our study population, 
 and a brief note on management of early and metastatic cancers. 


1.  MANAGEMENT OF EARLY NSCLC 


The various treatment options for stage I and II NSCLC are briefly listed below: 


Figure 6.  AJCC 8th staging of NSCLC: A pictorial representation 
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•  Complete surgical resection: It is the preferred approach for patients who are 
 surgical candidates. Lobectomy is the  usual  standard procedure. In  very small 
 tumours less than 3 cm in size with no high-risk features, sub-lobar or limited 
 resection may be done. Pneumonectomy is done in select cases but associated 
 with greater morbidity. 


•  Adjuvant  chemotherapy:  It  is  indicated  for  patients  with  stage  II  disease  on 
 histopathology,  with  a  Cisplatin  based  regimen.  It  may  also  be  indicated  for 
 patients  with  stage  IB  disease,  especially  those  with  high-risk  features  like 
 lymphovascular invasion, poor differentiation, or high standardized uptake value 
 (SUV) on positron emission tomography (PET; variably defined as SUV 10 or 
 more). The LACE meta-analysis showed a nonsignificant trend toward improved 
 OS in IB subgroup with high risk features (51). 


•  Adjuvant  radiotherapy:  Postoperative  radiation  therapy  (RT)  is  indicated  in 
 stage I or II disease only in case of positive surgical margins. R0 resection does 
 not warrant postoperative RT. In patients with stage III disease after resection, 
 adjuvant  chemotherapy  followed  by  sequential  postoperative  RT  is 
 recommended, when mediastinal lymph nodes (N2) are involved(52,53).  


•  Definitive RT: For medically inoperable patients, as well as who refuse surgery. 


Stereotactic body  radiation therapy (SBRT) is preferred for those with lesions 


<5 cm. SBRT or full-dose conventional fractionation is indicated for those with 
 larger  lesions.  Prospective  phase  II  studies  in  patients  with  small,  peripheral, 
 biopsy-proven NSCLC have shown local control rate of approximately 90-95% 


with SBRT(54,55).
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2.  MANAGEMENT OF LOCALLY ADVANCED NSCLC 


Evolution of treatment for this set of cancers has followed a long way from initial 
 single  modality therapy only, to concurrent radical chemoradiation  now being 
 considered as the treatment of choice. The CALGB 8433 trial and the RTOG 88-
 08  compared  radiation  therapy  only,  to  sequential  chemotherapy  and 
 radiotherapy,  in  patients  with  stage  II-IIIB  NSCLC,  and  favoured  the  latter  in 
 view  of  increased  median  survival  and  2/5-year  overall  survival  (36,37). 


Thereafter,  several  studies  have  looked  at  different  combinations  of 
 chemoradiation – including sequential chemotherapy followed by radiotherapy, 
 concurrent chemoradiation, induction chemotherapy followed by consolidation 
 chemoradiotherapy,  and  concurrent  chemoradiation  followed  by  consolidation 
 chemotherapy. Of all these, most notably the RTOG 9410 showed better median 
 survival and overall survival in the patients receiving concurrent chemoradiation 
 with  standard  fractionation  and  chemotherapy  with  cisplatin/vinblastine  (38).  


The Lamp trial unarguably showed better response when upfront chemoradiation 
followed  by  consolidation  chemotherapy  was  given  as  opposed  to  induction 
chemotherapy  followed  by  concurrent  chemoradiation,  with  paclitaxel  and 
carboplatin  being  used  for  the  chemotherapy  regimen(39),  followed  by  the 
CALGB  39801  report  that  again  used  paclitaxel  and  carboplatin  for 
chemoradiation  in  one  arm  and  induction  chemotherapy  followed  by 
chemoradiation  in  the  other.  While  the  median  and  overall  survival  were 
comparable,  the  arm  with  induction  chemotherapy  had  significantly  greater 
incidence of haematological toxicities (40). All these led to the establishment of 
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radical  concurrent  chemoradiation  as  the  treatment  of  choice  for  inoperable, 
 locally advanced NSCLC patients. 


Regarding treatment of NSCLC, there have been several strides of development. 


Setting aside advancements in systemic therapy like the advent of a plethora of 
immunotherapeutic agents and targeted therapy drugs tailored to suit molecular 
subtypes, even locoregional treatment with radiation has seen several paradigm 
shifts. There is an increasingly curative intent in the treatment and specifically 
speaking, combinations of chemotherapy and thoracic therapy has significantly 
improved  survival  even  in  advanced  stages.  Initial  conventional  or  two-
dimensional techniques were inherently problematic in the fact that visualisation 
of the tumour was not possible, and chest radiograph-based planning required 
larger radiation fields in view of greater uncertainties. This led to a tight balance 
between  higher  radiation  dose  related  toxicities  and  minimising  marginal 
failures – and local tumour control remained suboptimal in these patients even 
upon addition of chemotherapy(56). A key driver in the improvement of local 
control has been the significant evolution in radiation techniques in the last three 
decades,  allowing  delivery  of  more  effective  radiation  doses  while  limiting 
doses  to  normal  tissues.  With  the  advent  of  image-guided  radiation  therapy 
(IGRT),  techniques  have  moved  from  2D  approaches  to  3-dimensional 
conformal  RT  (3DCRT).    However,  limited  beam  arrangements  and  uniform 
dose in each beam in 3DCRT still lead to high doses to organs at risk (OARs) 
(i.e., normal lungs, heart, spinal cord, and oesophagus)  because of the simple 
and relatively large fields (57–59). 
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Intensity-modulated  RT  (IMRT)  and  volumetric-modulated  arc  therapy 
 (VMAT) have enabled even more conformal radiation delivery and additionally 
 have  minimised  toxicities  to  the  OARs.  IMRT  treatment  plans  use  advanced 
 technology to modify the intensity of each photon beam via dose-rate alterations 
 and field modulation with multi-leaf collimators (MLCs). Treatment plans are 
 usually  inversely  optimised  by  a  treatment  planning  system  and  generate 
 conformal  dose  distributions  with  sharper  dose  falloff  around  treatment 
 structures,  thereby  theoretically  reducing  collateral  dose  to  normal  tissue  and 
 resulting  morbidity  associated  with  radiation  dose  to  OARs(60).  To  test  the 
 hypothesis  of  reduced  OAR  dose  with  IMRT,  several  studies    compared  the 
 dosimetry of 3DCRT and IMRT in treating NSCLC and found the latter to have 
 definite reduced OAR doses, provided more than 5 beams were in use (61,62). 


Respiratory excursion causes significant tumour motion in all three orthogonal 
 directions, maximum craniocaudally. For tumours in the lung, motion extent and 
 characteristics vary with location and attachments of the tumour, tumour size, 
 lung function, in addition to cycle-to-cycle variations in breathing and changes 
 on a longer time scale of days and weeks. Advances in treatment of lung tumours 
 therefore  encompasses  image  guidance  for  radiation  delivery,  as  well  as 
 techniques of motion management. 


4DCT scans display the breathing motion of all structures in the scan region as 
it occurs in the breathing cycles taking place during the scan period, and yields 
images encompassing the different position changes due to the breathing cycles. 
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This provides information regarding the volumetric breathing dynamics in the 
 patient and aids planning accordingly. 


Motion management in lung cancer treatment can be undertaken by: 


•  Encompassing  possible  tumour  excursion  in  treatment  field  margins:  All 
 images  from  the  4DCT  scan  are  overlaid  to  create  a  maximum  intensity 
 projection  of  all  phases.  The  summed  target  volume  from  all  phases  of 
 respiration is used as the ITV, and treated as the gross target- this ensures full 
 irradiation of the target despite variations in position during the breathing cycle.  


•  Respiratory gating: The principle involves irradiating the target only within a 
 limited pre-defined window of  the breathing  cycle;  i.e.  the beam is  turned on 
 and off in synchronisation with the breathing cycle. For this, the gating phase is 
 identified using breathing monitoring devices. Breath hold techniques can also 
 be used and utilise the same principle. 


•  Motion  tracking:  This  involves  directedly  aiming  the  treatment  beam 
 continuously and also dynamically at the moving target. 


3.  MANAGEMENT OF METASTATIC NSCLC 


The  goals  of  patient  management  for  patients  with  metastatic  NSCLC  are  to 
 prolong survival and to maintain a good quality of life. The treatment approach 
 should recognise the palliative intent and minimise treatment related toxicities. 


The first option for treatment is chosen based on several factors like presence of 
driver mutations, programmed cell death ligand 1 (PD-L1) expression, histology, 
and clinical condition of the patient, broadly described below. 
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Driver mutation status absent or unknown:   


If  tumour  PD-L1  expression  is  ≥50%  then  pembrolizumab  monotherapy  is 
 preferred.  However,  combination  of  chemotherapy  and  pembrolizumab  is 
 preferred in patients with rapidly progressive disease (63). For patients with PD-
 L1 expression <50 %, a combination of doublet chemotherapy with concurrent 
 pembrolizumab  is  preferred.  Cisplatin/carboplatin  and  Pemetrexed  is  used  for 
 non-squamous histology; Paclitaxel and Carboplatin for squamous histology. 1st
 line  chemotherapy  is  limited  to  4-6  cycles.  In  stable  disease,  maintenance 
 systemic  therapy  can  prolong  PFS  and  OS.  For  such  patients,  options  include 
 maintenance Pembrolizumab with Pemetrexed, or Pemetrexed alone. 


Driver mutation present 


•  EGFR  mutation  positive:  Single  agent  Tyrosine  kinase  inhibitors  (TKIs) 
 osimertinib, erlotinib, gefitinib, or afatinib recommended, until progression. 


•  ALK fusion oncogene-positive: ALK TKIs are recommended as single agents, 
 i.e. alectinib, or alternatively ceritinib, brigatinib or crizotinib. 


Role of Radiation Therapy in metastatic NSCLC 


In select cases with oligometastatic disease, SABR may be delivered to the site 
of metastatic disease and can also improve PFS for patients on Pembrolizumab, 
possibly due to abscopal effect(63). In other cases, the role of RT in metastatic 
NSCLC is purely palliative, e.g. for pain relief, for relief of brachial plexopathy 
or spinal cord compression, whole brain radiotherapy for brain metastases, etc. 
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FDG F-18 PET-CT AND ITS ROLE IN LUNG CANCER 


a.  Principle and basics of FDG F-18 PET CT 


Positron emission tomography (PET) is a tomographic imaging technique that 
 non-invasively provides a quantitative assessment of biochemical and functional 
 processes. There are various positron emitters available, but 18F (combined with 
 FDG – fluorodeoxyglucose) is the most commonly used. Integrated PET with 
 CT in a single unit (PET-CT) is a type of hybrid imaging which has become an 
 important and accepted imaging modality in clinical routine as it provides more 
 accurate lesion localisation and characterisation than either PET or CT by itself. 


Principle of positron emission tomography (PET): Radiation emitted from a 
 radiopharmaceutical which is intravenously administered to a patient is detected 
 by  external  detectors  positioned  along  different  orientations.  The  isotope 
 distributes within different tissues according to the carrier molecule being used 
 (isotopic labelling) and emits a positron (a positively charged electron), which 
 in turn interacts with a free electron and an annihilation reaction occurs. This 
 results in the production of two 511-KeV photons travelling linearly in opposite 
 directions.  The  directionality  of  the  annihilation  photons  (two  511-keV 
 annihilation photons emitted in opposite directions) provides a mechanism for 
 localizing the origin of the  photons by back-projection algorithms  and hence, 
 the radioactive decay process that resulted in their emission(64). 


Radiopharmaceuticals  used  in  PET:  PET  radiopharmaceuticals  currently 
recognised  by  FDA  are:    a)  fluorodeoxyglucose  (18FDG)  to  identify  areas  of 
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abnormal glucose metabolism, e.g. malignancies, b)  sodium fluoride (Na18F) 
 for bone imaging, c) rubidium chloride (82RbCl) to assess regional myocardial 
 perfusion,  d)  ammonia  (13NH3)  for  assessment  of  myocardial  blood  flow. 


18FDG is the most widely used radiopharmaceutical in clinical oncology (65). 


Principle for use of FDG F-18 as tracer for malignancy: Chemically, FDG 
 F-18 or 2-deoxy-2-(18F) fluoro-D-glucose, is a glucose analogue, with the C-2 
 position  in  the  glucose  molecule  being  occupied  by  the  positron-emitter 
 radionuclide  fluorine-18  instead  of  a  hydroxyl  group.  Tumour  cells  have 
 increased  glycolytic  activity  and  glucose  is  preferentially  concentrated  by 
 increase in membrane glucose transporters and increase in enzymes involved in 
 phosphorylation  of  glucose.  FDG  is  transported  into  tumour  cells  similar  to 
 glucose by GLUT transporters, and  phosphorylated by hexokinase to FDG 6-
 phosphate which is not efficiently metabolised and accumulates within the cell. 


This ‘metabolic trapping’ of FDG in the cell constitutes the basis for imaging 
 the  in-vivo  distribution  of  the  tracer  with  FDG  PET.  The  normal  areas  of 
 physiologically  high  FDG  uptake  include  the  brain,  the  myocardium,  any 
 muscles with movement during the scan, renal collecting system and bladder, 
 and variably within the gastrointestinal tract. 


Combined PET-CT:  Software based image registration between PET and CT 
images done with different setups separately suffers from multiple challenges 
and is considered suboptimal for clinical use. Geometrical relationships between 
different anatomic regions is influenced by shape of the patient table, orientation 
of  the  body  and  limbs  during  the  imaging  procedure,  internal  organ  shift 
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between  the  two  procedures,  etc.  Combined  PET-CT  provides  a  crucial 
 advantage  over  separate  PET  and  CT  imaging  in  correlating  functional  and 
 anatomic  images  without  moving  the  patient  (except  table  translation).  Dual-
 modality imaging systems have been commercially available since 2001.  


The  PET  and  CT  images  are  supplementary  and  complementary-  PET  can 
 identify disease not apparent on anatomical imaging, while CT data improves 
 visual quality and quantitative accuracy of the correlated radiotracer data as: a) 
 it provides an anatomic context to differentiate normal metabolic uptake from 
 disease, b) it helps to localise disease sites within the body, c) and it helps to 
 produce patient-specific attenuation maps that reduce the noise from PET data. 


Figure 7: Principles of operation of a combined PET/CT scanner showing the key 
 hardware components and the main steps involved in data acquisition and 


processing protocols, including generation of the attenuation map required for 
CT-based attenuation correction of PET data. ACFs, attenuation correction 
factors 
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a.  Quantitative parameters in FDG F18 PET-CT 
 1  Standardised uptake value (SUV) 


Standardized  Uptake  Value  (SUV)  is  a  semi-quantitative  measure  of  the 
 normalised concentration of radioactivity in a tumour or lesion of interest. It is 
 given by the ratio of the image derived radioactivity concentration cimg and the 
 whole-body concentration of the injected radioactivity cinj, 



SUV = c
img /  c
inj. 

SUV measurement can be done in a two-dimensional region of interest (ROI) or 
 three-dimensional volume of interest (VOI). The radioactivity measured at the 
 ROI of interest has to be normalised to the average radioactivity concentration 
 in the patient’s body. The average radioactivity concentration is approximated 
 as the injected dose divided by the patient’s body size, weight or body surface 
 area; SUV is the ratio of tissue radioactivity concentration and injected activity 
 divided by the weight of the patient. This value is influenced by various factors 
 such  as  tissue  activity,  tissue  state,  time  from  injection  to  imaging  and 
 normalisation factors. Body weight, lean body weight or body surface area have 
 all been used by different authors. Compiling the above, SUV is also given as: 


   
SUV= r/(a′/w),       
 (66) 

where r is  the  radioactivity  activity  concentration  [kBq/ml]  measured  by  the 
PET scanner within a region of interest (ROI), a′ is the decay-corrected amount 
of  injected  radiolabelled  FDG  [kBq],  and w  is  the  weight  of  the  patient  [g], 
which is used a surrogate for a distribution volume of tracer. It is the ratio of 
(decay corrected activity/tissue volume) to (injected activity/ body weight). 
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1.1  SUVmax: The highest voxel value within a VOI or ROI is the SUVmax- 
 the most commonly used parameter to measure metabolic tumour activity in 
 oncological imaging. It is usually measured by surrounding the target lesion 
 with a 3D VOI or drawing  multiple 2D  ROIs in different  axial slices and 
 interpolating it to detect the highest activity. It is more reproducible and less 
 observer  dependent  compared  to  SUVmean.  SUVmax  has  applications  in 
 various stages ofmanagement, e.g. at baseline, during treatment, early and 
 late post treatment and during follow up of patients (67,68). 


1.2  SUVmean:  SUVmean  uses  information  from  multiple  voxels  thereby 
 making it less sensitive to image noise, but it is also more subjective to both 
 intra and inter observer variability since it depends on the voxels which were 
 chosen to calculate the average and ROI. Due to this it is not as commonly 
 used as a metabolic biomarker as SUVmax. However, studies have shown 
 correlation with survival and locoregional control (67,68) 


1.3  SUVpeak:  SUVpeak  is  a  hybrid  SUV  measurement  that  includes  a  local 
average SUV value in a group of voxels surrounding the voxel with highest 
demonstrated activity,  that maintains the high reproducibility of SUVmax 
while reducing noise with improved statistics. In clinical imaging with noise 
properties  typically  associated  with  whole  body  studies,  SUVpeak  was 
shown  to  be  a  more  robust  alternative  to  SUVmax  to  assess  the  most 
metabolically active tumour region. However, it has not yet been used in a 
standardised way and has not been used for routine reporting yet. 
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2  Metabolic Tumour Volume (MTV) 


Metabolic  tumour  volume  (MTV)  is  defined  as  the  volume  of  tumour  that 
 demonstrates  FDG  uptake.  It  is  a  combined  metabolic  and  volumetric 
 biomarker  that  estimates  the  volume  of  tumour  based  on  the  distribution  of 
 metabolic activity. SUVmax is a single pixel representation of maximum FDG 
 uptake, whereas MTV can quantify overall tumour burden. MTV is given as 


where  Si  represents  the  area  with  abnormal  metabolism  of  each  slice,  d 
 represents the interval of the CT scan, MTVi represents the MTV of each slice, 
 and n represents the number of slices with abnormal metabolism. Volume based 
 parameters were sought to identify methods that can more accurately identify 
 true  tumour  burden,  better  predict  outcome  and  hence  prognosticate  disease 
 (69). Additionally, MTV is also less affected by the uptake time than SUV and 
 therefore  better  for  cross-study  comparisons.  There  are  different  methods 
 mentioned to accurately and appropriately segment MTV. The most commonly 
 used  methods  include  an  absolute  or  fixed  %age  SUVmax  threshold  and 
 gradient or adoptive segmentation methods.  


3  Total Lesion Glycolysis (TLG) 


TLG  theoretically  represents  the  total  activity  of  metabolically  active  tumour 
 cells within the volume of interest. It is given by the metabolic tumour volume 
 multiplied by SUVmean of included voxels, or 



TLG  =  MTV X SUVmean 
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TLG represents both degree of FDG uptake  and size of  tumour. A  high TLG 
 value has been shown to be associated with poorer overall survival, disease free 
 survival and local failure free survival rates (69). 


b.  Role of FDG F18 PET-CT in diagnosis of NSCLC 


PET  has  been  studied  extensively  in  the  diagnostic  setting,  especially  in 
 evaluation  of  indeterminate  lung  lesions  as  small  as  1  cm.    Schrevens  et  al. 


described the role of FDG F18 PET-CT in differentiating a malignant solitary 
 lung  nodule-  they  reported  an  overall  sensitivity  of  96%  (range,  83%–100%), 
 specificity  of  79%  (range,  52%–100%),  and  accuracy  of  91%  (range,  86%–


100%)    (70).  Prolonged  observation  of  the  metabolic  activity  of  the  nodules, 
 measured by SUV, is more helpful in difficult cases, as early and delayed reading 
 of  FDG-PET  shows  higher  SUV  at  3  hours  than  at  1-hour  post-injection  for 
 malignant lesions, while benign lesions show the opposite trend. 


However, PET is accompanied by the chances of both false-positive and false-
 negative reports, and therefore needs to be analysed in conjunction with clinical 
 details,  and  anatomic  data  as  provided  by  CT  scan-  which  is  where  the 
 importance of integrated PET-CTs comes in again. Lesions smaller than 1 cm 
 may  lack  a  critical  mass  of  metabolically  active  malignant  cells  and  therefore 
 might not show  significant FDG avidity, despite being  malignant.  Lowe et al. 


analysed  lesions with a cut-off size of 1.5 cm; smaller lesions had a sensitivity 
of  80%  while  it  was  significantly  more  (92%)  in  larger  lesions  (71).  Even  in 
larger tumours, false negatives are a possibility in case of tumours with a low 
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