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Need to combine..???

• Thoracic malignancies-predominantly of

Non-small cell lung cancer

Small cell lung cancer

Malignant pleural mesothelioma

Advanced oesophageal cancers

Advanced stage thymoma, and thymic carcinoma

Distant 

metastases & poor 

prognosis



Need to combine..???

Treatment modalities-

• Radiotherapy

• Chemotherapy

• Surgery

• Immunotherapy -now considered to be the “ fourth pillar “
of cancer care



Introduction

• Radiation therapy is one of local ablative therapies uses high
energy radiation for cancer treatment .

• It induces double-strand DNA damage in cancer cells, single strand
breaks, misrepair, and chromosome aberrations.

• All of these events are direct actions of RT . The cells are killed
mainly by mitotic catastrophe, but also by apoptosis, necrosis,
autophagy, or replicative senescence.

• As we focus on investigations of new technologies such as FLASH
RT, proton RT, and carbon ion RT which aim to improve the
therapeutic ratio, increasing evidence on immunomodulatory
effects of RT casts new light on its systemic antitumor response.



• Recent studies have found RT may be similar to an
“accelerant” by means of inducing in situ
vaccination by killing tumor cells and triggering a
systemic immune response.

• The most representative example is the abscopal
effect: radiation on one site may cause regression
of tumor at remote and distant nonirradiated sites.
The potential systemic antitumor capacity provides
a sound basis for combining radiotherapy and
Immunotherapy.





❖In-situ vaccination

Immunologic effects of  Radiotherapy
RT



Anti-PD-1,Anti-CTLA-4+ 
Radiation

3 E’s of immune surveillance include

Elimination, Equilibrium, and
Escape.
The immune system can control

tumor growth with various immune

mediators.

However, tumor suppressor cells

and immunosuppressive cytokines

can permit tumor escape.





RT and Immune check point inhibitors



• Radiotherapy has the potential to convert immunologically ‘cold’
tumors into ‘hot’ tumors by a combination of distinct mechanisms
including:

(a)increasing tumor immunogenicity via the upregulation of antigenic
expression, antigen processing, major histocompatibility molecules, and
costimulatory signals;

(b) overcoming an immunosuppressive tumor microenvironment by
shifting the cytokine balance in favour of immunostimulation (e.g. by
increasing the production of immunostimulatory cytokines);

(c) recruiting antigen-presenting and immune effector cells to the tumor
microenvironment



Ongoing Clinical trials





Lung Cancer



Estimated Incidence, Mortality and Prevalence in 2020

Incidence Deaths 5 year prevalence 

World 2206771 1796144 2604791

India 72510 66279 80817

Globocan 2020

No. 1 cancer across the world in terms of death. 4th most common cancer in India in terms of 
incidence.
3rd most common cancer causing death in India.



Lung cancer

Non Small cell 
(85-90%)

Squamous cell 
carcinoma

Non Squamous cell 
carcinoma

Large cell 
carcinoma

Adenocarcinoma

Small Cell (10-15%)

Lung Cancer Types 



Non-Small cell Lung Carcinoma

• Although a significant proportion of patients can be cured with surgery, with
or without adjuvant or neoadjuvant chemotherapy and radiation, a significant
proportion of patients will fail, particularly distantly.

• More than half of patients with NSCLC present with distant metastases at the
time of diagnosis

• 5-year overall survival (OS) less than 5% .

• For patients with stage IV NSCLC RT has historically been used only for
palliative purposes

• NSCLC patients with a low burden of metastatic disease to a limited number
of distant sites (oligometastatic), RT can improve PFS and potentially OS –
[SABR-COMET].



• Platinum-based doublet chemotherapy- first line,taxane-based regimens as
second-line regimens

• There are multiple forms of immunotherapy available including T-cell transfer,
cytokine therapy, and oncolytic viruses.

• Checkpoint inhibitors have shown tremendous activity in NSCLC and are currently
under intense study given promising data on response.

• Immunotherapy and radiation therapy (RT) both show significant immune editing
activity in NSCLC that may allow the innate and adaptive immune system to help
control systemic disease by both radio sensitization and a sustained systemic
immune response.

• Multiple clinical trials are underway exploring the role of adjuvant or neoadjuvant
immunotherapy in operable NSCLC.

• A substantial amount of progress is to be made in terms of
optimizing radiation dose and fractionation, immunotherapy type
and dose, and integrating both to best realize the benefits of
immunotherapy and radiation in operable lung cancer.





Positive First-line Advanced NSCLC 
Immunotherapy Trials: An Ever-Growing List

Trial Comparison Selection ORR, % PFS HR OS HR

KEYNOTE-0241-3 Pembro vs plt-doublet CT PD-L1 ≥50% 46.1 vs 31.1 0.50 0.62

IMpower1104,5 Atezo vs plt-doublet CT PD-L1 ≥50% (TC) or 10% (IC) 38.3 vs 28.6 0.63 0.59

EMPOWER-Lung 16 Cemiplimab vs plt-doublet CT PD-L1 ≥50% 39.2 vs 20.4 0.54 0.57

KEYNOTE-0427,8 Pembro vs plt-doublet CT PD-L1 ≥1% 27.3 vs 26.7 1.05 0.80

KEYNOTE-1899,10 Pembro or placebo + carbo/pem PD-L1 unselected; nonsquamous 48.3 vs 19.9 0.49 0.56

IMpower13011 Atezo + carbo/nab-pac vs CT alone PD-L1 unselected; nonsquamous 49.2 vs 31.9 0.64 0.79

IMpower15012,13 Atezo + carbo/pac + bev vs CT + bev PD-L1 unselected; nonsquamous 63.5 vs 48.0 0.62 0.80

KEYNOTE-40714-16 Pembro or placebo + carbo/pac or nab-pac PD-L1 unselected; squamous 62.6 vs 38.8 0.59 0.71

EMPOWER-Lung 317 Cemiplimab or placebo + plt-doublet CT PD-L1 unselected 43.3 vs 22.7 0.56 0.71

CheckMate 22718-20 Nivo + ipi vs plt-doublet CT

TMB high (≥10 mut/Mb) 45.3 vs 26.9 0.58 NR

PD-L1 ≥1% 36.4 vs 30.0 0.81 0.76

PD-L1 <1% 27.3 vs 23.1 0.74 0.64

CheckMate 9LA21,22 Nivo + ipi + plt-doublet CT vs plt-doublet CT PD-L1 unselected 38.0 vs 25.4 0.67 0.72

1. Reck. NEJM. 2016;375:1823. 2. Reck. JCO. 2019;37:537. 3. Reck. JCO. 2021;39:2339. 4. Herbst. NEJM. 2020;383:1328. 5. Herbst. WCLC 2020. Abstr FP13.02. 
6. Sezer. Lancet. 2021;397:592. 7. Mok. Lancet. 2019;393:1819. 8. Cho. WCLC 2020. Abstr FP13.04. 9. Gandhi. NEJM. 2018;378:2078. 10. Rodríguez-Abreu. Ann Oncol. 
2021;32:881. 11. West. Lancet Oncol. 2019;20:924. 12. Socinski. NEJM. 2018;378:2288. 13. Socinski. J Thorac Oncol. 2021;16:1909. 14. Paz-Ares. NEJM. 2018;379:2040. 
15. Paz-Ares. J Thorac Oncol. 2020;15:1657. 16. Robinson. ELCC 2021. Abstr 97O. 17. Gogishvili. ESMO 2021. Abstr LBA51. 18. Hellmann. NEJM 2018;378:2093. 
19. Hellmann. NEJM. 2019;381:2020. 20. Paz-Ares. J Thorac Oncol. 2022;17:289. 21. Paz-Ares. Lancet Oncol. 2021;22:198. 22. Reck. ESMO Open 2021;6:100273. 



Overall Survival With First-line ICI Monotherapy for 
NSCLC With High PD-L1 Expression
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KEYNOTE-024: OS With Pembrolizumab 
in NSCLC With PD-L1 Expression ≥50%*1

HR: 0.62 (95% CI: 0.48-0.81)

EMPOWER-Lung 1: OS With Cemiplimab in 
NSCLC With High PD-L1 Expression3

IMpower110: OS With Atezolizumab in 
NSCLC With High PD-L1 Expression2
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HR: 0.57 (95% CI: 0.42-0.77; P = .0002)

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

1. Reck. JCO. 2021;39:2339. 2. Herbst. NEJM. 2020;383:1328. 3. Sezer. Lancet. 
2021;397:592. 4. Mok. Lancet. 2019;393:1819. 5. Cho. WCLC 2020. Abstr FP13.04.

*Single-agent pembrolizumab approved for PD-L1 ≥1% 
but not broadly recommended by experts.4,5

Pembro (n = 154)    26.3 (18.3-40.4)
CT (n = 151)      13.4 (9.4-18.3)

Median OS, 
Mo (95% CI)

20.2 (16.5-NE)
13.1 (7.4-16.5)

Median OS, 
Mo (95% CI)

Median OS, 
Mo (95% CI)

Atezo (n = 107) 
CT (n = 98)

NR (17.9-NE)
14.2 (11.2-17.5)

Cemiplimab (n = 283) 
CT (n = 280)

First-line, single-agent ICI therapy provides a durable, meaningful long-term 
survival benefit in patients with metastatic NSCLC and PD-L1 ≥50% expression



CheckMate 017 trial 



Pembrolizumab prolongs overall survival and has a favourable benefit-to-risk profile in patients with 
previously treated, PD-L1-positive, advanced non-small-cell lung cancer. These data establish 
pembrolizumab as a new treatment option for this population and validate the use of PD-L1 selection.



Long-term follow-up suggests a consistent survival benefit with atezolizumab versus docetaxel in patients with 
previously treated NSCLC regardless of PD-L1 expression, histology, or subsequent immunotherapy. Atezolizumab 
had no new safety signals, and the safety profile was similar to that in previous studies.



•Based on the results of these ground-
breaking clinical trials, the FDA approved
nivolumab, pembrolizumab, and
atezolizumab for second-line treatment
of metastatic NSCLC.







Molecular and PD-L1 Testing Should Be Done at Initial 
Diagnosis of  Advanced NSCLC to Guide firstline Tx 
Decisions

Initial Diagnosis of Advanced NSCLC

Targetable 
Alteration 
PRESENT

No Targetable 
Alteration

Matched Targeted 
Therapy

PD-L1 Low (1%-49%)
or Negative (<1%)

PD-L1 High 
(≥50%)

Molecular Testing and PD-L1 IHC



2022 Paradigm for Immunotherapy in 
Advanced NSCLC Without an Actionable Mutation

• ICI monotherapy: pembrolizumab,* 
atezolizumab, cemiplimab

• ICI + chemotherapy

• Pembrolizumab/carboplatin or 
cisplatin/pemetrexed (Nsq)

• Atezolizumab/carboplatin/paclitaxel/  
bevacizumab (Nsq)

• Atezolizumab/carboplatin/nab-paclitaxel (Nsq)

• Pembrolizumab/carboplatin/taxane (Sq)

• Nivolumab/ipilimumab + 2 cycles of CT (Sq/Nsq)

• ICI combination: nivolumab/ipilimumab

NCCN. Clinical practice guidelines in oncology: NSCLC. v.3.2022. nccn.org.

Advanced NSCLC w/o 
Actionable Mutation

PD-1/PD-L1i

PD-1/PD-L1i + 
Chemotherapy

PD-1i + CTLA-4i + 
Chemotherapy 

PD-1i + CTLA-4i

PD-1/PD-L1i + 
Chemotherapy

PD-1i + CTLA-4i + 
Chemotherapy 

PD-1i + CTLA-4i

PD-1/PD-L1i + 
Chemotherapy

PD-1i + CTLA-4i + 
Chemotherapy

PD-1i + CTLA-4i†

PD-L1 1%-49%*PD-L1 ≥50% PD-L1 <1%

*Single-agent pembrolizumab also approved for ≥1% PD-L1 but not broadly recommended by experts; guideline-recommended 
for PD-L1 1-49% if poor PS or contraindications to combining w/CT. †Not an FDA approved indication, but guideline recommended.

Current first-line treatment paradigm 
based on PD-L1 expression in TC and/or IC





Theelen et al. performed a RCT of pembrolizumab either without or after SBRT (3 x 8Gy) of a single NSCLC 
metastasis . While the study’s primary endpoint criteria were not met, a significant improvement of DCR was 

observed in the experimental arm (64 vs. 40%; p = 0.04). 
Moreover, subgroup analyses showed patients benefiting most from SBRT were those with PD-L1 negative 
tumors at baseline. This finding is particularly intriguing, since this is a population for which single-agent PD-(L)1 
inhibition is known to be of limited benefit. Perhaps, pembrolizumab following SBRT may represent a less toxic 
alternative to chemoimmunotherapy when aiming to enhance response rates in M-NSCLC patients with a low 
PD-L1 tumor proportion score.



Luke et al. applied this logic 
in their phase I study, 
allowing multisite SBRT of 
2–4 metastases up to 1 
week before starting 
pembrolizumab in patients 
with advanced solid tumors



Bauml et al. initiated a phase II trial
offering adjuvant pembrolizumab to
patients with a limited tumor burden
( 4 metastases) after eradication of
all known sites of disease





• RT- adjunct to surgery in operable patients, be it in the
preoperative setting or after incomplete resection, but
will most frequently be used as definitive treatment
combined with chemotherapy (concurrently of
sequentially) in stage IIIB or (unresectable) stage IIIA
disease.

• When combined with platinum-based doublet
chemotherapy, RT doses ranging between 60 and 66Gy
in 2Gy daily fractions over 6–7 weeks are advocated



• 2-year overall and progression-free survival, typically <60 and 30%
respectively, with median OS ranging between 2 and 2.5 years.

• Analyses of failure patterns after CRT reveal a substantial
contribution of locoregional recurrence, but an even greater
proportion of about 50% of patients experiencing distant
progression

• Therefore, this setting may represent an exciting opportunity for the
development of innovative strategies integrating immunotherapeutic
agents into combined modality





Progression-free survival was significantly longer with durvalumab than with placebo. The secondary end 
points also favoured durvalumab, and safety was similar between the groups. 

PACIFIC TRIAL 









• Updated analyses demonstrate robust and sustained OS and
durable PFS benefit with durvalumab after chemoradiotherapy.

• An estimated 42.9% of patients randomly assigned to
durvalumab remain alive at 5 years and 33.1% of patients
randomly assigned to durvalumab remain alive and free of
disease progression, establishing a new benchmark for
standard of care in this setting.





To evaluate treatment outcomes and safety of pembrolizumab plus cCRT in

stage III NSCLC.

This phase 2, nonrandomized, 2-cohort study suggest promising antitumor

activity of pembrolizumab plus cCRT and manageable safety in patients with

previously untreated, locally advanced, stage III NSCLC



Highlights

Stage 3 non-small cell lung cancer is treated with durvalumab after 

chemoradiation.

DETERRED trial showed similar efficacy using a different 

immunotherapy agent.

Tumors with driver oncogene mutations may derive less benefit from 

this approach.

Tumors with low PD-L1 may derive less benefit from this approach.



The NICOLAS study is the first completed single-arm phase II trial in stage III NSCLC

evaluating hierarchically first the safety and then the efficacy of adding nivolumab

concurrently to standard definitive concurrent chemoradiotherapy. The safety end point was

reported earlier; here, we present the efficacy results.

Conclusion: PFS and OS are arithmetically higher in studies involving the same population.

However, on the basis of the formal hierarchical efficacy analysis, we could not reject that

the 1-year PFS rate is at least 45%



Both radiation and immunotherapy can cause a similar presentation 
of pneumonitis, and to date, there are little prospective data on the 
potential synergistic toxicity of  the combination. This combination is, 
therefore, being approached with caution









Adjuvant therapy with atezolizumab versus best supportive care in 1005 patients with resected early-
stage NSCLC and various PD-L1 levels.

• In patients with resected stage II to IIIA NSCLC and PD-L1 of 1% or more, disease-free survival was
improved in those receiving adjuvant atezolizumab compared with best supportive care (HR, 0.66; 95%
CI, 0.5–0.88; P = .0039).

• Treatment-related grade 3 and 4 adverse events were reported in 11% (53/495) of patients; 4 deaths
occurred (1%, 4/495)

• The NCCN Panel recommends atezolizumab as an adjuvant therapy option for
eligible patients with completely resected stage IIB to IIIA or high-risk stage IIA
NSCLC and with PD-L1 of 1% or more who have previously received adjuvant
chemotherapy based on clinical trial data and the FDA approval.







Early stage NSCLC

• Early-stage NSCLC (ES-NSCLC) represents about 15–20% of  all new 
lung cancer diagnoses .

• According to the latest consensus guidelines, surgery remains the 
treatment of  choice for operable ES-NSCLC patients.

• For those unfit for or unwilling to undergo surgical resection, SBRT 
is now the gold standard, with an excellent safety profile and local 
control rates of  approximately 90% at 5 years.

• Trials are exploring whether the combination of  SBRT with 
immunotherapy can be performed safely, as patients with early 
stage NSCLC have longer life expectancies and thus are at risk of  
developing long-term toxicities.





Primary Outcome:
Assessment of lung toxicity (pneumonitis) from treatment with Nivolumab after SBRT for early stage NSCLC
Rate of grade ≥ 3 pneumonitis with nivolumab after stereotactic body radiotherapy (SBRT) within 6 months of 

the final fraction of SBRT. A rate that exceeds 20% will be deemed unacceptable and will lead to a rejection of 
the null hypothesis.



Challenges
• Combining immunotherapy and RT for early-stage NSCLC is still in 

its infancy.

• Selection of  the patients that are most likely to benefit from 
combined modality treatment as well as optimal sequencing and 
duration of  immunotherapy. 

• The optimal radiation dose and fractionation for SBRT alone remain 
to be determined for peripheral and central tumors, much less when 
SBRT is combined with immunotherapy.

• Pseudo progression after immunotherapy also will likely make 
assessing response only more challenging based on current RECIST 
size-based criteria. 

• Nonetheless, there is promising potential synergy between radiation 
and immunotherapy to reduce systemic failures and improve cure 
rates in early stage patients



Radiation plus Immunotherapy for SCLC

• Despite a plethora of clinical trials for patients with SCLC over the
last two decades, little progress has been made and patient
outcomes remain poor, with OS ranging between 10 and 30 months.

• Although very responsive to first-line chemotherapy, SCLC
frequently relapses, and response to second-line agents is extremely
poor

• Immunotherapy has thus been an exciting development for SCLC as
it has the potential to overcome the limitations of chemotherapy by
targeting SCLC in a novel way.



Small cell Lung Carcinoma

High tumor mutation burden

• correlated with response to checkpoint inhibitors due to re-awakening of pre-existing

strong anti-tumor CD8+ cytotoxic T-cell responses

• immunomodulatory effect of SCLC tumor cells on host immune system

• higher propensity of paraneoplastic syndromes in SCLC ----- several cross-reacting

antibodies recruited by the host immune response target both tumor as well as normal

cells.

• SCLC tumor cells also exhibit a regulatory effect through induction of CD4+ Treg cells

and decreased expression of HLA-class 1 antigen on host immunity.

• This balance between the effector and regulatory effects may distinguish extensive

stage SCLC (ES-SCLC) from limited stage SCLC



The safety of pembrolizumab was consistent with the known safety profile in other tumor types. 
Pembrolizumab demonstrated promising antitumor activity in patients with pre-treated, PD-L1–expressing 
SCLC.



Nivolumab monotherapy and nivolumab plus ipilimumab showed 

antitumour activity with durable responses and manageable safety profiles 

in previously treated patients with SCLC. 

These data suggest a potential new treatment approach for a population of  

patients with limited treatment options and support the evaluation of  

nivolumab and nivolumab plus ipilimumab in phase 3 randomised 

controlled trials in SCLC.





The D/T combination with and without SBRT was safe but did not show sufficient efficacy signal in relapsed SCLC. 
Changes in peripheral blood lymphocyte and TILs were consistent with an immunologic response



• These studies will address the toxicity concerns of  combining these 
agents with radiation, especially in the context of  the relatively large 
target volumes seen in SCLC as well as providing valuable data on 
the appropriate dose, combination, and timing of  the treatments.



Radiation plus Immunotherapy for 
Oesophageal cancer

• Trimodality therapy consisting of  concurrent chemoradiation 
followed by surgical resection is the standard of  care for locally 
advanced esophageal cancer patients who are surgical candidates. 

• The 5-year OS with this approach ranges from 39–47% . 

• In patients that are medically inoperable or have unresectable 
disease, definitive chemoradiation is recommended; however, 
survival rates are poor and persistence of  locoregional disease 
occurs in nearly half  of  patients.

• More aggressive treatments such as radiation dose-escalation and 
the addition of  targeted systemic agents against receptors 
commonly expressed in oesophageal cancer  have  failed to improve 
patient outcomes



• PD-L1 expression is present in 45% of  oesophageal cancer tissues 
and is associated with more locally aggressive disease and 
decreased survival

• Monoclonal antibodies directed against PD-L1 receptors may act 
synergistically with RT in killing tumor cells. 

• This is the subject of  several ongoing phase I–II trials evaluating 
safety and efficacy of  the combination of  chemoradiation with ICIs in 
both the metastatic/inoperable (NCT03377400, NCT03437200, 
NCT02642809) and neoadjuvant settings .



Radiation plus Immunotherapy for 
Mesothelioma

• MPM is a rare disease with poor OS and limited effective treatment
options

• Patients with MPM often have a large burden of disease and poor
performance status, thus the discovery of effective
immunotherapies has long been of interest.

• Anti PD-1/PD-L1 drugs, however, have shown promising results in a
series of small studies. Phase-I/II studies incorporating
pembrolizumab, nivolumab, and avelumab have shown 9.4–20%
partial response rates with stabilization of disease in 50% of
patients



• Combined PD-L1 inhibition is also being explored in two ongoing
clinical trials (NCT03048474 and NCT02899299).

• A report from the University of Toronto found that the growth of
tumors in a murine mesothelioma model was significantly reduced
by hypofractionated radiation and combining radiation with a CTLA-
4 inhibitor enhanced the effect in the irradiated and unirradiated
tumors.

• Combining radiotherapy and immunotherapy for mesothelioma is a
promising treatment strategy

• A single arm phase II study has recently been initiated by Memorial
Sloan Kettering Cancer Centre and will evaluate response rates with
Avelumab and SBRT in MPM



Combination avelumab plus SBRT seems tolerable on the basis of the prespecified toxicity end points of the first stage of 
this Simon two-stage design phase 1 study



Radiation plus Immunotherapy for 
Thymoma

• Thymomas represent 20% of all primary mediastinal tumors

• Due to its rarity, there is a dearth of understanding of the molecular
biology of these tumors, and immunotherapy approaches are limited
to small patient cohorts.

• There are two ongoing phase II trials evaluating the efficacy of ICIs
in thymomas (NCT02721732 and NCT02607631); however, none
currently are in combination with radiation.

• The efficacy of immunotherapy combined with radiation will likely be
of greater interest as our understanding of thymoma tumor biology
and its interaction with the immune system improves.



Conclusion

• The combination of immunotherapy and RT has the potential to
revolutionize treatments for thoracic malignancies.

• Preclinical data have demonstrated impressive synergy between the
two therapies that appears to extend beyond the irradiated target.

• For patients with advanced NSCLC, recent clinical trials
incorporating ICIs have exhibited dramatic improvements in
outcomes compared to conventional chemotherapies.

• We anxiously await results from ongoing and future preclinical
research and clinical trials to better define the optimal approaches
to combining these two pillars of cancer care

• Emerging evidence of  nanotechnology-enabled therapeutics can 
potentiate both radiotherapy and immunotherapy.
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