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XX Annual Meeting on 

Evidence Based Management of Cancers in India 

Contemporary management of Lung cancer: Hope to 

Reality 

 

Preface 

Tata Memorial Centre has pioneered the cause of EBM in 

oncology in India and has been conducting the annual 

meeting on EBM in common cancers for the past nineteen 

years. The 20th conference on Evidence Based 

Management of Cancers in India- ‘EBM 2022’ is being 

held virtually from 17th to 20th and 24th to 27th February, 

2022. Each year renowned international and national 

faculty discuss and debate different aspects of cancer 

care and we collate and publish the best available 

evidence in the form of the ‘EBM book’ which is easily 

accessible on our official website. The EBM meeting helps 

busy clinicians from all over the country and overseas to 

get updated on the best available evidence in oncology in 

a span of 2-3 days, thereby translating into better overall 

patient care.  

Lung cancer is the most frequently diagnosed cancer 

worldwide and a major health problem in both developed 

and developing countries. The treatment landscape of 
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lung cancer has undergone a paradigm shift in the past 

decade from a conventional approach to a more 

personalised strategy, owing to the development of 

effective screening methods, advancements in imaging 

modalities, sophisticated molecular pathology practices, 

nuanced surgical techniques and technological 

innovations in radiation delivery techniques. The biggest 

breakthrough, however, has come from the evolution of 

targeted agents and use of immunotherapy, which has 

revolutionized the management of Lung cancer. 

The goal of this manual is to critically review, present the 

best available evidence and management practices, which 

can be easily assimilated into clinical practice across the 

country. By acting as a ready reference in the clinic, this 

handbook will serve as a useful tool for practicing 

physicians and oncologists alike. 

 

 

 

 

Prof R A Badwe, Director,  

Tata Memorial Centre 
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Introduction 

The last decade has been eventful in the history of lung 

cancer management with significant advances in all three 

modalities: surgery, systemic therapy and radiation. The 

biology of the disease is better understood, some long 

held principles of management have been questioned and 

effective systemic therapeutic agents have been added to 

the armamentarium of lung cancer management. More 

importantly, lung cancer has transitioned from being a 

‘deadly disease with no cure’ to a ‘manageable disease’, 

where early detection can facilitate cure and some 

patients presenting even with stage 4 disease can expect 

to live a few fruitful years. 

The buzzwords in thoracic oncology in the last few years 

have been ‘targeted therapy’ and ‘immunotherapy’. 

Massive strides have been made in translating these 

molecular concepts to bedside and clinical medicine. 

Attesting to this incredible progress is the fact that the 

2018 Nobel prize was awarded to the founding fathers of 

immunotherapy. Immune therapeutic agents have been 

accepted as first line, standard of care for mutation 

negative, metastatic lung cancer. In an attempt to harness 

the benefit of these agents for non-metastatic lung cancer 
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as well, trials are ongoing to test the efficacy of Tyrosine 

Kinase inhibitors (TKI’s) and immunotherapy agents in the 

neo-adjuvant and adjuvant arena. The recently published 

ADAURA trial caused quite the uproar with excellent 

Disease-Free Survival (DFS) and CNS metastases free 

benefit offered by adjuvant Osimertinib in completely 

resected, EGFR positive lung cancer. Neo-adjuvant 

immunotherapy in resectable lung cancer has not only 

proven to be tolerable but also efficacious, showing 

admirable pathological complete response rates. Early 

results from IMpower 010 show promise with 

Atezolizumab in the adjuvant setting after curative 

resection.  

The surgical approach to management of lung cancer has 

undergone a sea change in the past decade. While the 

previous decade established the importance of accurate 

mediastinal staging in lung cancer, this decade saw its 

widespread adoption with the advent of the Endobronchial 

Ultrasound (EBUS) technique. This has helped stage our 

patients better and ensured adequate, stage-appropriate 

treatment. ‘Lobectomy’ as the gold standard for lung 

cancer resection was challenged by the recent JCOG 

0802 trial by Asamura et al. This trial paved the way for 

anatomical segmentectomy for smaller tumours and 
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showed its potential. The results from the CALGB trial in 

this regard are eagerly awaited! Minimally invasive 

surgery has increasingly been adopted in most centers 

with surgeons pushing the boundaries in terms of extent of 

resection as well decreasing the access required. 

However, level 1 evidence to support its adoption has 

been scarce. The recently concluded VIOLET trial was a 

shot in the arm for minimally invasive surgery, showing 

superior short-term outcomes with MIS. The advent of 

robotic staplers and the dexterity afforded by the robot 

have made this approach popular among thoracic 

surgeons. Data from recent trials have also given us a 

better understanding of the importance of lung 

parenchyma preservation. Every attempt at parenchyma 

preservation without compromising margins has become 

the norm with bronchial and vascular sleeve resections 

being increasingly performed at several centers with 

enviable outcomes.  

The role of radiotherapy in the management of lung 

cancer has seen a tremendous advancement in the last 

decade ranging from long term outcomes of SBRT in 

early-stage NSCLC (JCOG 0403), definitive 

chemoradiation therapy including use of Proton therapy, 

SBRT in oligometastatic NSCLC and for metastatic sites 
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(oligoprogression) like brain, lung and spine. The long-

term pooled results of the STARS and ROSEL trials have 

established the efficacy and safety of Stereotactic Body 

Radio Therapy (SBRT) for definitive treatment in stage I 

lung cancer. Radiation oncologists and surgeons are 

furiously debating whether the data is strong enough to 

promote SBRT in medically operable, early lung cancer.  

Radiotherapy has been an important component of 

management of N2 disease; however, role of post-

operative radiation therapy has been questioned from the 

recently published LUNG-ART and PORT-C randomized 

trials.  

Low dose CT for lung cancer screening as shown in the 

NLST, NELSON and MILD trials has been proven beyond 

doubt to decrease lung cancer mortality.  Whilst the earlier 

trials focused on smokers as a high-risk population, recent 

trials like the TALENT study from Taiwan, have attempted 

to identify other high-risk groups.  However, identifying an 

ideal ‘high risk’ group or a risk prediction model to identify 

the population that would most benefit from screening 

remains a challenge.  

Lung cancer research has become truly global in the last 

decade with several large multi centre collaborations 
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across countries. This has improved the representation of 

most populations in trials and enhanced the 

generalizability of trial results. Earlier, the typically 

described lung cancer patient was an elderly, white, male 

smoker. Today, this has been replaced by a young to 

middle aged Asian woman, non-smoker, frequently testing 

positive for an actionable mutation. Consequently, the 

need for a personalized management plan for each patient 

by a dedicated, multi-disciplinary team has not been more 

strongly felt! 
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Staging 

Accurate staging is the “sine-qua-non” of cancer directed 

therapy. The IASLC and AJCC have jointly approved the 

8th edition of the TNM staging, in effect from January 1st 

2017. 

T/M Subcategory N0 N1 N2 N3 

T1 

T1a IA1 IIB IIIA IIIB 
T1b IA2 IIB IIIA IIIB 
T1c IA3 IIB IIIA IIIB 

T2 
T2a IB IIB IIIA IIIB 
T2b IIA IIB IIIA IIIB 

T3 T3 IIB IIIA IIIB IIIC 

T4 T4 IIIA IIIA IIIB IIIC 

M1 

M1a IVA IVA IVA IVA 

M1b IVA IVA IVA IVA 
M1c IVB IVB IVB IVB 

Figure1. Lung Cancer Stage grouping (eighth edition) 
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Major differences between 7th and 8th editions are as 

follows: 

T categories have been revised completely, each 

centimeter increase in size leads to a change in T-staging. 

T1 has been divided into 3 sub categories – a, b and c. 

1. New pathology-based categories have been added 

Tis: carcinoma-in-situ 

T1mi: minimally invasive adenocarcinoma 

2. Involvement of main bronchus is categorized as T2, 

irrespective of distance from carina. 
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3. Diaphragmatic invasion is now T4, previously it was 

T3. 

4. N staging: No changes. 

5. M staging: M1 has been further subdivided into three 

categories: 

M1a, M1b and M1c. M1b and c have been separated 

to factor in oligometastatic disease. 

 

Screening for NSCLC 

- The NLST trial established the role of low dose CT 

screening for lung cancer over chest X-Ray in a high 

risk (smoking) population. 

- LDCT screening in smokers was shown to reduce lung 

cancer specific and all-cause mortality in several 

American and European trials like the NLST, MILD and 

NELSON.  

- Annual LDCT screening for lung cancer is 

recommended by the USPSTF for adults aged 50 to 80 

years who have a 20-pack year smoking history and 

currently smoke or have quit within the past 15 years. 

- The downsides of screening like over diagnosis and a 

high false positive rate mandating intervention and are 

not insignificant. 
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- The recently published TALENT study from Taiwan has 

elucidated the potential benefits of LDCT screening in a 

non-smoking ‘high risk’ population like strong family 

history of lung cancer, passive smoking, TB/COPD or 

cooking in non-ventilated spaces.  

- There are concerns regarding widespread adoption of 

screening in countries like India were defining a high-

risk population is difficult (widespread use of smokeless 

tobacco), resources and referral systems are still 

developing and infectious diseases like tuberculosis are 

major confounding factors. 

- Adopting a strategy for ‘opportunistic’ screening in 

centers where the necessary infrastructure is available 

after a clear dialogue outlining the potential benefits and 

harms seems like a more practical approach. 

- Investing in smoking cessation which has clearly shown 

to decrease the incidence of lung cancer over time is 

equally important.  

 

Work-up 

- Clinical examination: Performance status, assessment 

of voice change, palpable lymphadenopathy, pleural 

effusion. 
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- Laboratory investigations: CBC, renal and liver profile, 

serum electrolytes, coagulation profile. 

- Chest X ray: evaluate for pleural effusion, collapse/ 

consolidation, mediastinal shift. 

- Contrast enhanced CT scan of the thorax and upper 

abdomen: to visualize the primary, surrounding lung 

fields, contralateral lung, mediastinal nodes, liver and 

adrenal glands. 

- FDG PET-CECT for staging:  If not evidently metastatic 

on chest X ray and CECT scan. PET-CECT has been 

shown to avoid a significant number of futile 

thoracotomies. PET-CECT is also recommended in 

Stage I tumours. (NCCN 2022) 

- MRI brain: Recommended for all non-metastatic lung 

cancer planned for curative intent treatment. Can also 

be done in Oligometastatic NSCLC if being planned for 

curative treatment. 

- Tissue diagnoses: Though some guidelines say that a 

biopsy is not mandatory in   peripheral T1 lesions, we 

recommend a biopsy in all circumstances due to the 

high incidence of infective pathology in our geographical 

region. 
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- The most representative, easily accessible site must be 

selected: 

- Metastatic disease: Pleural fluid cytology with cell block 

for IHC and molecular markers, image guided liver 

biopsy, supraclavicular node biopsy where possible. If 

not, bronchoscopy or image guided biopsy from the 

primary tumour 

- Non-metastatic disease: Image guided biopsy from the 

primary tumour. (Preferred over FNAC yielding more 

tissue for IHC) If endo-bronchial component is present, 

a fiber optic bronchoscope guided biopsy may be 

performed. 

Functional Evaluation 

- For patients planned for radical intent therapy: surgery 

or chemo-radiation. Best performed prior to invasive 

mediastinal staging. 

- Evaluation of effort tolerance:  six-minute walk test, 

shuttle walk test, stair climbing test. 

- Pulmonary function tests including DLCO: FEV1 and 

DLCO are the most important components. Predicted 

post-operative values are calculated using the following 

formula:  
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- A post-operative value of FEV1 and DLCO more than 

60% are fit for anatomical    lung resection. Values 

between 30 and 60% merit further evaluation. Values 

less than 30% are unfit for lung resection.  

- 2D Echocardiography: Ejection fraction, pulmonary 

artery pressure. Regional wall motion abnormalities 

merit further cardiac evaluation in the form of a stress 

echocardiography. 

- Evaluation and optimization of all co-morbidities 

including ischemic heart disease, diabetes mellitus, 

COPD. 

- Cardiopulmonary exercise testing (CPET): 

recommended only in patients with borderline 

pulmonary and cardiac function. 

- Ventilation/Perfusion scan:  recommended in patients 

with borderline pulmonary function in lesions where a 

ventilation perfusion mismatch is expected. eg. large 

tumours compressing a major proportion of lung, 

tumours with a central endo-bronchial component. 



Page | 21  
 

ACCP guidelines for assessing fitness for major lung 

resections  

Role of Pre-habilitation 

- Early referral to the pulmonologist in patients with known 

COPD or significant reversibility in pulmonary function, 

post bronchodilators. Start bronchodilators early to 

optimize lung function in time for surgery. 
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- Evaluate patients for smoldering pulmonary infections 

especially in patients with lesions obstructing the airway. 

Collect appropriate cultures and start/ continue post-

operative antibiotics as clinically indicated. 

- Patients scheduled for lung resection post COVID-19 

infection should be evaluated by a pulmonologist for the 

quality of residual lung. These patients have a higher 

risk of post-operative morbidity.  

- Smoking cessation is of paramount importance. Habitual 

smokers should be referred to the smoking cessation 

clinic at their first visit. At least 4 weeks smoking free 

interval is desirable prior to lung surgery. 

- Every patient planned for lung resection/ radical 

radiation should be referred to the chest physiotherapist 

at the earliest. Incentive spirometry should be started 

early. There is growing evidence for high intensity 

interval training prior to lung resection for improving 

post-operative outcomes. 

- Nutritional assessment and rehabilitation especially in 

frail patients are recommended.  

Invasive Mediastinal Staging 

- Invasive mediastinal staging is recommended for all 

patients with non-metastatic lung cancer except: 
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- Peripheral: outer 1/3 of the lung field  

- Less than 3cm 

- No suspicious hilar or mediastinal nodes 

on imaging 

- The initial modality when available should be an 

endobronchial ultrasonography (EBUS)+/-EUS-B (Endo 

esophageal Ultrasound) since it is less invasive than a 

mediastinoscopy. An EBUS allows sampling of 

contralateral hilar10, contralateral and ipsilateral upper 

and lower paratracheal2,4 and subcarinal7 nodal 

stations. An EUS-B also allows access to the 

paraoesophageal8 and inferior pulmonary ligament9 

nodes.  

- If the preoperative imaging shows mediastinal nodes 

>5mm, an EBUS is recommended.  If no nodes are 

seen radiologically and patient is fit for surgical 

resection, we proceed directly to a cervical video 

mediastinoscopy. The sensitivity of EBUS for nodes < 

5mm is less than 60% even in experienced centers.    

- All patients with suspicious nodes on PET CECT and 

negative on EBUS should be subjected to a formal 

cervical video mediastinoscopy under general 

anesthesia. The combination of EBUS and video 

mediastinoscopy provided the highest sensitivity and 
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accuracy in the ASTER trial. This is being challenged 

with exceptional EBUS results from some centers and 

will be clarified in the upcoming Mediastinal trial, which 

is currently recruiting.  

ESTS 2014 guidelines for Invasive Mediastinal Staging 
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Early-Stage Lung Cancer 

Early lung cancer includes T1/ T2, N0/N1 disease. The 

definition is not standardized and varies between various 

publications. Early-stage lung cancer can be described as: 

• Tumour size < 5 cm 

• Node negative or ipsilateral hilar/ interlobar nodes 

• No chest wall/ diaphragm/ carinal involvement 

Therapeutic Modalities 

A. Surgery: Standard of care 

B. Radiotherapy 

• Definitive: SBRT or concurrent chemoradiation 

• Adjuvant : Positive margins not feasible for re-

resection 

C. Systemic therapy 

• Adjuvant chemotherapy: tumour size >/= 4 cm, N + 

• Adjuvant TKI: DFS benefit in Stage IB onwards, 

EGFR positive 

• Adjuvant immunotherapy: Emerging evidence 

• Neo-adjuvant TKI, immunotherapy: Emerging 

evidence 
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Treatment modality for patients with NSCLC (surgery 

versus SBRT/chemoradiation) should take into 

consideration: 

•  T size and nodal status 

• Performance status and fitness for anatomical lung 

resection 

•  Pulmonary reserve 

• Patient preference 

 For fit patients with early lung cancer having 

adequate pulmonary function, surgery is the preferred 

modality of treatment.  

Adequate Surgery for Lung Cancer 

- Lobectomy remains the standard resection for early-

stage NSCLC. The Lung Cancer Study Group (1995) 

trial by Ginsberg et al. showed that sub-lobar resections 

were associated with increased local recurrence and 

decreased survival.  

-  The advent of the low dose CT scan and adoption of 

lung cancer screening in several countries led to larger 

number of patients being diagnosed with very early-

stage lesions and indeterminate ground glass opacities. 
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- This, along with the advances in surgical technique led 

to a renewed interest in exploring the role of sublobar 

resections for small sized, node negative tumours.  

- The JCOG 0802 trial by Asamura et al. randomised 

1100 patients with small sized (</=2cm), peripheral, 

node negative NSCLC to lobectomy versus 

segmentectomy. The preliminary results indicate the 

following: 

Advantages  Disadvantages 

Better Overall 

Survival 

2 x increased loco-regional 

recurrences 

Decreased non 

lung cancer related 

deaths 

Expected improvement in lung 

function not seen 

 21/500 converted to lobectomy 

due to nodes 

 Increased air leak compared to 

lobectomy 

- The results of the ongoing CALGB 140503 trial in this 

regard are eagerly awaited.  

- Non anatomical lung resections in the form of a wedge 

have been proven to be inferior to anatomical lung 

resections.  
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- As of today, lobectomy remains the standard of care for 

early lung cancer as well. Segmentectomy is reserved 

for patients unfit for a lobectomy/ second primary lung 

cancer after previous resection.  

Lymphadenectomy in Early Lung Cancer 

- The ACOSOG Z0030 concluded no additional benefit 

with mediastinal lymph nodal clearance over systematic 

sampling in early lung cancer with adequate 

preoperative mediastinal staging. However, the 

methodology in this trial involved a very meticulous 

preoperative invasive mediastinal staging.  

- The meta-analysis by Mokhles et al. included 5 

randomised trials. This study concluded that in early 

NSCLC, a systematic mediastinal lymph node clearance 

was associated with improved long-term survival. This 

however, came at a slightly increased cost of post-

operative morbidity including recurrent nerve palsy, 

chylothorax and bleeding.  

- In view of the improved survival outcomes and more 

accurate staging dictating adjuvant treatment, we 

recommend a thorough mediastinal lymphadenectomy 

for early NSCLC accepting the slightly increased 

morbidity.  
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- Systematic Mediastinal Lymph Node Dissection 

(SMLND) involves the dissection of at least 3 N2 

stations, one of which is the subcarinal station. Stations 

2,4,7,8,9,10 and 11 are routinely cleared during surgery. 

In left sided resections, stations 3, 5 and 6 are 

additionally dissected safeguarding the left recurrent 

laryngeal nerve that runs in this region.  

- Complete clearance of stations 2,4, and 7 can also be 

achieved during the mediastinoscopy. (Video Assisted 

Mediastinal Lymphadenectomy: VAMLA) This is 

especially helpful for left sided nodal dissection.  

Minimally Invasive Surgery for Lung Cancer 

- Minimally invasive lung resection is now the standard of 

care for early lung cancer. 

- The 3 port Video Assisted Thoracic Surgery (VATS) 

technique was introduced for lung resection in 1991. 

Since then, the VATS technique has undergone 

significant evolution: the two port, needle-scopic and 

what is the current favorite, the uni-portal technique.  

- The purported benefits of minimally invasive lung 

surgery are: 

• Reduced post-operative pain 
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• Reduced in hospital complications 

• Shorter hospital stays 

• Better quality of life 

• Oncological equivalence, short and long term 

- The results from the VIOLET trial, the largest 

randomised controlled trial comparing thoracotomy to 

any form of minimally invasive lung resection 

corroborated the above. The 1 year follow up of this trial 

showed that the benefits of avoiding a thoracotomy 

persisted in terms of improved shoulder function and 

physical quality of life.  

- The uni-portal VATS approach has been proven to be 

safe and oncologically equivalent to the multi-portal or 

open approaches since its advent in 2011. 

- The well-known advantages of robotic surgery like 

wristed instruments, tremor filtration, 3D imaging and 

better depth perception make robotic lung resections 

attractive for the thoracic surgeon. There is evidence 

proving its oncological equivalence to open or VATS 

approaches. Though there are several large institutional 

series and national database analyses showing 

impressive results with robotic surgery, there is no 

randomised evidence supporting its superiority to the 

VATS approach. The significant cost involved, lack of 
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haptic feedback and the need for urgent conversion to 

thoracotomy in case of a thoracic bleed 

havbeenresponsible for its differential uptake across 

hospitals and countries.  

ERAS in Surgery for Lung Cancer 

A.  Pre-operative: 

• Rehabilitation and nutritional support 

• Smoking cessation 

• Dedicated pre-operative counselling 

B.  On admission: 

• Fasting for solids: 6 hours, clear liquids unto 2 

hours’ prior 

• Carbohydrate loading 

• Avoiding sedatives 

C. Peri-Operative: 

• VTE prophylaxis 

• Maintenance of normothermia, euvolemia 

• Lung protective strategies during one lung 

ventilation 

• Regional anesthesia to decrease post-operative 

opioid use 

• Minimally invasive approach 
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D. Post -Operative: 

• Single chest tube: early removal 

• Consider digital drainage systems and suction 

when indicated 

• Avoid urinary catheters or remove early 

• Mobilization within 24 hours of surgery and good 

physiotherapy 

Follow Up after Surgery for Lung Cancer 

- A thorough history, clinical examination including 

supraclavicular nodes and voice and a chest Xray are 

important in the post-operative follow-up.  

- The role and choice of routine imaging is debatable. 

Most guidelines advocate an annual CECT thorax. 

However, the French IFCT-0302 randomised trial failed 

to show a survival benefit of using a routine CT scan for 

follow up over clinical examination and Chest Xray. 

- The suggested interval is 6 monthly for 5 years and 

annually thereafter. 
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Stereotactic Body Radiotherapy (SBRT)/ Stereotactic 

Ablative Radiotherapy (SABR) 

- SBRT is a method of external beam radiotherapy 

(EBRT) that accurately delivers a high dose of 

irradiation in one or few treatment fractions to an 

extracranial target.  

- SBRT/ SABR is now considered standard of care in 

patients with early lung cancer who are: 

• Medically inoperable  

• Refuse surgery (medically operable) 

- Histo-pathological confirmation, adequate staging 

including invasive mediastinal staging where indicated 

and evaluation and optimization of pulmonary reserve 

are important components of the pre SBRT work-up. 

Motion Management in SBRT 

- Lung tumours move with respiration.  Lower lobe 

tumours can have motion in the range of 0.5 to 3 cm in 

superior-inferior direction. 

- Accounting for tumour motion is essential to reduce 

planning target volume and geographical miss of the 

target.  

- Motion management techniques include: 



Page | 34  
 

• Motion encompassing techniques 

 Four- dimensional computed tomography (4DCT) 

 Slow CT scans 

 Inhale and exhale CT scans 

•  Breath hold techniques 

 DIBH (Deep Inspiratory Breath Hold) 

 Active breathing co-ordinator 

• Forced Shallow breathing (Abdominal compression 

technique) 

• Respiratory gating 

• Tumour tracking 

An immobilization device is needed to accurately re-

position the patient, minimize voluntary and involuntary 

motion and reduce organ/target motion. Devices used 

must be comfortable for long treatment and compatible 

with on-board imaging. Examples: VacLOK, Abdominal 

compression belt, thermoplastic mask etc. 
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Contouring 

- Gross tumour volume (GTV) is delineated as per the 

diagnostic imaging available in hand.  

- Internal target volume (ITV) should be delineated based 

on motion encompassing technique used. 

- Various post processing CT datasets can be generated 

from the 4D CT dataset for target volume delineation 

like maximum intensity projection, average intensity 

projection and minimum intensity projections.  

- Clinical target volume (CTV) is same as GTV/ITV. 

- Planning Target Volume (PTV) is drawn by giving 

margin to the ITV based on immobilization device used 

and institutional practice. 

- Generally, an isotropic margin of at least 0.5 cm for PTV 

is considered adequate. 

- All organ at risk structures should be contoured 

according to the RTOG Atlas including individual lung, 

spinal cord, esophagus, heart, trachea, proximal 

bronchial tree, chest wall and brachial plexus. 
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Dose prescription and fractionation 

- Dose prescription can be either isodose based or 

Isocentre based.   

- Isodose based prescription usually requires us to 

prescribe to 60% to 90% isodose lines with the gross 

tumour receiving close to 120%-140% of the 

prescription dose.  

- Isocentre based prescription is generally given to 

achieve a homogenous dose distribution with PTV not 

receiving >110% of the prescription dose.  

-  Dose fall-off is sharper in isodose based compared to 

Isocentre based prescription  

- The schedules for SBRT are usually shorter compared 

to conventional treatment fractionation and therefore 

very convenient.  

- Two randomised trials SPACE and CHISEL have 

demonstrated the efficacy of this approach compared to 

conventional fractionation. 

- In the phase II SPACE trial, patients with inoperable 

Stage I NSCLC were randomised to receive either 

SBRT (66Gy in 3 fractions) or 3DCRT (70Gy in 35 



Page | 37  
 

fractions). They found no difference in the OS or PFS in 

the two groups with tendency to improved control rate in 

the SBRT group and they experienced better HRQL and 

less toxicity. 

- The CHISEL study was a multicenter Phase III RCT in 

which patients with Stage I NSCLC, medically 

inoperable or those who refused surgery were 

randomised to SBRT (54 Gy in three 18 Gy fractions, or 

48 Gy in four 12 Gy fractions if the tumour was <2 cm 

from the chest wall) or standard radiotherapy (66 Gy in 

33 daily 2 Gy fractions or 50 Gy in 20 daily 2·5 Gy 

fractions, depending on institutional preference). They 

included only lesions located in the periphery. Freedom 

from local treatment failure was improved in the SBRT 

arm.  

- The doses of SBRT vary based on location of the 

primary tumour:  

 Peripheral: Tumours at least 2 cm away from the 

proximal bronchial tree. (PBT: distal trachea, 

carina, mainstay and lobar bronchi) 

 Central: Tumours lying within 2 cm of the PBT. 
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 Ultra-central: Tumours which directly abut or 

overlap critical structures like PBT, esophagus, 

heart or great vessels. 

- Peripheral tumours can be treated with 12Gy to 34Gy 

per fraction. 

- In central or ultra-central tumours, smaller dose per 

fraction helps reduce toxicity as compared to a larger 

dose per fraction.  

- Onishi et al. showed good local control and overall 

survival with that a minimum biologically effective dose 

(BED) of 100 Gy. 

- According to Timmerman et al. centrally located tumours 

are at a higher risk of ≥ grade 3 toxicity including 

treatment related deaths when treated with high dose 

per fraction like 18-22 Gy compared to peripherally 

located tumours 
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Different dose fractionation used in SBRT of lung cancer 

Total 

dose 

Number 

Fractions 

Indications 

30-34 Gy 1 Peripheral, small (<2 cm) tumours, 

> 1 cm from chest wall 

45-60 Gy 3 -5 Peripheral tumours and >1 cm 

from chest wall 

48-50 Gy 4 Central or peripheral tumours <4-5 

cm, <1 cm from chest wall  

50-55 Gy 5 Central or peripheral tumours, < 1 

cm from chest wall 

60-70 Gy 8-10 Central tumours 

Studies with various dose fractionation:  

- RTOG 0236 in a phase II prospective study used 60-66 

Gy in 3 fractions at 20-22 Gy per fractions delivered 

twice in a week in peripheral early-stage NSCLC.  

- Further dosimetric analysis with tissue heterogeneity 

corrections applied revealed that volume of PTV 

receiving 60 Gy received 10% less than 95%.  
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- Tissue heterogeneity corrections in the treatment 

planning system is must for lung SBRT. 

- The long-term results showed a median OS of 4 years 

with 5-year OS and DFS of 40% and 26%. 5-year loco-

regional failure rate of was 38% and 30% patients 

experienced ≥ grade 3 toxicities and no grade 5 events.  

- JCOG 0403 evaluated safety and efficacy of SBRT in 

operable and inoperable patients with T1N0M0 NSCLC. 

The prescribed dose was 48 Gy at the isocentre in 4 

fractions over 4 to 8 days. Rate of 5-year OS among 

inoperable patients was 43% compared to 54% in 

operable patients.  

- Long term results of JCOG 0403 showed 10-year local 

control rate of 85% and OS of 24%. 

- RTOG 0915 in a phase II randomized study compared 

34 Gy in single fraction vs 12 Gy times 4 fractions in 

peripheral ES-NSCLC. Long-term results showed that 

did not show excess toxicities with similar 5-year control 

rates. 

- RTOG 0813 in phase I/II dose escalation study for 

central tumors found the maximum tolerated dose of 12 

Gy per fraction which was associated with 7.2% dose 

limiting toxicities and high rates of tumor control.  
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- RTOG 0813 showed a 3-year LC and OS rate of 85% 

and 54%, respectively. 

- The HILUS trial, phase II study of 65 patients in ultra-

central lung tumors used 7 Gy per fraction times 8 

showed a 2-year local control rate of 83%. However, 22 

patients experienced grade 3-5 toxicity including 10 

treatment related deaths (bronchopulmonary 

hemorrhage). 
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Retrospective Evidence for SBRT in ES-NSCLC 
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Prospective Evidence for SBRT in ES-NSCLC 
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Randomised studies comparing SBRT and surgery in 

ES-NSCLC 

- STARS and ROSEL were the two-phase III randomised 

trials comparing SBRT with surgery in biopsy proven 

operable Stage I NSCLC. However, both have to be 

terminated prematurely due to poor accrual.  

- Pooled analysis of 58 patients from STARS and ROSEL 

studies showed 3 -year OS of 95% vs 79% (p=0.03) and 

3-year RFS of 86% vs 80% (p=0.54) in SBRT and 

surgery arms, respectively.  

- The authors concluded that SBRT could be an option for 

treating operable stage I NSCLC. However, both the 

studies were underpowered.  

- Chang et al. in a single arm trial, expanded the STARS 

cohort and performed a propensity-matched comparison 

between SBRT and VATS L-MLND in patients with 

stage IA NSCLC.  They showed that SABR arm was 

non inferior to the surgical cohort with an impressive 5-

year OS of 87%.  

- In another Phase II/III multicentric, randomised study 

SABRTOOTH, comparing SBRT with surgery, the study 

was not found to be feasible for the phase III component 

due to poor accrual. Higher number (42%) of patients 
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preferred SBRT as compared to surgery (18%). 

Approximately 40% patients did not undergo surgery 

after randomisation and chose SBRT as the mode of 

treatment.  

- Till date, no randomised trial has been successfully 

completed to prove whether SBRT could be either 

superior or equivalent to surgery in medically operable 

stage I NSCLC.  
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Ongoing studies comparing SBRT and surgery 
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Treatment Verification 

- Image guided target verification using cone beam 

computed tomography (CBCT) is essential during SBRT 

treatment to avoid missing the target. 

- Dual registration with initial bony (vertebral) followed by 

soft tissue (carina, target) match is preferred.  

Toxicities associated with SBRT 

- Radiation pneumonitis 

• Grade I / Grade II may occur in 25-30% patients 

• Grade III and above occurs in less than 5 % 

patients 

• Increased incidence in patients with interstitial 

lung disease 

- Decrease in pulmonary function  

• Grade III seen in about 15% patients (RTOG 

0236) 

• Mostly related to underlying lung diseases. 

- Esophagitis 

• More common in centrally located tumours 

• Stricture formation requiring a naso-gastric tube 

is rare, seen in about 1-2% 

- Rib fracture 
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• Typically seen in lung lesions abutting the chest 

wall 

• Incidence ranges from 10 - 40%.  

- Hemoptysis / hemorrhage: 

• Usually seen in central and ultra-central tumours 

• Seen in about 10-15% patients 

• Can be fatal in less than 5% if dose per fraction 

is less  

- Brachial plexopathy: 

• Rare but significant morbidity 

• Occurs when BED prescribed to target exceeds 

the tolerance of plexus 

Post SBRT Follow Up  

- History and physical examination with CECT Thorax 

every 6 months for the first 2 years. 

- PET-CECT to be done for those with suspicious 

lesions on CT scan. 

- Post treatment fibrosis may mimic local recurrence 

and PET-CECT may help in distinguishing between 

them. 
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Adjuvant therapy after SBRT 

- There has been no proven benefit of adjuvant systemic 

therapy in improving overall survival post SBRT. 

- An analysis of the US National Cancer Database 

(NCDB) has shown that adjuvant chemotherapy helps in 

reducing regional-distant failure rate and improving OS 

in node negative, T size > 4 cm tumours.   

Patterns of Failure post SBRT 

- Most common failure after SBRT is distant metastases 

which ranges from 20-40%. 

- Loco-regional recurrence rates are ranging between 10-

20% percent. 
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Salvage Options 

- For local recurrence, histopathological confirmation 

followed by surgical resection should be considered 

whenever feasible. 

- Re-irradiation with SBRT may be offered in highly 

selected cases. 

- Systemic therapy (chemotherapy, targeted therapy or 

immunotherapy) should be offered depending on the 

general condition and performance status of the patient. 
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Adjuvant Chemotherapy in Early Non-small cell Lung 

Cancer 

- A meta-analysis by the Non-small Cell Lung Cancer 

Collaborative Group in 1995, showed detrimental results 

with alkylating agent-based chemotherapy. However, 8 

studies included in this meta-analysis with cisplatin as 

backbone showed a 5% OS benefit at 5 years. Although 

this was not significant statistically due to small study 

population it laid the foundation for its further research. 

- The LACE meta-analysis was a landmark study that 

established the platinum-based adjuvant chemotherapy 

as standard of care. It demonstrated an absolute 5-year 

OS benefit of 5.4% with adjuvant chemotherapy. The 

benefit varied with stage, HR for stage IA was 1.4, IB 

was 0.93, II was 0.83 and III was 0.83. The 

chemotherapy agent that was given with cisplatin did not 

make a difference. 

- The maximum benefit with adjuvant chemotherapy was 

seen in stage II & III lung cancer. In stage I, there were 

no significant benefit seen, in fact few studies it was 

found to be detrimental. 

- Few other randomized studies and meta-analyses also 

came to the same made conclusion. Most of these trials 
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also allowed adjuvant radiotherapy along with 

chemotherapy either concurrently or sequentially based 

on pathological risk factor i.e., margin positive. 

Indications for Adjuvant chemotherapy-  

- Stage IIA to IIIA i.e., any tumor more than 4cm and/or 

N1 or N2 node positive as per current 8th AJCC TNM 

staging 

-  Stage I lung cancer with a tumor size 4cm (stage IB), 

poorly differentiated histology, vascular or lymphatic 

invasion, visceral pleura invasion may be considered for 

adjuvant chemotherapy. 

- Other factors to consider for those eligible for adjuvant 

chemotherapy includes timing within 4 – 6 weeks of 

surgery, performance status ECOG 0 or 1, comorbidity. 

Adjuvant Chemotherapy Regimens 

- For non-squamous NSCLC the preferred regimen is 

cisplatin +pemetrexed based combination 

- For the squamous variant, cisplatin with gemcitabine or 

docetaxel is preferred, other recommended options 

include cisplatin +vinorelbine, cisplatin +etoposide.  
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- For patients with comorbidities making them cisplatin 

ineligible, carboplatin may be used instead of cisplatin. 

- Addition of anti-VEGF Bevacizumab has not shown an 

additional advantage over platinum doublet in adjuvant 

setting despite its benefit in the metastatic setting. 

Adjuvant immunotherapy in NSLCC 

- Impower010, has shown remarkable DFS advantage 

with Atezolizumab for 1 year after adjuvant 

chemotherapy as consolidation over BSC in stage II to 

IIIA completely resected patients with PDL1 more than 

1%. This is now approved by FDA, NCCN and EMA for 

eligible patients based on this study. 
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Adjuvant EGFR TKI in EGFR mutant Early-Stage Lung 

Cancer 

1
st

 Generation TKIs in adjuvant setting  

- Improvement in DFS has been observed with adjuvant 

gefitinib & erlotinib, however no OS benefit was 

observed with these molecules in adjuvant setting. 

Gefitinib  

- In the phase III ADJUVANT CTONG 1104 study 

adjuvant gefitinib given for 24 months was compared to 

adjuvant CT (vinorelbine and cisplatin) in EGFR 

mutation positive NSCLC. Adjuvant Gefitinib led to 

improvement in DFS. However, the DFS benefit was lost 

on longer follow up (5 years) and it did not translate into 

OS benefit 

Erlotinib  

- In post-hoc analysis of RADIANT trial (which included 

patients unselected for EGFR), adjuvant erlotinib for 24 

months in stage IB to stage IIIA resulted in longer in 

DFS (median 46.4 v 28.5 months) among patients with 

EGFR mutation positive tumour. However, the result 

was not significant and a third of relapse was observed 

in CNS (37%).  
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- In another phase II study (EVAN) trial, adjuvant erlotinib 

led to 36% improvement in DFS at 2 years when 

compared to adjuvant chemotherapy (vinorelbine and 

cisplatin) in stage IIIA EGFR mutation positive NSCLC 

patients.  

3
rd

 Generation TKI- Osimertinib in the adjuvant setting  

- In the recent phase III ADAURA trial, adjuvant 

Osimertinib was administered for 36 months in stage IB 

to stage IIIA (AJCC 7) non-squamous NSCLC patients 

with sensitizing EGFR mutation (exon19 del or exon21 

L858R).  

- This led to 37% absolute improvement in DFS at 24 

months and translated into 80% reduction in risk of 

disease recurrence or death. The benefit was observed 

in all subgroups of patients including 40% of patients 

who did not receive adjuvant chemotherapy. The 

magnitude of benefit was higher in Stage II-III patients 

(HR - 0.17; 99.06% CI, 0.11 to 0.26; P<0.001). 

- Potent TKI activity and better CNS efficacy might be 

reason for impressive DFS advantage with adjuvant 

Osimertinib (HR – 0.20 for DFS & 0.18 for CNS relapse) 

when compared with other first generation TKI (gefitinib 

or erlotinib) 
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- Adjuvant Osimertinib should be considered for duration 

of 36 months in resected non-squamous NSCLC Stage 

II to III carrying sensitizing EGFR mutation (Exon 19 del 

or Exon 21 L858R) irrespective of feasibility of adjuvant 

platinum-based chemotherapy. 

- Currently there is no recommendation for adjuvant ALK 

directed therapy, but studies are with adjuvant ALK 

inhibitors ongoing and soon may change our current 

practice. 

TKI DFS OS 

Osimertinib vs. 
Placebo/ 
platinum doublet 

2yr DFS  89% vs 52%, 

HR-0.20  

(95%CI 0.14-0.3) 

Immature 

Gefitinib versus 
Platinum doublet 

Median 28.7 vs 18 

months, 

HR-0.60 

(95% CI-0.42-0.87), 

p=0.0054 

No benefit 

Erlotinib versus 
Placebo 

Median 46 vs 29 

months 

HR 0.61 (95% CI 0.38-

0.98) 

No benefit 
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Adjuvant Chemotherapy in Early Non-small cell Lung 

Cancer 

- It took more than 2 decades of studies to establish 

adjuvant chemotherapy as standard of care in early non-

small cell lung cancer cases which were resectable.  

- The first meta-analysis came in 1995 by the Non-Small 

Cell Lung Cancer Collaborative Group, which showed 

detrimental results with alkylating agent-based 

chemotherapy but eight studies containing cisplatin as 

backbone showed 5% overall survival benefit at 5 years, 

though it was not significant statistically may be due to 

small study population but laid the foundation for its 

further exploration.1  

- LACE meta-analysis, the next landmark study, 

established the adjuvant chemotherapy based on 

Platinum combination as standard of care practiced 

today. It showed a 5-year absolute benefit of 5.4% 

derived from chemotherapy. The benefit varied with 

stage, HR being for stage IA 1.4, IB 0.93, II 0.83 and III 

0.83. The drug given with cisplatin did not modify the 

effect of chemotherapy (P=0.11): vinorelbine was higher 

(0.80), etoposide or other Vinca alkaloid (0.92), the rest 

(0.97). 
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Who are eligible for Adjuvant chemotherapy? 

- Most of these studies included stage IIA to IIIA which 

means any tumor more than 4cm and/or N1 or N2 node 

positive as per current 8th AJCC TNM staging. In stage 

I, there were no similar benefit seen, in fact few studies 

shown detrimental results. In stage I, still few patients 

may be considered and includes those with tumor size 

4cm (stage IB), poorly differentiated histology, Vascular 

or lymphatic invasion, visceral pleura invasion. Other 

factors to consider for those eligible for adjuvant 

chemotherapy includes timing within 4 – 6 weeks of 

surgery, performance status ECOG 0 or 1, comorbidity. 

Which regimen to choose? 

- For Non-squamous preferred regimen is 

cisplatin+pemetrexed based combination and for 

squamous variant cisplatin+gemcitabine or docetaxel is 

preferred, other recommended options include 

cisplatin+vinorelbine, cisplatin+etoposide. For patients 

with comorbidity making them non eligible for cisplatin, 

carboplatin can be used instead of cisplatin.10 Addition 

of anti-VEGF Bevacizumab has not shown additional 

advantage over platinum doublet in adjuvant setting in 

spite of its benefit in metastatic setting 
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What is the option for those who are EGFR mutation 

positive? 

- Based on ADAURA study which shown remarkable DFS 

benefit with adjuvant Osimertinib against conventional 

chemotherapy alone in stage IB to IIIA patients pending 

OS maturity data, it is now acceptable option to offer 

patients Osimertinib for 3 years as adjuvant if they are 

EGFR mutation positive.12 Based on this it is now 

standard practice to test these patients for EGFR 

mutation. Similarly, at present though there is no 

recommendation for adjuvant ALK directed therapy, but 

studies are ongoing and soon may change our current 

approach for these patients too. 

What is new? 

- Impower010, has shown remarkable disease-free 

survival advantage with Atezolizumab for 1 year after 

adjuvant chemotherapy as consolidation over best 

supportive care in stage II to IIIA completely resected 

patients with PDL1 more than 1%. This is now approved 

by FDA, NCCN and EMA for eligible patients based on 

this study. 
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Adjuvant TKI in non-squamous NSCLC  

- Adjuvant chemotherapy in stage II – III NSCLC has led 

to improvement in DFS and OS of 16% and 5% 

respectively at 5 years.1,2 More than half of patients 

succumb to the disease after surgical resection in 

operable NSCLC depending on the stage, irrespective 

of adjuvant chemotherapy received.2 EGFR sensitizing 

mutations are found in 27-62% of East Asian population 

and approximately one fourth of Indian patients with 

non-squamous NSCLC harbor this alteration.3 

- In post-hoc analysis of RADIANT trial, adjuvant erlotinib 

for 24 months in stage IB to stage IIIA resulted in longer 

in DFS (median 46.4 vs 28.5 months) among patients 

with EGFR mutation positive tumour. However, the 

result was not significant and a third of relapse was 

observed in CNS (37%).5 In another phase II study 

(EVAN) trial, adjuvant erlotinib led to 36% improvement 

in DFS at 2 years when compared to adjuvant 

chemotherapy (vinorelbine and cisplatin) in stage IIIA 

EGFR mutation positive NSCLC patients.6 Similarly in 

phase III ADJUVANT CTONG 1104 study, adjuvant 

gefitinib for 24 months vs adjuvant chemotherapy 

(vinorelbine and cisplatin) in EGFR mutation positive 

NSCLC led to improvement in DFS. However, the DFS 
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benefit was lost on longer follow up (5 years) and it did 

not translate into overall survival benefit.  

- In the recent phase III ADAURA trial, adjuvant 

Osimertinib was administered for 36 months in stage IB 

to stage IIIA (AJCC 7th ed) non-squamous NSCLC 

patients with sensitizing EGFR mutation (exon19 del or 

exon21 L858R). This led to 37% absolute improvement 

in DFS at 24 months and translated into 80% reduction 

in risk of disease recurrence or death. The benefit was 

observed in all subgroups of patients including 40% of 

patients who did not receive adjuvant chemotherapy. 

The magnitude of benefit was higher in Stage II-III 

patients (HR - 0.17; 99.06% CI, 0.11 to 0.26; P<0.001)  

- Osimertinib is a potent third generation EGFR TKI and is 

a selective irreversible inhibitor of EGFR with higher 

CNS penetration. Potent TKI activity and better CNS 

efficacy might be reason for impressive DFS advantage 

with adjuvant Osimertinib (HR-0.20 for DFS & 0.18 for 

CNS relapse) when compared with other first generation 

TKI (gefitinib or erlotinib) 

- Adjuvant Osimertinib should be considered for duration 

of 36 months in resected non-squamous NSCLC Stage 

II to III (AJCC 8th edition) carrying sensitizing EGFR 
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mutation (Exon 19 del or Exon 21 L858R) irrespective of 

feasibility of adjuvant platinum-based chemotherapy. 
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Locally Advanced Lung Cancer 

Locally advanced lung cancer is an umbrella term 

encompassing a complex group of NSCLC with 

heterogenous biology and overall, a grim prognosis. There 

is no standard definition; however, the rubric broadly 

includes stage III, which constitutes over one-third of 

NSCLC at presentation. Optimal treatment remains 

controversial due to heterogeneity of disease, no universal 

definition of resectability, and lack of clear evidence 

demonstrating superiority of one modality over another. 

Multimodality therapy remains the mainstay, with 

outcomes ranging from 13-36% 5-year OS according to 

substage. Multidisciplinary Tumor Board (MTB) discussion 

is key in the nuanced management of this subgroup of 

patients. 

 

Locally Advanced Nodal Status 

 Based on imaging and invasive mediastinal staging 

features (EBUS and video mediastinoscopy), NSCLC can 

be further classified as: 
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 N3 disease 

- Involvement of contralateral mediastinal nodes or 

supraclavicular nodes  

- Consensus is for treatment with definitive 

chemoradiation with adjuvant Durvalumab where 

feasible 

 Multistation, bulky N2 disease 

- Multiple ipsilateral mediastinal stations involved with 

large, ‘bulky’ nodes 

- Best treated with definitive chemoradiation followed by 

Durvaluma 

 Single station, unresectable N2 disease 

- The definition of ‘unresectable’ is not standardized. Most 

centers consider mediastinal nodes > 3 cm in diameter 

as bulky or unresectable.  

- The recommendation for this disease is treatment with 

definitive chemoradiation followed by Durvalumab.  

 Single station, resectable N2 disease  

- Surgery remains an integral part of the multimodality 

treatment algorithm.  
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- This disease mandates chemotherapy, either neo-

adjuvant or adjuvant. Most of the available evidence 

favours neo-adjuvant chemotherapy followed by 

surgery. Neo-adjuvant chemoradiation has also been 

instituted with good results in some centers. 

- Some centers prescribe a restaging mediastinoscopy 

post neo-adjuvant therapy for N2 disease; a persistent 

positive N2 precluding surgical resection. However, the 

nay-sayers to this approach maintain that in disease that 

has not responded to chemotherapy +/-radiation, 

surgery remains the only curative treatment option. 

  

 ‘Incidental’ N2 disease 

- When the SMLND yields positive N2 nodes, despite an 

adequate pre-operative invasive mediastinal staging; the 

patient should receive adjuvant chemotherapy after a 

meticulous R0 resection.  

- The reason for this could be micro metastases, 

involvement of inferior pulmonary ligament or aorta-

pulmonary ligament nodes which cannot be sampled by 

routine techniques or a false negative invasive staging.  
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Surgery is avoided in N2 disease with a T4 primary. 

Performing a pneumonectomy for patients with N2 

disease was found to have unacceptably high morbidity 

and mortality in the Intergroup 0139 trial. However, 

several other studies using neo-adjuvant chemotherapy 

instead of chemoradiation challenged this finding. 

Irrespective of treatment modality, this disease group 

portends poor prognosis and the treatment algorithm 

should be decided by a multidisciplinary team.  
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Locally Advanced Primary Tumour 

Chest wall/ Pericardial invasion 

- Included in T3 tumours. 

- Surgery is feasible and safe, if a complete (R0) 

resection can be ensured. 

- Shallow invasion (parietal pleura) may be dealt with by 

extrapleural dissection while deeper invasion warrants 

en bloc resection of soft tissue and ribs. 

- Choice of material and technique of chest wall 

reconstruction depend on the size, extent and location 

of the defect, the anticipated alteration in respiratory 

mechanics, and the cost and availability of 

infrastructure. 

- En bloc resections have a higher morbidity and mortality 

compared to standard lobectomy. This is attributed to a 

higher rate of respiratory failure. 

- Long-term survival in completely resected patients 

ranges from 36-67% in those with T3N0 while survival 

drops to <10% in N2 disease, emphasizing diligent 

staging and patient selection. 
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Diaphragm invasion: 

- Included in T4 tumours 

- En bloc resection of the diaphragm is safe and offers 

chance of cure in selected patients. Reconstruction 

depends on the size of the defect: could be primary 

closure or use of a prosthetic material like a 

polypropylene mesh depending on the size of defect. 

- Completely resected cases with diaphragmatic invasion 

have a long-term survival ranging from 20-43% in T4N0 

stages but plummets in cases of N2 disease.  

- There is no established role for neo-adjuvant or adjuvant 

treatment on account of chest wall, pericardial or 

diaphragmatic invasion alone. Neo-adjuvant treatment 

depends on the N2 nodal status. Adjuvant treatment is 

dictated by the tumour size and nodal status. 

Superior sulcus/ Pancoast tumour: 

- Include tumours infiltrating the posterior part of apical 

pleuropulmonary groove and involving structures of the 

thoracic inlet such as subclavian vessels, brachial 

plexus, stellate ganglion, etc. 

- In addition to conventional imaging used for staging, 

MRI may be of value to ascertain the extent of 
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involvement of neurovascular structures, vertebrae, and 

spinal canal. 

- According the the Intergroup 0160 and the JCOG 9806 

trials, the treatment paradigm for superior sulcus 

tumours consists of induction chemoradiation followed 

by surgery. These studies have shown pCR rates to the 

tune of 23-56%, R0 resection rates ranging from 68-

98% and 5-year OS of 44-56%.  

- Surgery is usually undertaken 3-5 weeks after induction 

therapy. It entails en bloc resection of involved 

structures by a posterior or anterior approach. Surgery 

is contraindicated in extensive involvement of brachial 

plexus, intraspinal extension, soft tissues of the neck 

and N2/N3 disease. The role of surgery in cases 

involving vertebrae, subclavian artery and ipsilateral 

supraclavicular nodes is a matter of debate.   

Parenchyma Preserving Strategies 

- Include complex lung resection techniques mainly 

applied in central tumours which would otherwise entail 

a pneumonectomy.  

- Pulmonary sleeve resection involves circumferential 

resection of a portion of bronchus and/or pulmonary 

vessels during lung resection while preserving the 
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uninvolved portions of the lung parenchyma. 

Bronchoplasty and arterioplasty are incorporated 

techniques where the two separate ends of remaining 

bronchus or vessels are re-anastomosed. Double sleeve 

resections involve both bronchial and vascular 

resections.  

- May be performed by both open and minimally invasive 

approaches.  

- Intra operative analysis of the margins by frozen section 

is mandatory and oncological principle should not be 

compromised. 

- Parenchymal preservation with sleeve resection has 

been shown to improve pulmonary function and quality 

of life, decrease mortality and has local recurrence rates 

and long-term oncological outcomes comparable to 

pneumonectomy for similar tumours. 

Neoadjuvant Chemotherapy in NSCLC 

The role of neoadjuvant treatment in locally advanced and 

N2 NSCLC is debated. Previous studies show mixed 

results except in superior sulcus tumors where 

neoadjuvant chemoradiation is a standard of care. 

Potential benefits of delivering neoadjuvant chemotherapy 
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(NACT) are reduction in tumor burden, treatment of micro-

metastases, ability to deliver treatment at the planned 

intensity, and to some extent to gauge the disease 

biology. 

Scenarios in which NACT may be considered 

• In potentially resectable disease especially those with 

single-station mediastinal nodal involvement,  

• Superior sulcus tumors  

• Chest wall invasion in the setting of N1 nodal 

involvement.  

Neoadjuvant Chemotherapy 

- Multiple trials assessed the efficacy of neoadjuvant 

chemotherapy with conflicting results. 

- SWOG 9900 demonstrated a trend towards improved 

PFS with neoadjuvant chemotherapy although this trial 

included patients who were upfront operable and N2 

were excluded.  

- Another phase II study of NACT with Cisplatin/ 

Gemcitabine and a meta-analysis by Song et al 

suggested overall survival (OS) benefit in preoperative 

chemotherapy arm which is similar to that attained with 

postoperative chemotherapy. 
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- Response to neoadjuvant therapy is a prognostic factor 

and major pathological response (MPR) [defined as 

<10% residual viable tumor in primary tumor and nodes] 

has been proposed to be a predictor of overall survival 

in patients treated with neoadjuvant therapy and is the 

primary endpoint of many ongoing neoadjuvant trials.  

- The NATCH trial cohort analysis suggested an overall 

survival benefit in squamous NSCLC who achieved 

MPR compared to those who did not but this difference 

was not observed in non-squamous histology. 

Neoadjuvant immune checkpoint inhibitors & 

Targeted Therapy 

- Early trials of immune checkpoint inhibitors have shown 

promising results in this setting as well.  

- A pilot study and a phase II trial of Nivolumab/ 

Ipilimumab showed an MPR rate of 45% and did not 

cause a delay in surgery. This response rate was 

irrespective of PDL1 status. Similar results were 

obtained in were seen in the phase II study with the 

addition of Nivolumab to combination chemotherapy 

(NADIM trial). 

- The CheckMate816, a phase III trial, also showed the 

benefit of the addition of Nivolumab to platinum-based 
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combination NACT in terms of MPR and pCR rates 

compared to chemotherapy alone although the co-end 

point of event-free survival (EFS) is awaited. 

- Trials with EGFR targeted therapy in the neoadjuvant 

setting are ongoing. Data of EGFR TKIs as NACT is 

limited although EGFR TKIs have been found to be a 

reasonable alternative to platinum-based chemotherapy 

in small trials. 
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Radiotherapy in Locally Advanced Lung Cancer 

Indications:  

- Unresectable lung primary 

- N2 (Bulky, single station / Multistation) and N3 disease 

- Patients not fit/ willing for surgery  

- As adjuvant for node positive disease (persistent 

N2/multiple node positive/ with ENE) or positive margins 

- As neoadjuvant chemoradiation followed by resection 

 

Simulation and Contouring 

- Patient position should be comfortable and adequate 

immobilization device should be used whenever 

necessary 

- Intravenous contrast during free breathing to delineate 

primary and mediastinal nodes is essential.   

- Motion management techniques as described in the 

early-stage NSCLC section is a must in all locally 

advanced NSCLC except primary fixed to chest wall or 

in some cases small upper lobe tumours 

- Delineation of primary tumour as gross tumour volume 

is based on CT or PET-CECT. PET-CT based visual 
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aided delineation is helpful especially in tumours 

associated with atelectasis. 

- Internal target volume delineation based on 4D-CT post 

processing dataset is essential to cover physiological 

tumour motion in all directions.  

- MIP CT dataset or AveIP dataset can be used for 

delineation of ITV. Use of MIP is not advisable for ITV 

delineation of primary close to mediastinal structures. 

- Ideally, contouring in all phases of 4D CT dataset is 

advisable. However, this is not always feasible. 

- A 6-8 mm isotropic CTV margin should be given from 

the GTV to cover all subclinical/microscopic disease. 

- Institutional based PTV margin should be given to CTV 

to cover setup errors and daily uncertainties. 

- Only gross suspected or involved nodal disease should 

be included in the nodal volumes. (Refer to ESTRO 

ACROP guidelines 2018). Elective nodal irradiation is 

not routinely recommended. 

Planning 

- A secondary analysis of the RTOG 0617, comparing 

3DCRT vs IMRT techniques revealed that the two 

techniques were comparable in terms of outcomes. 
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However, IMRT was associated with lower rates of 

grade 3 pneumonitis and lower cardiac doses. 

- A meta-analysis of 10 retrospective studies has also 

corroborated that IMRT is not superior to 3D CRT in 

terms of survival but significantly reduces the risk of 

radiation pneumonitis while increasing the risk of 

esophagitis.  

- Overall, IMRT is preferred over 3D CRT across 

institutions 

- OAR Dose Constraints 

LUNG - 3DCRT/IMRT for a prescription of 60 Gy in 30 fractions 

 

 

 

 

 

 

 

 



Page | 78  
 

 
Structure 

Metric Ideal 
Accep-
table 

Unacce-
ptable 

PTV V60Gy ≥ 95% ≥ 90% < 90% 

 
Min dose 
(0.03 cc) 

≥55.8 Gy 
(93%) 

≥ 54 Gy 
(90%) 

< 54 Gy 

 
Max dose 
(0.03 cc) 

≤ 72 Gy 
(120%) 

≤ 75 Gy 
(125%) 

> 75 Gy 

 The minimum dose can fall below 93% of the 
prescribed dose provided it is at least 90% of 
the prescription dose, if the areas of under-
dosing are confined to regions of overlap with 
critical structures.  

Spinal cord 
Max dose 
(0.03 cc) 

≤50.5 Gy ≤ 52 Gy > 52 Gy 

Lung (minus 
PTV) 

V20Gy ≤ 20% ≤ 30% > 35% 

 
Mean 
dose 

≤20 Gy ≤ 22 Gy > 22 Gy 

Heart  
V60<1/3rd 
V45<2/3rd 

V40<100% 
  

Esophagus 
Max dose 
(0.03 cc) 

≤ 63 Gy ≤ 66 Gy > 66 Gy 

 
Mean 
dose 

≤ 34 Gy ≤ 35 Gy > 35 Gy 

Brachial 
plexus 

Max dose 
(0.03 cc) 

≤ 63 Gy ≤ 66 Gy > 66 Gy 

Modified from RTOG 1306 protocol 



Page | 79  
 

Doses and Sequencing 

- For curative intent therapy, a total dose of 60-66Gy in 

30-33 fractions at 2Gy per fraction is administered once 

daily over a period of 6-7 weeks. 

- Weekly or 3 weekly platinum doublet chemotherapy is 

administered concurrently.  

- Several randomised trials have shown superiority of 

combined modality treatment over radiation alone. 

Several meta-analyses have shown that concurrent 

chemoradiation is superior to sequential therapy with an 

absolute OS benefit of 4.5% at 5 years. 

- Radiotherapy alone or sequential therapy may be 

considered in patients who are unfit for concurrent 

CTRT (elderly or large volume disease, etc.) 

Dose Escalation 

- RTOG 0617 was a two-by-two factorial design phase 3 

RCT comparing standard dose (60Gy) vs high dose 

(74Gy). The results showed inferior OS with high dose 

as compared to standard dose. Median and 5-year OS 

were, 28.7 months vs 20.3 months (p=0.007) and 32% 

vs 23% (p=0.004). RTOG 0617 showed no significant 



Page | 80  
 

benefit of dose escalation as compared to standard 

dose.  

- PET based dose escalation to FDG avid areas of 

primary tumour and nodes was tried in the NARLAL2 

trial. Mid-treatment PET boost or SBRT boost to residual 

FDG avid areas are options for dose escalation.   

- “Iso-toxic” individualized, tailored dose escalation 

(increasing radiation dose to prespecified normal tissue 

dose constraints) can lead to increased tumour control 

probability with the same normal tissue complication 

probability. 

- Sana et al. have tried dose escalation in a small cohort 

of patients, in the form of SBRT to residual disease after 

end of conventional chemoradiation. They found that 

such escalation was possible and generally tolerated 

treatment option.  

- However, till date no study has found benefit of dose 

escalation and this technique remains investigational. 

Fractionation 

- The United Kingdom trial of continuous hyper-

fractionated accelerated radiotherapy (CHART), 54 Gy 

in 36 fractions of 1.5 Gy over 12 consecutive days, 
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demonstrated improved overall survival for CHART 

compared with conventional thoracic radiotherapy. 

- Another study on altered fractionation with weekend 

less continuous hyper-fractionated accelerated RT 

(CHARTWEL) delivering 60Gy/40# over 2.5 weeks vs 

66Gy/33# over 6.5 weeks showed no difference in 

overall survival or local control rates. 

- IPD meta-analysis of modified radiotherapy schedules 

showed an absolute benefit in OS of 2.5% at 5 years. 

Modified RT schedules also resulted in an increased 

risk of acute esophageal toxicity.    

- Concurrent chemoradiation using hypofractionated RT 

was found to be safe and feasible in a phase II RCT 

using 50Gy/20# over 4 weeks in the SOCCAR study 

compared to sequential chemotherapy with cisplatin and 

vinorelbine. However, major concerns with hypo 

fractionation and concurrent CT use are increased risk 

of late toxicities like radiation pneumonitis and 

esophagitis.   

Definitive Chemoradiation in N2 disease  

- RTOG 8901 randomised patients with proven N2 after 

NACT into surgery vs radiation therapy followed by 
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consolidation chemotherapy. In 45 randomized patients, 

there was no difference in median OS, 19.4 vs 17.4 

months (p=0.46) or 4-year OS, 22% vs 22%.  

- In another RCT, 332 patients with stage IIIA-N2 NSCLC 

were randomised to surgery or radiation after NACT. It 

did not show any significant difference in median OS 

16.4 vs 17.5 months. All the more, 40% of patients in 

the surgery arm required adjuvant RT for ypN2 disease. 

- Since no trial showed a definite advantage of surgical 

resection over definitive chemoradiation in this group of 

patients (N3, bulky/ multi station N2), NCCN guidelines 

recommend definitive chemoradiation followed by 

durvalumab as the treatment of choice.  

Treatment Verification 

- Image guided target verification using cone beam 

computed tomography (CBCT) is essential during 

radiation treatment.  

- During treatment, if local disease progression is seen 

during weekly CBCT, radiotherapy plan modification and 

adaptive radiotherapy needs to be done.  
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- Resolution of atelectasis or significant reduction in 

tumour volume could also mandate adaptive 

radiotherapy. 

Adaptive Radiotherapy  

Indications of adaptive radiotherapy include: 

- Resolution of atelectasis or significant reduction in 

tumour volumes 

- New onset pleural effusion causing tumour shift 

- Progression of the primary disease resulting in increase 

in tumour volume or causing atelectasis with resultant 

tumour shift  

- Significant weight loss  

Radiation Induced Toxicity 

- Radiation pneumonitis 

• Grade 3 or higher toxicity may occur in 10-30% 

patients 

• Depends on lung-PTV doses as per Graham et al. 

• Higher incidence in those who receive concurrent 

paclitaxel. 

• IPD meta-analysis by Palma et al. revealed the 

highest risk in age >65 years receiving 
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paclitaxel/carboplatin. Daily dose of >2 Gy, V20 and 

lower lobe tumour location were significant predictors 

of fatal pneumonitis. 

• Proper patient selection, continued use of incentive 

spirometry and pre-CTRT pulmonary rehabilitation 

reduces the risk of symptomatic radiation 

pneumonitis. 

- Esophagitis 

• Grade 3 or higher toxicity may occur in 10%-25% 

patients.  

• Rate of fatal esophagitis is extremely rare. 

• Higher incidence in patients receiving concurrent 

etoposide and larger nodal volumes. 

• IPD meta-analysis by Palma et al., identified 3 risk 

groups as low (V60 <0.07%), intermediate (V60 

0.07% to 16.99%), and high. (V60 17%) 

- Brachial plexopathy is uncommon if treated with 60-66 

Gy with 2 Gy per fraction. Larger dose per fraction poses 

risk, especially in superior sulcus tumours. 

Follow up Strategy after Definitive Chemoradiation 

- The ASCO guidelines recommend a PET-CT after 10-

12 weeks after completion of definitive CTRT to assess 

response. 
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- Surveillance CECT thorax every 6 months for the first 2 

years and annually thereafter. 

Patterns of Failure  

- Distant metastases remain the most common site of 

failure after definitive chemoradiation, ranging from 40-

60%. 

- Bone, brain, contralateral lung, liver and adrenal are the 

most common sites of distant metastases. 

- Loco-regional failure occurs in 10-20% patients. 

- Systemic therapy is the most common form of salvage 

treatment. 

- For solitary metastases, local ablative strategies like 

surgery, SBRT or Radiofrequency Ablation (RFA) can 

be offered followed by appropriate systemic therapy.  

Surgical Salvage after Definitive Chemoradiation 

- Residual disease after treatment with definitive 

chemoradiation in single station or multi station N2 

disease may occur in 24-35% patients. This may be 

salvaged with surgery in selected patients.  

- Salvage lung resection is more complex and prone to 

complications like bleeding and broncho-pleural fistulae.  
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- It merits discussion in a multi-disciplinary tumour board, 

careful patient selection and thorough pre-operative 

work up and optimization.  

- Time to salvage following radiation and down staging 

achieved have prognostic implications and may be used 

for patient selection.  

Radiotherapy in the Neoadjuvant Setting 

- Albain et al., gave NACTRT in biopsy proven pN2 

patients and if there was no progression, randomised 

the patients to surgery or continuation of RT. They did 

not show any significant difference in median OS 23.6 

vs 22.2 months (p=0.24).  Independent predictors of 

good outcome were pN0, female sex and one N2 nodal 

station. Patients requiring pneumonectomy did worse as 

compared to lobectomy. 

- Pless et al., used induction chemotherapy vs 

chemoradiation (RT to a dose of 44 Gy in 22 fractions) 

followed by surgical resection in stage IIIA/N2 NSCLC. 

The median event free survival was similar 11.6 vs 12.8 

months. Median OS was 26.2 months vs 37.1 months, 

favoring NACTRT. 

- As per current recommendations and consensus 

guidelines, both neoadjuvant chemotherapy and 
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chemoradiation remain acceptable options for 

resectable N2 disease. 

Post-operative Radiotherapy 

- In completely resected NSCLC patients, post-operative 

radiotherapy (PORT) has been a subject of 

considerable debate. The PORT meta-analysis revealed 

adjuvant RT to be detrimental in stage I and II NSCLC. 

PORT showed benefit with respect to loco-regional 

control and survival in completely resected, persistent 

N2 disease.  

- A subset analysis of the ANITA trial showed that in 

patients with pN2 disease, PORT improved 5-year OS 

after completion of adjuvant chemotherapy.  

- Based on these, PORT was standard of care for pN2 

disease. 

- The long-awaited Lung ART study, which began in 2010 

and enrolled 501 patients was published recently. 

Results showed a 3-year DFS of 47.1% in the PORT 

arm and 43.8% in the control arm (HR 0.85, 95% CI 

[0.67-1.07]; p = 0.16). 3y- OS was 66.5% in the PORT 

arm, compared with 68.5% in the control arm. Though 

mediastinal relapse was reduced by nearly 50% in 

patients receiving PORT, these patients experienced 
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high rates of death secondary to cardiopulmonary 

toxicity. The authors therefore concluded that PORT 

should not be routinely administered in patients with 

pN2 resected NSCLC. 

- In the Chinese PORT-C randomised trial, in patients 

with pIIIA-N2 NSCLC undergoing complete resection 

and adjuvant chemotherapy, PORT did not improve 

DFS as anticipated. However, the study did not 

elucidate the invasive nodal staging used pre-therapy 

and did not use neoadjuvant chemotherapy.  

- As of today, the use of PORT can be considered in a 

very select patient population like high volume nodal 

involvement, multiple stations or extra nodal extension. 

Role of Prophylactic Cranial Irradiation: 

- RTOG 0214 is the only phase III RCT in stage III 

NSCLC to study the role of PCI. 

- The study was closed prematurely due to poor accrual 

- There was decrease in 5 year and 10-year rate of Brain 

metastases and improvement in 5 year and 10-year 

DFS but no improvement in OS who received 

prophylactic PCI 

- Not recommended to use PCI after CTRT 
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Role of Proton Therapy in NSCLC 

- Proton therapy because of its dosimetric superiority has 

a potentially advantageous role in the management of 

NSCLC. 

- Proton radiotherapy was shown to have fewer 

radiotherapy related 90-day adverse events (grade 3 

and above) as compared to photon in a retrospective 

comparative analysis. 

- Proton therapy reduces the low dose indices for lung 

(V5) and all dose indices for heart compared to IMRT. 

- Whether proton radiotherapy improves survival 

outcomes in locally advanced NSCLC is yet to be seen.  
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Immunotherapy after Definitive Chemoradiation 

Durvalumab 

- The PACIFIC study was a phase 3, double-blind, 

placebo-controlled, multicenter study which evaluated 

the role of Durvalumab after platinum-based concurrent 

chemoradiation (cCRT).  

- Patients with stage III unresectable NSCLC who had not 

progressed following platinum-based cCRT were 

randomized to either Durvalumab or placebo for 12 

months starting 1-42 days after cCRT.  

- There was a significant improvement in the median PFS 

with Durvalumab as compared to placebo (median PFS 

16.8 vs 5.6 months, HR:0.52(95%CI,0.42-0.65); 

p>0.0001).  

- Patients who received Durvalumab had higher response 

rates (28.4% vs. 16.0%; P<0.001), longer duration of 

response (72.8% vs. 46.8% of the patients had an 

ongoing response at 18 months), lower incidence of 

new lesions, (including new brain metastases) 

compared with placebo.  

- There was significant improvement in overall survival 

(OS) with Durvalumab as compared to placebo, (2-year 
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OS 66.3% vs 55.6%; HR=0.68 (99.73% CI:0.46-0.99); 

p=0.00251).  

- The improvement in PFS and OS with the use of 

Durvalumab was seen in all the prespecified subgroups. 

- The recent 4 -year update of the PACIFIC study 

reported a median OS of 47.5 months (95% CI: 38.4-

52.6) in the Durvalumab arm vs compared with 29.1 

(22.1-35.1) months with placebo [HR=0.71 (95% 

CI,0.57-0.88)]. The 4-year PFS was also significantly 

better in the Durvalumab arm compared with placebo 

[35.3% vs 19.5%, HR=0.55(95% CI,0.44-0.67)].  

- Durvalumab after cCRT is the current standard of care 

and should be offered to all patients. 

Finding the perfect predictive biomarker 

- The interplay between the tumor and immune system is 

dynamic and involves multiple factors which is why PD-

L1 is not a perfect predictive biomarker. 

- In the PACIFIC study there was no benefit with the 

addition of Durvalumab in the PD-L1 <1% subgroup, 

however this was part of a post-hoc analysis. More 

research is required to identify the subset of patients 
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who will benefit with IO and probably a panel of markers 

may be required rather than a single biomarker. 

Future perspectives 

Though the PACIFIC study has changed the treatment 

paradigm of stage III NSCLC, there are still questions 

about the timing, duration and optimal IO regimen. The 

ongoing studies listed below attempt to address these 

questions: 

1) Timing of IO 

i) PACIFIC 2: It is a phase 3 RCT which is investigating 

the role of concurrent Durvalumab with cCRT in locally 

advanced unresectable NSCLC. 

ii) PACIFIC 6: It is a Phase 2 study investigating the role 

of consolidation Durvalumab after sequential CRT in 

patients who are not able to tolerate concurrent CRT. 

iii) AFT-16: This trial is investigating the role of 

Atezolizumab given as neoadjuvant and adjuvant with 

cCRT in Stage III NSCLC 

2) Replacement of chemotherapy with IO 

i) DART study: This study is investigating whether 

Durvalumab can be combined with thoracic RT without 

the addition of platinum doublet. 
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ii) ARCHON-1: This is a phase 1 trial of accelerated or 

conventionally fractionated RT combined with 

Durvalumab in PD-L1 high (>50%) locally advanced 

NSCLC. 

3) Duration of IO 

i) GEMSTONE-301: This study is investigating whether 2 

years of consolidation IO is feasible and better than 1 

year. 

4) IO regimen: Monotherapy vs combination 

i) BTCRC LUN16-081: This is an ongoing phase 2 study 

of consolidation immunotherapy with Nivolumab and 

Ipilimumab or Nivolumab alone following cCRT for 

unresectable stage 3 NSCLC. 
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Pulmonary Rehabilitation in Lung Cancer 

- Pulmonary Rehabilitation (PR) has been defined by the 

European Respiratory Society (ERS) and American 

Thoracic Society (ATS) as, ‘an evidence-based, 

multidisciplinary, and comprehensive intervention 

based on a thorough patient assessment, followed by 

patient tailored therapies that include exercise training, 

education and behavior change, designed to reduce 

symptoms and improve the physical and psychological 

condition of patients with chronic respiratory disease 

- PR aims to enhance exercise capacity, functional 

status and improves quality of life to facilitate an active 

lifestyle.  

- The role of PR in lung cancer is gaining much 

importance by its positive effect on muscle strength, 

endurance, wellbeing and patient health status.  

- The National Institute of Health and Clinical Excellence 

guidelines on lung cancer also emphasized the need of 

rehabilitation programs before and after surgery
4
 

- PR is mostly delivered as an outpatient program of 2 or 

3 sessions per week for 8 to 12 weeks rather than as in 

patient program
5
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The essential components of PR 

- Comprehensive prehabilitation assessment that ensures 

optimum medical therapies, stabilization of 

comorbidities, QOL assessment. 

- An exercise test (6-minute walk test, CPET) 

- Dyspnea assessment (Borg’s scale; MMRC Dyspnea 

scale) 

- Pulmonary function assessment (PFT, DLCO)  

- Nutritional assessment.  

- Conventional PR consists of supervised exercise 

training, education, self-management strategies, and 

psychosocial support.  

- Exercise training mainly consist of combined aerobic 

(walking, cycling) and resistance training using machine 

weight, free weight or resistance bands and in keeping 

with the FITT (frequency, Intensity, Type, Time) 

principles of training
6
. 

Prehabilitation (Pre-operative PR):  

- Prehabilitation is exercise delivered before surgery or 

treatment.  
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- The role of exercise is to prevent deterioration and to 

maximize or restore physical status prior to, during and 

following treatment.  

- Optimizes physical fitness, reduces postoperative 

complications, reduces length of hospital stay and 

improves Health related Quality of Life (QOL)8.  

- In Tata Memorial Hospital, pre-operative PR is delivered 

as a group therapy outpatient session by the 

physiotherapist, on daily basis for one hour. The reason 

it is conducted as a group therapy is due to the large 

volume of patients; with most of them not being a local 

resident and not able to attend a supervised 

conventional PR program.  

Group therapy PR includes: 

- Education regarding the importance of PR to prevent 

post-operative complications 

- Breathing exercises like diaphragmatic breathing and 

chest expansion exercises 

- Inspiratory muscle training using incentive spirometer 

- Forced expiratory techniques like huffing and coughing 

to clear out secretions 

- Thoracic mobility exercises 
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- Mobility exercises for upper limb and lower limb 

muscles.  

- 5 repetitions of each exercise, three sets daily and 20 to 

30 minutes of brisk walking is recommended as the PR 

protocol for all the patients attending group therapy PR 

program. 

Post-operative (peri-operative) PR:  

- PR aims to treat the PPCs, minimize musculoskeletal 

weakness, and initiate early mobilization on post-

operative day 1 itself and early discharge from the 

hospital.  

- The physiotherapist delivers breathing exercises, 

spirometer exercises, supported coughing, sitting out of 

bed, mobility exercises and ambulation  

- Exercise training is generally started a few weeks after 

lung surgery after complete wound healing (6 to 8 

weeks). The aim is to restore the physical status, 

improve physical activity, psychological status and 

functional independence.  

- Moderate to high intensity exercise training with a 

combination of aerobic exercises and resistance training 

is highly recommended as demonstrated by the 

Cochrane review on exercise training.  However, the 
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studies did not effectively reflect any improvement in the 

health related QOL
10

.  

PR in advanced Lung Cancer:  

- Aim is to prevent deterioration of the physical and 

psychological status and to maintain optimal functional 

independence.  

- Data available from few studies conducted in this group 

depicts a significant improvement in the functional 

capacity, muscle strength, dyspnea and fatigue in the 

intervention group but no improvement in health related 

QOL.  

- Adherence to exercise training is higher in supervised 

training as compared to unsupervised home programs. 

More research in this field is needed to advocate the 

efficacy of unsupervised home-based PR program in 

advanced lung cancer and methods to monitor its 

compliance. 

Precautions during exercise training: 

- Avoid exercise if Hemoglobin < 80g/l, neutrophil count < 

0.5x 109/microliter, platelet count < 0.5 x 109/microliter, 

fever > 380 C, severe fatigue and nausea. 
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- Patients with cancer cachexia and muscle atrophy are 

not advised aerobic exercises. They should start with 

resistance exercise first to increase muscle mass and 

strength before commencing aerobic exercises for 

improving endurance.  

- Resistance exercise is prescribed with caution and 

require medical clearance before commencement for 

patients with unstable bone or spinal metastases / 

fractures and in patients with high risk of osteoporosis. 

In conclusion, PR in lung cancer is an essential treatment 

that improves patient related outcomes like exercise 

capacity, dyspnea, and fatigue, prevents postoperative 

pulmonary complications and has the potential to minimize 

the debilitating physical and psychological decline that 

often occurs with lung cancer.   
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Metastatic Non-Small Cell Lung Cancer 

- Registry based studies have shown that the majority of 

patients with lung cancer were diagnosed with distant 

metastasis.  

- The treatment landscape of advanced lung cancer has 

taken major strides from chemotherapy two decades 

ago, to targeted therapy and immunotherapy, 

combinations of these options. Efforts are also directed 

towards identifying predictive biomarkers and with a 

focus on personalized medicine. 

Systemic Therapy for Advanced Non-Small-Cell Lung 

Cancer with Driver Mutations 

a)   Advanced NSCLC with EGFR mutation –Choosing 

the best treatment option and recent advances 

Incidence 

The incidence of EGFR mutation varies between 10-15% 

in Caucasians, upto 50% in east Asians and 23% in India. 

EGFR mutation occurs more frequently in Asians, women 

and non-smokers. 
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EGFR Mutations in NSCLC 

Exon 
location 

Common 
mutations (%) 

Rare mutations (%) 

Exon 18 - 
G719X (13.78%), E709X 
(4.58%) 

Exon 19 
In frame deletions 
(47%) 

insertions (0.41%) 

Exon 20 
 

- 
insertions (16.85%),  
S768I (6.39%) 

Exon 21 L858R (41%) L861Q (9.88%) 

Others - 

Complex mutations 
(17.43%) 
Other frameshift mutations 
Other deletion mutations 

Testing for EGFR mutation 

- Methods used for diagnosis of EGFR mutation are 

quantitative Polymerase Chain reaction (qPCR), Next 

Generation Sequencing (NGS) and Sanger sequencing. 

- EGFR expression by immunohistochemistry (IHC) is not 

a recommended method for diagnosis of EGFR 

mutation. EGFR copy number analysis (i.e by 

FISH/CISH) should not be used to select patients for 

targeted TKI therapy.  

- As far as use of cell-free DNA (cf DNA) is concerned, 

there is insufficient evidence for its use for diagnosis. In 

situations when the tissue is limited or insufficient it may 
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be used to identify EGFR mutation. cf DNA can be used 

for diagnosis of secondary mutations of T790M on 

progression. 

 EGFR Tyrosine Kinase Inhibitors 

EGFR TKI Type of 

inhibition 

Indication 

First generation TKI 
Gefitinib 
Erlotinib 

Reversible First line therapy 

Second generation 
TKI 

Afatinib 
Dacomitinib 

Irreversible First line therapy 

Third generation TKI 
Osimertinib 

Irreversible First line therapy 
Second line therapy 
for T790M mutation 

First line Setting  

i) EGFR TKIs 

- EGFR TKIs represent the standard of care as first line 

treatment for advanced EGFR mutated NSCLC.  

- The superiority of each of the 1st line EGFR TKI in 

comparison with conventional platinum-based doublets 

were proven over the last decade through numerous 

trials (NEJ002, WJTOG 3405 – Gefitinib, OPTIMAL, 
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EURTAC – Erlotinib, LUX-Lung3, LUX- Lung 6 – 

Afatinib). 

- All the trials consistently showed improved ORR and 

PFS in comparison to the chemotherapy arm. The 

benefit of improvement in ORR and PFS was 

consistently seen across all age groups, genders, 

smoking status and PS. However, none of the above 

studies could show an OS benefit possibly due to the 

high level of crossover. 

Choice of EGFR TKI 

- The comparison of a 1st generation TKI with 2nd 

generation TKI was studied in Lux Lung 7 trial (phase 

IIB trial) comparing afatinib with gefitinib in the first line 

setting which showed only a modest prolongation of 

PFS with afatinib (11 months vs 10.9 months; HR 0.73; 

P – 0.017) and an increased incidence of serious 

adverse events in the afatinib arm (11% vs 4%). 

- In terms of the type of the EGFR mutation (exon 19 

deletion versus exon 21 L858R), all the 1st line TKIs 

performed similarly. Data from the subgroup analysis of 

Lux-Lung 3 and Lux-Lung 6 trials reported a significant 

improvement in the OS in the Afatinib arm with EGFR 

exon 19 mutation. However, this claim was later on 
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disproved in the Lux Lung 7 trial which showed no 

difference in the OS between the 2 mutations. 

- The ARCHER 1050 (phase III) trial compared 

dacomitinib with gefitinib in the first line setting and 

showed improved PFS (14.7 vs 9.2 months; HR 0.59, 

p<0.0001) and improved OS (34.1 vs 26.8 months; HR 

0.76; p=0.044) in the dacomitinib arm. This was the first 

trial in which there was significant improvement in OS 

with the use of a TKI. However, the ARCHER trial 

excluded patients with CNS metastasis at baseline and 

hence its efficacy in CNS metastases is not known. 

- The second instance where a TKI resulted in an overall 

survival advantage was in the FLAURA trial where 

Osimertinib was compared with Gefitinib/Erlotinib in the 

first line setting and showed a significant improvement in 

the PFS (18.9 vs 10.2 months; HR 0.46; P<0.0001) and 

OS (38.6 versus 31.8 months; HR 0.80, P 0.046). 

- The FLAURA trial included patients with CNS 

metastasis (25%). Amongst patients with CNS 

metastasis the PFS at 18 months was 58% (Osimertinib 

arm) versus 48% (Gefitinib/Erlotinib arm) (HR 0.48).  

- Osimertinib is superior to 1st generation TKIs and has 

CNS activity, hence it is considered as a preferred 
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option in first line treatment for NSCLC with sensitizing 

EGFR mutation. However, its cost is a major hindrance 

for its universal usage. 

ii) TKI in combination with chemotherapy 

- Combining chemotherapy with EGFR TKI acts 

synergistically by inducing apoptosis and suppressing 

AKT and extracellular signal regulated kinase 

phosphorylation, which may delay resistance. Oral TKI 

decreases the thymidylate synthase level, thereby 

enhancing the efficacy of Pemetrexed.  

- The NEJ 009 study compared Gefitinib with Gefitinib + 

Pemetrexed + Carboplatin, there was a significant 

improvement in the ORR (67% vs 84%), PFS (11.9 

months vs 20.9 months (HR 0.49; P<0.001)) and OS 

(38.8 months versus 50.9 months (HR 0.722)) in the 

combination arm.  

- A study by Noronha et al showed an improved ORR 

(63% vs 75%), PFS (8 months vs 16 months (HR 0.51)) 

and OS (17 months vs not reached; HR 0.45) with the 

combination of gefitinib and chemotherapy. 
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- Based on the evidence from these two trials, Gefitinib 

plus chemotherapy is an alternative in patients who do 

not have access to Osimertinib in the first -line setting. 

iii) TKI in combination with Anti-VEGF agent  

- Another strategy which was used in the NEJ026 trial 

was to compare the combination of Erlotinib with anti-

VEGF inhibitor (Bevacizumab) with 1st line TKI. This 

trial showed a significant improvement in the PFS (16.9 

months vs 13.3 months, HR 0.605; p= 0.016), however, 

there was no significant difference in the OS (50.7 

months vs 46.2 months, HR 1.00).  

- Similarly, the RELAY trial compared the combination of 

Erlotinib + Ramucirumab with Erlotinib and showed a 

significant improvement in the PFS (19.4 months versus 

12.4 months; HR 0.59; P<0.0001). Overall survival data 

was not mature at the time of publication of the trial. 

Options for first-line treatment of EGFR mutant 

advanced NSCLC 

- Following treatment options are available for patients 

with EGFR mutated advanced NSCLC: 
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1) Osimertinib- preferred choice due to its efficacy 

(superior PFS, OS), CNS activity, safety and 

tolerability. 

2) Gefitinib + Chemotherapy- first line option in fit 

patients, especially in LMICs where most patients do 

not have access to Osimertinib 

3)  Dacomitinib 

4) Gefitinib, Erlotinib- 1
st
 generation TKIs alone may be 

considered in patients who are elderly, por 

performance status>2 

5) Afatinib-preferred in certain rare mutations based on 

data from pooled analysis of Lux Lung 3 & 6 trials. 

6) Erlotinib + Bevacizumab 

Treatment of Rare EGFR mutations 

- All other mutations apart from exon 19 deletion and 

L858R mutation in exon 21 are referred to as rare 

mutations. They constitute about 15% of the EGFR 

mutations. These rare mutations are listed in the table 

below. 
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- This group of patients constitutes a heterogeneous 

group with differential sensitivity and varied responses 

to treatment. 

- Post hoc analysis of Lux Lung 2, Lux Lung 3 and Lux 

Lung 6 showed activity of afatinib in patients with 

G719X, L861Q and S768I mutations with median PFS 

of 13.8 months, 8.2 months and 14.7 months 

respectively. 

-  Similarly in a single arm phase II study, Osimertinib has 

shown activity against G719X, L861Q and S768I.  

- Several case studies have reported partial responses or 

stable diseases for patients with exon 19 insertions after 

using 1st generation EGFR TKI, however the durability 

of the response is varied (5.9- 24 months). 

- EGFR exon 20 insertions are associated with primary 

resistance to EGFR TKI except A763_Y764insFQEA 

which was shown to have achieved partial response to 

Gefitinib and Erlotinib. 

- Amivantimab, Poziotinib, Mobocertinib have 

demonstrated activity in EGFR exon 20 insertions. More 

studies with these agents are ongoing and results are 

awaited. 
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- Amivantimab has received approval for use in NSCLC 

with EGFR exon 20 insertion after progression on 

platinum-based chemotherapy+/- immunotherapy.  

EGFR TKI Sensitivity based on the Location of EGFR 

Mutation 

 EGFR TKI Location of EGFR mutation 

Exon18 Exon 19 Exon 20 Exon 21 

Erlotinib 
Gefitinib 
Afatinib 
Dacomitinib 

  
-- 

  
Deletion 

  
-- 

  
L858R 

Osimertinib -- Deletion T790M L858R 

Afatinib G719X -- S768I L861Q 

On/Off label use of 
Erlotinib/ 
Gefitinib/Afatinib/ 
Osimertinib 

G719X Insertion A763_Y
764insF
QEA 
 
S768I 

L861Q 

Mutations causing 
EGFR TKI 
insensitivity 

- To all TKIs* 

- To Osimertinib 

- To 1st & 2nd 
generation TKIs, 
sensitive to 
Osimertinib 

  
-- 

  
-- 

 
Insertion 
C797S 
T790M 

  
-- 

* Except for A763_Y764insFQEA which is sensitive 
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Treatment of EGFR+ NSCLC – Second line and 

beyond 

- About 50-60% patient with EGFR mutant NSCLC 

treated with 1oe 2 generation TKIs develop a secondary 

EGFR mutation-T790M. Osimertinib improved both PFS 

(mpFS 10.1 vs 4.4 months, p<0.001) and ORR in 

comparison with platinum-pemetrexed. 

-  In patients with brain metastases at baseline 

Osimertinib significantly improved PFS (median PFS 8.5 

months vs. 4.2 months; hazard ratio, 0.32). There was a 

non- significant trend to improved OS although a 

significant number of patients who crossed over from 

chemotherapy arm to Osimertinib (median OS 26.8 vs 

22.5 months).  

- In patients with T790M mutations Osimertinib is the drug 

of choice in the second line setting. 

- All patient should be tested for EGFR exon 20 T790M 

mutation after progression on a 1st or 2nd generation 

TKI. A repeat biopsy should be considered and sent for 

molecular analysis. With the availability of NGS other 

resistance pathways such as MET can be identified and 

patients can receive appropriate therapy. 



Page | 113  
 

- In patients who refuse or are unfit to undergo repeat 

biopsy, a liquid biopsy (i.e.; cf-DNA in blood) can be 

used to identify the T790M mutation. 

- In patients who receive Osimertinib the mechanisms of 

resistance include loss of T790M, other EGFR 

mutations such as C797S, G724S, L718Q; activation of 

bypass pathways – MET amplification, HER-2 

amplification, mutations in KRAS, BRAF, PIK3CA and 

small cell transformation.  

- Repeat biopsy and NGS should be offered to patients 

who have progressed on Osimertinib, so that 

appropriate therapy can be started. 

- In patient without any actionable mutations 

chemotherapy is used at the time of disease 

progression. 

Management of NSCLC with ALK Fusion 

Fusion genes involving ALK and a number of partners 

(most commonly EML4) account for around 2%–5% of the 

same population that is routinely tested for EGFR 

mutations.  
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Testing for ALK Fusions 

- Break-apart fluorescent in situ hybridization (FISH) was 

established as the gold standard test to identify ALK 

gene rearrangement. 

- The close association between a positive FISH test and 

modestly elevated ALK protein in tumor cells allows ALK 

immunohistochemistry (IHC) to be used routinely for 

testing.  

- In the present algorithm for ALK testing, IHC with 

Ventana D5F3 antibody is used as the first test, in cases 

of 1+ or 2+ scoring, FISH is used as a confirmatory test. 

Strong granular cytoplasmic staining in any percentage 

of positive tumor cells is regarded as 3+ and is a 

candidate for ALK inhibitor. 

- False negative results with ALK IHC may be seen in 

signet ring cells or tumor cells with cytoplasmic mucin 

due to the limited expression in thin and scanty 

cytoplasm.  

- With increasing use of Next Generation sequencing 

(NGS), if the turnaround time is optimal (preferably up to 

two weeks), RNA-based NGS is an ideal test to be 

conducted at baseline in all patients of NSCLC.  
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- RNA based NGS can also help in detecting ALK kinase 

domain mutations at progression on ALK TKI. 

Targeting ALK with ALK TKIs 

First Generation ALK Inhibitor - Crizotinib 

Crizotinib in a first generation ALK inhibitor that has 

activity in ALK rearranged NSCLC. The phase III study, 

PROFILE 1014, compared crizotinib with platinum–

pemetrexed (without maintenance pemetrexed) as first-

line treatment in ALK-rearranged advanced NSCLC. It 

demonstrated a significantly longer PFS (mPFS 10.9 

versus 7.0 months; HR 0.45; 95% CI 0.35–0.60; P<0.001) 

and higher ORR with crizotinib compared with 

chemotherapy (ChT).  

Second generation ALK Inhibitors 

- Ceritinib and alectinib are second-generation ALK 

inhibitors with good efficacy and with intracranial activity 

in patients with ALK-rearranged NSCLC.  

- The ASCEND-4 trial compared ceritinib (750 mg/day) 

with platinum-based ChT in untreated advanced ALK-

rearranged non-squamous NSCLC.  
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- Ceritinib improved ORR and (72.5% versus 26%), PFS 

(16.6 versus 8.1 months; HR 0.55, P<0.01) when 

compared to Cht. In patients with CNS metastasis, 

those who received ceritinib had higher intracranial ORR  

(72.7% versus 27.3%) as compared to ChT.  

- The most common AEs (all grades) in the ceritinib group 

were diarrhoea (85%), nausea (69%), vomiting (66%) 

and an increase in alanine aminotransferase (ALT, 

60%).  

- The influence of food increases the oral bioavailability 

and improves tolerance. The ASCEND-8 trial 

demonstrated that a lower dose of ceritinib i.e., 450 mg 

taken once daily with food provides similar systemic 

exposure and a reduced of the gastrointestinal toxicities 

when compared with the 750 mg dose taken in a fasting 

state. Hence the 450 mg dose of ceritinib is prescribed 

now. 

Alectinib 

- The ALEX trial compared Alectinib (600 mg b.i.d.) with 

crizotinib (250 mg b.i.d.) in patients with ALK rearranged 

NSCLC. 

- Alectinib significantly improved the PFS (mPFS 34.8 vs 

10.9 months), OS and time to CNS progression 
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(baseline CNS metastases mPFS 27.7 months vs 7.4 

months) when compared to crizotinib.  

- The updated result of the ALEX trial results revealed a 

5-year survival rate of 62.5% in the alectinib arm versus 

45.5% in the crizotinib arm.  

- Alectinib is recommended for the first line treatment of 

ALK positive NSCLC as it is has superior efficacy and 

CNS activity as compared to crizotinib. 

Brigatinib  

- ALK‑TKI, brigatinib, showed superiority over crizotinib in 

the phase‑III ALTA‑1 L study (estimated 12‑month PFS: 

67% vs. 43%; HR- 0.49, P < 0.001) and is an option. 

Lorlatinib  

The CROWN trial a phase III trial comparing lorlatinib with 

crizotinib in the first line setting. Lorlatinib had a 

significantly improved the PFS at 12 months (78% vs. 

39%), a higher overall intracranial response (66% vs. 

20%) in comparison to those who received crizotinib. 

However, the incidence of Grade 3 or 4 AEs was higher 

(72% vs. 56%) in patients receiving lorlatinib.  
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Resistance to ALK TKIs 

- Resistance to ALK TKIs may be due to “on target” or 

ALK dependent variations and “off target” or, ALK 

independent variations.  

- On-target resistance is due to secondary mutations in 

ALK kinase domain (around 30%), or high level of ALK 

amplification in a small number of patients post 

Crizotinib. The most common ALK kinase domain 

mutations are L1196M and G1269A, affecting the deep 

binding pocket of ATP. The G1202R is seen in only 2% 

of the patients post Crizotinib, is common after the use 

of second generation TKIs. 

- RNA based NGS is recommended for detecting these 

mutations at progression on ALK TKI.This has 

therapeutic implications as newer-generation ALK TKIs 

show differential efficacy against different ALK 

mutations. 

- ALK independent mechanisms of resistance include 

activation of bypass signalling pathways (such as, 

EGFR/KIT/MET amplification, BRAF mutation, MAP 

kinase pathway) and, activation of drug efflux pumps 

like P-glycoproteins.  
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Beyond First Line 

- Ceritinib (ASCEND-5) and Alectinib (ALUR) were 

compared with ChT in patients with ALK-positive 

NSCLC previously treated with crizotinib and ChT.  

- Both trials showed a significant improvement in mPFS 

compared with ChT (5.4 months for ceritinib versus 1.6 

months, ChT; HR 0.49, P<0.001). CNS ORR was 54.2% 

and 35% with alectinib or ceritinib, respectively, versus 

0% or 5% with ChT in the ALUR and ASCEND-5 trials, 

respectively.  

- Lorlatinib overcomes most acquired resistance 

mutations within the ALK kinase domain. Lorlatinib was 

also designed to be highly central nervous system 

penetrant. 

- The G1202R confers resistance to other next-

generation ALK inhibitors, including ceritinib, alectinib, 

and likely brigatinib. 

- Lorlatinib has activity against most of the known ALK 

inhibitor resistance mutations, including G1202R it is the 

preferred agent in the setting of acquired resistance 

to alectinib 

https://www.uptodate.com/contents/ceritinib-drug-information?search=alk+positive+lung+cancer&topicRef=4621&source=see_link
https://www.uptodate.com/contents/brigatinib-drug-information?search=alk+positive+lung+cancer&topicRef=4621&source=see_link
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The FDA approval for lorlatinib is based on the results of a 

phase II study, ORR  of 47% (CR 2%,PR 45%). In patients 

post-crizotinib, the was ORR 73 %, with median 

progression-free survival (PFS) 11.1 months, and median 

duration of response not reached. After one or more 

second-generation ALK inhibitors, the ORR 40 %, median 

PFS was 6.9 months, and median duration of response 

was 7.1 months.  

Algorithm for choosing the ALK TKI beyond first line 

therapy. 

 

https://www.uptodate.com/contents/lorlatinib-drug-information?search=alk+positive+lung+cancer&topicRef=4621&source=see_link
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Conclusion  

- Patients with ALK rearrangements should be treated 

with first‑  or second‑ generation ALK inhibitors 

(crizotinib, alectinib, and ceritinib) upfront. 

- Newer‑ generation ALK‑ TKIs with better PFS are 

preferred. 

- In case chemotherapy is started before the results of 

ALK testing are available, chemotherapy may be 

continued for 4–6 cycles in responding patients.  

- Switching to ALK inhibitors before completion of 4–6 

cycles is a valid option 

Treatment of advanced NSCLC with ROS-1 fusions 

ROS1 is a receptor tyrosine kinase that belongs to the 

insulin receptor family and is not normally expressed in 

the lung. The incidence of ROS-1 rearrangement is 1% to 

2% in NSCLC patients. It is mostly seen in patients with 

NSCLC with adenocarcinoma, younger age, and never 

smokers.  
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ROS-1 signalling pathway: 

- ROS-1 gene located on chromosome 6q22.1 and 

encodes the ROS proto-oncogene 1.  

- ROS-1 protein shows substantial homology to ALK 

(both belong to the insulin receptor superfamily), 

particularly within the ATP binding site (84% homology) 

and the kinase domains (64% homology).  

- Genomic alteration of ROS1 is well known and 

normally leads to gene fusion with several fusion 

partners the resulting fusion proteins are robust 

oncogenic drivers. As a result, ROS1 kinase activity is 

constitutively activated, leading to increased cell 

proliferation, survival, and migration due to the 

upregulation of JAK/STAT, PI3K/AKT, and MAPK/ERK 

signalling pathways.  
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ROS-1 fusion partners in NSCLC 

Gene Description Estimated 
Frequency 

CD74 Cluster of differentiation 74 32-42% 

SLC34A2 
Solute carrier family 34-
member 2 gene 

12-18% 

EZR Ezrin gene 6-15% 

TMP3 Tropomyosin 3 gene 3-15% 

SDC4 Syndecan 4 gene 7-11% 

FIG Fused in Glioblastoma 2-3% 

TMEM106B 
Transmembrane protein 
106B 

1% 

CCDC6 
Coiled-coil domain 
containing 6 gene 

1% 

LIMA1 
LIM domain and actin-
binding 1 gene 

1% 

WNK1 
Lysine deficient protein 
kinase 1 

1% 

LRIG3 
Leucine-rich repeats and 
immunoglobulin-like 
domains 3 gene 

1% 

TDP52L1 
Tumor protein D52 like 1 
gene 

1% 

CITC Clathrin heavy chain gene 1% 

MSN Moesin gene 1% 

KDELR2 
Endoplasmic reticulum 
protein retention receptor 2 
gene 

1% 

MYOSC 
Myosin VS (heavy chain 
12, myosin) 

1% 

TFG TRK-fused gene 1% 

RBPMS 
RNA-binding protein with 
multiple splicing 

1% 
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Recommendation for ROS-1 testing: 

ROS-1 testing is recommended in patients with metastatic 

non-squamous NSCLC or NSCLC NOS, metastatic 

squamous cell carcinoma in a small biopsy specimen, or 

mixed histology.   

Techniques for the detection of ROS-1 rearrangements 

Technique Advantages Disadvantages 

IHC -High sensitivity 
-Economic 
Short turnaround 
-Low number of cells 
required 
-Employed on 
conventional alcohol 
fixed cytology 

-Subjective evaluation 
-Tissue fixation 
procedure 
-Antibody chemical 
properties 

FISH -Reliable  
-“Gold standard” tool 

-Moderately expansive 
-Difficult to use 
-Labour intense 
-False-negative results 

RT-PCR -Good sensitivity & 
specificity 
-Small amount of 
starting material 

-Formalin fixed and 
formalin embedded 
samples only 
-Error-prone 
-More validation 
required 
-Good quality of starting 
material 

NGS -Detection of novel 
fusions 
-Parallel identification 
-Formalin fixed and 
formalin embedded 
or biopsy specimen 

-More validation required 
-Turnaround time 
-Specimen depletion 
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Targeting ROS-1 Oncogene – current treatment 

options 

First line options 

- Crizotinib, Ceritinib, and Entrectinib are recommended 

first-line options in metastatic NSCLC. Crizotinib and 

Entrectinib are preferred options as they are well 

tolerated and have been extensively studied.  

- If ROS-1 fusions are discovered during first-line systemic 

therapy, then ROS-1 directed therapy may be initiated 

after interruption of chemotherapy or after completion of 

planned chemotherapy. 

Subsequent treatment options 

- Lorlatinib can be used in selected patients after 

progression with any of the recommended first-line 

targeted agents.  

- Alectinib, Brigatinib, and Ceritinib are not recommended 

treatment options in patients whose disease has become 

resistant to Crizotinib.  

New treatment: 

- Repotrectinib is a next-generation ROS1/TRK/ALK TKI 

with higher potency compared to crizotinib against 

ROS1. Preclinical studies demonstrate robust activity 
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against all known ROS1 resistance mutations, including 

ROS1 G2032R. 

- In the phase I (TRIDENT-1 study), in 11 evaluable TKI-

naive ROS1-rearranged NSCLC patients, confirmed 

ORR was 91% (95% CI 59–100); in 18 patients pre-

treated with 1 prior TKI, confirmed ORR was 39% (95% 

CI 17–64). All patients with ROS1 G2032R had tumor 

regression (ORR of 40%). 

-  
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Conclusion:  

Testing for ROS-1 fusions and targeting ROS-1 pathway 

should be an integral part of treatment of advanced 

metastatic NSCLC. ROS-1 directed therapy improves 

outcomes and should be offered to patients with ROS-

1 fusions. A number of TKIs have been approved 

based on efficacy results and newer generation TKIs 

are under evaluation. 
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BRAF Mutations in NSCLC 

- The BRAF gene encodes for a serine-threonine kinase 

that belongs to the RAS-RAF-MEK-ERK axis that 

regulates cellular growth.  

- BRAF mutations are seen in 3–5% of the non-squamous 

NSCLC with the BRAF V600E point mutation accounting 

for half of these mutations. 

- Histologically, BRAF V600E-mutated adenocarcinomas 

are mucinous with a micropapillary growth pattern and 

intense thyroid transcription factor-1 (TTF-1) expression. 

Besides adenocarcinoma, BRAF mutations have also 

been reported in about 7% of sarcomatoid carcinomas, 

large-cell neuroendocrine carcinomas (3%) and 

squamous cell lung carcinomas (3%).  

- BRAF mutations are more frequent in female patients, 

current or former smokers, but BRAF V600E mutations 

are seen mainly in non-smokers. 

- BRAF mutations have also been classified into 3 

classes:  

(a) Class I : are BRAF V600 mutations that signal as 

monomers, 
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(b) Class II: are BRAF non-V600 that function as dimers 

and are kinase-activating 

(c) Class III are BRAF non-V600 and kinase impaired but 

able to amplify ERK signaling when there is upstream 

tyrosine kinase activation or other alterations 

increasing the RAS activity 

Prognostic impact of BRAF mutations 

- Retrospective analyses of patients with BRAF V600E 

mutations have shown inferior responses to platinum-

based chemotherapy when compared to BRAF non-

V600E-mutated patients or wild-type patients; however, 

these differences have not been statistically significant. 

- Most BRAF V600E-mutated patients have shorter 

progression-free survival (PFS) and overall survival (OS) 

in univariate analysis (hazard ratio [HR] 2.67; p<0.001 

and HR 2.97; p<0.001, respectively) and multivariate 

analysis (HR, 2.19; p<0.011 and HR, 2.18; p<0.14, 

respectively). 

Evidence for BRAF and MEK inhibitors combination 

for NSCLC  

Vemurafenib  

- In a basket trial with  20 patients , vemurafenib had an 

ORR of 42% for patients with BRAF V600-mutated 
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NSCLC  and a median PFS of 7.3 months. At 12 months, 

the PFS rate was 23% and the overall survival was 66%. 

- Mazieres and colleagues reported their experience with 

vemurafenib in 100 patients harboring BRAF V600E 

mutation, With a  mean ORR of 44.9% (95% CI: 35.2–

54.8).Median duration of response was 6.5 months (5.1–

7.3). Median PFS was 5.2 months (3.8–6.9), and median 

OS was 9.3 months.  

Dabrafenib 

- In a phase II, non-randomized, clinical trial 78 patients 

received dabrafenib after one or more prior 

chemotherapy regimens for metastatic disease and 6 

patients received dabrafenib as first-line treatment. The 

median follow-up was 10.7 months, the ORR was 33% in 

pre-treated patients. The disease control rate (DCR) was 

58%. In this trial, ORR and DCR were higher in patients 

with only one prior line of therapy as compared to those 

with two or more prior lines of therapy. 

- Cohort B of this same study comprised 57 patients 

previously treated who received the combination of 

dabrafenib and trametinib. The ORR 63.2%. The 

investigator-assessed confirmed overall response was 

63.2% (CR-4%, PR-60%). The median PFS was 9.7 
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months, and the median duration of response was 9.0 

months. The OS at 6 months was 82% and at data cut-

off (11.6 months of follow-up) 23 (40%) of 57 patients 

had died. 

- Cohort C of this clinical trial included 36 previously 

untreated patients. They were given first-line treatment 

with dabrafenib and trametinib. The ORR of 64%, DCR of 

72% and 75% when independently assessed and 

investigator assessed, respectively. There were two 

complete responses. PFS was 10.9 months, and OS was 

24.6 months. The investigator-assessed median duration 

of response was 10.4 months. 

Resistance to BRAF Inhibitors 

- The possible resistance mechanisms for BRAF inhibitors 

include: 

- Switch from full-length BRAF V600E to an aberrant type 

in NSCLC cell lines with BRAF V600E mutation exposed 

to BRAF inhibitors.  

- Activation of EGFR via c-Jun-mediated upregulation of 

EGFR ligands (i.e. HB-EGF, EREG, AREG, TGF-α) and 

increased protein kinase B (AKT) activation. 
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- KRAS mutations have been proposed as a potential 

resistance mechanism after patients with BRAF V600E 

mutations are exposed to BRAF inhibitors. Preclinical 

models have shown that BRAF-and KRAS-mutated 

murine lung cancers share the MAP kinase pathway 

(MEK) as a downstream effector; hence MEK inhibitors 

like Trametinib are added to BRAF inhibitors to overcome 

resistance 

Conclusions 

BRAF V600E appears to confer aggressive biology, and 

cytotoxic chemotherapy is inferior when used in the first-

line setting. Targeting BRAF V600E mutations with a 

combination of BRAF and MEK inhibitors appears to be 

the best frontline option for patients with this oncogenic 

driver. The second-line treatment for BRAF mutated 

NSCLC is unclear at this moment. Immune checkpoint 

inhibitors appear to have some activity in retrospective 

analyses, but further prospective trials are needed to 

establish their efficacy in this subset of patients. 

Advanced NSCLC with HER2 Alterations 

- The human epidermal growth factor 2 receptor (HER-2) 

gene, also known as ErbB2, is a known proto-oncogene 
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that is located on the long arm of chromosome 17 

(17q21). 

- HER2 is activated by homo- or heterodimerization with 

other members of the erbB family, resulting in 

phosphorylation of intracellular tyrosine kinase residue 

and activation of downstream PI3K/AKT and MEK/ERK 

pathways leading to cellular proliferation. 

- HER2 mutations and amplifications have been 

associated with female sex, Asian ethnicity, non-smoking 

status as well as moderate to poorly differentiated 

adenocarcinoma histology. 

- Pleural invasion is commonly seen in HER-2 amplified 

and HER-2 overexpressing NSCLC while central nervous 

system (CNS) involvement has been reported in up to 

47% of patients with HER-2 mutant NSCLC.  

- HER-2 overexpression in NSCLC is associated with poor 

outcomes in various studies, the prognostic value of 

HER-2 mutation and amplification remains unclear. 

Types of HER2 alterations in NSCLC 

- Three types of HER2 alterations occur in NSCLC: HER2 

gene amplification, HER2 overexpression, and HER2 

point mutations.  
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- HER- 2 overexpression: seen in 13-20% of NSCLC. 

Commonly seen in adenocarcinoma and well-

differentiated tumors. HER2 quantification is detected by 

IHC and a score of 2+ or 3+ is considered as 

overexpressed in most of the studies. HER2 

overexpression is a poor prognostic factory in NSCLC.  

- HER-2 gene amplification: De novo amplification is 

uncommon and is seen in <3% of cases of NSCLC 

whereas acquired HER2 gene amplification is seen in 

about 13% of patients who progressed on prior EGFR-

TKI therapy. It is one of the most common resistance 

mechanisms for EGFR-TKI after T790M mutation.  HER2 

gene copy number to centromere ratio of ≥2 on FISH is 

considered positive for HER2 gene amplification. The 

prognostic value of HER2 amplification is debatable.  

-  HER2 somatic mutation:Seen n 2-4% of cases of 

NSCLC. RT-PCR and NGS are techniques used to 

detect HER2 mutations. YVMA 776-779 insertion in the 

exon 20 is the most common and accounts for about 

90% of HER2 mutations. The prognostic value is 

controversial.  

- The correlation between HER2 gene mutation, 

amplification, and protein overexpression is unclear, 
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unlike in breast cancer where gene amplification is 

associated with protein overexpression.  

- Numerous studies have been conducted to study the role 

of anti-HER2 therapies like monoclonal antibodies, 

antibody-drug conjugates, and TKIs, however, in contrast 

to breast, their role is not yet clear in NSCLC. 
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Testing for HER-2 molecular alterations 

HER-2 
aberration 

Main techniques Alternative 
techniques 

HER2 mutation NGS RT-PCR 

HER2 
amplification 

FISH 
(HER2/CEP17>2) 

NGS (copy 
number >6) 
ELISA (serum 
HER-2 ECD >15 
ng/ml) 
qRT-PCR 
 (HER-2 mRNA) 

HER2 
overexpression 

IHC (2-3+) NGS (copy 
number >6) 
ELISA (serum 
HER-2 ECD >15 
ng/ml) 
qRT-PCR (HER-2 
mRNA) 

 
CEP17, chromosome enumeration probe 17; ECD, extracellular 
domain; ELISA, enzyme-linked immunoassay; IHC, 
immunohistochemistry; mRNA, messenger RNA; NGS, next-
generation sequencing; qPCR, quantitative polymerase chain 
reaction; qRT-PCR, quantitative reverse-transcriptase 
polymerase chain reaction; RT-PCR, reverse-transcriptase 
polymerase chain reaction. 
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HER-2 targeted therapy 

Monoclonal antibodies 

- Trastuzumab has shown poor response in NSCLC, 

regardless of HER2 status determined by IHC or FISH.  

- However, Trastuzumab plus paclitaxel in patients who 

progressed on EGFR-TKI with HER-2 expression, the 

highest response rates were seen in patients with IHC 

score 3+ (ORR 67%, n=12) and HER2 copy number 

≥10 (ORR 100%, n=4). This shows that de novo and 

secondary HER2 alteration might respond differentially 

to anti-HER2 therapies.  

- Single-agent Pertuzumab was ineffective for NSCLC 

patients with HER2 alteration. Trials assessing 

combination therapies are currently underway.  

Antibody drug conjugates 

- T-DM1 has shown ORR of 44% and a median PFS of 4 

months in HER2 mutant lung cancer (n=35) even in 

heavily pretreated patients, in a phase II trial. Based on 

this, NCCN guideline has recommended T-DM1 for 

HER2 mutant NSCLC. 

- Tratstuzumab deruxtecan (TDxd), in a phase II trial 

(DESTINY-Lung 01) has shown an ORR of 61.9%, 
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median PFS 14 months, and median OS not reached in 

previously treated patients with HER2 mutation. It is 

also recommended as a treatment option for HER2 

mutant NSCLC.  

- A phase III trial is ongoing evaluating the efficacy of 

TDXd in HER-2 mutation positive lung cancer in the first 

line setting. 

Small Molecule TKIs 

- There are 6 TKIs with anti-HER2 activity. Among these, 

lapatinib and afatinib are dual EGFR/HER2 TKI and 

dacomitinib, neratinib, poziotinib, pyrotinib, and 

mobocertinib are irreversible pan-erbB receptor 

inhibitors.  

- Lapatinib did not show clinical benefit in the limited 

studies with NSCLC, nevertheless, patients in these 

studies were unselected for HER2 expression. 

- Afatinib, although it demonstrated potent antitumor 

activity in preclinical studies, in clinical studies it has 

shown limited efficacy. However, retrospective studies 

reveal that certain mutations in the HER-2 gene such as 

G778_P780dup (G778), p.A775_G776ins/YVMA, 

p.G776delinsVC, and p.Y772_A775dup may benefit 

from afatinib. 
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- Similarly, dacomitinib and neratinib also showed limited 

efficacy in phase II studies.  

- Among the TKIs, poziotinib has the most potent activity 

against HER-2 exon 20 insertions, which is the most 

common HER-2 mutation. In cohort 2 of the phase II, 

ZENITH 20 trial, poziotinib demonstrated an ORR of 

27.8%, DCR of 70%, and a median PFS of 5.5 months, 

which looks promising and further studies are ongoing.  

- Pyrotinib (irreversible pan-HER inhibitor) and 

Mobocertinib (selective HER2 and EGFR exon 20 

inhibitor) are emerging drugs that showed significant 

antitumor activity in HER2 exon 20 insertions and are 

currently being tested in larger studies.  

Immune Checkpoint Inhibitors (ICIs) 

- Evidence on the use of ICIs such as PD-1 inhibitors, 

PD-L1 inhibitors and CTLA-4 inhibitors in NSCLC 

patients with HER2 alterations remains scarce. The 

evidence from these retrospective studies do not 

support the use of ICIs in patients with HER2-mutant 

NSCLC 
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- A tumour microenvironment lacking CD8+ T cell 

infiltration could possibly explain the poor efficacy of 

ICIs in EGFR and HER2-driven NSCLC. 

Conclusions 

- Identification of the type of HER2 aberration and 

evaluation of the sensitivity of different drugs to these 

HER2 aberrations is important.  

-  ADC-based therapies seem to offer the highest 

response rates and the best survival outcomes both in 

patients with HER2-mutant and HER2-positive 

refractory NSCLC patients. 

- Poziotinib and pyrotinib have shown greater activity 

against HER2-mutant NSCLC when compared to other 

TKIs. 

-  In contrast to breast and gastric cancers, anti-HER2 

agents are still not considered a standard of care in the 

first line setting in NSCLC. 
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Targeting KRAS in Advanced NSCLC 

- Mutations in the Kirsten rat sarcoma (KRAS) gene have 

been reported in upto 30% of cases of lung 

adenocarcinomas in the West and close to 10% in Asia. 

KRAS Mutations 

- Majority of KRAS mutations occur in exons 2 and 3, of 

which the missense mutation is the commonest.  

- Missense mutations arise either due to transition (G>A) 

which gives rise to G12D and G13D mutations, or due 

to transversions (G>T or G>C) which give rise to the 

G12V and G12C (glycine to cysteine substitution at 

codon 12 of KRAS) mutations. 

- The G12C is the most common mutation in NSCLC, 

found in about 50% of cases. 

Prognostic implications of KRAS mutations 

There is conflicting evidence on the prognostic value of 

KRAS mutations in NSCLC. Some reports suggest that 

patients with KRAS mutations have a poor prognosis, 

while others suggest they have outcomes similar to that of 

patients with wild-type (WT) KRAS. 
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TARGETING KRAS 

Direct targeting of KRAS 

Until about 5 years ago, direct targeting of KRAS was 

seen as highly challenging due to the complexity of its 

biochemistry, the high affinity of GTP for KRAS, 

and limited number of active binding sites. Now KRAS has 

finally emerged as a molecular target with new drugs 

approved and many in the pipeline. 

KRAS G12C inhibitors: 

1)    Sotorasib:  

- In a phase II trial (CodeBreaK 100) NSCLC patients with 

KRAS G12C mutations treated with sotorasib had an 

objective response rate of 37% and disease control rate 

of 80%. The safety profile was excellent with no 

treatment-related deaths, and the most frequent grade 3 

adverse events noted were transaminitis (11.9%) and 

diarrhea (4%).  

- Another phase II trial, also demonstrated the efficacy 

sotorasib in NSCLC patients with KRAS p.G12C lead to 

median PFS and OS of 6.8 months (95% CI, 5.1 to 8.2), 

and 12.5 months (95% CI, 10.0 to could not be 

evaluated) respectively. 
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- Sotorasib is approved for use in NSCLC patients with 

KRAS G12C mutation who have received at least one 

prior line of therapy. The recommended dose of 

sotorasib is 960mg/day  per oral. 

2)    Adagrasib: 

- Adagrasib has a FDA breakthrough therapy designation 

for NSCLC patients with KRAS G12C mutations based 

on the KRYSTAL study (NCT03785249), a phase 1/2 

study which demonstrated the benefit of adagrasib 

Indirect targeting of KRAS: 

- The farnesylation of RAS protein is important for 

oncogenesis and l farnesyl transferase inhibitors (FTIs) 

(e.g.tipifarnib and salirasib) have undergone clinical 

investigation but have not shown clinical efficacy in 

KRAS-mutant NSCLC. 

- Small molecules have also been developed to inhibit the 

downstream pathways such as RAF,MEK and ERK. 

- The combination of Selumetinib (selective MEK1/2 

inhibitor) with Docetaxel in a phase 2 trial demonstrated 

a numerical improvement in the OS (9.4 months) as 

compared to placebo + docetaxel (5.2 months), which 

was not statistically significant (p=0.21). The ORR in the 
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selumetinib + docetaxel group was 37% versus 0% in 

the placebo + docetaxel (P < 0.0001) and PFS was 5.3 

versus 2.1 months (p=0.014).  

- Another randomized trial with 510 patients with KRAS-

mutant advanced NSCLC failed to show an 

improvement in PFS with selumetinib + docetaxel in 

comparison with placebo + docetaxel as second-line 

therapy.  

RET and NTRK Fusions in NSCLC 

 RET fusion-positive NSCLC 

- The rearranged transfection gene (RET) encodes a cell 

surface tyrosine kinase receptor that is frequently 

altered in medullary thyroid cancer.  

- Recurrent rearrangements between RET and various 

fusion partners (coiled-coil domain containing 6 

[CCDC6], kinesin family member 5B [KIF5B], nuclear 

receptor coactivator 4 [NCOA4]) have been identified in 

1 to 2 % of lung adenocarcinomas, and occur more 

frequently in younger patients and in never-smokers.  

- Rearrangements can be detected with break-apart FISH 

or NGS. 
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Drugs Targeting RET Fusions 

- The RET inhibitors selpercatinib and pralsetinib are 

approved by the FDA for adult patients with advanced 

NSCLC with a RET fusion-positive NSCLC, and either 

of these agents can be used in the front-line setting for 

such patients, rather than immunotherapy and/or 

chemotherapy. These agents can also be used in the 

subsequent-line setting. 
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RET fusion kinase inhibitors 

Trial  LIBRETTO-001 
 (phase I/II) 

ARROW  
(Phase I/II) 

Drug & 
Dose 

Selpercatinib* 
≥50 kg: 160 mg  
<50 kg: 120 mg PO 
twice daily (approx. 
every 12 hours), with or 
without food  

 Pralsetinib*  
400 mg PO once-
daily on an empty 
stomach 

Population 
& No of 
pts. 

 RET fusion-positive 
NSCLC 
Treatment naive= 39 

 Previous platinum 
treatment=105 

 Treatment 
naive=27 

 Previous platinum 
treatment=87  

Response 
Rates 

 85% 

 64% 

 70% 

 61% 

Duration of 
Response 
 (DOR) 

 90% responses last for 
at least 6 months 

 63% lasting for 12.1 
months (median DOR 
18 months) 

 58 % of responses 
lasting at least 6 
months (median 
DOR -9 months) 

 Median DOR not 
achieved, 80 % of 
responses lasted at 
least 6 months.  

Adverse 
Events 

 Grade 3 -4: 58%  
hypertension:14 %, 
raised AST: 10% 

 Hyponatremia: 6% 
Lymphopenia: 6 %  

 Fatal adverse 
events:4% 

 Others:QTc 
Prolongation 

 Grade 3 to 4: 2 % 
hypertension 14 %, 
pneumonia 8 %, 
diarrhea 3%, 
fatigue 2%.  

 Fatal adverse 
events: 5%  

*Selpercatinib and Pralsetinib had activity in patients with 

brain metastases. 
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Targeting NTRK 

- Fusions involving one of three tropomyosin receptor 

kinases (TRK) occur across many tumor types, and are 

very rare (<1 %) in NSCLC. 

- The oral TRK inhibitor Larotrectinib is FDA approved for 

advanced tumors that have all of the following 

characteristics: harbor a neurotrophic receptor tyrosine 

kinase (NTRK) gene fusion, lack a known acquired 

resistance mutation, and have no satisfactory alternative 

treatments available (or have progressed following 

treatment). 

- Entrectinib is another TRK inhibitor that is FDA 

approved in this setting. 

- In patients with advanced NTRK-positive NSCLC, either 

Larotrectinib or Entrectinib, can be used in the first-line 

or subsequent lines of treatment  
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Table 2: NTRK inhibitors 

Trial Phase I/II trials Phase I/II trials 

Drug & 
Dose 

Larotrectinib:100 mg 
twice daily with or 
without food on a 
continuous 28-day 
schedule. 

Entrectinib: 600 mg 
once daily with or 
without food 

Population 
& No of 
pts. 

 159   patients with 
various TRK fusion-
positive malignancies 
 

 12 patients with lung 
tumors 

 54 patients with 
NTRK-
positive unresectab
le or advanced 
tumors progressive 
on previous 
treatment 

 10 patients with 
Non-small cell lung 
cancer( NSCLC) 

Response 
Rates 

 79% 

  9 experienced 
responses to 
treatment (75%) 

 57% with a 
complete 
response rate of 
7.4 % 

 70% 

Duration of 
Response 
 (DOR) 

 80 % of responders 
are still on treatment 
at a follow-up of 12 
months. 

  

Adverse 
Events 

 Grade 3 to 4: raised 
ALT  (3%), anemia 
(2%), neutropenia 
(2%). 

 Grade3 to 4: 
Increased 
weight,anaemia, 
nervous system 
disorders 

 

Targeting MET in advanced NSCLC 
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 c-MET structure and function 

- The c-MET receptor, which belongs to the receptor 

tyrosine kinase (RTK) family, plays essential roles in 

controlling a number of critical cellular processes. 

- -The binding of its ligand hepatocyte growth factor 

(HGF) to c-MET induces the dimerization of c-MET that 

enables its intracellular kinase domains (KDs) to 

undergo autophosphorylation. 

- -The phosphorylated KD recruits cytosolic effector 

proteins, leading to activation of downstream signaling 

pathways. 

-  The dysregulation of the MET/HGF axis pathway is 

involved in the proliferation, survival, invasion, and 

metastasis of tumor cells.  

- This can be found in NSCLC, breast cancer, cervical 

cancer, stomach cancer, and colon cancer.  

MET alterations in NSCLC 

- MET alterations include point mutations, amplification, 

fusion, and protein overexpression, which are 

associated with poor prognosis. 
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- The MET exon 14 skipping mutation is seen in 2–4% of 

NSCLC, occurs commonly in sarcomatoid carcinoma 

(20%) followed by adenosquamous carcinoma (5%), 

adenocarcinoma (3%), and squamous cell carcinoma 

(2%). 

- More likely to occur in non-smoker, female, elderly, 

former, or current smoker patients. 

- The incidence of c-MET amplification in NSCLC is 2–

5%, with the highest incidence among patients treated 

with erlotinib/gefitinib, ranging from 5% to 22%.  

- Other mechanisms of dysregulated c-MET signaling 

include impaired MET receptor degradation, fusion, and 

overexpression. 

EGFR-TKIs Resistance and role of MET 

- c-MET amplification is a potential resistance pattern of 

EGFR-TKIs in NSCLC, accounting for 50–60% of the 

first- and second-generation EGFR-TKIs acquired 

resistance accounting for 15–19% of the third-

generation EGFR-TKIs acquired resistance. 
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MET inhibitors classification 

- MET receptor inhibitors (crizotinib, cabozantinib 

,tivantinib, tepotinib, savolitinib, and foretinib)  

- MET receptor monoclonal antibodies (onartuzumab) 

- Antibodies against its ligand HGF ( rilotumumab and 

ficlatuzumab) 

- Results from Clinical Trials with MET inhibitors 
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Conclusion 

Capmatinib and Tepotinib have been approved for use in 

NSCLC with MET alterations. Crizotinib can be considered 

if the above drugs are not available. 
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Immune Checkpoint Inhibitors in Non-Small Cell Lung 

Cancer 

a) First line Setting 

Immune Checkpoint Inhibitors (ICI) have changed the 

treatment paradigm in lung cancer. In patients with 

advanced or metastatic NSCLC without actionable driver 

mutations, immune checkpoint inhibitors have become 

the mainstay of therapy. The incorporation of 

immunotherapy into treatment algorithms has resulted in 

better outcomes for patients, with fewer side effects 

compared with cytotoxic chemotherapy. 

Type of ICI Drugs 

PD-1 inhibitors 
Nivolumab, Pembrolizumab, 
Cemiplimab 

PD-L1 inhibitors 
Atezolizumab, Durvalumab, 

Avelumab 

CTLA-4 
inhibitors Ipilimumab, Tremelimumab 
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i) Monotherapy with Immune Checkpoint Inhibitors 

- The KEYNOTE-024 & KEYNOTE-042 evaluated the 

role of Pembrolizumab monotherapy in advanced 

NSCLC. 

- In the KEYNOTE-024 trial, patients with PD-L1 TPS 

≥50% had a significantly higher PFS and OS when 

treated with Pembrolizumab as compared to a platinum-

based chemotherapy doublet. The objective response 

rate was higher (Pembrolizumab 44.8% vs. 

chemotherapy 27.8%) with a longer duration of 

response in the pembrolizumab group. 

- Similarly in the KEYNOTE-042 study the OS was 

significantly with pembrolizumab as compared to 

chemotherapy group in all three TPS populations i.e 

≥50% (HR 0·69, p=0·0003), ≥20% (HR 0·77, p=0·0020), 

and ≥1% (HR 0·81, p=0·0018).  

- Thus, Pembrolizumab monotherapy can be used as first 

line therapy in patients with advanced NSCLC with PD-

L1 TPS ≥1 % based on the data from these two trials 
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ii) Immunotherapy plus Chemotherapy in Advanced 

NSCLC 

Biological basis of the combination of chemotherapy 

plus immunotherapy 

- In contrast to previously thought immunosuppressive 

effects of cytotoxic therapy, it is proposed that 

conventional chemotherapy can induce immunogenic 

cell death, eliminate immunosuppressive cells, or 

sensitize cells to T cell-mediated tumor lysis, thus 

enhancing effects to checkpoint inhibitors.  

Pembrolizumab + chemotherapy 

- The KEYNOTE-189 trial evaluated the role of the 

addition of Pembrolizumab to standard chemotherapy in 

patients with untreated metastatic non-squamous 

NSCLC without driver mutations and the KEYNOTE 407 

evaluated the same in squamous NSCLC. In both trials, 

the chemo-immunotherapy arm conferred superior PFS 

and OS compared with chemotherapy alone regardless 

of the PD-L1 expression.  The combination of 

Pembrolizumab and chemotherapy is an approved 

standard first-line therapy option.  
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Atezolizumab + chemotherapy  

- The combination of Atezolizumab + chemotherapy in 

treatment naive patients with non-squamous metastatic 

NSCLC was evaluated in the IMpower130 study. In this 

trial atezolizumab in combination chemotherapy (nab-

paclitaxel + carboplatin for 4-6 cycles) followed by 

atezolizumab maintenance was compared with 

chemotherapy alone (nab-paclitaxel and carboplatin 

alone for 4-6 cycles) followed by supportive care or 

pemetrexed maintenance. There were significant 

improvements in median OS and PFS in Atezolizumab + 

chemotherapy arm as compared to the chemotherapy 

alone arm. 

- In the IMpower110 Atezolizumab was compared with 

platinum-based chemotherapy, for the first line 

treatment of PD-L1-selected patients with mNSCLC.In 

the highest expression of PD-L1 subgroup the median 

OS was longer by 7.1 months in the atezolizumab group 

than in the chemotherapy group (20.2 months vs. 13.1 

months; HR for death, 0.59; P = 0.01). Overall, PFS 

favored atezolizumab in the subgroups with a high 

blood-based TMB. 
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- Hence in patients with high PDL 1 expression 

regardless of histologic type Atezolizumab resulted in 

significantly longer OS than platinum-based 

chemotherapy. 

Atezolizumab + Chemotherapy + Bevacizumab 

- The IMpower150, was an open-label, phase III study, 

that evaluated ABCP (atezolizumab, bevacizumab, 

carboplatin, and paclitaxel), BCP (bevacizumab, 

carboplatin, and paclitaxel), and ACP (atezolizumab, 

carboplatin, and paclitaxel) among treatment-naïve 

patients with non-squamous metastatic NSCLC. This 

study also reported outcomes in patients with respect to 

the presence of an effector T-cell gene signature. 

-  In the wild-type population (with or without an effector 

T-cell gene signature), the median PFS was 8.3 months 

versus 6.8 months in the ABCP versus BCP cohorts, 

respectively (p < 001) In the effector T-cell–high 

population, the median PFS was improved further with 

ABCP as compared to CBP (11.3 months versus 6.8 

months, respectively (p < .001)).  

- ABCP resulted in longer OS in the wild-type population 

(with or without an effector T-cell gene signature); 
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median OS, 19.2 months versus 14.7months for ABCP 

and BCP, respectively; p = .02).  

-  In an exploratory analysis, including 80 patients whose 

tumors harbored an EGFR mutation or an ALK 

rearrangement, ABCP conferred superior PFS 

compared with BCP (median PFS, 9.7 months vs. 6.1 

months, respectively; HR, 0.59). 

-  Also, in a subgroup of patients with low or negative PD-

L1 (PD-L1 TPS,1%), ABCP resulted in longer PFS than 

BCP (median PFS, 8.0 vs. 6.8 months, respectively; 

HR, 0.68).  

- This study proved that immune-chemotherapy resulted 

in improved PFS and OS for treatment-naïve patients 

with non-squamous NSCLC, irrespective of PD-L1 level 

or EGFR and ALK genetic alterations. 

- The IMpower131 study reported a superior PFS 

(median PFS, 6.3 months vs. 5.6 months; p = .0001) but 

failed to demonstrate an OS improvement with triplet 

therapy (atezolizumab, carboplatin, nab-paclitaxel) in 

metastatic squamous NSCLC in the 1st line setting.  
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Immune Checkpoint Inhibitors in the Treatment of 

Advanced NSCLC 
T

ri
a

l Pts. 
Charact
eristics 

Arms No. 
Of 
Pts 

PFS 
(months) 

OS 
(months) 

First line Setting 

K
E

Y
N

O
T

E
-

0
2

4
 

PD-L1 
≥50% 
 

-Pembrolizumab 
-Platinum-based 
chemotherapy 

305 10.3  
 6  

30  
14.2  

K
E

Y
N

O
T

E
-

1
8

9
 

Non-
squamo
us  
Any 
PDL-1 

-
Pembrolizumab   
-Placebo+ 
platinum+ 
pemetrexed 

616 8.8  
 4.9 

22  
10.7 

K
E

Y
N

O
T

E
-

4
0

7
 

Squam
ous 
Any 
PDL1 

-Pembrolizumab 
vs. placebo+ 
carboplatin+ 
paclitaxel/nab-
paclitaxel 

559 6.4  
 4.8 

15.9  
11.3 
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T
ri

a
l Pts. 

Charact
eristics 

Arms No. 
Of 
Pts 

PFS 
(months) 

OS 
(months) 

K
E

Y
N

O
T

E
-0

4
2

 

PD-L1 
≥1% 
≥20% 
≥50% 

-Pembrolizumab  
platinum-based 
chemotherapy 

127
4 

PDL≥50% 
:7.1 vs 6.4 
PD-L1≥20%  
:6.2 vs 6.6 
PD L1≥1%:  
5.4 vs 6.5 

Pembro 
vs chemo 
PDL1 
≥50% 
:20vs 
12.2  
PDL1≥20
% :17.7vs 
13 
PDL1≥1%
:  
16.7vs 
12.1  

C
h
e

c
k
M

a
te

 2
2
7
 All PD-

L1 level 
 
Nivolumab+ 
ipilimumab  
nivolumab+ 
chemotherapy 
platinum based 
chemotherapy 

173
9 

PDL1<1% 
5.1mo  
5.6mo 
4.7mo 

PDL1<1% 
17.2mo 
15.2mo 
12.2mo 

C
h
e

c
k
M

a
te

 

9
L

A
 

Advanc
ed 
NSCLC 
Any 
PDL1 
levels 

Nivolumab+ipilim
umab+ 
chemotherapy 
chemotherapy 

719 6.8mo 
5 

15.6mo 
10.9mo 
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T
ri

a
l Pts. 

Charact
eristics 

Arms No. 
Of 
Pts 

PFS 
(months) 

OS 
(months) 

IM
p

o
w

e
r1

5
0
 

Non-
squamo
us 
without 
EGFR 
or ALK 
alteratio
n 
Any 
PDL1 
 

Atezolizumab+ 
carboplatin+ 
paclitaxel (ACP) 
bevacizumab+ 
carboplatin+ 
paclitaxel (BCP)  
atezolizumab+B
CP (ABCP) 

120
2 

ABCP  12.6 
PDL1 
≥50%and 
8.0mo 
PDL1<50% 
 
BCP  6.8 vs 
6.8 mo both 
for PDL1 
≥50% and 
<50% 
group. 

ABCP:19
.2 
BCP: 
14.7mo 
(b ) 

IM
p

o
w

e
r1

3
0
 

Non-
squamo
us 
without 
EGFR 
or ALK 
alteratio
n 

Atezolizumab+ 
carboplatin+nab-
paclitaxel  
chemotherapy 
  

723 7.0mo (a) 
vs 5.5mo 
HR-0·64 
[95%CI 
0·54–0·77]; 
p<0·0001]) 

18.6 
vs 13.9 
mo 
HR-0·79 
 [95%CI 
0·64-
0·98]; 
p=0·033 
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T
ri

a
l Pts. 

Charact
eristics 

Arms No. 
Of 
Pts 

PFS 
(months) 

OS 
(months) 

IM
p

o
w

e
r1

1
0
 

PD-L1 
≥1% 
without 
EGFR 
or ALK 
alteratio
n 

Atezolizumab 
Platinum-based 
chemotherapy 

572 (a)8.1mo 
PDL1≥50% 
7.2mo 
PDL1≥5% 
5.7mo 
PDL1≥1% 
(b)5.7mo 
PDL1≥50% 
5.5mo 
PDL1≥5% 
5.5mo 
PDL1≥1% 
 

(a)20.2m
o 
PDL1≥50
% 
18.2mo 
PDL1≥5
% 
17.5mo 
PDL1≥1
% 
 
(b)13.1m
o 
PDL1≥50
% 
14.9mo 
PDL1≥5
% 
14.1mo 
PDL1≥1
% 

Second line & beyond 

C
h
e

c
k
M

a
te

 

0
1

7
 

Squam
ous 

Nivolumab 
docetaxel 
 

272 3.5 
 2.8 

9.2  
 6.0 
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T
ri

a
l Pts. 

Charact
eristics 

Arms No. 
Of 
Pts 

PFS 
(months) 

OS 
(months) 

C
h
e

c
k
M

a
te

 

0
5

7
 

Non-
squamo
us 

Nivolumab 
Docetaxel 

582 2.3 
4.2 

12.2  
9.4 

K
e

y
N

o
te

 0
1

0
 

Advanc
ed 
NSCLC 
with 
PD-L1 
≥1% 

Pembrolizumab 
(2 mg/kg) 
Pembrolizumab 
(10 mg/kg) 
Docetaxel 
 
Pembrolizumab 
(2 mg/kg) 
Pembrolizumab 
(10 mg/kg) 
Docetaxel 

1034 Total 
population  
 
3.9  
4.0 
4.0 
 
 PD-
L1≥50% 
5.0 
5.2  
4.1 
 

Total 
populatio
n 
 
10.4 
12.7 
8.5 
 
PD-L1≥ 
50% 
14.9  
17.3  
8.2  

P
O

P
L

A
R

 

 
advanc
ed 
NSCLC 
≥ 1 line 
of 
therapy, 
any PD-
L1 level 

Atezolizumab 
 Docetaxel 

287 2.7 
3.0 

12.6  
9.7 
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l Pts. 

Charact
eristics 

Arms No. 
Of 
Pts 

PFS 
(months) 

OS 
(months) 

O
A

K
 

 
advanc
ed 
NSCLC 
 

Atezolizumab  
Docetaxel 

122
5 

2.8 
4.0 

Total 
Populatio
n 
13.8  
 9.6 
 
PD-L1 ≥ 
1% 
15.7 
10.3 
 
PD-L1 < 
1% 
12.6 
8.9 
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Role of Immunotherapy doublet in Advanced NSCLC  

 Nivolumab- Ipilimumab Combination  

- Checkmate 227 was an open-label, phase III trial which 

investigated the role of combination nivolumab and 

ipilimumab in treatment-naıve patients with advanced 

NSCLC. 

-  Nivolumab + Ipilimumab had a significant OS benefit 

when compared immunotherapy with platinum doublet 

chemotherapy in both patients with PD-L1 TPS ≥1% 

(median OS, 17.1 months vs. 14.9 months) and PD-L1 

TPS < 1% (median OS, 17.2 months vs. 12.2 months; 

HR, 0.62). 

- There was no statistically significant difference in PFS 

or OS between combination immunotherapy and 

nivolumab monotherapy among patients with tumor PD-

L1 TPS >1%. 

- The FDA approved combination immunotherapy with 

nivolumab and ipilimumab in the front-line setting for 

patients with metastatic NSCLC whose tumour PD-L1 

expression >1%. 
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 Durvalumab + Tremelimumab combination  

- The combination of durvalumab with tremelimumab was 

evaluated in a phase Ib trial, had an ORR of 23% 

regardless of PD-L1 expression, with an acceptable 

safety profile.  

- However, 3 phase III trials (MYSTIC, NEPTUNE, and 

ARCTIC) have failed to demonstrate an OS or PFS 

benefit with the use of this combination in the first-line 

setting. 

 Doublet IO + Chemotherapy combination 

- Checkmate 9LA is the first phase III study to show a 

significant OS benefit by combining a limited course 

(two cycles) of chemotherapy with nivolumab plus 

ipilimumab (median OS 14·1 months vs 10·7 months; 

HR 0·69, p = .00065) versus a full course of 

chemotherapy (4 cycles, with optional pemetrexed 

maintenance for non-squamous histology) as first-line 

treatment in patients with advanced NSCLC, regardless 

of PD-L1 expression level or histology.  

- The addition of a limited course of chemotherapy to 

nivolumab plus ipilimumab provided an efficacy benefit 

over chemotherapy with early disease control relative to 

immunotherapy-only regimens in other trials. 
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- The phase III trial POSEIDON showed statistically 

significant and clinically meaningful improvements in 

both PFS and OS in metastatic NSCLC who received 

first-line durvalumab and tremelimumab plus 

chemotherapy versus chemotherapy alone. 

-  The with a median OS was 14.0 months with dual 

check point inhibition + chemotherapy versus 11.7 

months for chemotherapy alone. Median progression-

free survival also improved to 6.2 months with dual 

checkpoint inhibition plus chemotherapy compared with 

4.8 months for chemotherapy alone.  

- Durvalumab plus tremelimumab plus chemotherapy 

represents a potential new front-line treatment option for 

metastatic NSCLC. 

- In all these trials the combination of doublet 

immunotherapy had a favorable risk–benefit profile, and 

did not lead to excessive toxicity. 
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Conclusion: 

Immune checkpoint inhibitors alone or in combination with 

chemotherapy or with other immune checkpoint inhibitors 

are options for first-line treatment for patients with 

advanced driver mutation negative non–small cell lung 

cancer. The combination of immunotherapy with 

chemotherapy is particularly useful in patients with high 

disease burden and rapid clinical responses are needed. 
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Immunotherapy in NSCLC: Second line and beyond 

 Nivolumab  

- The CheckMate 017 (squamous histology) and 

CheckMate 057 (non-squamous) showed a significant 

improvement in OS with Nivolumab as compared to 

Docetaxel in patient who had progressed on prior 

platinum-based chemotherapy. 

Atezolizumab 

- The POPLAR and the OAK trials showed an improved 

OS with Atezolizumab as compared to Docetaxel.  

- In the OAK trial median OS was 13.8 months in the 

atezolizumab arm and 9.6 months in the docetaxel arm 

(HR, 0.73, p = 0.0003).This was further improved in 

patients who had at least 50% of the tumor cells or 10% 

of the tumor area stained positive for PD‑ L1 (median 

OS 20.5versus 8.9 months, HR 0.41).  

- The OS was prolonged in the atezolizumab arm 

regardless of the NSCLC histology.  

Pembrolizumab 

In KEYNOTE‑ 010 study, the OS was significantly 

prolonged with pembrolizumab when compared to 

docetaxel.  
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Conclusion 

- ICIs should be considered in the second‑ line setting, 

and the choice of immunotherapy should be based on 

PD‑ L1 expression levels. 

- PD‑ L1 testing should be done using an approved 

diagnostic kit  

- For patients who are PD‑ L1 negative or whose PD‑ L1 

status is not known, nivolumab or atezolizumab may be 

considered. For those with PD‑ L1 expression > 50%, 

either nivolumab, pembrolizumab, or atezolizumab may 

be considered  

Role of Anti – Angiogenic Agents in Advanced NSCLC 

- Angiogenesis is the formation of new blood vessels from 

pre-existing vessels and is observed in many different 

cancers, including lung cancer. 

- VEGF contributes to the survival of vascular endothelial 

cells, stimulates their proliferation and migration, inhibits 

apoptosis, and modulates endothelial permeability.  

- Anti-angiogenic therapy interferes in the interaction 

between VEGF and VEGFR and disrupts the angiogenic 

signaling. This leads to improved delivery of 

chemotherapy, enhancing its anti-vascular effect, and 
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preventing rapid repopulation after systemic treatment. 

By its effect on vessel normalization, it can reduce local 

hypoxia, and transform the tumor microenvironment to 

an immune-supportive type.  

Anti-angiogenic therapy in lung cancer 

- Amongst the VEGF family, VEGF-A is the dominant 

mediator of angiogenesis in NSCLC. VEGF receptor 

(VEGFR) 1 and VEGFR-2 are the receptors for VEGF-

A, out of which VEGFR-2 plays a critical role. A high 

level of circulating VEGF-A is correlated with poor 

overall survival in NSCLC 

 VEGF TKIs 

Anti-VEGF Agents in Combination with Chemotherapy 

- Anti-angiogenic therapy reduces the local hypoxia and 

acidosis by vessel normalization and makes the tumor 

chemo-sensitive.  Thus, many trials have assessed the 

efficacy of anti-angiogenic therapy in combination with 

chemotherapy in patients with NSCLC.  

- The phase III ECOG4599 trial compared the efficacy 

and safety of carboplatin + paclitaxel with that of 

carboplatin + paclitaxel + bevacizumab in patients with 

recurrent or advanced non-squamous NSCLC. There 



Page | 175  
 

was a modest improvement in the OS (median OS 12.3 

vs 10.3 months, HR 0.79; P=0.003) and PFS (median 

PFS 6.2 versus 4.5 months HR 0.66; P<0.001).  Rates 

of clinically significant bleeding were 4.4% and 0.7%, 

respectively (P<0.001). 

- In a similar phase III trial (BEYOND)in Chinese patients 

in the same setting the combination therapy arm 

showed an improvement in median OS (9.2 months vs 

6.5 months, HR 0.40; 95% CI 0.29–0.54; P<0.001) and 

median PFS (24.3 months vs 17.7 months, HR 0.68; 

95% CI 0.50–0.93; P=0.0154).  

- The phase III AVAPERL trial evaluated the safety and 

efficacy of bevacizumab with or without pemetrexed as 

maintenance treatment post response to combination 

therapy (Bevacizumab + Cisplatin + Bevacizumab). 

Maintenance bevacizumab + pemetrexed showed 

improved PFS (median 7.4 months vs 3.7 months; HR 

0.57; 95% CI 0.44–0.75; P<0.0001) but no significant 

OS benefit (median 17.1 months vs 13.3 months; 

HR=0.87; 95% CI 0.63–1.21; P=0.29) compared with 

maintenance bevacizumab alone. Grade ≥3 AEs, such 

as neutropenia, hypertension, and anemia, occurred 

more in the combination group.   
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- The phase III POINTBREAK trial reported similar 

outcomes when bevacizumab was combined with 

pemetrexed + carboplatin or paclitaxel + carboplatin 

(median OS 12.6 months vs 13.4 months; HR=1.0; 95% 

CI 0.86–1.16; P=0.949). 

- The phase III REVEL trial compared ramucirumab + 

docetaxel with docetaxel alone in patients with stage IV 

NSCLC that had progressed after platinum-based 

therapy. The combination therapy showed an 

improvement in PFS (median 4.5 months vs 3.0 months; 

HR=0.76; P<0.0001) and OS (median 10.5 months vs 

9.1 months; HR=0.86; P=0.023) compared to docetaxel 

alone. No significantly increased incidence of grade≥3 

AE occurred. Ramucirumab with docetaxel is approved 

for metastatic NSCLC patients with disease progression 

on or after platinum-based chemotherapy. 

- The addition of bevacizumab to a standard, platinum-

based, two-agent chemotherapy regimen in the first line 

setting conferred a modest improvement in OS, PFS 

and RR in patients with non–squamous-cell carcinoma 

and a good performance status, in some studies; while 

only PFS benefit without OS benefit in others.  
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- Increased toxicity was associated with the addition of 

bevacizumab and this must be considered within the 

context of the survival benefit conferred by the addition 

of bevacizumab to standard treatment for non-

squamous NSCLC. 

In combination with immunotherapy 

- Pathological tumoral angiogenesis alters the tumor 

microenvironment by hindering the immune cells from 

infiltrating the tumor and increasing local hypoxia. 

- Hypoxia leads to the recruitment of immunosuppressive 

regulatory T cells (Tregs) while increased VEGF levels 

decrease the abundance of mature dendritic cells (DC) 

and thus interfere with the antigen presentation.  

- The combined use of anti-angiogenic agents with 

immunotherapy aims to overcome the resistance 

generated by the altered tumor microenvironment.   

- In the IMpower150, both the median PFS and OS was 

prolonged in the ABCP group than the BCP group 

among the wild-type (WT) population. This benefit was 

even more significant in the Teff-high population. This 

study established the improved efficacy of atezolizumab 
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when used with bevacizumab to reverse VEGF-

mediated immunosuppression. 

In combination with anti-EGFR therapy 

- EGFR-mutation in NSCLC is generally accompanied by 

the over-expression of VEGF-A. However, anti-EGFR 

therapy can down-regulate VEGF levels but cannot 

alone inhibit tumor angiogenesis. Combination with anti-

angiogenic therapy can potentially lead to a greater 

vessel normalization effect and the combination of anti-

VEGF/VEGFR agents may reverse the resistance to 

EGFR-targeted drugs. 

- The NEJ026 showed a significantly prolonged PFS 

(median PFS 16.9 months vs 13.3 months, HR=0.605, 

P=0.016) with the addition of Bevacizumab to Erlotinib 

(EB) as compared to Erlotinib alone; but no significant 

benefit in OS (median OS 50.7 months vs 46.2 months, 

HR=1.007, P=0.973). A similar phase III study (CTONG 

1509) also showed a significant prolongation in PFS in 

the EB group (median 18.0 months vs 11.3 months, 

HR=0.55, 9P<0.001). 

- In the phase III ATLAS trial, combination of erlotinib and 

bevacizumab led to a significantly prolonged PFS 

compared to bevacizumab alone (median PFS 4.8 
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months vs 3.7 months, HR 0.71, P<0.001) but did not 

extend the OS (median 14.4 months vs 13.3 months, 

p=0.5341). 

- These studies suggest that anti-angiogenic therapy + 

anti-EGFR therapy can enhance anti-tumor activity and 

improves PFS, but good evidence for an OS benefit is 

lacking. 
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Chemotherapy in Driver Mutation Negative Advanced 

NSCLC 

- Patients of advanced NSCLC without driver mutations and 

without major comorbidities with performance status of 0-2 

should be considered for chemotherapy with platinum 

doublets. 

Chemotherapy over supportive care: 

- Individual patient data (IPD) meta-analysis (MA) of 

supportive care and chemotherapy for non-small-cell lung 

cancer (NSCLC) of three studies showed addition of 

chemotherapy resulted in reduction in risk of death of 27% 

equivalent to absolute improvement in survival of 10% at 1 

year.  

- Hence systemic therapy should be offered to all patients 

with stage IV NSCLC with PS 0-2.  

Number of chemotherapy agents: 

- A meta-analysis addressed the question of the addition of 

drug to single or 2-agent chemotherapy. 

- The addition of a drug to single-agent improved tumour 

response and survival rate. However, the addition of a 

drug to 2-agents has weaker effect on tumour response 

without improvement in survival. 
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Type of chemotherapy regimens: 

- Platinum-based regimens showed a statistically significant 

(equal to 22%) reduction in risk of death at 1 year 

compared to non-platinum-based regimens. Hence 

platinum-based chemotherapy should be offered to all 

patients without contraindications to platinum compounds. 

Number of chemotherapy cycles: 

- Six cycles of platinum-based chemotherapy do not 

improve overall survival when compared with 4 cycles of 

chemotherapy.  

- Although, progression free survival was improved with 6-

cycles it was associated with significant toxicities. 

Therefore, 4-cycles of platinum-based chemotherapy 

followed by less toxic maintenance therapy or 4-cycles of 

chemotherapy in patients not suitable for maintenance 

monotherapy is recommended. 

Cisplatin vs carboplatin-based regimens: 

- Carboplatin compared with cisplatin could not 

demonstrate any difference in overall survival in Cochrane 

meta-analysis. Cisplatin caused more nausea or vomiting 

and carboplatin caused more thrombocytopenia and 

neurotoxicity, while no difference in the incidence of grade 
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3-4 anemia, neutropenia, alopecia or renal toxicity was 

observed. 

 First line treatment for Non-squamous Lung cancer  

- Pemetrexed platinum compounds showed significant 

survival advantage in advanced non-small cell lung cancer 

especially in non-squamous histology compared with other 

platinum-based regimens. Two studies have confirmed 

differential efficacy of pemetrexed with respect to histology 

in advanced NSCLC.  Non-squamous patients treated with 

pemetrexed-based therapy experienced longer survival 

than the comparators (HR, 0.78 and 0.84, respectively), 

whereas squamous patients had shorter survival. (HR- 

1.56 and 1.23, respectively). Therefore, pemetrexed 

platinum-based doublet should be the first line treatment 

in advanced adenocarcinoma of the lung. 

First-line treatment for Squamous lung cancer 

- Several chemotherapy agents (Gemcitabine/paclitaxel/ 

vinorelbine) have been combined with platinum 

compounds. All showed similar efficacy. Choice of 

doublets should be judged based on toxicity profile. Hence 

platinum in combination with any third-generation cytotoxic 

agent (gemcitabine/paclitaxel/vinorelbine) should be 
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considered in squamous lung cancer in absence of 

contraindications. 

Role of Nab-paclitaxel: 

- Nab-paclitaxel with platinum has been compared with 

solvent-based paclitaxel and platinum in both squamous 

and non-squamous lung cancer. Nab-paclitaxel 

combination was associated with less neurotoxicity and 

hypersensitivity reactions. Hence Nab-paclitaxel 

combination can be used in patients with a high risk of 

neurotoxicity (like pre-existing neuropathy) and previous 

hypersensitivity to paclitaxel. 

Maintenance: 

- Several factors should be considered before starting 

maintenance therapy in advanced NSCLC patients. These 

include response to prior therapy, tolerance, performance 

status, histology. Two different maintenance strategies 

include continuation maintenance and switch 

maintenance. Continuation maintenance suggests the 

continuation of the same agent used in first-line therapy 

whereas switch maintenance suggests use of new agent 

after first line treatment.  

-  Continuation maintenance with pemetrexed for advanced 

non-squamous lung cancer patients who has not 
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progressed on pemetrexed and platinum has shown both 

PFS and overall survival benefit. This evidence shown in 

PARAMOUNT trial suggests use of continuation 

maintenance pemetrexed for patients with advanced non-

squamous lung cancer. Switch maintenance with erlotinib 

has not shown overall survival benefit. Hence 

maintenance of erlotinib should not be considered after 

chemotherapy in absence of EGFR sensitizing mutation. 

Second-line treatment: 

- In the second line setting include nivolumab, 

pembrolizumab and atezolizumab have shown improved 

efficacy when compared with docetaxel. They should be 

preferred in the second line setting in immunotherapy 

naïve patients. 

-  For patients who do not have access or have 

contraindications to immunotherapy, chemotherapy can 

be used.  

- Combination of chemotherapy agents failed to benefit 

compared with single agent therapy in 2nd line setting.  

- Docetaxel compared with best supportive care has shown 

to improve both PFS and OS in 2nd line setting. Docetaxel 

has been compared with vinorelbine or ifosfamide in 

patients who were treated with platinum-based 
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chemotherapy. Docetaxel showed clinically meaningful 

benefit compared to other agents in TAX320 study. 
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Role of Surgical Intervention in Metastatic Lung 

Cancer 

1) Malignant pleural effusion 

A. Surgery in Oligometastatic Disease 

B. Oncological Emergencies 

1) Malignant Pleural Effusion 

- Nearly 20% of metastatic NSCLC present with MPE 

during their clinical course 

- Patients with MPE have a median survival of 5 months  

- Routinely diagnosed on clinical examination. Imaging 

includes: 

• Chest X Ray: detects more than 200 ml of fluid in 

the pleural cavity. Large effusions cause a deviation 

of the trachea to the opposite side. A white out 

hemithorax on X Ray with no tracheal deviation 

should alert the physician to other diagnoses like 

large intra-thoracic masses or loculated, chronic 

effusions with underlying collapse.  

• Ultrasound: Detects unto 50 ml of fluid. Also helps 

detect pleural thickening, nodules, loculations within 

the effusion. Can be used to guide thoracocentesis 

with lesser incidence of iatrogenic pneumothorax. 
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• Cross-sectional imaging: Most specific modality for 

diagnosing a pleural effusion. It also gives additional 

information regarding the primary tumour, 

mediastinal nodes and other intra-thoracic 

metastases.  

- The management of MPE focuses on symptomatic 

relief with least morbidity and cost-benefit to the 

patient. Mild, asymptomatic effusions need not be 

drained. However, an ultrasound guided 

thoracocentesis with cytology and cell block may help 

obtain tissue diagnosis with molecular marker testing.  

- For symptomatic effusions, treatment strategies are 

personalized with shared decision making; taking into 

account the severity of symptoms, performance scores, 

expected overall survival and patient preference. 

- Treatment strategies include: 

• Ultrasound guided thoracocentesis  

- For obtaining pleural fluid for tissue diagnosis 

-Mild to moderate, minimally symptomatic effusions 

-Effusions in patient with poor performance status and 

short expected survival 
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• Tube thoracocentesis 

-For rapid relief of large, symptomatic effusions 

-It is good practice to confirm free flow on aspiration 

before placing an intercostal drain 

-Massive effusions should be drained slowly (not more 

than 1 liter at a time) to minimize the chances of re-

expansion pulmonary oedema 

- Patients with intercostal drains should be followed 

with serial X-rays to identify the earliest window for 

tube removal or pleurodesis 

• Pleurodesis 

-Commonly used agents include talc, bleomycin, 

doxycycline and providing iodine. Evidence indicates 

talc to be the best among these agents. 

-Indicated when the lung has completely expanded 

following drainage, irrespective of the volume drained 

or daily output 

-Can be performed via the intercostal drain, pigtail or 

thoracoscopically via instillation or poudrage 

-Should be avoided in cases with a trapped lung, bulky 

pleural deposits or located effusions 
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- Complications include fever, chest pain and 

ARDS, especially if small particle (<15 micron) talc is 

used 

• Indwelling pleural catheters 

-Used in patients with recurrent effusions. They can be 

used in cases with a trapped lung or located effusions. 

-IPCs are small gauge silicon catheters that are 

tunnelled subcutaneously into the pleural cavity. They 

have a one-way valve through which the patient can 

drain the pleural fluid intermittently. They can be 

retained for a long duration after insertion, the end-

point being blockage, infection or death.  

- They inherently induce inflammation and result in 

pleurodesis in 60-80% of the cases 

• Surgical intervention 

-Early thoracoscopic drainage, pleural biopsy and 

pleurodesis after confirming lung expansion can all be 

done in one setting. This has shown to decrease the 

number of hospital visits, the duration of chest tube 

drainage and early institution of systemic therapy. 
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-Thoracoscopic adhesiolysis and talc poudrage for 

pleurodesis can be instituted in patients with located 

effusions with thin septations.  

-In patients with trapped lung and thickened pleura 

resulting from empyema; with reasonable 

performance status and oncological outcome, 

decortication may be considered. 

-Patients with empyema persisting beyond a course of 

antibiotics with a collapsed lung are candidates for a 

thoracostoma for adequate drainage. 

 

2) Oncological Emergencies 

 Hemoptysis 

- Approximately 20% of patients with lung cancer 

experience hemoptysis at some point of the disease 

course. Only 3% have massive hemoptysis requiring 

urgent intervention. 

- A bronchoscopy (fiberoptic or rigid) is the initial 

modality which helps in mapping the tumour 

endobronchially, evacuating clots and identifying the 

source of the bleed in 90% cases. A rigid scope is 

essential to secure the airway in severe cases with 

airway compromise.  
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- Well localised bleeding points can be controlled with 

endobronchial techniques like diathermy, NdYAG laser 

and argon plasma coagulation.  

- Massive bleeds mandate immediate airway 

management, bronchial blockade to safeguard the 

contralateral lung, resuscitation and bronchial artery 

embolisation performed in the interventional radiology 

suite.  

 Malignant Central Airway Obstruction 

- It refers to any malignant process that leads to the 

mechanical obstruction of the trachea and/or main 

bronchi. 

- Accurate diagnosis and treatment planning requires 

cross sectional imaging and a bronchoscopic mapping. 

- The etiology could be endoluminal, extraluminal or 

mixed. 

- For endoluminal disease, management options include 

thermal ablative techniques, cryoablation, non-thermal 

mechanical debulking, airway stents in select cases 

and intraluminal radiotherapy. 

- Extraluminal disease is best managed with airway 

stents in the acute setting. Long term palliation is 
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offered with radiation in combination with systemic 

therapy. 

 Acute Spinal Cord Compression 

- The spine is the most common site of skeletal 

metastases in patients with NSCLC, occurring in 30 - 

40% patients. 

- 15% of acute malignant cord compression is 

attributable to lung cancer. 

- An MRI of the affected spinal region is the ideal 

imaging modality.  

- Early surgical decompression in patients with a recent 

onset of symptoms has shown to benefit with near 

complete resolution of neurological deficit.  

- Stabilization of malignant compression fractures with 

percutaneous vertebroplasty using bone cement has 

also shown favorable outcomes. 

- After stabilization /decompression; local radiation 

therapy, bisphosphonates and early institution of 

systemic therapy are essential components of the 

management algorithm.  
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 Superior Vena Cava Obstruction 

- SVC syndrome is a collection of clinical signs and 

symptoms resulting from partial or complete obstruction 

of blood flow within the SVC. The patient complains of 

dyspnea and cough and presents with facial edema, 

plethora and engorged veins over the neck and chest. 

- In patients with lung cancer, SVCO can occur due to 

thrombosis within the vessel, direct invasion or external 

compression by the primary tumour or more commonly, 

a nodal mass.  

- A cross sectional imaging of the upper thorax sheds 

light on the severity, extent, etiology and formation of 

collaterals.  

- The first step in management includes airway 

management, head elevation and supportive care.  

- For thrombosis related SVCO, therapeutic options 

include early institution of thrombolytic agents and 

endovascular interventions like catheter-based 

thrombolysis, thrombectomy and stent placement. 

- For SVCO caused by extrinsic compression or direct 

invasion by the malignant process, all efforts should be 

made to establish tissue diagnosis as soon as possible. 
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Steroids should be instituted only after the diagnosis of 

lymphoma is ruled out. 

- Definitive treatment is usually with a combination of 

radiotherapy and chemotherapy. 
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Role of Radiation therapy in Metastatic NSCLC  

 Brain Metastases 

- Approximately 10-20% of newly diagnosed patients with 

advanced non-small cell lung cancer (NSCLC) have 

brain metastases. Of patients with brain metastases, 

lung cancer is the primary tumour in 40 to 50 % of 

cases. 

- Incidence is higher in patients with epidermal growth 

factor receptor (EGFR) mutation or anaplastic 

lymphoma kinase (ALK) rearrangement, in whom up 30-

40% patients have BM at presentation. Approximately 

60-80% develop BM during the course of their disease.  

- Steroids (oral/ IV dexamethasone) are used to relieve 

vasogenic edema in patients with symptomatic brain 

metastases. For mildly symptomatic patients dose of 4 

to 8 mg/day and for moderate to severe symptomatic 

patients a dose of 16 mg/day in divided doses is 

recommended, to be gradually tapered over 2-4 weeks. 

- In newly diagnosed patients who have not had a 

seizure, use of prophylactic antiepileptic drugs (AEDs) is 

not recommended. 
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- When indicated, physicians may consider the use of 

levetiracetam over older AEDs to reduce side effects.  

 Limited Brain metastases (1-4) 

- Surgical resection if feasible, followed by cavity 

stereotactic radiosurgery is the treatment of choice. 

- Patchell et al. have demonstrated that for single brain 

metastases, surgical resection followed by WBRT is 

superior compared to WBRT alone or surgery alone. 

- RTOG 9508 showed addition of SRS boost after WBRT 

improved OS in single BM. 

- Several RCTs comparing SRS+WBRT vs SRS alone did 

not show any difference in OS. However, SRS alone did 

better in reducing the neurocognitive decline at 3 and 6 

months. In the WBRT arm, the distant brain relapse rate 

was reduced as compared to SRS. In SRS arm, 

approximately 60-70% patients required salvage 

SRS/WBRT.  

- After upfront surgery or SRS for limited BM, adjuvant 

WBRT reduces the intracranial relapse rate and 

intracranial progression death compared to observation. 

However, there is no difference in OS and it is at the 

cost of neurocognitive decline.   
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- MD Anderson Cancer Center 2009-0381 showed that 

cavity SRS improves surgical bed control rates 

compared with resection alone (surgical bed control at 

12 months 72% v 43%, respectively; p= 0.015). 

- For larger BM > 3 cm, fractionated stereotactic 

radiosurgery reduces the risk of symptomatic radiation 

necrosis as compared to SRS. 

- Pre-operative SRS has shown to reduce the risk of 

symptomatic radionecrosis and LM failure rates 

compared to post-operative cavity SRS, but it is under 

investigation. 

 Multiple Brain Metastases 

- There is no OS advantage between 20 Gy in 5 fractions 

as compared to 30-40 Gy in 10-20 fractions. 

- Protracted regimens have lower intracranial recurrence 

rates compared to short course fractionation.  

- In patients with poor prognostic GPA score – Optimal 

supportive care + steroid is non-inferior to WBRT 

- Neurocognitive decline is associated with radiation dose 

to hippocampus. Hippocampal avoidance WBRT has 

shown to have less neurocognitive decline as compared 

to historical controls (RTOG 0933). 
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- RTOG 0618 evaluated the addition of Memantine to 

WBRT and demonstrated that memantine therapy has 

longer time and lesser neurocognitive decline compared 

to placebo. 

- NRG CC001 trial evaluated hippocampal avoidance in 

addition to WBRT plus Memantine and showed that HA-

WBRT + Memantine reduces the risk of neurocognitive 

decline with no difference in intracranial PFS or OS. 

 Asymptomatic Brain Metastases 

- Its incidence ranges from 10-20% of all detected brain 

metastases done for standard staging investigations.  

- Usually, radiation therapy is delivered upfront to relieve 

the symptoms caused by brain metastases 

- Various phase II studies in unselected populations of 

metastatic lung cancer evaluated upfront WBRT/SRS vs 

delayed WBRT/SRS did not demonstrate any survival 

benefit However, intracranial response and relapse are 

in favor of upfront RT 

- Asymptomatic brain metastases management has 

gained recent interest due to CNS penetrating targeted 

therapies.  
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- Higher generation TKI have higher CNS penetration and 

hence has been shown to effectively control brain 

metastases in the absence of brain radiotherapy.  

- Meta-analyses of retrospective studies have shown 

significantly better intracranial relapse rates and overall 

survival in favor of upfront WBRT/SRS vs delayed 

WBRT/SRS 

- At TMH, we have an ongoing phase III RCT comparing 

upfront cranial radiotherapy (WBRT/SRS) vs delayed 

CRT in asymptomatic brain metastases with positive 

oncogene mutation status like EGFR/ALK   

 Bone Metastases 

- For unstable axial and appendicular lytic metastases, 

surgical stabilization followed by palliative radiation 

therapy should be offered. 

- In patients who are unfit for surgical stabilization, 

palliative radiotherapy alone should be offered.  

- The IAEA RCT has demonstrated that 8 Gy is 

significantly better in pain relief at all time points as 

compared to 4 Gy. 

- Several RCTs and meta-analyses have proven that 

single fraction palliative radiotherapy is similar in pain 
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control rates as compared to protracted radiotherapy 

regimen like 20 Gy in 5 fraction or 30 Gy in 10 fractions. 

However, protracted regimens give durable pain relief 

and re-irradiation rates are less compared to single 

fraction regimen. 

- For patients with non-spine bone metastases, a phase II 

RCT has demonstrated that SBRT is non-inferior to 

multifractionated radiotherapy (MFRT) in terms of pain 

response at various time points and should be 

considered in patients with reasonable chances of 

survival. Sahgal et al., in a phase II/III RCT compared 

SBRT and Conventional MFRT in painful spine 

metastases and demonstrated that SBRT is superior in 

achieving complete pain response at 3 months. 

 Spinal Cord Compression 

- Intravenous administration of steroids is recommended 

in neurologically symptomatic cord compression. 

- In metastatic epidural spinal cord compression, surgical 

decompression followed by stabilization is 

recommended as the modality of choice. However, due 

to limited survival, rates of surgical decompression is 

very limited. 
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- Post-operative palliative radiotherapy to a dose of 20 Gy 

in 5 fractions or 30 Gy in 10 fractions should be offered.  

- Several RCTs have shown that 8 Gy single fraction 

gives similar pain control, ambulation and sphincter 

control rates as compared to protracted regimen across 

all histologies. 

- Appropriate supportive care like adequate analgesia, 

lumbo-sacral belts to support the spine, avoidance of 

jerky movement should be offered to patients with 

symptomatic spinal cord compression. 

- At TMH, we have an ongoing RCT comparing 8 Gy 

times 2 fractions vs 20 Gy in 5 fractions in lung cancer 

specific population for pain control and ambulation rates. 

 Oligometastatic NSCLC 

- The ‘oligometastatic state’ as a state midway between 

localized and widely metastatic was conceptualized by 

Hellman and Weischelbaum in 1995. It is amenable for 

consideration for ‘curative intent’ therapy. 

- The EORTC-LCG consensus definition for 

oligometastases: A maximum of 5 metastases confined 

to 3 organ sites.  Diffuse serosal metastases and bone 

marrow involvement are excluded from this definition. 
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- The concept of oligometastases in NSCLC has gained 

popularity in recent times owing to improvement in 

systemic therapy options, better staging modalities and 

improved surgical outcomes.  

- Approximately 10-15% patients with NSCLC present 

with oligometastases during the course of their disease.  

- The individual patient data meta-analysis by Ashworth et 

al. showed 5-year overall survival of 29.4% in patients 

with oligometastatic disease receiving local therapy in 

addition to systemic therapy. Average 5-year overall 

survival for stage IV NSCLC was 2%. 

- This study defined 3 risk groups for patients with 

oligometastases: 

o Low Risk:  

▪ Metachronous presentation 

▪ Any N stages 

▪ 5-year OS: 48.8% 

o Intermediate Risk: 

▪ Synchronous presentation 

▪ Negative mediastinal nodes 

▪ 5-year OS: 36.2% 
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o High Risk: 

▪ Synchronous presentation 

▪ Positive mediastinal nodes 

▪ 5-year OS: 13.8% 

- Recent randomised data including the recent study by 

Gomez et al. suggests identification of the 

oligometastatic state, challenging with appropriate 

systemic therapy and selecting the responders for local 

therapy to the primary and metastatic sites as the ideal 

approach. 

- There is no randomised evidence to prove the 

superiority of surgery or radiotherapy as the ideal local 

therapeutic modality and should be tailored to each 

patient. 

- Single metastasis in the brain or adrenal with a negative 

mediastinum has the best prognosis.  

- In the era of targeted therapy: oligoprogression, 

oligopersistence and oligorecurrence are common 

occurrences. Instituting local therapy to these sites have 

shown to improve survival outcomes and, in some 

cases, restore sensitivity to the targeted therapeutic 

agent.  
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- At Tata Memorial Hospital, we have two ongoing 

randomized studies of oligometastases evaluating the 

role of local consolidation radiation therapy in addition to 

standard systemic therapies, both in driver mutation 

positive and negative patient population (see table 

below) 

- Treatment for patients with oligometastatic NSCLC 

should be in carefully selected patients after discussion 

in a multi-disciplinary tumour board.  
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Table: Oligometastases studies of NSCLC 
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Table: Ongoing Randomized studies of OM in NSCLC 

  SARON OMEGA CORE 

Trial ID NCT024176
62 

NCT038275
77 

NCT027597
83 

Country 
UK Italy UK 

Trial Design RCT III RCT III RCT II/III 

No. of OM 
sites 

≤3 ≤3 ≤3 

Presentation 

Synchronous 
Synchronous 

or 
metachronous 

Metachronous 

Primary Site at least 1 
extracranial 
site  
NSCLC 

NSCLC 
Breast, 

Prostate, 
NSCLC 

Oncogene 
mutation 

Negative* 
Negative & 

Positive 
-- 

Target 
accrual 

340 195 245 

Control Arm 
SMT 

Systemic 
therapy 

SOC 

Experimental 
Arm 

RT to 
primary and 
SBRT for 
OM 

Systemic 
therapy 

followed by 
LAT 

SBRT 
followed by 

SOC 

Primary end 
point 

OS OS PFS/OS 

Estimated 
year of 
completion 

2022 2022 2024 
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  PROMISE-
005 

NRG LU 
002 

Target -1 
(TMH) 

Target -
2 (TMH) 

Trial ID 
NCT0380833

7 
NCT031377

71 
CTRI/2019/
11/021872 

CTRI/20
20/04/0
24761 

Country 
USA Multicentric India India 

Trial 
Design 

RCT II RCT II/III RCT II RCT III 

No. of OM 
sites ≤5 ≤3 ≤5 ≤5 

Presentatio
n 

Synchronous 
or 

metachronous 

Synchronous 
or 

metachronous 
(extracrania) 

Synchronous 
Synchron

ous 

Primary 
Site 

TNBC, 
NSCLC 

NSCLC NSCLC NSCLC 

Oncogene 
mutation Negative & 

Positive 
Negative Positive Negative 

Target 
accrual 142 300 106 206 

Control 
Arm 

SOC SMT TKI SMT 

Experiment
al Arm 

SBRT plus 
SOC 

LCT + SMT 
LCRT + 

TKI 
LCRT + 

SMT 
Primary 
end point PFS PFS/OS PFS OS 

Estimated 
year of 
completion 

2022 2022 2025 2026 
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 Oligoprogression: 

- Oligoprogression is a term used to describe a state 

where few sites of disease have shown progression and 

rest all the disease sites are under controlled, especially 

on systemic therapy (targeted therapy). 

- Stereotactic body radiotherapy/Surgery have been used 

to locally control oligoprogressive sites. 

- Various studies have shown good local control of 

treated sites and patients thereafter can be continued on 

same systemic targeted therapy without switching to 

higher generation. 

- SBRT being non-invasive is more preferred and has 

majority of the literature proving the efficacy of SBRT for 

controlling oligoprogression in NSCLC 

- Recently published randomized study (CURB – 

Consolidative use of Radiotherapy to Block 

Oligoprogression) has shown a significant benefit in 

PFS with radiotherapy as compared to standard of care 

- There are various ongoing phase III randomized studies  
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Early palliative care in lung cancer 

- According to the recent consensus-based definition 

developed by the International Association for Hospice 

and Palliative Care (IAHPC), Palliative care is the active 

holistic care of individuals across all ages with serious 

health-related suffering, due to severe illness, and 

especially of those near the end of life. It aims to 

improve the quality of life of patients, their families, and 

their caregivers (4). 

-  Temel and colleagues published findings from a RCT 

examining the effect of introducing early palliative care 

(EPC) at diagnosis for patients with metastatic NSCLC 

(5). EPC improved patient quality of life and mood, 

reduced rates of depressive symptoms at 12 weeks 

following randomization (16% vs. 38%, P=0.01), and 

prolonged the median survival (11.6 vs. 8.9 months, 

P=0.02).  

- Several national organizations including the American 

Society of Clinical Oncology (ASCO), National 

Comprehensive Cancer Network (NCCN) now 

recommend the early integration of PC for patients with 

advanced LC. 

-  
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Common Physical symptoms of advanced Lung 

cancer 

 Pain-  

- The prevalence of pain has been reported in 74-90% of 

patients with lung cancer 

- Therapy for cancer-related pain in patients with lung 

cancer should follow the World Health Organization 

guidelines.  

- For mild pain, initial therapy should include an around-

the-clock NSAID or acetaminophen; if pain persists or 

increases, or in the case of moderate pain a weaker 

opioid (Tramadol, Codeine) should be added to the 

nonsteroidal agent. Strong Opioids (Morphine, Fentanyl, 

Buprenorphine, Methadone) are by far the most 

effective pain medications that we use for severe pain 

and using them early in the course of the disease can 

result in significant symptom improvement. In addition, a 

breakthrough dose of short-acting narcotic equivalent to 

10-15% of the long-acting narcotic should be prescribed. 

- Adjuvant analgesics include antidepressants, 

anticonvulsants, and corticosteroids can be helpful in 

minimizing the required dose of narcotics and in the 

treatment of neuropathic pain. 
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 Dyspnoea 

- Parenchymal involvement of tumour, pericardial/pleural 

effusions, airway obstruction, pulmonary embolism, and 

treatment-induced fibrosis might all contribute to 

dyspnoea in patients with lung cancer.  

- It is essential to determine whether there are underlying 

causes that can be reversed, e.g., pleurodesis in 

malignant pleural effusion. 

- Symptomatic therapies consist of pharmacologic and 

non-pharmacologic interventions. Non-pharmacologic 

therapies include oxygen, cognitive/behavioral 

interventions, and nursing involvement.  

- Supplemental oxygen can be helpful if patients are 

hypoxemic. Low-dose opioids are the most effective 

pharmacologic agents for dyspnoea. 

 Cough 

- Opioids act on central cough pathways and are the most 

effective cough suppressants for patients with LC.  

- Codeine alone or in combination with guaifenesin is the 

most widely used opioid, although there is very little 

prospective data on its use.  
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- Benzonatate, a peripherally acting non-opioid cough 

suppressant, is approved for use in non-malignant 

etiologies of cough.  

 Fatigue 

- Fatigue is the most frequently reported symptom by 

patients with cancer, with an incidence of 60%-90%.  

- The correctable causes of fatigue include anemia, 

metabolic abnormalities, sleep disorders, psychosocial 

distress, and side effects of medications, among others. 

Nonpharmacologic interventions for fatigue consist of 

education, counselling, and support groups for stress 

reduction and energy conservation, nutrition, and 

exercise.  

 Anorexia and Cachexia 

- Approximately 60% patients report weight loss at the 

time of diagnosis.  

- Non-pharmacological approaches include nutritional 

counselling and dietary supplementation.  

- Pharmacologic management of cancer-related cachexia 

includes orexigenic agents (appetite stimulants) such as 

Megestrol acetate, cannabinoids, and corticosteroids, 

antimetabolic agents, and anabolic agents.  
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Psychosocial challenges for patients with advanced 

lung cancer 

- Diagnosis of a life-threatening disease such as lung 

cancer can cause enormous distress and depression in 

15-45% patients.  

- Factors associated with psychological distress are pain, 

poor performance, age, social support, physician 

support, and marital status which negatively affects QOL  

- Cognitive-behavioral psychosocial interventions include 

therapy, psychoeducation, mind–body, exercise, and 

supportive or palliative care strategies.   

- In conclusion, early integration of PC for patients with 

advanced or metastatic lung cancer can reduce 

symptom burden, therefore all healthcare providers 

should make PC a priority by assessing for pain, 

dyspnoea, and other symptoms at each patient 

encounter to reduce patient morbidity, improve quality of 

life, and potentially prolong survival.  
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Neuroendocrine Tumours of the Lung 

The 2015 WHO classification of neuroendocrine tumours 

of the lung is as follows: 

• Typical Carcinoid (TC) 

• Atypical Carcinoid (AC) 

• Large cell neuroendocrine carcinoma (LCNEC) 

• Small cell lung carcinoma (SCLC) 

 

 Carcinoid Tumours 

- These are less frequently encountered epithelial 

tumours with neuroendocrine differentiation accounting 

for less than 1% of all lung cancer. 

- Carcinoids are classified as typical or atypical 

depending on the mitotic index and necrosis in the 

specimen. TC have less than 2 mitoses/2mm, ki67 of 

upto 5% without necrosis. AC have 2-10 mitoses/2mm 

and ki67 ranging from 5 to 20% with necrosis. The 

AJCC grades typical carcinoids as G1, atypical 

carcinoids as G2 and large cell neuroendocrine tumours 

as G3.  

- Both TC and AC generally arise from airways and 

occlude the major airways in 60% cases. They present 
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with hemoptysis and obstructive symptoms. Less than 

10% of carcinoids are secretory.  

- TC account for 90% of all carcinoids, are less frequently 

associated with involved lymph nodes and rarely 

metastasize.  

- Carcinoids occur a decade earlier than NSCLC (40-50 

years) with no gender predilection. 

- They are not associated with smoking and majority are 

sporadic with 5% associated with MEN syndrome.  

- The work-up of a patient with pulmonary carcinoid 

includes bronchoscopy for accurate lesion mapping and 

cross-sectional imaging. According to the European 

Neuroendocrine Tumour Society Guidelines, a Ga-

DOTANOC scan integrated with CECT is used for 

staging TC, whereas an FDG PET-CECT has been 

found to be more useful in AC. These nuclear scans 

upstage patients with carcinoids in almost 20% cases, 

help differentiate between tumour and collapsed lung 

and identify nodal metastases. Uptake on a Ga-

DOTANOC scan is also an indicator for response to 

Peptide Receptor Radio Nucleotide Therapy in 

metastatic cases. 
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- Functional evaluation is similar to that for surgery for 

NSCLC with mandatory pulmonary function tests and a 

ventilation- perfusion scan for centrally located tumours. 

- Staging for pulmonary carcinoids is as per the AJCC 8th 

edition. Given the low rate of lymph node metastases 

(<10%), invasive mediastinal staging is not 

recommended. 

- Surgery is the mainstay of treatment in non-metastatic 

cases. Resection to negative margins with a systematic 

mediastinal lymph node dissection is the standard of 

care. Parenchyma preservation strategies like bronchial 

or vascular sleeves should be utilized where feasible.  

- Endobronchial methods for excision in typical 

carcinoids, avoiding parenchymal resection are being 

increasingly used with acceptable outcomes. Initial 

endo-bronchial debulking as a bridge to surgery in TC is 

being explored as a method for future parenchymal 

preservation.  

- Atypical histology and node positive disease are poor 

prognostic factors. Long term survival in completely 

resected cases range from 80-90% at 5 years. 

- There is no role for adjuvant radiation or chemotherapy 

in completely resected tumours. Unresectable or 
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metastatic disease is treated with PRRT in lesions with 

DOTANOC uptake. In lesions with no uptake, 

concurrent chemoradiation or chemotherapy alone 

remain the treatment options. 
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Small Cell Lung Cancer 

- Small cell lung carcinoma (SCLC) is a malignant 

epithelial tumour composed of small cells with scant 

cytoplasm, finely granular nuclear chromatin, and 

absent or inconspicuous nucleoli, with a high mitotic 

count and frequent necrosis.  

- Most SCLCs express neuroendocrine markers. SCLCs 

usually involve major airways and are located centrally.  

- Metastatic spread at presentation is common and most 

frequently involve liver, bone, brain, ipsilateral and 

contralateral lung, and adrenal glands. Para-neoplastic 

syndromes are common in comparison to other 

histologies. 

- The Veterans Administration Lung Study Group 

(VALSG) system is often used to stage SCLC as limited-

stage or extensive-stage.  

- LS-SCLC is defined as disease that is limited to the 

ipsilateral hemi thorax and regional lymph nodes and 

can be encompassed in a safe radiotherapy field.  

- ES-SCLC is disease that has spread beyond this. 



Page | 238  
 

 Limited stage SCLC (LS-SCLC) 

- Standard treatment for LS-SCLC includes Etoposide 

plus Cisplatin (EP) chemotherapy along with early, 

concurrent thoracic radiation therapy (RT). 

- In patients with contraindications or poor tolerance to 

cisplatin, carboplatin can be substituted for cisplatin  

- Concurrent radiotherapy with 4 cycles EP is more 

effective than sequential radiotherapy. 

- Radiotherapy to a dose of 45 Gy in 30 fractions with 1.5 

Gy per fractions twice a day is the standard dose 

fractionation. However, due to logistics of twice daily 

fractionation it is not widely practiced.  

- CONVERT trial demonstrated no significant difference in 

survival outcomes between 45 Gy in 30 fractions (b.i.d 

regimen) and 66 Gy in 33 fractions at 2 Gy per fractions 

once daily. However, the trial was designed to show 

superiority and hence, 45 Gy in 30 fractions (b.i.d. 

regimen) should continue to be the standard of care.  

- Irinotecan and cisplatin concurrent with radiotherapy is 

an alternative regimen which can be considered with 

similar results. 
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- In patients achieving complete or good partial response, 

Auperin et al. meta-analysis showed that PCI 

(prophylactic cranial irradiation) decreases the incidence 

of brain metastases and provide OS benefit. 

- Currently, adjuvant ICI have no role in the treatment of 

locally advanced SCLC after completion of 

chemoradiotherapy with or without PCI 

- Consolidation with nivolumab plus ipilimumab failed to 

show survival (PFS) benefit in LS-SCLC. 

- The ADRIATIC trial is evaluating the role of durvalumab 

+/- tremelimumab vs. placebo in patients with at least 

stable disease after concomitant CT-RT, with or without 

PCI, the results are awaited.  
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Trial Comparison Results Comments 

Sandstorm S 
et al 

EP 5# vs. 
CEV 5# 
(concurrent 
RT from C#3 
in both 
groups with 
LS SCLC) 

Median 
OS in LS 
SCLC 
(n=214); 
14.5 
vs.9.7mon
ths 

EP superior 
to CEV in LD-
SCLC 
patients 

Takada M et 
al 

Sequential 
Vs. 
concurrent 
thoracic RT 

Median 
OS 19.7 
Vs. 27.2 
months 
(p=0.097) 

Strongly 
suggests that 
cisplatin plus 
etoposide & 
concurrent 
radiotherapy 
more 
effective than 
cisplatin + 
etoposide & 
sequential 
radiotherapy 

Rossi A et al 
(meta-
analysis of 4 
trials) 

cisplatin Vs 
carboplatin 
in the first-
line 

32% had 
LS SCLC; 
median 
OS - 9.6 
months 
Vs. 9.4 
months 

No 
differences in 
efficacy 
between 
cisplatin and 
carboplatin 

JCOG 0202, 
Kubota K et 
al 

induction 
etoposide 
plus cisplatin 
and AHTRT 
f.b three 
cycles of 
consolidation 
etoposide 
plus cisplatin 

Median 
OS 3.2 
years Vs 
2.8 years  
HR: 1.09 
(95% CI 
0.80-
1.46); 
p=0.70 

Four cycles 
of etoposide 
plus cisplatin 
and AHTRT 
should 
continue to 
be the 
standard of 
care for LS 
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Trial Comparison Results Comments 

or irinotecan 
plus cisplatin 

SCLC 

Auperin A et 
al; meta-
analysis 

PCI vs no 
PCI in 
patients with 
complete 
remission 

RR for 
death 0.84 
(95% CI, 
0.73 to 
0.97; 
P=0.01), 
RR for 
cumulative 
incidence 
of BM-0.46 
(95% CI 
0.38 to 
0.57; 
P<0.001) 

PCI improves 
both overall 
survival and 
decreases 
cumulative 
incidence of 
brain 
metastases 
in patients 
with complete 
remission 

Peters S et 
al; STIMULI 
phase II trial 

Consolidation 
immune-
therapy with 
4# nivolumab 
plus 
ipilimumab, 
followed by 
nivolumab 
monotherapy 
for up to 12 
months Vs. 
observation 

n=153 
median 
PFS 10.7 
vs. 14.5 
months 

nivolumab-
ipilimumab 
consolidation 
after chemo-
radiotherapy 
did not 
improve PFS 
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Systemic therapy in Extensive stage SCLC in the first 

line setting  

 Chemotherapy 

- No specific combination established superiority in ES 

SCLC 

- Cisplatin plus etoposide is equivalent to older regimen 

CEV, with similar OS and QoL 

- In patients with contraindications or poor tolerance to 

cisplatin, carboplatin can be substituted for cisplatin. 

 Radiotherapy 

- In patients who have no progression of disease, 

consolidative thoracic radiotherapy has shown to 

improve 2-year OS, however that was not the primary 

endpoint.  

- PCI after completion of chemotherapy has previously 

shown an OS benefit in ES-SCLC.  However, recently 

published RCT from Japan did not show OS benefit with 

PCI in patients who had periodic MRI examinations 

during follow-up.  
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Chemotherapy in ES-SCLC 

Trial Comparison Results comments 

Sandstorm 
S et al 

5# EP Vs. 
5# CEV 

Median OS 
8.4 vs 6.5 
months (only 
better trend; 
not 
significant) 

Similar 
survival and 
QoL with 
EP and 
CEV 
regimens 

Rossi A et 
al  
(meta- 
analysis of 
4 trials) 

cisplatin Vs. 
carboplatin 
in the first-
line 

68% had ES 
SCLC, 
Median OS - 
9.6 Vs. 9.4 
months 

No 
differences 
in efficacy 
between 
cisplatin 
and 
carboplatin 

 

 Immunotherapy in ES SCLC 

- Atezolizumab has OS benefit when combined with a 

etoposide plus platinum agent during induction and 

continued as maintenance in the IMpower 133 trial 

- Durvalumab administered during induction with platinum 

and etoposide followed by maintenance Durvalumab 

has also shown OS benefit in the CASPIAN trial. 

- Magnitude of OS benefit is around 2 months. 

- Pembrolizumab with platinum and etoposide failed to 

show OS benefit. 
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- Maintenance therapy with nivolumab plus ipilimumab, 

for those who did not progress on first line 

chemotherapy failed to show OS benefit. 

Immunotherapy Trials in ES-SCLC 

Name of 

Trial  

Comparison Results comments 

IMPOWER 

133 

(phase III) 

carboplatin and 

etoposide plus 

atezolizumab vs 

carboplatin & 

etoposide. with 

placebo 

n=403 

Median OS 

12.3vs.10.3 

months  

(HR-0.70; 

95%CI:0.54-

0.91;p=0.007) 

addition of 

atezolizumab 

to chemo-

therapy in 

first-line 

improved OS 

and PFS 

 

CASPIAN  

(phase III) 

durvalumab 

plus platinum-

etoposide vs. 

durvalumab 

plus 

tremelimumab 

plus platinum-

etoposide vs. 

platinum-

etoposide alone 

Median OS 

13.0 

(durvalumab 

+platinum 

etoposide) vs. 

10.3 months 

(platinum 

etoposide) 

(HR-0·73;  95% 

CI 0·59-0·91; 

p=0·0047); 

No additional 

benefit of 

Tremelimumab 

First-line 

durvalumab 

plus 

platinum-

etoposide 

significantly 

improved 

overall 

survival in 

patients with 

ES-SCLC 
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Name of 

Trial  

Comparison Results comments 

 

KEYNOTE 

604 

Pembrolizumab 

Vs. placebo for 

up to 35 cycles 

plus 4 cycles of 

EP 

Median OS 

10.8 Vs. 9.7 

months 

(Did not meet 

pre-specified 

significance 

boundary) 

First line 

pembrolizum

ab 

significantly 

improved 

PFS but not 

OS 

 

CHECKM

ATE 451 

Nivolumab+ 

ipilimumab vs. 

nivolumab vs. 

placebo as 

maintenance 

after 4# 

chemotherapy 

Median OS 9.2 

(nivolumab + 

ipilimumab) Vs. 

9.6 months 

(placebo); (HR: 

0.92; 95% CI, 

0.75 -1.12; 

p=0.37) 

Maintenance 

therapy with 

nivolumab 

plus 

ipilimumab 

did not 

prolong OS 

 

The standard of care for first line therapy in ES-SCSLC is 

etoposide plus platinum combination +/- Durvalumab/ 

Atezolizumab followed by Durvalumab/Atezolizumab 

maintenance. 
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Relapsed SCLC 

Relapse > 6months after completion of Etoposide+ 

Platinum 

- In relapse > 6 months after chemotherapy, re-induction 

with original platinum-based combination with 

immunotherapy (based on benefit in first line setting) is 

preferred. 

- In relapse > 6 months after chemo-immunotherapy, 

there is no data regarding reintroduction of 

chemotherapy. However, this strategy is commonly 

used for want of other options. There is no data for or 

against continuation of immunotherapy in this setting. 

Relapse within 6 months after completion of 

Etoposide+ Platinum 

- In patients with relapse within 6 months of treatment, 

topotecan or irinotecan are options. 

- Topotecan is the only drug formally approved as 

second-line treatment for SCLC and remains the 

standard of care.  

- Relapsed SCLC patients, unsuitable for further 

intravenous chemotherapy were randomized to receive 

best supportive care (BSC) alone or oral topotecan (2.3 
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mg/m2/d, days 1- 5, every 21 days). OS was prolonged 

with topotecan when compared to BSC (median OS 

25.9 Vs. 13.9 weeks, P = .0104). The survival benefit 

was maintained in patients with a short treatment-free 

interval (<or = 60 days).It also improved quality of life. 

- Irinotecan has activity of irinotecan in refractory or 

relapsed small-cell lung cancer (SCLC). Among 16 

patients, ORR was seen in 47% with a median duration 

of response of 58 days.  

Immunotherapy in Relapsed SCLC 

- ICIs in second-line showed no survival benefit. 

- Nivolumab did not improve survival versus 

chemotherapy in relapsed SCLC in the phase III 

CheckMate 331 trial in patients with relapse after first-

line platinum-based chemotherapy (median OS 7.5 

versus 8.4 months; HR: 0.86; P = 0.11). 

Beyond Second Line in Relapsed SCLC 

- Beyond second line, treatment may be offered to 

patients with good PS based on patients’ preferences.  

- Taxanes, vinorelbine, gemcitabine, and temozolomide 

have shown activity in patients with relapsed SCLC, with 

response rates among previously treated patients 
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around 20 to 30 % for the taxanes and 10- 15 % for 

other agents. 

Trials in Relapsed SCLC 

Trial Comparison Results Comments 

O'Brien ME et 
al; 

oral topotecan 
Vs. supportive 
care alone 

Median 
OS 25.9 
Vs. 13.9 
weeks 
(log-rank 
P=0.0104) 

Oral topotecan 
improves 
survival and 
quality of life in 
relapsed 
SCLC 

Masuda N et 
al 

Irinotecan in 
relapsed 
SCLC 

n=16; 
ORR-
47%; 
median 
duration 
of 
response 
of 58 days 

Irinotecan is 
active against 
relapsed 
SCLC 

Spigel DR et 
al; 
CHECKMATE 
331 trial 

Nivolumab Vs. 
chemotherapy 
(topotecan or 
amrubicin) 

n=284; 
median 
OS: 7.5 
versus 8.4 
months; 
HR: 0.86; 
95%CI, 
0.72-1.04;  
P=0.11 

Nivolumab did 
not improve 
survival versus 
chemotherapy 
in relapsed 
SCLC 
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Role of Surgery in Small Cell Lung Cancer 

- Then TNM staging as per the AJCC 8th edition is more 

useful for identification of surgical candidates in patients 

with SCLC.  

- The role of surgery is limited to early stage (T1, T2), 

node negative SCLC which accounts for less than 5% of 

the cases.  

- Accurate staging including invasive mediastinal staging 

is essential prior to identifying a patient for surgery. 

Lobectomy with SMLND is the current standard of care. 

- Multiple observational studies, a recent SEER database 

analysis and one meta-analysis have concluded that 

surgical resection for early-stage SCLC results in better 

local control which translates into better survival as 

compared to chemoradiation. The 5-year survival in 

these studies range from 35 to 57%.  

- All patients with SCLC undergoing complete surgical 

resection are candidates for adjuvant chemotherapy. 

Adjuvant radiation is reserved for node positive disease.  
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Malignant Pleural Mesothelioma 

- Surgery for MPM is considered in the following: 

• Good performance status 

• Epithelioid histology 

• Resectable disease localized to one hemithorax 

• N0/N1 disease 

- Contralateral (N2) suspicious nodes should be 

confirmed negative with invasive mediastinal staging 

prior to instituting neo-adjuvant therapy. 

- Upfront surgery can be considered with favorable 

outcomes in low volume, node negative disease.  

- A diagnostic laparoscopy should be considered in cases 

with heavy disease burden on the diaphragm to rule out 

intra-abdominal spread; which is a contra-indication for 

surgery. 

- The aim of curative surgery in MPM should be the 

removal of all visible and palpable tumour (R0 or R1), 

also known as ‘macroscopic complete resection’ (MCR). 

The surgical options include: 

• Extra-pleural pneumonectomy (EPP): en bloc 

resection of the parietal and visceral pleura with the 

ipsilateral lung, pericardium, and diaphragm. In cases 

where the pericardium and/or diaphragm are not 
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involved by tumour, these structures may be left intact. 

In earlier series, EPP was associated with a mortality 

rate as high as 30%. Recent series have shown more 

acceptable outcomes with mortality of < 5%. 

• Extended pleurectomy/ decortication (EPD): parietal 

and visceral pleurectomy to remove all gross tumour 

with resection of the diaphragm and/or pericardium as 

indicated. 

• Partial pleurectomy: partial removal of parietal and/or 

visceral pleura for diagnostic or palliative purposes but 

leaving gross tumour behind.  

- Tri-modality treatment (TMT) including neo-adjuvant 

chemotherapy, surgery and adjuvant hemithroacic 

radiation had been established as standard of care for 

resectable, non-metastatic epithelioid mesothelioma. 

Studies have shown 60% completion rate of TMT with a 

3.1% mortality for EPP and a 27.7 months median 

overall survival. 

- The MARS trial was a multicenter trial that randomised 

50 patients with MPM after induction chemotherapy to 

EPP vs no EPP followed by hemithroacic radiation. 

Owing to the high morbidity and mortality in the EPP 
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group, this study concluded that radical surgery in the 

form of EPP within trimodality therapy offers no benefit 

and ‘possibly harms’ patients. However, this trial faced 

severe critique since it accrued less than 10% of its 

estimated sample size and had an uncharacteristically 

high mortality associated with EPP as compared to 

other contemporary reports.  

- Nonetheless, these results along with improved 

chemotherapy regimen ushered in the age of lung 

sparing approaches for MPM.  The U.S mesothelioma 

database evaluated over 600 patients and found P/D to 

have significantly better survival as compared to EPP if 

MCR is achieved; with significantly reduced peri 

operative morbidity and mortality. 

- The ongoing MARS 2 randomised trial aims to compare 

extended P/D with chemotherapy versus chemotherapy 

alone in the management of resectable MPM. The 

results are eagerly awaited. 

- The MesoVATS trial randomised patients with 

unresectable/ metastatic MPM into VATS partial 

pleurectomy/ decortication versus talc pleurodesis and 

found no significant differences in outcomes. The 

currently accruing MesoTRAP trial aims to decipher the 
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benefit of VATS partial P/D over indwelling pleural 

catheters in trapped lungs with MPM. 

- Surgery in MPM is therefore a very nuanced decision, 

best taken by a multidisciplinary tumour board. 

Performance status, histology, disease extent and nodal 

status are the most important determinants. Multi-

modality therapy is essential irrespective of stage.  

- Hemi-thoracic radiation therapy in MPM is a technically 

challenging and complex treatment and should be 

ideally practiced in a tertiary cancer center.  

- It is delivered to a dose of 45 Gy in 25 fractions at 2 Gy 

per fraction, once daily. Boost can be offered to the 

residual disease site and to the scar. Organ at risk 

constrains should not be compromised especially 

contralateral mean lung dose < 6-7 Gy.  

- Experience of hemi-thoracic Intensity Modulated plural 

radiation therapy (IMPRINT) after pleural decortication is 

safe and feasible. However, its experience is limited and 

can cause significant lung toxicity if not carefully 

planned.  

- It should be practiced after close consultation with the 

operating surgeons and the medical oncologist. 

Intensive chest physiotherapy is must for all patients.   
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- Some centers practiced neoadjuvant hemithroacic 

radiation therapy to a dose of 25 Gy in fractions, once 

daily and EPP one week after completion of RT. It’s 

rationale is to prevent inadvertent tumor spillage during 

EPP.  

- Neoadjuvant hemithroacic RT has shown to have good 

outcomes without significant toxicity, however, to be 

practiced in resectable patients only.  
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