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Stage IV	NSCLC	wt
Introduction:	Historical approach

Malvezzi M,	et	al.	Ann	Oncol 2015;	Schiller	J,	et	al.	NEJM	2002
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associated with combination chemotherapy. They
were similar in the four groups, with several excep-
tions, as noted in the table.

Fifty-three percent of the patients who received
carboplatin and paclitaxel were withdrawn from the
study because of progressive disease, as compared with
44 percent of the patients who received cisplatin and
paclitaxel (P<0.001). Twenty-seven percent of the
patients who received cisplatin and gemcitabine were
withdrawn because of complications of therapy, as
compared with 15 percent of the patients who re-
ceived cisplatin and paclitaxel (P<0.001 by Fisher’s
exact test).

 

DISCUSSION

 

Cisplatin-based chemotherapy for metastatic non–
small-cell lung cancer results in a small but statistically
significant improvement in survival, as compared with
supportive care alone.

 

2-4

 

 Whereas older chemothera-

py regimens (e.g., mitomycin, ifosfamide, and cisplat-
in) resulted in survival rates of 10 to 15 percent at one
year, second-generation regimens (e.g., cisplatin and
etoposide) have typically resulted in survival rates of
20 to 25 percent at one year.

 

1,5,17-20

 

 Our trial showed
that third-generation regimens result in survival rates
of 33 percent at one year and 11 percent at two years
among patients with good performance status.

We sought to determine whether any of three new-
er third-generation chemotherapy regimens was su-
perior to the first of these third-generation regimens,
cisplatin plus paclitaxel, with respect to survival. There
were no significant differences in survival between
patients who received one of the three experimental
regimens and those who received cisplatin and pacli-
taxel. Although the time to the progression of disease
was longer in the group of patients who received cis-
platin plus gemcitabine than in the other groups,
this result was at the expense of greater renal toxic-
ity. Given the lack of a survival benefit with this reg-
imen and its greater toxicity, the clinical relevance of
the increase in the time to disease progression is
questionable.

Toxicity is particularly problematic in patients with
a poor performance status. Patients with a perform-
ance status of 2 were excluded from our study after
the early results suggested that such patients were like-
ly to be more susceptible to adverse events, including
death within 30 days from any cause, than were pa-
tients with a performance status of 0 or 1. Since the
role of chemotherapy in the treatment of advanced
non–small-cell lung cancer is supportive and pallia-
tive at best, the routine use of platinum-based com-
bination chemotherapy in patients with a poor per-
formance status cannot be recommended.

Although we did not obtain data on second-line
chemotherapy in this study, it is possible that some
of our patients crossed over to another therapy when
the disease progressed. The effect of such a crossover
on the results of this trial is unknown. We also did
not compare the cost effectiveness of the four regi-
mens, which is of potential importance, given the
differences in the costs of the various drugs and in
the costs associated with their administration.

 

21

 

 Final-
ly, the quality of life was not assessed in this study.
Although reductions in toxicity are often assumed to
improve the quality of life, in a recent Southwest
Oncology Group study comparing cisplatin and vi-
norelbine with carboplatin and paclitaxel, there were
no differences in the quality of life between the two
treatment groups, despite significantly lower rates of
toxic effects in the group of patients who received
carboplatin and paclitaxel.21

We conclude that third-generation chemotherapy
regimens in patients with non–small-cell lung cancer
who have a good performance status can moderately

Figure 2. Kaplan–Meier Estimates of Overall Survival (Panel A)
and the Time to Progression of Disease (Panel B) in the Study
Patients, According to the Assigned Treatment.
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Stage IV	NSCLC	wt
Introduction:	Personalised Medicine

n engl j med 383;7 nejm.org August 13, 2020 643

Effect of Advances in Lung-Cancer Treatment

men with NSCLC diagnosed in 2001 to 35% 
among those with NSCLC diagnosed in 2014.

Among women (Fig. 3A, right), the NSCLC 
incidence was flat from 2001 through 2006 and 
then started decreasing by 1.5% annually (95% 
CI, 1.3 to 1.7) from 2006 through 2016. In con-
trast, incidence-based mortality decreased slow-
ly, by 2.3% annually (95% CI, 1.8 to 2.8), from 
2006 through 2014 and then at a faster rate of 
5.9% annually (95% CI, 1.3 to 10.2) from 2014 
through 2016.

This greater reduction in mortality than in 
incidence during the more recent period trans-
lates into an estimated 6800 deaths from lung 
cancer among men and 3200 deaths from lung 
cancer among women that may have been de-
layed in the United States from 2014 through 
2016 (Figs. S1 and S2 in the Supplementary Ap-
pendix). Meanwhile, 2-year relative survival among 
patients with NSCLC was higher among women 
than among men; survival among women im-

proved from 35% in 2001 to 44% in 2014 
(Fig. 3B). Such improvement among patients 
with NSCLC was seen for all races (Fig. 4).

For patients with SCLC, mortality decreased 
similarly to incidence among men and women. 
For example, among men, incidence-based mor-
tality decreased by 4.3% annually (95% CI, 3.7 to 
4.3), whereas the incidence declined by 3.6% 
annually (95% CI, 3.3 to 3.9) (Fig. 5A, left). The 
corresponding relative survival curve for SCLC 
was more or less flat, indicating a lack of im-
provement during this period (Fig. 5B, left). We 
observed similar patterns among women (Fig. 5A 
and 5B. right).

Discussion

In this study, we describe trends in mortality 
among patients with different subtypes of lung 
cancer in the context of changing incidence and 
survival patterns in the U.S. general population. 

Figure 1. Mortality Estimates Based on Data from Death Certificates and on Incidence among Patients with Lung  
or Bronchus Cancer.

Shown are the estimates of mortality from lung and bronchus cancer based on data from death certificates (blue line) 
and the corresponding estimates of mortality based on incidence (red line). In the area to the left of the vertical line 
at calendar year 2006, the incidence-based mortality underestimates mortality from lung cancer. Results are shown 
for the Surveillance, Epidemiology, and End Results (SEER) 18-registry database, which includes the following regis-
tries: San Francisco, Connecticut, Detroit, Hawaii, Iowa, New Mexico, Seattle, Utah, Atlanta, San Jose–Monterey, 
Los Angeles, Alaska Native, Rural Georgia, California (excluding San Francisco, San Jose–Monterey, and Los Angeles), 
Kentucky, Louisiana, New Jersey, and Georgia (excluding Atlanta and Rural Georgia). For both measures of mortality, 
attribution to lung-cancer death is made when the cause of death on the death certificate is stated as lung and 
bronchus cancer (International Classif ication of Diseases, 10th Revision, code C34).
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Jordan EJ, et al. Cancer Discov 2017 

Molecular subtyping of pulmonary adenocarcinoma

• ALK
• ROS-1
• BRAF
• MET
• NTRK
• RET
• K-RAS

Howlander N, et al. NEJM 2020; Wilson RA, et al. Clin Exp Immunol 2017; Jordan EJ, et al. Cancer Discov 2017; Zhou F, et al. Cel Mol Immunol 2020Howlander N,	et	al.	NEJM	2020;	Wilson	RA,	et	al.	Clin Exp Immunol 2017;	Jordan EJ,	et	al.	Cancer Discov 2017;	Peters S,	et	al.	JITC	2021

Jordan EJ, et al. Cancer Discov 2017 

Molecular subtyping of pulmonary adenocarcinoma
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• ROS-1
• BRAF
• MET
• NTRK
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• K-RAS

      Introduction
                                  Long Term survivors & Chronic disease



7

Stage IV	NSCLC	wt
Introduction:	IO	target

Lawrence et al. Nature 2013; Thorsson et al. Immunity 2018;
Charoentong et al. Cell Reports 2017

Tumor mutational burden (TMB)

Leukocyte infiltration

Bases para la inmunoterapia en CPNM

Immune contexture becomes more 
immunosuppressive at advance stage

Hendriks L.

Lawrence	MS,	et	al.	Nature 2013;	Thorsson,	et	al.	Immunity 2018;	Hendriks L,	et	al.	ESMO	2023;	Peters S,	et	al.	JITC	2021
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Stage IV	NSCLC	
Introduction:	Transforming lives

Tagiamento M,	et	al.	Cancer Treat Rev 2022;	Perol	M,	et	al.	Ann	Oncol 2022;	Guirado M,	et	al.	CTO	2022;	Wu L,	et	al.	BMC	2023

Page 21 of 28Wu et al. Cell Communication and Signaling          (2023) 21:119  

mentioned before, there are also some other co-inhib-
itory receptors including Lag-3, Tim-3 and B7-H3 are 
being explored [184, 185]. Costimulatory molecules 
such as the CD122 agonists NKTR-214, 4-1BB, OX-40, 
GITR, TLR9, and STING have also been exploited to 
enhance anti-tumor activity [186]. In practice, these 
agents are usually first tested in advanced NSCLC, 
and only successful applications will help them move 
forward to LA-NSCLC. Notably, bispecific antibodies 
(BsAbs) targeting two different checkpoints are emerg-
ing, which have significant advantages over combi-
nation therapy using two different mAbs, including 
reduced development and therapeutic costs, higher 
binding specificity and obligate effects [187].

Antiangiogenic agents targeting the vascular endothe-
lial growth factor and its receptor are promising agents 
in combination with ICIs and RT. It is assumed that 
anti-angiogenic agents promote the trafficking of 
immune effector cells, drive DC maturation, reduce 
MDSCs and Tregs, and limit hypoxia partly via vessel 

re-normalization, thereby functioning as ideal partners 
for ICIs and superior radiosensitizers [186]. A quadru-
ple combination regimen of antiangiogenic atezolizumab 
and carboplatin–paclitaxel chemotherapy in non-squa-
mous NSCLC (ABCP regimen) has achieved great suc-
cess in advanced non-squamous NSCLC [188]. Based on 
this clinical and preclinical evidence, RT is expected to 
further potentiate the anti-tumor effects of ICI and angi-
ogenesis dual blockade. Such a triple combination ther-
apy for LA-NSCLC is a promising direction for future 
research. In contrast, molecular-targeted agents com-
bined with ICIs have been hampered by severe toxicities, 
and their addition to the treatment of LA-NSCLC seems 
a long way off.

Hypoxia is an important obstacle contributing to 
resistance to RT and immunosuppression, facilitating 
tumor recurrence and metastasis [189]. Radiosensitiz-
ers can sensitize hypoxic or radioresistant tumors to 
RT. With advancements in nanotechnology, the applica-
tion of nanoparticles to overcome resistance to RT and 

Fig. 4 Challenges, strategies, and auspicious orientations of iRT in LA-NSCLC. The existing challenges of iRT in LA-NSCLC include optimal dose 
and fractionation of RT, optimal RT target and target volume, application of charged particle therapy, optimal timing and duration of ICIs, iRT in 
oncogenic addicted tumors, optimal biomarkers and novel combinations, which are also strategies and auspicious orientations. Abbreviations: RT 
Radiotherapy, ICIs Immune checkpoint inhibitors, iRT ICIs combined with RT

Cancer Treatment Reviews 106 (2022) 102394
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Fig. 2. Complexity behind the management of older patients with advanced NSCLC.  

Table 2 
Ongoing clinical trials with immunotherapy focused on older patients with advanced stage NSCLC.  

Study Population Study design Treatment arms Primary 
endpoint 

NCT03977194 
(ELDERLY) 

Patients with stage IIIB-IV NSCLC aged 70 to 89 
years 

Phase 3 randomized Carboplatin AUC 6 day 1 + paclitaxel 90 mg/m2 day 1, 8, 
15 every 4 weeks alone (A) or with atezolizumab 1200 
mg q3w (B) 

OS 

NCT03975114 
(MILES-5) 

Patients with untreated stage IIIB-IV NSCLC 
aged ≥ 70 years 

Phase 2 
randomized 

(A) Standard chemotherapy followed at progression by 
durvalumab 1500 mg q4w.  
(B) Durvalumab 1500 mg followed at progression by 
chemotherapy.  
(C) Combination immunotherapy with durvalumab 1500 
mg + tremelimumab 75 mg q4w (4 cycles) followed at 
progression by chemotherapy 

12-month OS 

NCT04533451 Patients with untreated stage IV or recurrent 
lung adenocarcinoma 

Non-randomized, 
allocation at 
oncologist’s choice 

Pembrolizumab 200 mg q3w or 400 mg every 42 days 
alone (A) or with carboplatin AUC 5 and pemetrexed 500 
mg/m2 q3w (B) 

Incidence of grade 
≥ 3 AEs 

NCT03345810 
(DURATION) 

Patients with metastatic NSCLC aged ≥ 70 years 
and/or with a Charlson-Comorbidity-Index > 1 
and/or ECOG PS > 1 not eligible to platinum- 
doublet 

Phase 2 
randomized 

(A) CARG-Score ≤ 3: Carboplatin AUC 5 day 1 + nab- 
Paclitaxel 100 mg/m2 day 1, 8 q3w.  
(B) CARG-Score ≤ 3: Carboplatin AUC day 1 + nab- 
Paclitaxel 100 mg/m2 day 1, 8 q3w (2 cycles) followed by 
durvalumab 1125 mg q3w (2 cycles) and durvalumab 
maintenance 1500 mg q4w.  
(C) CARG-score > 3: vinorelbine 30 mg/m2 day 1,8 (2 
cycles) or gemcitabine 1000 mg/m2 day 1, 8 (2 cycles) 
q3w followed by durvalumab 1125 mg q3w (2 cycles) 
and durvalumab maintenance 1500 mg q4w.  
(D) CARG-score > 3: vinorelbine 30 mg/m2 day 1,8 or 
gemcitabine 1000 mg/m2 day 1, 8 q3w 

Incidence of grade 
≥ 3 treatment- 
related AEs 

Abbreviations. NSCLC: non-small cell lung cancer; AUC: area under curve; OS: overall survival; q2w: every 2 weeks; q3w: every 3 weeks; q4w: every 4 weeks; ECOG PS: 
Eastern Cooperative Oncology Group Performance Status; AEs: adverse events. 

M. Tagliamento et al.                                                                                                                                                                                                                          
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Fig. 5 Time to progression: Kaplan-Meier analysis of the time to progression of patients with and without a MTB in their history
(n = 429, p = 0.116)

Fig. 6 Overall survival with 3+ MTBs: Kaplan-Meier analysis of the overall survival of patients with at least 3 and their matched group without a
MTB in their history (n = 74, p = 0.045)

Freytag et al. BMC Cancer          (2020) 20:355 Page 6 of 9

Hugh J, et al. Pathologist 2018; Freytag M, et al. BMC Cancer 2020; Heinke MY, et al. Transl Lung Cancer Res 2020; Guirado M, et al. CTO 2022

Introduction
Lung Cancer &	MDT	concept

National Institutes of Health (NIH) in the US, TBs are ‘‘a treatment planning
approach in which a number of doctors who are experts in different specialties
(disciplines) review and discuss the medical condition and treatment options of
patient’’. Three different specialties are, therefore, generally represented: a medical
oncologist, a surgical oncologist and a radiation oncologist [NIH website (www.
cancer.gov)]. The TB may also include a pathologist, although this possibility is not
discussed by the NIH (Fig. 2a) (Kuroki et al. 2010).

The primary objective of TB is to improve diagnosis and treatment selection,
thereby improving care management for the patient (Fig. 2a) (Keating et al. 2013).
However, TB were also designed to improve communication and interactions
between the different specialties (e.g. pathology and imaging platforms) (Ruhstaller
et al. 2006). However, the specialties represented on the TB are essentially clinical.
There are no scientists among TB members and little communication occurs
between clinicians and scientists (Gross 1987; Wright et al. 2007; Coory et al. 2008;
Fleissig et al. 2006; Keating et al. 2013; Ruhstaller et al. 2006). This absence of
scientists may reflect the predominance of histological, tissue- or organ-based
approaches. In such conditions, scientific expertise from a genomics or bioinfor-
matics platform is not required for diagnosis (radiology, immunochemistry) or for
the selection of the ‘‘usual’’ types of treatment (surgery, chemotherapy, radiother-
apy) (Fig. 2a).

In parallel, scientists have been involved in clinical research, creating new cancer
treatments (targeted therapies), such as Herceptin! (trastuzumab) and Avastin!

(bevacizumab), which were developed by the American biotechnology company
Genentech, Inc. (Roche) and have been on sale since the 1990s. Formally, TB were
not designed to provide patients with support after surgery, but some patients have

Fig. 2 a The tumor board model, versus b the molecular tumor board model

Molecular Tumor Boards: Ethical Issues in the New Era of… 311

123

Vol:.(1234567890)
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Abstract
Multidisciplinary care is needed to decide the best therapeutic approach and to provide optimal care to patients with lung 
cancer (LC). Multidisciplinary teams (MDTs) are optimal strategies for the management of patients with LC and have been 
associated with better outcomes, such as an increase in quality of life and survival. The Spanish Lung Cancer Group has 
promoted this review about the current situation of the existing national LC-MDTs, which also offers a set of excellence 
requirements and quality indicators to achieve the best care in any patient with LC. Time and sufficient resources; leader-
ship; administrative and institutional support; and recording of activity are key factors for the success of LC-MDTs. A set 
of excellence requirements in terms of staff, resources and organization of the LC-MDT have been proposed. At last, a list 
of quality indicators has been agreed to achieve and measure the performance of current LC-MDTs.

Keywords Lung neoplasms (MeSH) · Quality indicators (MeSH) · Quality of health care (MeSH) · Multidisciplinary 
team · Tumor board

Abbreviations
CT  Computed tomography
EBUS  Endobronchial ultrasound
FOB  Fiberoptic bronchoscopy
18F-FDG-PET/CT  Fluorine-18 fluorodeoxyglucose posi-

tron emission tomography/computed 
tomography

LC  Lung cancer
LF  Lung function
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Introduction

Lung cancer (LC) is one of the most complex of all common 
cancers, given its heterogeneity, the evolution of the treat-
ment options and the huge societal impact derived [1]. Dif-
ferent factors, such as the stage of the disease or histology, as 
well as patient’s age, comorbidities, symptoms, performance 
status and preferences, have an impact on its management. 
Active treatment options include surgery, radiotherapy and 
systemic therapy, the latter being frequently used as combi-
nations of two or three molecules [2]. For all these reasons, 
tight coordination among multiple specialties is needed to 
decide the best therapeutic approach and to provide optimal 
care to LC patients.

Decision making through multidisciplinary teams 
(MDTs) is considered an essential and optimal strategy for 
the management of patients with cancer, since they position 
the patient at the center of the process. MDTs are alliances 
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durvalumabetremelimumab (non-squamous non-small-cell
carcinoma and squamous-cell carcinoma).20 Several ICIs have
demonstrated progression-free survival (PFS) benefit while still
awaiting more mature OS data (reviewed in Reck et al.).21

Nivolumabeipilimumab also improved OS compared with
ChT.22

Details of the designs (blinding, histology allowed, dose
of immunotherapy, number of cycles, duration, endpoints)
of all trials with positive OS data are summarised in
Supplementary Table S3, available at https://doi.org/10.
1016/j.annonc.2022.12.013. Cemiplimabeplatinum-
doublet ChT (EMPOWER-Lung 3),19 durvalumabe
tremelimumabeplatinum-doublet ChT (POSEIDON)20 and
nivolumabeipilimumab (CheckMate 227, only for PD-L1
!1% tumours)22 are FDA but not EMA approved.

Current EMA-approved first-line combination regimens
for non-squamous NSCLC are discussed in the following
paragraphs. The pivotal trials all enrolled patients with WHO
PS 0-1, and no contraindication for ICI therapy.

Pembrolizumab plus ChT. This approval is based on
KEYNOTE-189 (N ¼ 616),14 in which patients were rando-
mised to receive pemetrexed and platinum plus either
pembrolizumab or placebo, followed by pemetrexede
pembrolizumab or pemetrexedeplacebo maintenance
therapy. At the final analysis with a median follow-up of 31
months (range 26.5-38.8 months), OS was substantially
improved by the addition of pembrolizumab [hazard ratio
(HR) 0.56, 95% confidence interval (CI) 0.46-0.69], with a
median OS (mOS) of 22.0 versus 10.6 months.23 There was

Figure 1. Treatment algorithm for stage IV SqCC without contraindications for immunotherapy.
Purple: general categories or stratification; white: other aspects of management; blue: systemic anticancer therapy; turquoise: combination of treatments or other
systemic treatments.
BSC, best supportive care; ChT, chemotherapy; CPG, Clinical Practice Guideline; ECOG, Eastern Cooperative Oncology Group; EMA, European Medicines Agency; FDA,
Food and Drug Administration; IC, immune cell; ICI, immune checkpoint inhibitor; LRT, local radical therapy; MCBS, ESMO-Magnitude of Clinical Benefit Scale; mNSCLC,
metastatic non-small-cell lung cancer; NSCLC, non-small-cell lung cancer; PD-L1, programmed death-ligand 1; PS, performance status; SqCC, squamous-cell carcinoma.
aSmoker ¼ smoking all kinds of tobacco; never smoker ¼ less then 100 cigarettes in a lifetime.
bPlease see the ESMO CPG on oncogene-addicted mNSCLC for MET/EGFR ex20ins/KRAS/NTRK/HER2 testing necessary for second-line treatment options and the
decision rationale for platinum-doublet ChT, immunotherapy monotherapy or chemo-immunotherapy.2
cESMO-MCBS v1.1109 was used to calculate scores for new therapies/indications approved by the EMA or FDA. The scores have been calculated by the ESMO-MCBS
Working Group and validated by the ESMO Guidelines Committee (https://www.esmo.org/guidelines/esmo-mcbs/esmo-mcbs-evaluation-forms).
dIf oligoprogression, consider local therapy and continue systemic therapy.
eRe-challenge with PD-L1 might be considered if ICI was discontinued previously, but not for progressive disease or severe toxicity.
fSelection of type of ChT also dependent on first-line therapy.
gFDA approved, not EMA approved.

L. E. Hendriks et al. Annals of Oncology

Volume 34 - Issue 4 - 2023 https://doi.org/10.1016/j.annonc.2022.12.013 361

1L Sq-NSCLC wt

Hendriks LE,	et	al.	Ann	Oncol 2023

Clinical Guidelines
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durvalumabetremelimumab (non-squamous non-small-cell
carcinoma and squamous-cell carcinoma).20 Several ICIs have
demonstrated progression-free survival (PFS) benefit while still
awaiting more mature OS data (reviewed in Reck et al.).21

Nivolumabeipilimumab also improved OS compared with
ChT.22

Details of the designs (blinding, histology allowed, dose
of immunotherapy, number of cycles, duration, endpoints)
of all trials with positive OS data are summarised in
Supplementary Table S3, available at https://doi.org/10.
1016/j.annonc.2022.12.013. Cemiplimabeplatinum-
doublet ChT (EMPOWER-Lung 3),19 durvalumabe
tremelimumabeplatinum-doublet ChT (POSEIDON)20 and
nivolumabeipilimumab (CheckMate 227, only for PD-L1
!1% tumours)22 are FDA but not EMA approved.

Current EMA-approved first-line combination regimens
for non-squamous NSCLC are discussed in the following
paragraphs. The pivotal trials all enrolled patients with WHO
PS 0-1, and no contraindication for ICI therapy.

Pembrolizumab plus ChT. This approval is based on
KEYNOTE-189 (N ¼ 616),14 in which patients were rando-
mised to receive pemetrexed and platinum plus either
pembrolizumab or placebo, followed by pemetrexede
pembrolizumab or pemetrexedeplacebo maintenance
therapy. At the final analysis with a median follow-up of 31
months (range 26.5-38.8 months), OS was substantially
improved by the addition of pembrolizumab [hazard ratio
(HR) 0.56, 95% confidence interval (CI) 0.46-0.69], with a
median OS (mOS) of 22.0 versus 10.6 months.23 There was

Figure 1. Treatment algorithm for stage IV SqCC without contraindications for immunotherapy.
Purple: general categories or stratification; white: other aspects of management; blue: systemic anticancer therapy; turquoise: combination of treatments or other
systemic treatments.
BSC, best supportive care; ChT, chemotherapy; CPG, Clinical Practice Guideline; ECOG, Eastern Cooperative Oncology Group; EMA, European Medicines Agency; FDA,
Food and Drug Administration; IC, immune cell; ICI, immune checkpoint inhibitor; LRT, local radical therapy; MCBS, ESMO-Magnitude of Clinical Benefit Scale; mNSCLC,
metastatic non-small-cell lung cancer; NSCLC, non-small-cell lung cancer; PD-L1, programmed death-ligand 1; PS, performance status; SqCC, squamous-cell carcinoma.
aSmoker ¼ smoking all kinds of tobacco; never smoker ¼ less then 100 cigarettes in a lifetime.
bPlease see the ESMO CPG on oncogene-addicted mNSCLC for MET/EGFR ex20ins/KRAS/NTRK/HER2 testing necessary for second-line treatment options and the
decision rationale for platinum-doublet ChT, immunotherapy monotherapy or chemo-immunotherapy.2
cESMO-MCBS v1.1109 was used to calculate scores for new therapies/indications approved by the EMA or FDA. The scores have been calculated by the ESMO-MCBS
Working Group and validated by the ESMO Guidelines Committee (https://www.esmo.org/guidelines/esmo-mcbs/esmo-mcbs-evaluation-forms).
dIf oligoprogression, consider local therapy and continue systemic therapy.
eRe-challenge with PD-L1 might be considered if ICI was discontinued previously, but not for progressive disease or severe toxicity.
fSelection of type of ChT also dependent on first-line therapy.
gFDA approved, not EMA approved.

L. E. Hendriks et al. Annals of Oncology

Volume 34 - Issue 4 - 2023 https://doi.org/10.1016/j.annonc.2022.12.013 361
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nivolumabeipilimumab (CheckMate 227, only for PD-L1
!1% tumours)22 are FDA but not EMA approved.

Current EMA-approved first-line combination regimens
for non-squamous NSCLC are discussed in the following
paragraphs. The pivotal trials all enrolled patients with WHO
PS 0-1, and no contraindication for ICI therapy.

Pembrolizumab plus ChT. This approval is based on
KEYNOTE-189 (N ¼ 616),14 in which patients were rando-
mised to receive pemetrexed and platinum plus either
pembrolizumab or placebo, followed by pemetrexede
pembrolizumab or pemetrexedeplacebo maintenance
therapy. At the final analysis with a median follow-up of 31
months (range 26.5-38.8 months), OS was substantially
improved by the addition of pembrolizumab [hazard ratio
(HR) 0.56, 95% confidence interval (CI) 0.46-0.69], with a
median OS (mOS) of 22.0 versus 10.6 months.23 There was

Figure 1. Treatment algorithm for stage IV SqCC without contraindications for immunotherapy.
Purple: general categories or stratification; white: other aspects of management; blue: systemic anticancer therapy; turquoise: combination of treatments or other
systemic treatments.
BSC, best supportive care; ChT, chemotherapy; CPG, Clinical Practice Guideline; ECOG, Eastern Cooperative Oncology Group; EMA, European Medicines Agency; FDA,
Food and Drug Administration; IC, immune cell; ICI, immune checkpoint inhibitor; LRT, local radical therapy; MCBS, ESMO-Magnitude of Clinical Benefit Scale; mNSCLC,
metastatic non-small-cell lung cancer; NSCLC, non-small-cell lung cancer; PD-L1, programmed death-ligand 1; PS, performance status; SqCC, squamous-cell carcinoma.
aSmoker ¼ smoking all kinds of tobacco; never smoker ¼ less then 100 cigarettes in a lifetime.
bPlease see the ESMO CPG on oncogene-addicted mNSCLC for MET/EGFR ex20ins/KRAS/NTRK/HER2 testing necessary for second-line treatment options and the
decision rationale for platinum-doublet ChT, immunotherapy monotherapy or chemo-immunotherapy.2
cESMO-MCBS v1.1109 was used to calculate scores for new therapies/indications approved by the EMA or FDA. The scores have been calculated by the ESMO-MCBS
Working Group and validated by the ESMO Guidelines Committee (https://www.esmo.org/guidelines/esmo-mcbs/esmo-mcbs-evaluation-forms).
dIf oligoprogression, consider local therapy and continue systemic therapy.
eRe-challenge with PD-L1 might be considered if ICI was discontinued previously, but not for progressive disease or severe toxicity.
fSelection of type of ChT also dependent on first-line therapy.
gFDA approved, not EMA approved.
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Prolonged Survival in the 2nd Line Setting
Continued Cemiplimab Beyond Progression with Addition of Chemotherapy

Data cut-off date: March 4, 2022

Cemiplimab Beyond Progression N=64

OS Period 1+2
Randomization to Death

Period 2
Day 1 of Continued 
Treatment to Death 

Median (95% CI, months) 27.4 (23.0, 31.8)* 15.1 (11.3, 18.7)
Estimated Survival Probability, % (95% CI)

6 months 100 (NE, NE) 91.9 (81.6, 96.5)
12 months 91.8 (81.4, 96.5) 56.8 (43.0, 68.5)
24 months 60.5 (46.6, 71.8) 26.2 (14.3, 39.8)
36 months 32.3 (20.1, 45.1) NE (NE, NE)

*Includes the 15.1 months of survival beyond progression; CI, confidence interval; OS, overall survival; NE, non-evaluable.

Continued cemiplimab with addition of chemotherapy beyond progression appears superior to historical data for 
chemotherapy in the 2nd line setting where median OS is 8.4 months (range: 5.6 - 11.2) (Bersanelli et al., Lung Cancer, 2020)
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improved survival compared with ChT across each of the
PD-L1 strata as well. Based on the results from KEYNOTE-
189, pembrolizumab in combination with pemetrexed and
platinum ChT should be considered a standard treatment
option in metastatic non-squamous non-small-cell
carcinoma.

Atezolizumabebevacizumabecarboplatinepaclitaxel. In
the IMpower150 trial (N ¼ 1202),16 patients were rando-
mised to ChTebevacizumab or ChTeatezolizumab or ChTe
atezolizumabebevacizumab. At final analysis with 32
months of minimum follow-up, the addition of atezolizumab
and bevacizumab significantly improved OS compared with
ChTebevacizumab (HR 0.80, 95% CI 0.67-0.95), with an
mOS of 19.5 versus 14.7 months in the intention-to-treat

wildtype population.24 OS was not significantly superior
for atezolizumabeChT versus bevacizumabeChT (HR 0.84,
95% CI 0.71-1.00). Results from IMpower150 place the
combination of atezolizumabebevacizumabecarboplatine
paclitaxel as a therapeutic option in patients with meta-
static non-squamous non-small-cell carcinoma.

Nivolumabeipilimumabeabbreviated ChT. In
CheckMate-9LA (N ¼ 719; n ¼ 495 non-squamous non-
small-cell carcinoma patients),18 patients were randomised
1 : 1 to receive an abbreviated course of ChT (two cycles)
plus nivolumabeipilimumab or standard ChT alone. With a
median follow-up of 31 months, the addition of ICIs
improved OS: mOS 15.8 versus 11.0 months (HR 0.72, 95%
CI 0.61-0.86).25

Figure 2. Treatment algorithm for stage IV NSqNSCC after negative findings on molecular tests and without contraindication for immunotherapy.
Purple: general categories or stratification; white: other aspects of management; blue: systemic anticancer therapy; turquoise: combination of treatments or other
systemic treatments.
BSC, best supportive care; ChT, chemotherapy; CPG, Clinical Practice Guideline; ECOG, Eastern Cooperative Oncology Group; EMA, European Medicines Agency; FDA,
Food and Drug Administration; ICI, immune checkpoint inhibitor; LRT, local radical therapy; MCBS, ESMO-Magnitude of Clinical Benefit Scale; NSqNSCC, non-squamous
non-small-cell carcinoma; mNSCLC, metastatic non-small-cell lung cancer; NSCLC, non-small-cell lung cancer; PD-L1, programmed death-ligand 1; PS, performance
status; TC, tumour cell.
aPlease see the ESMO CPG on oncogene-addicted mNSCLC for MET/EGFR ex20ins/KRAS/NTRK/HER2 testing necessary for second-line treatment options and the
decision rationale for platinum-doublet ChT, immunotherapy monotherapy or chemo-immunotherapy.2
bIf positive molecular test, please refer to the ESMO CPG on oncogene-addicted mNSCLC.2
cESMO-MCBS v1.1109 was used to calculate scores for new therapies/indications approved by the EMA or FDA. The scores have been calculated by the ESMO-MCBS
Working Group and validated by the ESMO Guidelines Committee (https://www.esmo.org/guidelines/esmo-mcbs/esmo-mcbs-evaluation-forms).
dIf oligoprogression, consider local therapy and continue systemic therapy.
eSelection of type of ChT also dependent on first-line therapy.
fFDA approved, not EMA approved.
gRe-challenge with PD-L1 might be considered if ICI was discontinued previously, but not for progressive disease or severe toxicity.
hOther options are pemetrexed if not given in first line [I, B], docetaxel [I, B], nintedanibedocetaxel [II, B], ramucirumabedocetaxel [I, B; MCBS 1].
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awaiting more mature OS data (reviewed in Reck et al.).21

Nivolumabeipilimumab also improved OS compared with
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Details of the designs (blinding, histology allowed, dose
of immunotherapy, number of cycles, duration, endpoints)
of all trials with positive OS data are summarised in
Supplementary Table S3, available at https://doi.org/10.
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doublet ChT (EMPOWER-Lung 3),19 durvalumabe
tremelimumabeplatinum-doublet ChT (POSEIDON)20 and
nivolumabeipilimumab (CheckMate 227, only for PD-L1
!1% tumours)22 are FDA but not EMA approved.

Current EMA-approved first-line combination regimens
for non-squamous NSCLC are discussed in the following
paragraphs. The pivotal trials all enrolled patients with WHO
PS 0-1, and no contraindication for ICI therapy.

Pembrolizumab plus ChT. This approval is based on
KEYNOTE-189 (N ¼ 616),14 in which patients were rando-
mised to receive pemetrexed and platinum plus either
pembrolizumab or placebo, followed by pemetrexede
pembrolizumab or pemetrexedeplacebo maintenance
therapy. At the final analysis with a median follow-up of 31
months (range 26.5-38.8 months), OS was substantially
improved by the addition of pembrolizumab [hazard ratio
(HR) 0.56, 95% confidence interval (CI) 0.46-0.69], with a
median OS (mOS) of 22.0 versus 10.6 months.23 There was

Figure 1. Treatment algorithm for stage IV SqCC without contraindications for immunotherapy.
Purple: general categories or stratification; white: other aspects of management; blue: systemic anticancer therapy; turquoise: combination of treatments or other
systemic treatments.
BSC, best supportive care; ChT, chemotherapy; CPG, Clinical Practice Guideline; ECOG, Eastern Cooperative Oncology Group; EMA, European Medicines Agency; FDA,
Food and Drug Administration; IC, immune cell; ICI, immune checkpoint inhibitor; LRT, local radical therapy; MCBS, ESMO-Magnitude of Clinical Benefit Scale; mNSCLC,
metastatic non-small-cell lung cancer; NSCLC, non-small-cell lung cancer; PD-L1, programmed death-ligand 1; PS, performance status; SqCC, squamous-cell carcinoma.
aSmoker ¼ smoking all kinds of tobacco; never smoker ¼ less then 100 cigarettes in a lifetime.
bPlease see the ESMO CPG on oncogene-addicted mNSCLC for MET/EGFR ex20ins/KRAS/NTRK/HER2 testing necessary for second-line treatment options and the
decision rationale for platinum-doublet ChT, immunotherapy monotherapy or chemo-immunotherapy.2
cESMO-MCBS v1.1109 was used to calculate scores for new therapies/indications approved by the EMA or FDA. The scores have been calculated by the ESMO-MCBS
Working Group and validated by the ESMO Guidelines Committee (https://www.esmo.org/guidelines/esmo-mcbs/esmo-mcbs-evaluation-forms).
dIf oligoprogression, consider local therapy and continue systemic therapy.
eRe-challenge with PD-L1 might be considered if ICI was discontinued previously, but not for progressive disease or severe toxicity.
fSelection of type of ChT also dependent on first-line therapy.
gFDA approved, not EMA approved.
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Supplementary Table S3, available at https://doi.org/10.
1016/j.annonc.2022.12.013. Cemiplimabeplatinum-
doublet ChT (EMPOWER-Lung 3),19 durvalumabe
tremelimumabeplatinum-doublet ChT (POSEIDON)20 and
nivolumabeipilimumab (CheckMate 227, only for PD-L1
!1% tumours)22 are FDA but not EMA approved.

Current EMA-approved first-line combination regimens
for non-squamous NSCLC are discussed in the following
paragraphs. The pivotal trials all enrolled patients with WHO
PS 0-1, and no contraindication for ICI therapy.

Pembrolizumab plus ChT. This approval is based on
KEYNOTE-189 (N ¼ 616),14 in which patients were rando-
mised to receive pemetrexed and platinum plus either
pembrolizumab or placebo, followed by pemetrexede
pembrolizumab or pemetrexedeplacebo maintenance
therapy. At the final analysis with a median follow-up of 31
months (range 26.5-38.8 months), OS was substantially
improved by the addition of pembrolizumab [hazard ratio
(HR) 0.56, 95% confidence interval (CI) 0.46-0.69], with a
median OS (mOS) of 22.0 versus 10.6 months.23 There was

Figure 1. Treatment algorithm for stage IV SqCC without contraindications for immunotherapy.
Purple: general categories or stratification; white: other aspects of management; blue: systemic anticancer therapy; turquoise: combination of treatments or other
systemic treatments.
BSC, best supportive care; ChT, chemotherapy; CPG, Clinical Practice Guideline; ECOG, Eastern Cooperative Oncology Group; EMA, European Medicines Agency; FDA,
Food and Drug Administration; IC, immune cell; ICI, immune checkpoint inhibitor; LRT, local radical therapy; MCBS, ESMO-Magnitude of Clinical Benefit Scale; mNSCLC,
metastatic non-small-cell lung cancer; NSCLC, non-small-cell lung cancer; PD-L1, programmed death-ligand 1; PS, performance status; SqCC, squamous-cell carcinoma.
aSmoker ¼ smoking all kinds of tobacco; never smoker ¼ less then 100 cigarettes in a lifetime.
bPlease see the ESMO CPG on oncogene-addicted mNSCLC for MET/EGFR ex20ins/KRAS/NTRK/HER2 testing necessary for second-line treatment options and the
decision rationale for platinum-doublet ChT, immunotherapy monotherapy or chemo-immunotherapy.2
cESMO-MCBS v1.1109 was used to calculate scores for new therapies/indications approved by the EMA or FDA. The scores have been calculated by the ESMO-MCBS
Working Group and validated by the ESMO Guidelines Committee (https://www.esmo.org/guidelines/esmo-mcbs/esmo-mcbs-evaluation-forms).
dIf oligoprogression, consider local therapy and continue systemic therapy.
eRe-challenge with PD-L1 might be considered if ICI was discontinued previously, but not for progressive disease or severe toxicity.
fSelection of type of ChT also dependent on first-line therapy.
gFDA approved, not EMA approved.
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Exploiting DNA Methylation for Classification of SCLC
Subtypes from Liquid Biopsies Using a Robust Machine
Learning Approach

S. Heeke, C.M. Gay, M.R. Estecio, A. Stewart, H. Tran, B. Zhang,
X. Tang, M.G. Raso, K. Concannon, L. Guimaraes De Sousa,
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Introduction: Small cell lung cancer (SCLC) is a highly aggressive
cancer with limited treatment options and a generally poor prognosis
that has not appreciably changed despite recently approved therapies.
Importantly, therapeutic options for SCLC patients have been focused
on unselected populations as SCLC was thought to be a relatively ho-
mogenous malignancy in the past. Recently, our group and others
identified four major distinct subgroups of SCLC (Gay CM et al. Cancer
Cell 2021). Three of the four subtypes are defined by the predominant
expression of a specific transcription factor, ASCL1 (SCLC-A), NEUROD1
(SCLC-N) and POU2F3 (SCLC-P) while the fourth subtype is defined by
an inflamed phenotype (SCLC-I). We demonstrated that these sub-
groups are associated with distinct therapeutic vulnerabilities. For
example, in the phase III IMpower133 trial which assessed the addition
of atezolizumab to platinum-etoposide chemotherapy, the SCLC-I sub-
type had the highest benefit of the addition to immunotherapy (Gay CM.
et al. Cancer Cell. 2021). Consequently, we hypothesized that patients
would benefit from a subtype-specific treatment approach. Therefore,
the development of robust and practical selective biomarkers to define
those subtypes in a clinical context is urgently needed. We have pre-
viously reported on a DNA methylation-based classifier (SCLC-DMC)
with 98% accuracy (AACR 2022). Here we extend our initial findings by
translating our initial classifier in a liquid biopsy assay (SCLC-cfDMC)
with high accuracy across multiple cohorts of plasma samples to enable
personalized treatments in SCLC based on liquid biopsies. Methods:
We used reduced representation bisulfite sequencing (RRBS) with a
protocol that we have specifically amended for the use of fragmented

DNA from FFPE and cfDNA samples in order to analyze > 100 samples
across different clinical cohorts of predominantly extensive-stage SCLC
patients. Based on our initial SCLC-DMC we used consensus classifi-
cation by combining 2000 extreme-gradient boosting machine learning
models in order to classify samples based on their overlap in prediction
with samples with >50% consensus being classified into the respective
subtype. Results: By applying our SCLC-DMC on additional cohorts we
could confirm the >90% accuracy compared to our initial classification
using RNAseq. While the tissue-trained SCLC-DMC performed well on
the plasma samples with >80% accuracy, we could adapt the algorithm
by maintaining the same DNA methylation sites and increased the
classification accuracy to >90%, a significant and clinically relevant
improvement. Importantly, we could demonstrate that clinical outcome
with our DNA methylation based classification is not different to clas-
sification based on our RNA-based approach (SCLC-A HR (95%CI) RNA
vs SCLC-DMC ¼ 1.57 (0.84-2.95); SCLC-N ¼ 0.93 (0.4-2.15)) high-
lighting that DNA methylation-based classification can enable clinically
relevant subtyping in SCLC. Conclusions: SCLC subtyping has paved
the way to enable personalized treatments but robust classification in
clinical trials needs to be established. Here we demonstrate that DNA
methylation can provide accurate classification of SCLC in clinical
samples. Additionally, we highlight that this approach can be used in a
liquid biopsy setting dramatically expanding access to such a classifi-
cation system to enable subtype-specific clinical trials in SCLC. Key-
words: SCLC, Liquid Biopsy, DNA methylation
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Introduction: Although our knowledge of small cell lung cancer (SCLC)
molecular subtypes has grown significantly over the recent years,
translating this information into clinics has been less effective. This
may in part be due to the unique nature of SCLC where most patients
present at an inoperable stage, and diagnostic biopsies do not provide
enough material for profiling studies that can also address tumor
heterogeneity. Therefore, the tissue distribution and prognostic rele-
vance of subtype-specific proteins (ASCL1, NEUROD1, POU2F3, YAP1)
are largely unexplored in SCLC. Methods: Expression of subtype-spe-
cific transcription factors and P53 and RB1 proteins were measured by
immunohistochemistry (IHC) in 386 surgically resected SCLC samples.
Correlations between subtype-specific proteins and in vitro efficacy of

Table.

Cohort 1 Cohort 2

Pembrolizumab
Monotherapy

Pembrolizumab +
Chemotherapy

n [ 58 n [ 16

OS, median (95% CI), moa 27.5 (21.7-NR) NR (NR-NR)
6-mo OS rate, % (95% CI) 85.4 (72.9-92.4) 86.2 (55.0-96.4)
PFS,a,b median (95% CI), mo 8.2 (5.3-14.0) 7.7 (1.8-NR)
6-mo PFSb rate, % (95% CI) 59.6 (45.0-71.5) 58.3 (27.0-80.1)
ORR,b % (95% CI) 19.0 (9.9-31.4) 6.3 (0.2-30.2)
SD, n (%) 31 (53.4) 7 (43.8)
DCR, n (%) 42 (72.4) 8 (50.0)

DCR, disease control rate (CR + PR + SD); NR, not reached; SD, stable disease.
a From start of second-course pembrolizumab.
bBy investigator review per RECIST v1.1.
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Figure 1 Kaplan–Meier survival curves displaying 5-year survival and median survival 
time by histologic subtype for patients diagnosed with stage IV nonsmall cell lung 
cancer (NSCLC).
Abbreviations: Adeno, adenocarcinoma; BAC, bronchioloalveolar adenocarcinoma; 
CI, confidence interval.
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and treatment  characteristics for every histologic subtype. 
Although this may partly be a function of stage migration 
resulting from more advanced imaging techniques over time, 
decreased mortality may also be credited to an increased 
availability of better supportive care measures or systemic 
therapy  regimens. In fact, the timing of improved survival 
coincides with the adoption of platinum-based chemotherapy 
as a standard of care in the stage IV NSCLC setting by the 
American Society of Clinical Oncology,21 and research on 
trends in chemotherapy utilization and outcomes reflect 
this guidance. Using the SEER–Medicare linked database, 
Ramsey et al22 found that between 1994 and 1999, the pro-
portion of stage IIIb and IV NSCLC patients who received 
chemotherapy increased from 21% to 43%, and survival 
outcomes were superior among those receiving at least one 
chemotherapy agent, particularly if that agent was platinum- 
based. Interestingly, although we found that overall survival 
was shortest in patients with large cell tumors, survival 
improvements over time were most pronounced in this 
group. Large cell NSCLC includes large cell neuroendocrine 
carcinomas (LCNECs), and our findings are in concordance 
with research demonstrating that although these patients 
do not experience superior survival, NSCLC tumors with 
neuroendocrine features have a higher objective response 
rate to chemotherapy.21

Gender differences in NSCLC presentation, manage-
ment, and survival have been investigated extensively, 

and the majority of studies demonstrate that compared 
with males, female NSCLC patients are more likely to 
have  adenocarcinoma and be non- or light smokers and 
younger.3–5,8,9,20,23,24 Several reports also indicate a more 
favorable prognosis of NSCLC in women versus men,5,9,23,24 
but this is less clear in the advanced disease setting. Based 
on a retrospective analysis of patients undergoing surgery 
for NSCLC, de Perrot et al5 found that although the pro-
tective effect of female gender was present in early-stage 
NSCLC, it was absent in more advanced disease (stage III 
and IV). Conversely, Visbal et al9 prospectively followed a 
larger cohort of NSCLC patients and noted that men were 
at a significantly increased risk of mortality compared with 
women, especially for those with stage III/IV disease or 
adenocarcinoma. Consistent with this latter study, we found 
that female gender was a significant independent positive 
prognostic factor across histologic subtypes in our cohort 
of stage IV NSCLC patients.

Although many investigations have noted that younger 
NSCLC patients are more likely to be female, have adeno-
carcinoma, receive more aggressive treatment, and have 
biologically aggressive tumors compared with those who are 
elderly, research has not consistently demonstrated a pattern 
of disparate survival outcomes by age group.4,6,7 In our study 
of stage IV NSCLC patients, increasing age was generally 
associated with poorer survival, but there were exceptions to 
this trend according to histologic subtype. For patients with 
squamous cell NSCLC, although the elderly (75  years) and 
young ( 45 years) patients demonstrated poorer and superior 
survival, respectively, risk of death appeared to be comparable 
across the three middle age groups. For patients diagnosed 
with BAC tumors, the prognostic significance of age was 
unclear, although this most likely reflects the relatively small 
number of BAC patients in specific age brackets. Taken as a 
whole, our findings do not support the notion that NSCLC is 
inherently more aggressive or deadlier in younger patients, at 
least not among those who present with stage IV disease.

The prognostic role of race/ethnicity in stage IV NSCLC 
survival varied between histologic subgroups. For most, 
API ethnicity conferred an independent survival advantage. 
Although it is widely recognized that among Asian NSCLC 
patients there is a preponderance of never smokers and that 
never smokers demonstrate superior survival outcomes,25 
recent research suggests that the favorable prognostic effect of 
Asian ethnicity in NSCLC survival is independent of smok-
ing status.18 High levels of epidermal growth factor receptor 
(EGFR) protein have been associated with poorer outcomes 
in NSCLC, and polymorphisms within the EGFR gene that 
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ECOG	0-1	&	any PD-L1	

durvalumabetremelimumab (non-squamous non-small-cell
carcinoma and squamous-cell carcinoma).20 Several ICIs have
demonstrated progression-free survival (PFS) benefit while still
awaiting more mature OS data (reviewed in Reck et al.).21

Nivolumabeipilimumab also improved OS compared with
ChT.22

Details of the designs (blinding, histology allowed, dose
of immunotherapy, number of cycles, duration, endpoints)
of all trials with positive OS data are summarised in
Supplementary Table S3, available at https://doi.org/10.
1016/j.annonc.2022.12.013. Cemiplimabeplatinum-
doublet ChT (EMPOWER-Lung 3),19 durvalumabe
tremelimumabeplatinum-doublet ChT (POSEIDON)20 and
nivolumabeipilimumab (CheckMate 227, only for PD-L1
!1% tumours)22 are FDA but not EMA approved.

Current EMA-approved first-line combination regimens
for non-squamous NSCLC are discussed in the following
paragraphs. The pivotal trials all enrolled patients with WHO
PS 0-1, and no contraindication for ICI therapy.

Pembrolizumab plus ChT. This approval is based on
KEYNOTE-189 (N ¼ 616),14 in which patients were rando-
mised to receive pemetrexed and platinum plus either
pembrolizumab or placebo, followed by pemetrexede
pembrolizumab or pemetrexedeplacebo maintenance
therapy. At the final analysis with a median follow-up of 31
months (range 26.5-38.8 months), OS was substantially
improved by the addition of pembrolizumab [hazard ratio
(HR) 0.56, 95% confidence interval (CI) 0.46-0.69], with a
median OS (mOS) of 22.0 versus 10.6 months.23 There was

Figure 1. Treatment algorithm for stage IV SqCC without contraindications for immunotherapy.
Purple: general categories or stratification; white: other aspects of management; blue: systemic anticancer therapy; turquoise: combination of treatments or other
systemic treatments.
BSC, best supportive care; ChT, chemotherapy; CPG, Clinical Practice Guideline; ECOG, Eastern Cooperative Oncology Group; EMA, European Medicines Agency; FDA,
Food and Drug Administration; IC, immune cell; ICI, immune checkpoint inhibitor; LRT, local radical therapy; MCBS, ESMO-Magnitude of Clinical Benefit Scale; mNSCLC,
metastatic non-small-cell lung cancer; NSCLC, non-small-cell lung cancer; PD-L1, programmed death-ligand 1; PS, performance status; SqCC, squamous-cell carcinoma.
aSmoker ¼ smoking all kinds of tobacco; never smoker ¼ less then 100 cigarettes in a lifetime.
bPlease see the ESMO CPG on oncogene-addicted mNSCLC for MET/EGFR ex20ins/KRAS/NTRK/HER2 testing necessary for second-line treatment options and the
decision rationale for platinum-doublet ChT, immunotherapy monotherapy or chemo-immunotherapy.2
cESMO-MCBS v1.1109 was used to calculate scores for new therapies/indications approved by the EMA or FDA. The scores have been calculated by the ESMO-MCBS
Working Group and validated by the ESMO Guidelines Committee (https://www.esmo.org/guidelines/esmo-mcbs/esmo-mcbs-evaluation-forms).
dIf oligoprogression, consider local therapy and continue systemic therapy.
eRe-challenge with PD-L1 might be considered if ICI was discontinued previously, but not for progressive disease or severe toxicity.
fSelection of type of ChT also dependent on first-line therapy.
gFDA approved, not EMA approved.

L. E. Hendriks et al. Annals of Oncology

Volume 34 - Issue 4 - 2023 https://doi.org/10.1016/j.annonc.2022.12.013 361

N Squamous
histology

Dose &	
Comparator

Time	IO ORR OS
median

OS
follow-up

G3-4	Tox

KN407
(Pembrolizumab) 559 100%

200	mg	3w
Cb/Taxol or
Nab-Pacl 4-6c

2y 62.2%

38.8%

18.4m

9.7m
HR=0.71

5y

69.8%

68.2%

EMPOWER-Lung 3
(Cemiplimab) 466 42.9%

350	mg	3w
Platinum-CT	

4-6c

2y 43.6%

22.1%

22.3m

13.8m
HR=0.61

3y

48.7%

32.7%

CM9LA
(Nivo+Ipi)

719 31,6%
N	360	mg 3w
Ipi 1	mg/Kg	6w
Platinum-CT	4c

2y	or
until
PD/tox

38.2%

24.9%

15.8m

11m
HR=0.72

4y

47%

38%

POSEIDON
(Durva+Treme)

675 36.6%
D	1500	mg	3w
T	75	mg 3w
Platinum-CT

4-6c

Until
PD/tox

46.3%

33.4%

17.2m

13.1m
HR=0.70

5y

51.8%

44.4%

CM227
(Nivo+Ipi)

793 29.5%
N	3	mg/Kg	2w
Ipi 1	mg/Kg	6w
Platinum-CT	4c

Until
PD/tox

35.9%

30%

17.1m

14.9m
HR=0.79

5y

36%

32.8%



14

1L Sq-NSCLC

Perol	M,	et	al.	Ann	Oncol 2022;	Akinboro O,	et	al.	JCO	2022;	Li	L,	et	al.	BMJ	Open	2020;	Liu L,	et	al.	JTO	2021;	Makharadze T,	et	al.	JTO	2023

ECOG	0-1	&	any PD-L1	
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carcinoma and squamous-cell carcinoma).20 Several ICIs have
demonstrated progression-free survival (PFS) benefit while still
awaiting more mature OS data (reviewed in Reck et al.).21

Nivolumabeipilimumab also improved OS compared with
ChT.22

Details of the designs (blinding, histology allowed, dose
of immunotherapy, number of cycles, duration, endpoints)
of all trials with positive OS data are summarised in
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tremelimumabeplatinum-doublet ChT (POSEIDON)20 and
nivolumabeipilimumab (CheckMate 227, only for PD-L1
!1% tumours)22 are FDA but not EMA approved.

Current EMA-approved first-line combination regimens
for non-squamous NSCLC are discussed in the following
paragraphs. The pivotal trials all enrolled patients with WHO
PS 0-1, and no contraindication for ICI therapy.

Pembrolizumab plus ChT. This approval is based on
KEYNOTE-189 (N ¼ 616),14 in which patients were rando-
mised to receive pemetrexed and platinum plus either
pembrolizumab or placebo, followed by pemetrexede
pembrolizumab or pemetrexedeplacebo maintenance
therapy. At the final analysis with a median follow-up of 31
months (range 26.5-38.8 months), OS was substantially
improved by the addition of pembrolizumab [hazard ratio
(HR) 0.56, 95% confidence interval (CI) 0.46-0.69], with a
median OS (mOS) of 22.0 versus 10.6 months.23 There was

Figure 1. Treatment algorithm for stage IV SqCC without contraindications for immunotherapy.
Purple: general categories or stratification; white: other aspects of management; blue: systemic anticancer therapy; turquoise: combination of treatments or other
systemic treatments.
BSC, best supportive care; ChT, chemotherapy; CPG, Clinical Practice Guideline; ECOG, Eastern Cooperative Oncology Group; EMA, European Medicines Agency; FDA,
Food and Drug Administration; IC, immune cell; ICI, immune checkpoint inhibitor; LRT, local radical therapy; MCBS, ESMO-Magnitude of Clinical Benefit Scale; mNSCLC,
metastatic non-small-cell lung cancer; NSCLC, non-small-cell lung cancer; PD-L1, programmed death-ligand 1; PS, performance status; SqCC, squamous-cell carcinoma.
aSmoker ¼ smoking all kinds of tobacco; never smoker ¼ less then 100 cigarettes in a lifetime.
bPlease see the ESMO CPG on oncogene-addicted mNSCLC for MET/EGFR ex20ins/KRAS/NTRK/HER2 testing necessary for second-line treatment options and the
decision rationale for platinum-doublet ChT, immunotherapy monotherapy or chemo-immunotherapy.2
cESMO-MCBS v1.1109 was used to calculate scores for new therapies/indications approved by the EMA or FDA. The scores have been calculated by the ESMO-MCBS
Working Group and validated by the ESMO Guidelines Committee (https://www.esmo.org/guidelines/esmo-mcbs/esmo-mcbs-evaluation-forms).
dIf oligoprogression, consider local therapy and continue systemic therapy.
eRe-challenge with PD-L1 might be considered if ICI was discontinued previously, but not for progressive disease or severe toxicity.
fSelection of type of ChT also dependent on first-line therapy.
gFDA approved, not EMA approved.
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ICI mono vs. ICI-Chemotherapy: tolerance profile
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Figure 1. Two-year OS in the cemiplimab plus chemotherapy and placebo plus chemotherapy groups: (A) Kaplan-Meier OS
curves of all patients and (B) forest plots of HRs for OS by subgroup analysis. CI, confidence interval; ECOG, Eastern Coop-
erative Oncology Group; HR, hazard ratio; OS, overall survival; PD-L1, programmed death-ligand 1.
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ECOG	≥2	regardless PD-L1	

durvalumabetremelimumab (non-squamous non-small-cell
carcinoma and squamous-cell carcinoma).20 Several ICIs have
demonstrated progression-free survival (PFS) benefit while still
awaiting more mature OS data (reviewed in Reck et al.).21

Nivolumabeipilimumab also improved OS compared with
ChT.22

Details of the designs (blinding, histology allowed, dose
of immunotherapy, number of cycles, duration, endpoints)
of all trials with positive OS data are summarised in
Supplementary Table S3, available at https://doi.org/10.
1016/j.annonc.2022.12.013. Cemiplimabeplatinum-
doublet ChT (EMPOWER-Lung 3),19 durvalumabe
tremelimumabeplatinum-doublet ChT (POSEIDON)20 and
nivolumabeipilimumab (CheckMate 227, only for PD-L1
!1% tumours)22 are FDA but not EMA approved.

Current EMA-approved first-line combination regimens
for non-squamous NSCLC are discussed in the following
paragraphs. The pivotal trials all enrolled patients with WHO
PS 0-1, and no contraindication for ICI therapy.

Pembrolizumab plus ChT. This approval is based on
KEYNOTE-189 (N ¼ 616),14 in which patients were rando-
mised to receive pemetrexed and platinum plus either
pembrolizumab or placebo, followed by pemetrexede
pembrolizumab or pemetrexedeplacebo maintenance
therapy. At the final analysis with a median follow-up of 31
months (range 26.5-38.8 months), OS was substantially
improved by the addition of pembrolizumab [hazard ratio
(HR) 0.56, 95% confidence interval (CI) 0.46-0.69], with a
median OS (mOS) of 22.0 versus 10.6 months.23 There was

Figure 1. Treatment algorithm for stage IV SqCC without contraindications for immunotherapy.
Purple: general categories or stratification; white: other aspects of management; blue: systemic anticancer therapy; turquoise: combination of treatments or other
systemic treatments.
BSC, best supportive care; ChT, chemotherapy; CPG, Clinical Practice Guideline; ECOG, Eastern Cooperative Oncology Group; EMA, European Medicines Agency; FDA,
Food and Drug Administration; IC, immune cell; ICI, immune checkpoint inhibitor; LRT, local radical therapy; MCBS, ESMO-Magnitude of Clinical Benefit Scale; mNSCLC,
metastatic non-small-cell lung cancer; NSCLC, non-small-cell lung cancer; PD-L1, programmed death-ligand 1; PS, performance status; SqCC, squamous-cell carcinoma.
aSmoker ¼ smoking all kinds of tobacco; never smoker ¼ less then 100 cigarettes in a lifetime.
bPlease see the ESMO CPG on oncogene-addicted mNSCLC for MET/EGFR ex20ins/KRAS/NTRK/HER2 testing necessary for second-line treatment options and the
decision rationale for platinum-doublet ChT, immunotherapy monotherapy or chemo-immunotherapy.2
cESMO-MCBS v1.1109 was used to calculate scores for new therapies/indications approved by the EMA or FDA. The scores have been calculated by the ESMO-MCBS
Working Group and validated by the ESMO Guidelines Committee (https://www.esmo.org/guidelines/esmo-mcbs/esmo-mcbs-evaluation-forms).
dIf oligoprogression, consider local therapy and continue systemic therapy.
eRe-challenge with PD-L1 might be considered if ICI was discontinued previously, but not for progressive disease or severe toxicity.
fSelection of type of ChT also dependent on first-line therapy.
gFDA approved, not EMA approved.
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for non-squamous NSCLC are discussed in the following
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Pembrolizumab plus ChT. This approval is based on
KEYNOTE-189 (N ¼ 616),14 in which patients were rando-
mised to receive pemetrexed and platinum plus either
pembrolizumab or placebo, followed by pemetrexede
pembrolizumab or pemetrexedeplacebo maintenance
therapy. At the final analysis with a median follow-up of 31
months (range 26.5-38.8 months), OS was substantially
improved by the addition of pembrolizumab [hazard ratio
(HR) 0.56, 95% confidence interval (CI) 0.46-0.69], with a
median OS (mOS) of 22.0 versus 10.6 months.23 There was
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eRe-challenge with PD-L1 might be considered if ICI was discontinued previously, but not for progressive disease or severe toxicity.
fSelection of type of ChT also dependent on first-line therapy.
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The role of adding platinum to third generation 
single agents in PS2 patients
At present, platinum-based combination chemotherapy is con-
sidered the standard treatment for advanced NSCLC, but it is still
unclear if the benefit achieved with this treatment is restricted
only to PS0 and PS1 patients, or also applies to PS2 patients.

The results of a European phase III randomised trial comparing
single-agent vinorelbine, vinorelbine–cisplatin and vindesine–
cisplatin in 612 patients with advanced NSCLC and PS not worse
than 2 were published in 1994 [6]. Cisplatin was administered
at 120 mg/m2 on days 1 and 29, and then every 6 weeks. The com-
bination of cisplatin and vinorelbine was superior in terms of sur-
vival to vindesine–cisplatin and to vinorelbine alone. A subgroup
analysis of that trial has been subsequently published, with the aim
of testing interactions between treatments and main prognostic
factors [36]. This secondary analysis showed that the significant
advantage obtained with the combination of cisplatin and vinorel-
bine is predominantly limited to fit patients: in PS0–1 patients,
median survival was 43, 36 and 33 weeks and 1-year survival was
38%, 34% and 29% for cisplatin–vinorelbine, vinorelbine alone
and cisplatin–vindesine, respectively. In the sub-group of 120 PS2
patients enrolled in the trial (20%), instead, a median survival of
18 weeks, significantly lower than PS0-1 patients, was observed
in all three arms. For PS2 patients, grade 3–4 haematological
toxicity occurred earlier and more frequently in the arm receiving
vinorelbine–cisplatin than in the vinorelbine arm (7 versus 28 days
after the start of treatment, respectively). According to these
results, cisplatin-based combination, with cisplatin doses higher
than 100 mg/m2, is no better than single-agent chemotherapy and
should not be recommended to PS2 patients. Lower doses of

cisplatin could probably be better tolerated, but currently there
are no data supporting this hypothesis in PS2 patients.

As for the role of carboplatin, the results of the CALGB 9730
study, comparing paclitaxel plus carboplatin versus paclitaxel
alone, must be considered [37]. The study enrolled patients with
a PS of between 0 and 2. In the sub-group of PS2 patients (107
patients, 18% of the population), median survival in the group
treated with combination chemotherapy was significantly longer
than with paclitaxel alone (4.7 versus 2.4 months), with 18% and
10% of patients, respectively, alive at 1 year (log-rank, 0.0177;
Wilcoxon, 0.0123). Similar to the benefit observed in the sub-
group of elderly patients enrolled in the same trial, these results
should be interpreted with caution, in view of the substantial risk
of selection bias. Moreover, it should be noted that combination
chemotherapy with carboplatin and paclitaxel produced a statis-
tically significant higher incidence of several haematological and
non-haematological severe toxicities (neutropenia, thrombocyto-
penia, anaemia, nausea and vomiting, any severe toxicity) than
single-agent paclitaxel [37]. These data should of course be kept
in mind when treating PS2 patients, who are at a higher risk of
toxicity.

The role of non-platinum-based third 
generation polichemotherapy in PS2 patients

Fear of unacceptable toxicity is one of the major concerns in
treatment decisions for PS2 patients and, from this point of view,
platinum-free combination chemotherapy deserves attention as it
is potentially less toxic than platinum-based treatment. In recent
years, several trials comparing platinum-free combinations con-

Table 2. Randomised trials of chemotherapy plus supportive care versus supportive care alone in advanced NSCLC 

CT, chemotherapy; BSC, best supportive care; QoL , quality of life; CDDP, cisplatin; MMC, mitomycin; Ifo, ifosfamide; NA, not available; NS, not 
statistically significant. 
aC. Gridelli, unpublished data.
bN. Thatcher, unpublished data.

Reference Chemotherapy All patients PS2 patients

n Survival 
(CT vs. BSC)

QoL gain for CT n Survival (CT versus BSC) QoL gain 
for CT

NSCLC group [12] Meta-analysis of 
CDDP-based CT

778 HR 0.73 
(P <0.0001)

NA NA Advantage for CT both in 
good and poor PS

NA

Cullen et al. [26]; 
Billingham and Cullen [29]

MMC + Ifo + CDDP 797 CT > BSC 
(P = 0.01)

Yes 159 HR 0.98, NS Yes

Stephens et al. [30] CDDP-based 725 HR 0.77 
(P = 0.0015)

No 147 Advantage for CT, NS NA

ELVIS [32] Vinorelbine 161 HR 0.65 
(P = 0.03)

Yes 41 6.4 versus 1.9 monthsa NA

Roszkowski et al. [34] Docetaxel 207 CT > BSC 
(P = 0.026)

Yes 41 NA NA

Ranson et al. [33] Paclitaxel 157 CT > BSC 
(P = 0.037)

Yes 26 4.1 versus 2.9 monthsb NA

Anderson et al. [31] Gemcitabine 300 5.7 versus 
5.9 months 
(P = 0.84)

Yes 108 3.2 versus 2.6 monthsb NA
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in PS2 patients, the panellists considered combinations with cis-
platin at lower doses (≤100 mg/m2) as a possible treatment option.
Taking into account the superiority shown by the carboplatin–
paclitaxel combination compared to paclitaxel alone, even in PS2
patients, in one clinical trial [37], carboplatin-based doublets may
also be considered as an alternative option in a selected sub-group
of patients. Stronger evidence on the latter two points is expected
from new clinical research specifically focused on PS2 patients
affected by NSCLC.

Consensus on clinical research

All the panellists participating in the meeting agreed that an
important prognostic and predictive help for clinical management
could derive from a proper sub-classification of PS2 patients.
However, it seems undeniable that the definition of prognostic
sub-groups cannot be made in a subjective fashion and the only
way to validate a prognostic score is to encourage and support
prospective data collection.

As for treatment, the analysis of the available literature per-
formed for this panel shows the absolute need for clinical trials
specifically dedicated to PS2 patients. They represent a significant
proportion of the patients that every oncologist has to manage in
daily practice, and clinical decision making could be more strongly
founded on the results of prospective studies. As in clinical
research focused on elderly patients, in order to avoid selection
bias, evidence should be based on clinical trials dedicated to
these patients rather than on sub-group analysis coming from non-
specifically designed trials [47]. The stringent exclusion criteria,
the presence of co-morbidities, together with the subjective ‘feel-
ing’ by the investigator that some PS2 patients could not tolerate
the treatment under study, prevent a complete generalisability of
the results obtained in the selected enrolled sub-group. Out of 43
ongoing phase II/III clinical trials for advanced NSCLC registered
in the National Cancer Institute (NCI) Clinical Trials database at
30 April 2003 [48], information on PS eligibility was available for
37 trials: 18 trials were open to patients with PS from 0 to 2, 14
trials were limited to PS0–1 with the exclusion of PS2 patients,
three trials were dedicated to unfit patients (elderly/poor PS) and
only two were dedicated to PS2. These numbers show that in
the last few years there has been a tendency to limit participation
in randomised trials to fit patients, excluding PS2 patients. Such

patients are eventually enrolled in clinical trials together with
elderly patients and patients affected by major co-morbidities,
under the common label of ‘special patient population’ or ‘patients
unsuitable for platinum-based chemotherapy’. The panellists
strongly disagree with this approach, which mixes together very
different categories, leading to heterogeneous study populations.
Elderly patients have peculiar characteristics related to physio-
logical ageing with progressive reduction of organ functions
and are at risk of unexpected and unpredictable toxicity. In our
opinion, the differentiation of PS2 patients from elderly patients is
mandatory for clear interpretation and to improve generalisability
of trials’ results.

A consensus was reached that single-agent chemotherapy with
one of the new agents (e.g. gemcitabine, vinorelbine or taxanes)
should be the standard arm against which experimental treatments
should be tested in randomised clinical trials dedicated to PS2
patients. There is an acceptable amount of data both in terms of
survival and QoL (Table 2) which justifies the exclusion of best
supportive care alone for further clinical studies in PS2 patients.
Furthermore, there is an undeniable demand for specific treatment
by patients and their relatives: patients are often much more will-
ing to receive intensive treatments, even when clinicians forecast
little benefit, if any [35]. In a descriptive study based on inter-
views asking for the preferences for chemotherapy in patients
with advanced NSCLC, only 17% of the subjects would have
accepted to be randomised between supportive care and chemo-
therapy [49].

Table 5 shows the most important research priorities for PS2
patients. High priority should be dedicated to prospective clinical
trials evaluating tolerability and efficacy of platinum-based combina-
tions (carboplatin-based or low-dose cisplatin-based doublets), as
well as to trials testing the new biological target-oriented agents.
Another interesting experimental field for these patients, taking
into account the frequency of tumour-related symptoms, con-
comitant diseases and treatment side-effects, is the improvement
of supportive care, with the aim to better define the role and the
better schedule of administration of a wide spectrum of drugs (e.g.
antidepressants, analgesics, haematological growth factors, etc.).

Regarding the choice of end points in clinical trials, it should be
considered that symptomatic improvement is strongly requested

Table 4. Consensus on treatment of patients with advanced 
NSCLC and ECOG PS2 in clinical practice

ECOG, Eastern Cooperative Oncology Group; NSCLC, non-
small-cell lung cancer; PS, performance status.

Preferred option

Single-agent chemotherapy with a third generation drug 
(e.g. gemcitabine, vinorelbine, taxanes)

Alternative options

Carboplatin-based doublets

Cisplatin-based doublets with attenuated doses of cisplatin

Table 5. Research strategies in ECOG PS2 patients with advanced 
NSCLC

Hypothesis of experimental arm Priority

Investigational agent (e.g. pemetrexed, 
oral formulations)

Medium

Alternative dose and/or scheduling of 
single agents

Medium/high

Carboplatin- or low dose cisplatin-based 
 combination

High

Biological target-based agent without 
chemotherapy

High

Supportive treatment added to chemotherapy 
(e.g. haematological growth factors, 
antidepressants, analgesics)

Medium
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taining new cytotoxic agents versus platinum-based treatment,
enrolling patients with PS between 0 and 2, have been performed
(Table 3) [38–42]. These trials are characterised by a remarkable
heterogeneity among the drugs and schedules studied. As expected,
platinum-based treatment is often associated with a higher occur-
rence of toxicity [38, 42]. Although a trend of slightly lower effic-
acy of combination chemotherapy without platinum is reported in
some trials [40, 42], none of the trials show a statistically signifi-
cant advantage for platinum-containing schedules. No significant
interaction between treatment and PS in terms of overall survival
is described, and platinum-free combination chemotherapy could
represent a reasonable, less toxic option for PS2 patients.

However, there is no consistent evidence that combination
chemotherapy without platinum is better than third generation
drugs given as single agents. An Italian randomised trial com-
pared the combination of gemcitabine and vinorelbine to the two
single drugs in patients >70 years of age [9]. PS2 patients repre-
sented 18–19% in each of the three arms of the study. The primary
analysis of the study showed that the combination was more
toxic but it did not show advantage over mono-chemotherapy in
terms of overall survival. Also in the sub-group of PS2 patients
(130 patients), there was no advantage for combination chemo-
therapy over single agents (1-year survival was 20%, 18% and
22%, for vinorelbine, gemcitabine and the vinorelbine–gemcita-
bine combination, respectively). The hazard ratio of survival for
combination chemotherapy was 1 when compared with vinorel-
bine and 0.97 when compared with gemcitabine.

Role of new targeted agents
In recent years, the rapidly expanding knowledge of cancer patho-
genesis at a molecular level has provided new targets for drug
discovery, and a great number of new anti-cancer drugs have been
developed. Many of these biological agents are currently being
tested, at different degrees of clinical development, in NSCLC.

Several features of target-based molecules make these drugs
potentially ideal treatments for unfit patients. First, biological

therapies hold the promise of being more selective and less toxic
for normal tissues, both in terms of haematological and non-
haematological adverse effects. Second, given a cytostatic rather
than cytotoxic mechanism of action, these agents are more likely
to be effective when they are administered continuously rather
than in pulses, and oral formulations are preferred for continuous
dosing schedules, with obvious logistic advantages for patients.

ZD1839, a small-molecule tyrosine-kinase inhibitor targeted
against the epidermal growth factor receptor, is one of the most
promising new biological agents. Its activity as second- or third-
line therapy against NSCLC has been tested in two phase II trials,
showing interesting response rates (from 10% to 20% in heavily
pre-treated patients) and promising results in terms of symptom
improvement (~40%) [43–46]. It is worth noting that this sympto-
matic improvement is usually obtained in a short time following
the start of treatment and has also documented in PS2 patients.
Unfortunately, however, no data on first-line treatments are
currently available. New biological agents should be considered
as excellent candidates for experimental treatments in clinical
trials dedicated to PS2 patients, but as yet cannot be recommended
in clinical practice. 

Consensus on clinical practice

On the basis of current evidence, chemotherapy appears justified
to patients with advanced NSCLC and a PS of 2 (Table 4). Sub-
group analysis from several randomised trials suggest that several
new generation cytotoxic drugs are superior to supportive care
alone in this category of patients. Therefore, single-agent chemo-
therapy with these drugs (e.g. gemcitabine, vinorelbine, taxanes)
could be the preferred option for palliative treatment of these
patients. The choice of the drug should be based on the toxicity
profile of each agent and type of co-morbid conditions. No
data justify the use of platinum-free or high-dose (>100 mg/m2)
cisplatin-based combination chemotherapy instead of single-
agent treatment in PS2 patients. Although lacking specific data

Table 3. Recent randomised trials of platinum-free versus platinum-based combination chemotherapy in advanced NSCLC 

P-based, platinum-based chemotherapy; P-free, platinum-free chemotherapy; PS, performance status; pts, patients; CDDP, cisplatin; Doc, docetaxel; Gem, 
gemcitabine; CBDCA, carboplatin; Ptx, paclitaxel; Vin, vinorelbine; Ifo, ifosfamide; NA, not available

Reference P-based arm P-free arm Total No. 
of pts

Overall survival 
(months) (P-based 
versus P-free)

PS2 pts 
(% of total pts)

Outcome in PS2 
patients(P-based 
versus P-free)

Georgoulias et al. [38] CDDP/Doc Gem/Doc 406 10 versus 9.5 
(P = 0.98)

12 Comparable 
survival

Kosmidis et al. [39] CBDCA/Ptx Gem/Ptx 479 10.4 versus 9.8 
(P = 0.32)

13 Comparable 
survival

Giaccone [40] CDDP/Ptx (A) or 
CDDP/Gem (B) 

Gem/Ptx 480 8.1 (A), 8.8 (B) 
versus 6.9 (P = NA)

12 Comparable 
survival

Alberola et al. [41] CDDP/Gem (A) or 
CDDP/Gem/Vin (B) 

Gem/Vin followed 
by Ifo/Vin

557 9.3 (A), 8.2 (B) versus 
8.1 (P = NA)

15 NA

Gridelli et al. [42] CDDP/Gem or 
CDDP/Vin

Gem/Vin 501 8.8 versus 7.4 
(P = 0.08)

13 Comparable 
survival
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durvalumabetremelimumab (non-squamous non-small-cell
carcinoma and squamous-cell carcinoma).20 Several ICIs have
demonstrated progression-free survival (PFS) benefit while still
awaiting more mature OS data (reviewed in Reck et al.).21

Nivolumabeipilimumab also improved OS compared with
ChT.22

Details of the designs (blinding, histology allowed, dose
of immunotherapy, number of cycles, duration, endpoints)
of all trials with positive OS data are summarised in
Supplementary Table S3, available at https://doi.org/10.
1016/j.annonc.2022.12.013. Cemiplimabeplatinum-
doublet ChT (EMPOWER-Lung 3),19 durvalumabe
tremelimumabeplatinum-doublet ChT (POSEIDON)20 and
nivolumabeipilimumab (CheckMate 227, only for PD-L1
!1% tumours)22 are FDA but not EMA approved.

Current EMA-approved first-line combination regimens
for non-squamous NSCLC are discussed in the following
paragraphs. The pivotal trials all enrolled patients with WHO
PS 0-1, and no contraindication for ICI therapy.

Pembrolizumab plus ChT. This approval is based on
KEYNOTE-189 (N ¼ 616),14 in which patients were rando-
mised to receive pemetrexed and platinum plus either
pembrolizumab or placebo, followed by pemetrexede
pembrolizumab or pemetrexedeplacebo maintenance
therapy. At the final analysis with a median follow-up of 31
months (range 26.5-38.8 months), OS was substantially
improved by the addition of pembrolizumab [hazard ratio
(HR) 0.56, 95% confidence interval (CI) 0.46-0.69], with a
median OS (mOS) of 22.0 versus 10.6 months.23 There was

Figure 1. Treatment algorithm for stage IV SqCC without contraindications for immunotherapy.
Purple: general categories or stratification; white: other aspects of management; blue: systemic anticancer therapy; turquoise: combination of treatments or other
systemic treatments.
BSC, best supportive care; ChT, chemotherapy; CPG, Clinical Practice Guideline; ECOG, Eastern Cooperative Oncology Group; EMA, European Medicines Agency; FDA,
Food and Drug Administration; IC, immune cell; ICI, immune checkpoint inhibitor; LRT, local radical therapy; MCBS, ESMO-Magnitude of Clinical Benefit Scale; mNSCLC,
metastatic non-small-cell lung cancer; NSCLC, non-small-cell lung cancer; PD-L1, programmed death-ligand 1; PS, performance status; SqCC, squamous-cell carcinoma.
aSmoker ¼ smoking all kinds of tobacco; never smoker ¼ less then 100 cigarettes in a lifetime.
bPlease see the ESMO CPG on oncogene-addicted mNSCLC for MET/EGFR ex20ins/KRAS/NTRK/HER2 testing necessary for second-line treatment options and the
decision rationale for platinum-doublet ChT, immunotherapy monotherapy or chemo-immunotherapy.2
cESMO-MCBS v1.1109 was used to calculate scores for new therapies/indications approved by the EMA or FDA. The scores have been calculated by the ESMO-MCBS
Working Group and validated by the ESMO Guidelines Committee (https://www.esmo.org/guidelines/esmo-mcbs/esmo-mcbs-evaluation-forms).
dIf oligoprogression, consider local therapy and continue systemic therapy.
eRe-challenge with PD-L1 might be considered if ICI was discontinued previously, but not for progressive disease or severe toxicity.
fSelection of type of ChT also dependent on first-line therapy.
gFDA approved, not EMA approved.
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Food and Drug Administration; IC, immune cell; ICI, immune checkpoint inhibitor; LRT, local radical therapy; MCBS, ESMO-Magnitude of Clinical Benefit Scale; mNSCLC,
metastatic non-small-cell lung cancer; NSCLC, non-small-cell lung cancer; PD-L1, programmed death-ligand 1; PS, performance status; SqCC, squamous-cell carcinoma.
aSmoker ¼ smoking all kinds of tobacco; never smoker ¼ less then 100 cigarettes in a lifetime.
bPlease see the ESMO CPG on oncogene-addicted mNSCLC for MET/EGFR ex20ins/KRAS/NTRK/HER2 testing necessary for second-line treatment options and the
decision rationale for platinum-doublet ChT, immunotherapy monotherapy or chemo-immunotherapy.2
cESMO-MCBS v1.1109 was used to calculate scores for new therapies/indications approved by the EMA or FDA. The scores have been calculated by the ESMO-MCBS
Working Group and validated by the ESMO Guidelines Committee (https://www.esmo.org/guidelines/esmo-mcbs/esmo-mcbs-evaluation-forms).
dIf oligoprogression, consider local therapy and continue systemic therapy.
eRe-challenge with PD-L1 might be considered if ICI was discontinued previously, but not for progressive disease or severe toxicity.
fSelection of type of ChT also dependent on first-line therapy.
gFDA approved, not EMA approved.
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decision rationale for platinum-doublet ChT, immunotherapy monotherapy or chemo-immunotherapy.2
cESMO-MCBS v1.1109 was used to calculate scores for new therapies/indications approved by the EMA or FDA. The scores have been calculated by the ESMO-MCBS
Working Group and validated by the ESMO Guidelines Committee (https://www.esmo.org/guidelines/esmo-mcbs/esmo-mcbs-evaluation-forms).
dIf oligoprogression, consider local therapy and continue systemic therapy.
eRe-challenge with PD-L1 might be considered if ICI was discontinued previously, but not for progressive disease or severe toxicity.
fSelection of type of ChT also dependent on first-line therapy.
gFDA approved, not EMA approved.
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carcinoma and squamous-cell carcinoma).20 Several ICIs have
demonstrated progression-free survival (PFS) benefit while still
awaiting more mature OS data (reviewed in Reck et al.).21

Nivolumabeipilimumab also improved OS compared with
ChT.22

Details of the designs (blinding, histology allowed, dose
of immunotherapy, number of cycles, duration, endpoints)
of all trials with positive OS data are summarised in
Supplementary Table S3, available at https://doi.org/10.
1016/j.annonc.2022.12.013. Cemiplimabeplatinum-
doublet ChT (EMPOWER-Lung 3),19 durvalumabe
tremelimumabeplatinum-doublet ChT (POSEIDON)20 and
nivolumabeipilimumab (CheckMate 227, only for PD-L1
!1% tumours)22 are FDA but not EMA approved.

Current EMA-approved first-line combination regimens
for non-squamous NSCLC are discussed in the following
paragraphs. The pivotal trials all enrolled patients with WHO
PS 0-1, and no contraindication for ICI therapy.

Pembrolizumab plus ChT. This approval is based on
KEYNOTE-189 (N ¼ 616),14 in which patients were rando-
mised to receive pemetrexed and platinum plus either
pembrolizumab or placebo, followed by pemetrexede
pembrolizumab or pemetrexedeplacebo maintenance
therapy. At the final analysis with a median follow-up of 31
months (range 26.5-38.8 months), OS was substantially
improved by the addition of pembrolizumab [hazard ratio
(HR) 0.56, 95% confidence interval (CI) 0.46-0.69], with a
median OS (mOS) of 22.0 versus 10.6 months.23 There was

Figure 1. Treatment algorithm for stage IV SqCC without contraindications for immunotherapy.
Purple: general categories or stratification; white: other aspects of management; blue: systemic anticancer therapy; turquoise: combination of treatments or other
systemic treatments.
BSC, best supportive care; ChT, chemotherapy; CPG, Clinical Practice Guideline; ECOG, Eastern Cooperative Oncology Group; EMA, European Medicines Agency; FDA,
Food and Drug Administration; IC, immune cell; ICI, immune checkpoint inhibitor; LRT, local radical therapy; MCBS, ESMO-Magnitude of Clinical Benefit Scale; mNSCLC,
metastatic non-small-cell lung cancer; NSCLC, non-small-cell lung cancer; PD-L1, programmed death-ligand 1; PS, performance status; SqCC, squamous-cell carcinoma.
aSmoker ¼ smoking all kinds of tobacco; never smoker ¼ less then 100 cigarettes in a lifetime.
bPlease see the ESMO CPG on oncogene-addicted mNSCLC for MET/EGFR ex20ins/KRAS/NTRK/HER2 testing necessary for second-line treatment options and the
decision rationale for platinum-doublet ChT, immunotherapy monotherapy or chemo-immunotherapy.2
cESMO-MCBS v1.1109 was used to calculate scores for new therapies/indications approved by the EMA or FDA. The scores have been calculated by the ESMO-MCBS
Working Group and validated by the ESMO Guidelines Committee (https://www.esmo.org/guidelines/esmo-mcbs/esmo-mcbs-evaluation-forms).
dIf oligoprogression, consider local therapy and continue systemic therapy.
eRe-challenge with PD-L1 might be considered if ICI was discontinued previously, but not for progressive disease or severe toxicity.
fSelection of type of ChT also dependent on first-line therapy.
gFDA approved, not EMA approved.
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improved survival compared with ChT across each of the
PD-L1 strata as well. Based on the results from KEYNOTE-
189, pembrolizumab in combination with pemetrexed and
platinum ChT should be considered a standard treatment
option in metastatic non-squamous non-small-cell
carcinoma.

Atezolizumabebevacizumabecarboplatinepaclitaxel. In
the IMpower150 trial (N ¼ 1202),16 patients were rando-
mised to ChTebevacizumab or ChTeatezolizumab or ChTe
atezolizumabebevacizumab. At final analysis with 32
months of minimum follow-up, the addition of atezolizumab
and bevacizumab significantly improved OS compared with
ChTebevacizumab (HR 0.80, 95% CI 0.67-0.95), with an
mOS of 19.5 versus 14.7 months in the intention-to-treat

wildtype population.24 OS was not significantly superior
for atezolizumabeChT versus bevacizumabeChT (HR 0.84,
95% CI 0.71-1.00). Results from IMpower150 place the
combination of atezolizumabebevacizumabecarboplatine
paclitaxel as a therapeutic option in patients with meta-
static non-squamous non-small-cell carcinoma.

Nivolumabeipilimumabeabbreviated ChT. In
CheckMate-9LA (N ¼ 719; n ¼ 495 non-squamous non-
small-cell carcinoma patients),18 patients were randomised
1 : 1 to receive an abbreviated course of ChT (two cycles)
plus nivolumabeipilimumab or standard ChT alone. With a
median follow-up of 31 months, the addition of ICIs
improved OS: mOS 15.8 versus 11.0 months (HR 0.72, 95%
CI 0.61-0.86).25

Figure 2. Treatment algorithm for stage IV NSqNSCC after negative findings on molecular tests and without contraindication for immunotherapy.
Purple: general categories or stratification; white: other aspects of management; blue: systemic anticancer therapy; turquoise: combination of treatments or other
systemic treatments.
BSC, best supportive care; ChT, chemotherapy; CPG, Clinical Practice Guideline; ECOG, Eastern Cooperative Oncology Group; EMA, European Medicines Agency; FDA,
Food and Drug Administration; ICI, immune checkpoint inhibitor; LRT, local radical therapy; MCBS, ESMO-Magnitude of Clinical Benefit Scale; NSqNSCC, non-squamous
non-small-cell carcinoma; mNSCLC, metastatic non-small-cell lung cancer; NSCLC, non-small-cell lung cancer; PD-L1, programmed death-ligand 1; PS, performance
status; TC, tumour cell.
aPlease see the ESMO CPG on oncogene-addicted mNSCLC for MET/EGFR ex20ins/KRAS/NTRK/HER2 testing necessary for second-line treatment options and the
decision rationale for platinum-doublet ChT, immunotherapy monotherapy or chemo-immunotherapy.2
bIf positive molecular test, please refer to the ESMO CPG on oncogene-addicted mNSCLC.2
cESMO-MCBS v1.1109 was used to calculate scores for new therapies/indications approved by the EMA or FDA. The scores have been calculated by the ESMO-MCBS
Working Group and validated by the ESMO Guidelines Committee (https://www.esmo.org/guidelines/esmo-mcbs/esmo-mcbs-evaluation-forms).
dIf oligoprogression, consider local therapy and continue systemic therapy.
eSelection of type of ChT also dependent on first-line therapy.
fFDA approved, not EMA approved.
gRe-challenge with PD-L1 might be considered if ICI was discontinued previously, but not for progressive disease or severe toxicity.
hOther options are pemetrexed if not given in first line [I, B], docetaxel [I, B], nintedanibedocetaxel [II, B], ramucirumabedocetaxel [I, B; MCBS 1].
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Current EMA-approved first-line combination regimens
for non-squamous NSCLC are discussed in the following
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Pembrolizumab plus ChT. This approval is based on
KEYNOTE-189 (N ¼ 616),14 in which patients were rando-
mised to receive pemetrexed and platinum plus either
pembrolizumab or placebo, followed by pemetrexede
pembrolizumab or pemetrexedeplacebo maintenance
therapy. At the final analysis with a median follow-up of 31
months (range 26.5-38.8 months), OS was substantially
improved by the addition of pembrolizumab [hazard ratio
(HR) 0.56, 95% confidence interval (CI) 0.46-0.69], with a
median OS (mOS) of 22.0 versus 10.6 months.23 There was
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Purple: general categories or stratification; white: other aspects of management; blue: systemic anticancer therapy; turquoise: combination of treatments or other
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BSC, best supportive care; ChT, chemotherapy; CPG, Clinical Practice Guideline; ECOG, Eastern Cooperative Oncology Group; EMA, European Medicines Agency; FDA,
Food and Drug Administration; IC, immune cell; ICI, immune checkpoint inhibitor; LRT, local radical therapy; MCBS, ESMO-Magnitude of Clinical Benefit Scale; mNSCLC,
metastatic non-small-cell lung cancer; NSCLC, non-small-cell lung cancer; PD-L1, programmed death-ligand 1; PS, performance status; SqCC, squamous-cell carcinoma.
aSmoker ¼ smoking all kinds of tobacco; never smoker ¼ less then 100 cigarettes in a lifetime.
bPlease see the ESMO CPG on oncogene-addicted mNSCLC for MET/EGFR ex20ins/KRAS/NTRK/HER2 testing necessary for second-line treatment options and the
decision rationale for platinum-doublet ChT, immunotherapy monotherapy or chemo-immunotherapy.2
cESMO-MCBS v1.1109 was used to calculate scores for new therapies/indications approved by the EMA or FDA. The scores have been calculated by the ESMO-MCBS
Working Group and validated by the ESMO Guidelines Committee (https://www.esmo.org/guidelines/esmo-mcbs/esmo-mcbs-evaluation-forms).
dIf oligoprogression, consider local therapy and continue systemic therapy.
eRe-challenge with PD-L1 might be considered if ICI was discontinued previously, but not for progressive disease or severe toxicity.
fSelection of type of ChT also dependent on first-line therapy.
gFDA approved, not EMA approved.
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Figure 1. Treatment algorithm for stage IV SqCC without contraindications for immunotherapy.
Purple: general categories or stratification; white: other aspects of management; blue: systemic anticancer therapy; turquoise: combination of treatments or other
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BSC, best supportive care; ChT, chemotherapy; CPG, Clinical Practice Guideline; ECOG, Eastern Cooperative Oncology Group; EMA, European Medicines Agency; FDA,
Food and Drug Administration; IC, immune cell; ICI, immune checkpoint inhibitor; LRT, local radical therapy; MCBS, ESMO-Magnitude of Clinical Benefit Scale; mNSCLC,
metastatic non-small-cell lung cancer; NSCLC, non-small-cell lung cancer; PD-L1, programmed death-ligand 1; PS, performance status; SqCC, squamous-cell carcinoma.
aSmoker ¼ smoking all kinds of tobacco; never smoker ¼ less then 100 cigarettes in a lifetime.
bPlease see the ESMO CPG on oncogene-addicted mNSCLC for MET/EGFR ex20ins/KRAS/NTRK/HER2 testing necessary for second-line treatment options and the
decision rationale for platinum-doublet ChT, immunotherapy monotherapy or chemo-immunotherapy.2
cESMO-MCBS v1.1109 was used to calculate scores for new therapies/indications approved by the EMA or FDA. The scores have been calculated by the ESMO-MCBS
Working Group and validated by the ESMO Guidelines Committee (https://www.esmo.org/guidelines/esmo-mcbs/esmo-mcbs-evaluation-forms).
dIf oligoprogression, consider local therapy and continue systemic therapy.
eRe-challenge with PD-L1 might be considered if ICI was discontinued previously, but not for progressive disease or severe toxicity.
fSelection of type of ChT also dependent on first-line therapy.
gFDA approved, not EMA approved.
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Fig. 2. Overall survival
(A) ITT population. (B) Subgroup analysis of ITT population.
CI=confidence interval; CR=complete response; CT=chemotherapy; ECOG PS=Eastern Cooperative Oncology Group performance status; HR=hazard ratio; ITT=intent to treat;

PR=partial response; SD=stable disease. *Seven patients had a best response of progressive disease. y<15 pack years and stopped >1 year before diagnosis. zFour patients had ECOG
PS of 2 at baseline (protocol violations).
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Clinical Guidelines

improved survival compared with ChT across each of the
PD-L1 strata as well. Based on the results from KEYNOTE-
189, pembrolizumab in combination with pemetrexed and
platinum ChT should be considered a standard treatment
option in metastatic non-squamous non-small-cell
carcinoma.

Atezolizumabebevacizumabecarboplatinepaclitaxel. In
the IMpower150 trial (N ¼ 1202),16 patients were rando-
mised to ChTebevacizumab or ChTeatezolizumab or ChTe
atezolizumabebevacizumab. At final analysis with 32
months of minimum follow-up, the addition of atezolizumab
and bevacizumab significantly improved OS compared with
ChTebevacizumab (HR 0.80, 95% CI 0.67-0.95), with an
mOS of 19.5 versus 14.7 months in the intention-to-treat

wildtype population.24 OS was not significantly superior
for atezolizumabeChT versus bevacizumabeChT (HR 0.84,
95% CI 0.71-1.00). Results from IMpower150 place the
combination of atezolizumabebevacizumabecarboplatine
paclitaxel as a therapeutic option in patients with meta-
static non-squamous non-small-cell carcinoma.

Nivolumabeipilimumabeabbreviated ChT. In
CheckMate-9LA (N ¼ 719; n ¼ 495 non-squamous non-
small-cell carcinoma patients),18 patients were randomised
1 : 1 to receive an abbreviated course of ChT (two cycles)
plus nivolumabeipilimumab or standard ChT alone. With a
median follow-up of 31 months, the addition of ICIs
improved OS: mOS 15.8 versus 11.0 months (HR 0.72, 95%
CI 0.61-0.86).25

Figure 2. Treatment algorithm for stage IV NSqNSCC after negative findings on molecular tests and without contraindication for immunotherapy.
Purple: general categories or stratification; white: other aspects of management; blue: systemic anticancer therapy; turquoise: combination of treatments or other
systemic treatments.
BSC, best supportive care; ChT, chemotherapy; CPG, Clinical Practice Guideline; ECOG, Eastern Cooperative Oncology Group; EMA, European Medicines Agency; FDA,
Food and Drug Administration; ICI, immune checkpoint inhibitor; LRT, local radical therapy; MCBS, ESMO-Magnitude of Clinical Benefit Scale; NSqNSCC, non-squamous
non-small-cell carcinoma; mNSCLC, metastatic non-small-cell lung cancer; NSCLC, non-small-cell lung cancer; PD-L1, programmed death-ligand 1; PS, performance
status; TC, tumour cell.
aPlease see the ESMO CPG on oncogene-addicted mNSCLC for MET/EGFR ex20ins/KRAS/NTRK/HER2 testing necessary for second-line treatment options and the
decision rationale for platinum-doublet ChT, immunotherapy monotherapy or chemo-immunotherapy.2
bIf positive molecular test, please refer to the ESMO CPG on oncogene-addicted mNSCLC.2
cESMO-MCBS v1.1109 was used to calculate scores for new therapies/indications approved by the EMA or FDA. The scores have been calculated by the ESMO-MCBS
Working Group and validated by the ESMO Guidelines Committee (https://www.esmo.org/guidelines/esmo-mcbs/esmo-mcbs-evaluation-forms).
dIf oligoprogression, consider local therapy and continue systemic therapy.
eSelection of type of ChT also dependent on first-line therapy.
fFDA approved, not EMA approved.
gRe-challenge with PD-L1 might be considered if ICI was discontinued previously, but not for progressive disease or severe toxicity.
hOther options are pemetrexed if not given in first line [I, B], docetaxel [I, B], nintedanibedocetaxel [II, B], ramucirumabedocetaxel [I, B; MCBS 1].
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durvalumabetremelimumab (non-squamous non-small-cell
carcinoma and squamous-cell carcinoma).20 Several ICIs have
demonstrated progression-free survival (PFS) benefit while still
awaiting more mature OS data (reviewed in Reck et al.).21

Nivolumabeipilimumab also improved OS compared with
ChT.22

Details of the designs (blinding, histology allowed, dose
of immunotherapy, number of cycles, duration, endpoints)
of all trials with positive OS data are summarised in
Supplementary Table S3, available at https://doi.org/10.
1016/j.annonc.2022.12.013. Cemiplimabeplatinum-
doublet ChT (EMPOWER-Lung 3),19 durvalumabe
tremelimumabeplatinum-doublet ChT (POSEIDON)20 and
nivolumabeipilimumab (CheckMate 227, only for PD-L1
!1% tumours)22 are FDA but not EMA approved.

Current EMA-approved first-line combination regimens
for non-squamous NSCLC are discussed in the following
paragraphs. The pivotal trials all enrolled patients with WHO
PS 0-1, and no contraindication for ICI therapy.

Pembrolizumab plus ChT. This approval is based on
KEYNOTE-189 (N ¼ 616),14 in which patients were rando-
mised to receive pemetrexed and platinum plus either
pembrolizumab or placebo, followed by pemetrexede
pembrolizumab or pemetrexedeplacebo maintenance
therapy. At the final analysis with a median follow-up of 31
months (range 26.5-38.8 months), OS was substantially
improved by the addition of pembrolizumab [hazard ratio
(HR) 0.56, 95% confidence interval (CI) 0.46-0.69], with a
median OS (mOS) of 22.0 versus 10.6 months.23 There was

Figure 1. Treatment algorithm for stage IV SqCC without contraindications for immunotherapy.
Purple: general categories or stratification; white: other aspects of management; blue: systemic anticancer therapy; turquoise: combination of treatments or other
systemic treatments.
BSC, best supportive care; ChT, chemotherapy; CPG, Clinical Practice Guideline; ECOG, Eastern Cooperative Oncology Group; EMA, European Medicines Agency; FDA,
Food and Drug Administration; IC, immune cell; ICI, immune checkpoint inhibitor; LRT, local radical therapy; MCBS, ESMO-Magnitude of Clinical Benefit Scale; mNSCLC,
metastatic non-small-cell lung cancer; NSCLC, non-small-cell lung cancer; PD-L1, programmed death-ligand 1; PS, performance status; SqCC, squamous-cell carcinoma.
aSmoker ¼ smoking all kinds of tobacco; never smoker ¼ less then 100 cigarettes in a lifetime.
bPlease see the ESMO CPG on oncogene-addicted mNSCLC for MET/EGFR ex20ins/KRAS/NTRK/HER2 testing necessary for second-line treatment options and the
decision rationale for platinum-doublet ChT, immunotherapy monotherapy or chemo-immunotherapy.2
cESMO-MCBS v1.1109 was used to calculate scores for new therapies/indications approved by the EMA or FDA. The scores have been calculated by the ESMO-MCBS
Working Group and validated by the ESMO Guidelines Committee (https://www.esmo.org/guidelines/esmo-mcbs/esmo-mcbs-evaluation-forms).
dIf oligoprogression, consider local therapy and continue systemic therapy.
eRe-challenge with PD-L1 might be considered if ICI was discontinued previously, but not for progressive disease or severe toxicity.
fSelection of type of ChT also dependent on first-line therapy.
gFDA approved, not EMA approved.
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95% CI 0.71-1.00). Results from IMpower150 place the
combination of atezolizumabebevacizumabecarboplatine
paclitaxel as a therapeutic option in patients with meta-
static non-squamous non-small-cell carcinoma.

Nivolumabeipilimumabeabbreviated ChT. In
CheckMate-9LA (N ¼ 719; n ¼ 495 non-squamous non-
small-cell carcinoma patients),18 patients were randomised
1 : 1 to receive an abbreviated course of ChT (two cycles)
plus nivolumabeipilimumab or standard ChT alone. With a
median follow-up of 31 months, the addition of ICIs
improved OS: mOS 15.8 versus 11.0 months (HR 0.72, 95%
CI 0.61-0.86).25

Figure 2. Treatment algorithm for stage IV NSqNSCC after negative findings on molecular tests and without contraindication for immunotherapy.
Purple: general categories or stratification; white: other aspects of management; blue: systemic anticancer therapy; turquoise: combination of treatments or other
systemic treatments.
BSC, best supportive care; ChT, chemotherapy; CPG, Clinical Practice Guideline; ECOG, Eastern Cooperative Oncology Group; EMA, European Medicines Agency; FDA,
Food and Drug Administration; ICI, immune checkpoint inhibitor; LRT, local radical therapy; MCBS, ESMO-Magnitude of Clinical Benefit Scale; NSqNSCC, non-squamous
non-small-cell carcinoma; mNSCLC, metastatic non-small-cell lung cancer; NSCLC, non-small-cell lung cancer; PD-L1, programmed death-ligand 1; PS, performance
status; TC, tumour cell.
aPlease see the ESMO CPG on oncogene-addicted mNSCLC for MET/EGFR ex20ins/KRAS/NTRK/HER2 testing necessary for second-line treatment options and the
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hOther options are pemetrexed if not given in first line [I, B], docetaxel [I, B], nintedanibedocetaxel [II, B], ramucirumabedocetaxel [I, B; MCBS 1].

Annals of Oncology L. E. Hendriks et al.

362 https://doi.org/10.1016/j.annonc.2022.12.013 Volume 34 - Issue 4 - 2023

improved survival compared with ChT across each of the
PD-L1 strata as well. Based on the results from KEYNOTE-
189, pembrolizumab in combination with pemetrexed and
platinum ChT should be considered a standard treatment
option in metastatic non-squamous non-small-cell
carcinoma.

Atezolizumabebevacizumabecarboplatinepaclitaxel. In
the IMpower150 trial (N ¼ 1202),16 patients were rando-
mised to ChTebevacizumab or ChTeatezolizumab or ChTe
atezolizumabebevacizumab. At final analysis with 32
months of minimum follow-up, the addition of atezolizumab
and bevacizumab significantly improved OS compared with
ChTebevacizumab (HR 0.80, 95% CI 0.67-0.95), with an
mOS of 19.5 versus 14.7 months in the intention-to-treat

wildtype population.24 OS was not significantly superior
for atezolizumabeChT versus bevacizumabeChT (HR 0.84,
95% CI 0.71-1.00). Results from IMpower150 place the
combination of atezolizumabebevacizumabecarboplatine
paclitaxel as a therapeutic option in patients with meta-
static non-squamous non-small-cell carcinoma.

Nivolumabeipilimumabeabbreviated ChT. In
CheckMate-9LA (N ¼ 719; n ¼ 495 non-squamous non-
small-cell carcinoma patients),18 patients were randomised
1 : 1 to receive an abbreviated course of ChT (two cycles)
plus nivolumabeipilimumab or standard ChT alone. With a
median follow-up of 31 months, the addition of ICIs
improved OS: mOS 15.8 versus 11.0 months (HR 0.72, 95%
CI 0.61-0.86).25

Figure 2. Treatment algorithm for stage IV NSqNSCC after negative findings on molecular tests and without contraindication for immunotherapy.
Purple: general categories or stratification; white: other aspects of management; blue: systemic anticancer therapy; turquoise: combination of treatments or other
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eSelection of type of ChT also dependent on first-line therapy.
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gRe-challenge with PD-L1 might be considered if ICI was discontinued previously, but not for progressive disease or severe toxicity.
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durvalumabetremelimumab (non-squamous non-small-cell
carcinoma and squamous-cell carcinoma).20 Several ICIs have
demonstrated progression-free survival (PFS) benefit while still
awaiting more mature OS data (reviewed in Reck et al.).21

Nivolumabeipilimumab also improved OS compared with
ChT.22

Details of the designs (blinding, histology allowed, dose
of immunotherapy, number of cycles, duration, endpoints)
of all trials with positive OS data are summarised in
Supplementary Table S3, available at https://doi.org/10.
1016/j.annonc.2022.12.013. Cemiplimabeplatinum-
doublet ChT (EMPOWER-Lung 3),19 durvalumabe
tremelimumabeplatinum-doublet ChT (POSEIDON)20 and
nivolumabeipilimumab (CheckMate 227, only for PD-L1
!1% tumours)22 are FDA but not EMA approved.

Current EMA-approved first-line combination regimens
for non-squamous NSCLC are discussed in the following
paragraphs. The pivotal trials all enrolled patients with WHO
PS 0-1, and no contraindication for ICI therapy.

Pembrolizumab plus ChT. This approval is based on
KEYNOTE-189 (N ¼ 616),14 in which patients were rando-
mised to receive pemetrexed and platinum plus either
pembrolizumab or placebo, followed by pemetrexede
pembrolizumab or pemetrexedeplacebo maintenance
therapy. At the final analysis with a median follow-up of 31
months (range 26.5-38.8 months), OS was substantially
improved by the addition of pembrolizumab [hazard ratio
(HR) 0.56, 95% confidence interval (CI) 0.46-0.69], with a
median OS (mOS) of 22.0 versus 10.6 months.23 There was

Figure 1. Treatment algorithm for stage IV SqCC without contraindications for immunotherapy.
Purple: general categories or stratification; white: other aspects of management; blue: systemic anticancer therapy; turquoise: combination of treatments or other
systemic treatments.
BSC, best supportive care; ChT, chemotherapy; CPG, Clinical Practice Guideline; ECOG, Eastern Cooperative Oncology Group; EMA, European Medicines Agency; FDA,
Food and Drug Administration; IC, immune cell; ICI, immune checkpoint inhibitor; LRT, local radical therapy; MCBS, ESMO-Magnitude of Clinical Benefit Scale; mNSCLC,
metastatic non-small-cell lung cancer; NSCLC, non-small-cell lung cancer; PD-L1, programmed death-ligand 1; PS, performance status; SqCC, squamous-cell carcinoma.
aSmoker ¼ smoking all kinds of tobacco; never smoker ¼ less then 100 cigarettes in a lifetime.
bPlease see the ESMO CPG on oncogene-addicted mNSCLC for MET/EGFR ex20ins/KRAS/NTRK/HER2 testing necessary for second-line treatment options and the
decision rationale for platinum-doublet ChT, immunotherapy monotherapy or chemo-immunotherapy.2
cESMO-MCBS v1.1109 was used to calculate scores for new therapies/indications approved by the EMA or FDA. The scores have been calculated by the ESMO-MCBS
Working Group and validated by the ESMO Guidelines Committee (https://www.esmo.org/guidelines/esmo-mcbs/esmo-mcbs-evaluation-forms).
dIf oligoprogression, consider local therapy and continue systemic therapy.
eRe-challenge with PD-L1 might be considered if ICI was discontinued previously, but not for progressive disease or severe toxicity.
fSelection of type of ChT also dependent on first-line therapy.
gFDA approved, not EMA approved.

L. E. Hendriks et al. Annals of Oncology

Volume 34 - Issue 4 - 2023 https://doi.org/10.1016/j.annonc.2022.12.013 361

2-year survival rates were significantly longer for patients given pem-
etrexed (58% and 32%, respectively) than for those given placebo
(45% and 21%; Table 1).

Assessment of OS from the start of induction therapy (rather
than from random assignment to maintenance) was consistent with
the primary analysis, with no change in the HR (Fig 2B). The median
OS measured from induction was 16.9 months (95% CI, 15.8 to 19.0
months) for pemetrexed and 14.0 months (95% CI, 12.9 to 15.5
months) for placebo.

Although prior publications reported PFS, the primary efficacy
end point, measured from the time of random assignment,17 Figure
2C demonstrates reassessment of investigator-assessed PFS by using
data from the current (OS) datalock 20 months later. The unadjusted
HR of 0.60 (95% CI, 0.50 to 0.73; P ! .001) was similar to the HR
originally reported: 0.62 (95% CI, 0.49 to 0.79; P ! .001).17

Additional prespecified analyses examined OS in subgroups
based on baseline characteristics. The impact of pemetrexed mainte-
nance treatment on OS was consistent for all subgroups (Fig 3) and
similar to that observed for subgroups in the primary analysis of PFS.17

Figures 4A and 4B show a clear separation between the curves for both
CR/PR and SD induction response subgroups, respectively, that nu-
merically favors the pemetrexed arm. However, the study was not
adequately powered for these two subgroups, and the differences were
not statistically significant. Survival for all randomly assigned pa-
tients with CR/PR induction response yielded an unadjusted HR of
0.81 (95% CI, 0.59 to 1.11) and median OS of 15.5 months (95%
CI, 12.5 to 18.8 months) for pemetrexed (n " 159) versus 11.2
months (95% CI, 8.4 to 15.8 months) for placebo (n " 75).
Patients with an induction response of SD had an unadjusted HR
of 0.76 (95% CI, 0.57 to 1.01) and median OS of 13.7 months (95%
CI, 12.5 to 15.8 months) for pemetrexed (n " 190) versus 11.1
months (95% CI, 9.8 to 13.8 months) for placebo (n " 95). There
was not a significant interaction term of response by treatment
(CR/PR v SD; P " .731) by using the Cox model of response,
treatment, and response by treatment interaction.

Postdiscontinuation Therapy
Postdiscontinuation therapy use after maintenance was at the

discretion of the investigator. The fraction of randomly assigned pa-
tients receiving additional therapy was similar in both arms: 64.3%
(n"231) for pemetrexed and 71.7% (n"129) for placebo (Appendix
Table A2, online only). Postdiscontinuation selections were well bal-
anced between treatment groups, with the exception of docetaxel
(32.3% in the pemetrexed arm and 43.3% in the placebo arm), and the
majority of patients received an approved second-line treatment (do-
cetaxel or erlotinib). As expected with pemetrexed induction treat-
ment, the use of second-line pemetrexed was low on both treatment
arms: 1.9% for pemetrexed versus 3.9% for placebo.

Updated Safety Analysis
To detect any new safety findings, an updated safety analysis was

performed that included data collected for 7 months (July 1, 2010, to
February 7, 2011) after the primary end point analysis.17 At the time of
the data cutoff, 44 patients (8.2% of the study population) remained
on study treatment: 41 (11.4%) receiving pemetrexed and three
(1.7%) receiving placebo.17
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Fig 2. Kaplan-Meier plots of overall survival (OS) and progression-free survival (PFS)
from randomly assigned patients. (A) OS as measured from random assignment for
maintenance treatment. (B) OS as measured from the start of induction treatment,
excluding patients who were not randomly assigned to maintenance because of
disease progression or other reasons for discontinuing during induction treat-
ment. (C) PFS reassessed at the time of OS data cutoff. PFS for maintenance
treatment was calculated to the first date of objectively determined progressive
disease or death. Patients who had not progressed or died as of the data cutoff
date were censored at the date of the last tumor assessment. BSC, best
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Paclitaxel– Carboplatin Alone or with Bevacizumab for Non–Small-Cell Lung Cancer
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Safety
All patients known to have received the study treat-
ment (440 patients in the paclitaxel–carboplatin 
group and 427 in the paclitaxel–carboplatin–
bevacizumab group) were included in the analysis 
of toxic effects. Reporting was limited to hemato-
logic events of grade 4 or higher and all nonhema-
tologic adverse events of grade 3 or higher. Table 2 
lists rates of adverse events in each treatment 
group. The treating physician’s attribution of the 
adverse event to the treatment or to another cause 
was not considered in this analysis. The rates of 
hypertension, proteinuria, bleeding, neutropenia, 
febrile neutropenia, thrombocytopenia, hypona-
tremia, rash, and headache were significantly 
higher in the paclitaxel–carboplatin–bevacizumab 
group than in the paclitaxel–carboplatin group 
(P<0.05). The difference between the groups ap-
peared during the third cycle; during the first three 
cycles, events occurred in 57 of the 440 patients 
in the paclitaxel–carboplatin group (13%) and in 
76 of the 427 patients in the paclitaxel–carbopla-
t in–bevacizumab group (18%).

Table 3 lists all causes of death. There were 
17 deaths related to toxic effects of the treatment. 
Two deaths (from gastrointestinal hemorrhage 
and febrile neutropenia) occurred in patients in 
the paclitaxel–carboplatin group and 15 occurred 
in the paclitaxel–carboplatin–bevacizumab group; 
the difference between the groups was significant 
(P = 0.001). Of the 15 deaths in the paclitaxel–
carboplatin–bevacizumab group, 5 were attribut-
ed to pulmonary hemorrhage, 5 to complications 
of febrile neutropenia, 2 each to a cerebrovascular 
event or gastrointestinal hemorrhage, and 1 to a 
probable pulmonary embolus. Most of the deaths 
occurred during the first two cycles of therapy. 
Three patients in the paclitaxel–carboplatin–beva-
cizumab group died of cardiac events that were 
not considered to be related to the treatment: a 
myocardial infarction 40 days after the last dose 
of bevacizumab, a sudden death (no autopsy) dur-
ing the 18th cycle of treatment, and cardiac ar-
rest with bradycardia after the third cycle (no 
autopsy). Among the 215 patients receiving be-
vacizumab monotherapy, the most common grade 
3 or 4 toxic effects were hypertension (in 12 pa-
tients [5.6%]), proteinuria (in 9 patients [4.2%]), 
fatigue (in 11 patients [5.1%]), and dyspnea (in 
12 patients [5.6%]).

Discussion

We found that the addition of bevacizumab to a 
standard, platin-based chemotherapy regimen im-
proved overall survival in patients with advanced 
non–squamous-cell, non–small-cell lung cancer 
and a good ECOG performance status. In addition, 
bevacizumab prolonged progression-free survival 
and improved the response rate.

The improvement in the response rate was not 
anticipated a priori, since antiangiogenic drugs 
were not considered to have a cytotoxic effect.3 
Initially, it was thought that the predominant ef-
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Figure 2. Kaplan–Meier Estimates of Overall Survival (Panel A) and Progression-
free Survival (Panel B).

BPC denotes paclitaxel and carboplatin plus bevacizumab, and PC paclitaxel 
and carboplatin alone.
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of PacCBev (36.2% v 14%; P ! .001), and more frequent taxane use
(docetaxel: 21.0% v 8.1%; P ! .001; paclitaxel: 8.1% v 5.8%; P " .199)
and cisplatin use (4.2% v 1.7%; P " .033) following discontinuation of
PemCBev. Agents administered to ! 3% of patients included erlotinib
(14.6% v 15.2%), carboplatin (14.4% v 12.0%), bevacizumab (13.6%
v 11.8%), gemcitabine (8.3% v 5.1%), and vinorelbine (3.4% v 3.2%)
for PemCBev and PacCBev.

DISCUSSION

PointBreak contributes to the published experience of bevacizumab in
combination with platinum-based doublets in patients with advanced
nonsquamous NSCLC. PointBreak did not meet its primary end point
of improved OS in PemCBev. The median OS achieved for both arms
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Fig 2. Kaplan-Meier overall survival (OS) from random assignment for (A) the intent-to-treat (ITT) population (censoring rates for PemCBev and PacCBev arms, 27.8%
and 27.2%) and (B) the maintenance population (censoring rates for PemCBev and PacCBev, 36.0% and 30.2%). The duration of OS was measured from the date of
random assignment to the date of death from any cause. If a patient had not died at the time of the data inclusion cutoff date for the analysis, OS was censored at
the last date the patient was known by the treating physician to still be alive. HR, hazard ratio; mo, months; PacCBev, paclitaxel (Pac), carboplatin (C), and bevacizumab
(Bev) followed by bevacizumab; PemCBev, pemetrexed (Pem), carboplatin, and bevacizumab followed by pemetrexed and bevacizumab.

Pr
og

re
ss

io
n-

Fr
ee

 S
ur

vi
va

l
(p

ro
ba

bi
lit

y)

Time From Induction (months)

1.0

0.8

0.6

0.4

0.2

No. at risk
PemCBev 472 318 190 113 76 49 32 20 9 4 2 1
PacCBev 467 320 164 81 50 31 17 11 4 4 1 0

BA

Pr
og

re
ss

io
n-

Fr
ee

 S
ur

vi
va

l
(p

ro
ba

bi
lit

y)

Time From Induction (months)

1.0

0.8

0.6

0.4

0.2

No. at risk
PemCBev 292 284 183 111 74 48 31 19 8 4 2 1
PacCBev 298 291 157 78 49 30 16 10 3 3 0 0

0 126 18 24 331593 21 27 36300 126 18 24 331593 21 27 3630

veBCcaP veBCmeP 
)764 = n( )274 = n( 

PFS median (95% CI), mo 6.0 (5.6 to 6.9) 5.6 (5.4 to 6.0)
HR (95% CI); P                                   .83 (.71 to .96); P = .012
Survival rate (%)

2.51 9.32 raey-1  

veBCcaP veBCmeP 
)892 = n( )292 = n( 

PFS median (95% CI), mo 8.6 (7.4 to 9.5) 6.9 (6.2 to 7.3)
Survival rate (%)

7.91 4.33 raey-1  

Fig 3. Kaplan-Meier progression-free survival (PFS) from random assignment for (A) the intent-to-treat population (censoring rates for PemCBev and PacCBev arms, 26.9%
and 23.3%) and (B) the maintenance population (censoring rates for PemCBev and PacCBev arms, 24.7% and 14.1%). The duration of PFS was measured from the date of
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MA01.03
Exploiting DNA Methylation for Classification of SCLC
Subtypes from Liquid Biopsies Using a Robust Machine
Learning Approach

S. Heeke, C.M. Gay, M.R. Estecio, A. Stewart, H. Tran, B. Zhang,
X. Tang, M.G. Raso, K. Concannon, L. Guimaraes De Sousa,
W.E. Lewis, K. Kondo, M.B. Nilsson, Y. Xi, L. Diao, Q. Wang, J. Zhang,
J. Wang, I.I. Wistuba, L.A. Byers, J.V. Heymach UT MD Anderson
Cancer Center, Houston/TX/USA

Introduction: Small cell lung cancer (SCLC) is a highly aggressive
cancer with limited treatment options and a generally poor prognosis
that has not appreciably changed despite recently approved therapies.
Importantly, therapeutic options for SCLC patients have been focused
on unselected populations as SCLC was thought to be a relatively ho-
mogenous malignancy in the past. Recently, our group and others
identified four major distinct subgroups of SCLC (Gay CM et al. Cancer
Cell 2021). Three of the four subtypes are defined by the predominant
expression of a specific transcription factor, ASCL1 (SCLC-A), NEUROD1
(SCLC-N) and POU2F3 (SCLC-P) while the fourth subtype is defined by
an inflamed phenotype (SCLC-I). We demonstrated that these sub-
groups are associated with distinct therapeutic vulnerabilities. For
example, in the phase III IMpower133 trial which assessed the addition
of atezolizumab to platinum-etoposide chemotherapy, the SCLC-I sub-
type had the highest benefit of the addition to immunotherapy (Gay CM.
et al. Cancer Cell. 2021). Consequently, we hypothesized that patients
would benefit from a subtype-specific treatment approach. Therefore,
the development of robust and practical selective biomarkers to define
those subtypes in a clinical context is urgently needed. We have pre-
viously reported on a DNA methylation-based classifier (SCLC-DMC)
with 98% accuracy (AACR 2022). Here we extend our initial findings by
translating our initial classifier in a liquid biopsy assay (SCLC-cfDMC)
with high accuracy across multiple cohorts of plasma samples to enable
personalized treatments in SCLC based on liquid biopsies. Methods:
We used reduced representation bisulfite sequencing (RRBS) with a
protocol that we have specifically amended for the use of fragmented

DNA from FFPE and cfDNA samples in order to analyze > 100 samples
across different clinical cohorts of predominantly extensive-stage SCLC
patients. Based on our initial SCLC-DMC we used consensus classifi-
cation by combining 2000 extreme-gradient boosting machine learning
models in order to classify samples based on their overlap in prediction
with samples with >50% consensus being classified into the respective
subtype. Results: By applying our SCLC-DMC on additional cohorts we
could confirm the >90% accuracy compared to our initial classification
using RNAseq. While the tissue-trained SCLC-DMC performed well on
the plasma samples with >80% accuracy, we could adapt the algorithm
by maintaining the same DNA methylation sites and increased the
classification accuracy to >90%, a significant and clinically relevant
improvement. Importantly, we could demonstrate that clinical outcome
with our DNA methylation based classification is not different to clas-
sification based on our RNA-based approach (SCLC-A HR (95%CI) RNA
vs SCLC-DMC ¼ 1.57 (0.84-2.95); SCLC-N ¼ 0.93 (0.4-2.15)) high-
lighting that DNA methylation-based classification can enable clinically
relevant subtyping in SCLC. Conclusions: SCLC subtyping has paved
the way to enable personalized treatments but robust classification in
clinical trials needs to be established. Here we demonstrate that DNA
methylation can provide accurate classification of SCLC in clinical
samples. Additionally, we highlight that this approach can be used in a
liquid biopsy setting dramatically expanding access to such a classifi-
cation system to enable subtype-specific clinical trials in SCLC. Key-
words: SCLC, Liquid Biopsy, DNA methylation
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Molecular Subtypes of Surgically Resected Small Cell
Lung Cancer: Expression Pattern and Prognostic
Relevance

Z. Megyesfalvi,1,2,3 N. Barany,2,4 A. Lantos,2 Z. Valko,2 O. Pipek,5

C. Lang,3 A. Schwendenwein,3 F. Oberndorfer,3 S. Paku,4

B. Ferencz,2,4 K. Dezso,4 J. Fillinger,2 Z. Lohinai,2 J. Moldvay,2

G. Galffy,6 M. Rezeli,7 C. Rivard,8 F. Hirsch,8,9 L. Brcic,10 H. Popper,10

I. Kern,11 M. Kovacevic,11 J. Skarda,12,13 M. Mittak,12

G. Marko-Varga,7 K. Bogos,2 F. Renyi-Vamos,1,2 M.A. Hoda,3

T. Klikovits,3,14 K. Hoetzenecker,3 K. Schelch,3 V. Laszlo,2,3

B. Dome1,2,3 1National Institute of Oncology - Semmelweis University,
Budapest/HU, 2National Koranyi Institute of Pulmonology, Budapest/HU,
3Medical University of Vienna, Vienna/AT, 4Semmelweis University,
Budapest/HU, 5Eotvos Lorand University, Budapest/HU, 6Torokbalint
County Institute of Pulmonology, Torokbalint/HU, 7Lund University,
Lund/SE, 8University of Colorado Anschutz Medical Campus, Aurora/CO/
USA, 9Center for Thoracic Oncology- Mount Sinai Health System, New
York/NY/USA, 10Medical University of Graz, Graz/AT, 11University Clinic
for Respiratory and Allergic Diseases Golnik, Golnik/SI, 12University
Hospital Ostrava and Faculty of Medicine University of Ostrava, Ostrava/
CZ, 13Institute of Clinical and Molecular Pathology, Olomouc/CZ, 14Klinik
Floridsdorf, Vienna/AT

Introduction: Although our knowledge of small cell lung cancer (SCLC)
molecular subtypes has grown significantly over the recent years,
translating this information into clinics has been less effective. This
may in part be due to the unique nature of SCLC where most patients
present at an inoperable stage, and diagnostic biopsies do not provide
enough material for profiling studies that can also address tumor
heterogeneity. Therefore, the tissue distribution and prognostic rele-
vance of subtype-specific proteins (ASCL1, NEUROD1, POU2F3, YAP1)
are largely unexplored in SCLC. Methods: Expression of subtype-spe-
cific transcription factors and P53 and RB1 proteins were measured by
immunohistochemistry (IHC) in 386 surgically resected SCLC samples.
Correlations between subtype-specific proteins and in vitro efficacy of

Table.

Cohort 1 Cohort 2

Pembrolizumab
Monotherapy

Pembrolizumab +
Chemotherapy

n [ 58 n [ 16

OS, median (95% CI), moa 27.5 (21.7-NR) NR (NR-NR)
6-mo OS rate, % (95% CI) 85.4 (72.9-92.4) 86.2 (55.0-96.4)
PFS,a,b median (95% CI), mo 8.2 (5.3-14.0) 7.7 (1.8-NR)
6-mo PFSb rate, % (95% CI) 59.6 (45.0-71.5) 58.3 (27.0-80.1)
ORR,b % (95% CI) 19.0 (9.9-31.4) 6.3 (0.2-30.2)
SD, n (%) 31 (53.4) 7 (43.8)
DCR, n (%) 42 (72.4) 8 (50.0)

DCR, disease control rate (CR + PR + SD); NR, not reached; SD, stable disease.
a From start of second-course pembrolizumab.
bBy investigator review per RECIST v1.1.
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1L Non-Sq-NSCLC
ECOG	0-1	&	any PD-L1	

N Non-Sq
histology

Dose &	
Comparator

Time	
IO

ORR OS
median

OS
follow-up

G3-4	Tox

KN189
(Pembrolizumab) 616 100%

200	mg	3w
Cis or Cb/Pem

4c	&	maintenance

2y 48.3%

19.9%

19.4m

11.3m
HR=0.60

5y

52.3%

42.1%

EMPOWER-Lung 3
(Cemiplimab) 466 57.1%

350	mg	3w
Cis or Cb/Pem 4	c	
&	maintenance

2y 43.6%

22.1%

22.3m

13.8m
HR=0.61

3y

48.7%

32.7%

CM9LA
(Nivo+Ipi)

719 68.4%
N	360	mg 3w
Ipi 1	mg/Kg	6w
Cis or Cb/Pem 4c	
&	maintenance

2y	or
until
PD/tox

38.2%

24.9%

15.8m

11m
HR=0.72

4y

47%

38%

IMPower150
(Atezo+Beva)

1202 100%
1200	mg	3w

Cb/Paclitaxel/Beva
4-6c	

Until
PD/tox

55%

42%

19m

14.7m
HR=0.84

3y

57.3%

49%

IMPower 130
(Atezolizumab)

679 100%
1200	mg	3w

Cb/Paclitaxel or
nab-paclitaxel 4-6c

Until
PD/tox

49.2%

31.9%

18.6m

13.9m
HR=0.79

NR

73.2%

60.3%

improved survival compared with ChT across each of the
PD-L1 strata as well. Based on the results from KEYNOTE-
189, pembrolizumab in combination with pemetrexed and
platinum ChT should be considered a standard treatment
option in metastatic non-squamous non-small-cell
carcinoma.

Atezolizumabebevacizumabecarboplatinepaclitaxel. In
the IMpower150 trial (N ¼ 1202),16 patients were rando-
mised to ChTebevacizumab or ChTeatezolizumab or ChTe
atezolizumabebevacizumab. At final analysis with 32
months of minimum follow-up, the addition of atezolizumab
and bevacizumab significantly improved OS compared with
ChTebevacizumab (HR 0.80, 95% CI 0.67-0.95), with an
mOS of 19.5 versus 14.7 months in the intention-to-treat

wildtype population.24 OS was not significantly superior
for atezolizumabeChT versus bevacizumabeChT (HR 0.84,
95% CI 0.71-1.00). Results from IMpower150 place the
combination of atezolizumabebevacizumabecarboplatine
paclitaxel as a therapeutic option in patients with meta-
static non-squamous non-small-cell carcinoma.

Nivolumabeipilimumabeabbreviated ChT. In
CheckMate-9LA (N ¼ 719; n ¼ 495 non-squamous non-
small-cell carcinoma patients),18 patients were randomised
1 : 1 to receive an abbreviated course of ChT (two cycles)
plus nivolumabeipilimumab or standard ChT alone. With a
median follow-up of 31 months, the addition of ICIs
improved OS: mOS 15.8 versus 11.0 months (HR 0.72, 95%
CI 0.61-0.86).25

Figure 2. Treatment algorithm for stage IV NSqNSCC after negative findings on molecular tests and without contraindication for immunotherapy.
Purple: general categories or stratification; white: other aspects of management; blue: systemic anticancer therapy; turquoise: combination of treatments or other
systemic treatments.
BSC, best supportive care; ChT, chemotherapy; CPG, Clinical Practice Guideline; ECOG, Eastern Cooperative Oncology Group; EMA, European Medicines Agency; FDA,
Food and Drug Administration; ICI, immune checkpoint inhibitor; LRT, local radical therapy; MCBS, ESMO-Magnitude of Clinical Benefit Scale; NSqNSCC, non-squamous
non-small-cell carcinoma; mNSCLC, metastatic non-small-cell lung cancer; NSCLC, non-small-cell lung cancer; PD-L1, programmed death-ligand 1; PS, performance
status; TC, tumour cell.
aPlease see the ESMO CPG on oncogene-addicted mNSCLC for MET/EGFR ex20ins/KRAS/NTRK/HER2 testing necessary for second-line treatment options and the
decision rationale for platinum-doublet ChT, immunotherapy monotherapy or chemo-immunotherapy.2
bIf positive molecular test, please refer to the ESMO CPG on oncogene-addicted mNSCLC.2
cESMO-MCBS v1.1109 was used to calculate scores for new therapies/indications approved by the EMA or FDA. The scores have been calculated by the ESMO-MCBS
Working Group and validated by the ESMO Guidelines Committee (https://www.esmo.org/guidelines/esmo-mcbs/esmo-mcbs-evaluation-forms).
dIf oligoprogression, consider local therapy and continue systemic therapy.
eSelection of type of ChT also dependent on first-line therapy.
fFDA approved, not EMA approved.
gRe-challenge with PD-L1 might be considered if ICI was discontinued previously, but not for progressive disease or severe toxicity.
hOther options are pemetrexed if not given in first line [I, B], docetaxel [I, B], nintedanibedocetaxel [II, B], ramucirumabedocetaxel [I, B; MCBS 1].
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PD-L1 strata as well. Based on the results from KEYNOTE-
189, pembrolizumab in combination with pemetrexed and
platinum ChT should be considered a standard treatment
option in metastatic non-squamous non-small-cell
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Atezolizumabebevacizumabecarboplatinepaclitaxel. In
the IMpower150 trial (N ¼ 1202),16 patients were rando-
mised to ChTebevacizumab or ChTeatezolizumab or ChTe
atezolizumabebevacizumab. At final analysis with 32
months of minimum follow-up, the addition of atezolizumab
and bevacizumab significantly improved OS compared with
ChTebevacizumab (HR 0.80, 95% CI 0.67-0.95), with an
mOS of 19.5 versus 14.7 months in the intention-to-treat

wildtype population.24 OS was not significantly superior
for atezolizumabeChT versus bevacizumabeChT (HR 0.84,
95% CI 0.71-1.00). Results from IMpower150 place the
combination of atezolizumabebevacizumabecarboplatine
paclitaxel as a therapeutic option in patients with meta-
static non-squamous non-small-cell carcinoma.

Nivolumabeipilimumabeabbreviated ChT. In
CheckMate-9LA (N ¼ 719; n ¼ 495 non-squamous non-
small-cell carcinoma patients),18 patients were randomised
1 : 1 to receive an abbreviated course of ChT (two cycles)
plus nivolumabeipilimumab or standard ChT alone. With a
median follow-up of 31 months, the addition of ICIs
improved OS: mOS 15.8 versus 11.0 months (HR 0.72, 95%
CI 0.61-0.86).25

Figure 2. Treatment algorithm for stage IV NSqNSCC after negative findings on molecular tests and without contraindication for immunotherapy.
Purple: general categories or stratification; white: other aspects of management; blue: systemic anticancer therapy; turquoise: combination of treatments or other
systemic treatments.
BSC, best supportive care; ChT, chemotherapy; CPG, Clinical Practice Guideline; ECOG, Eastern Cooperative Oncology Group; EMA, European Medicines Agency; FDA,
Food and Drug Administration; ICI, immune checkpoint inhibitor; LRT, local radical therapy; MCBS, ESMO-Magnitude of Clinical Benefit Scale; NSqNSCC, non-squamous
non-small-cell carcinoma; mNSCLC, metastatic non-small-cell lung cancer; NSCLC, non-small-cell lung cancer; PD-L1, programmed death-ligand 1; PS, performance
status; TC, tumour cell.
aPlease see the ESMO CPG on oncogene-addicted mNSCLC for MET/EGFR ex20ins/KRAS/NTRK/HER2 testing necessary for second-line treatment options and the
decision rationale for platinum-doublet ChT, immunotherapy monotherapy or chemo-immunotherapy.2
bIf positive molecular test, please refer to the ESMO CPG on oncogene-addicted mNSCLC.2
cESMO-MCBS v1.1109 was used to calculate scores for new therapies/indications approved by the EMA or FDA. The scores have been calculated by the ESMO-MCBS
Working Group and validated by the ESMO Guidelines Committee (https://www.esmo.org/guidelines/esmo-mcbs/esmo-mcbs-evaluation-forms).
dIf oligoprogression, consider local therapy and continue systemic therapy.
eSelection of type of ChT also dependent on first-line therapy.
fFDA approved, not EMA approved.
gRe-challenge with PD-L1 might be considered if ICI was discontinued previously, but not for progressive disease or severe toxicity.
hOther options are pemetrexed if not given in first line [I, B], docetaxel [I, B], nintedanibedocetaxel [II, B], ramucirumabedocetaxel [I, B; MCBS 1].
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Chemotherapy ± Anti-PD(L)-1 in Squamous Cell NSCLC

Maurice Pérol

Paz-Ares, NEJM 2018 and JTO 2020; Jotte, JTO 2020; Zhou, ESMO 2020; Robinson, ELCC 2021; Zhou, ELCC 2021; Wang, JAMA Oncol 2021

Stage IV	NSCLC	PD-L1 <50%
IO+CT	vs	CT=better survival

Perol M, et al. ELCC 2022; Novello S, et al. JCO 2023
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aKaplan-Meier estimate. Data cutoff date: February 23, 2022.

No. at risk
Pembro + chemo
Placebo + chemo

5-y OS
18.4%
9.7%

Events n (%) Median (95% CI) HR (95% CI)

Pembro + chemo 225 (80.9) 17.2 (14.4–19.7) 0.71 
(0.59–0.85)Placebo + chemo 248 (88.3) 11.6 (10.1–13.7) 

PD-L1 TPS ≥50% PD-L1 TPS 1%–49% PD-L1 TPS <1%
Pembro + chemo

(n = 73)
Placebo + chemo

(n = 73)
Pembro + chemo

(n = 103)
Placebo + chemo

(n = 104)
Pembro + chemo

(n = 95)
Placebo + chemo

(n = 99)
OS HR (95% CI) 0.68 (0.47–0.97) 0.61 (0.45–0.83) 0.83 (0.61–1.13)

5-y OS rate,a % 23.3 8.3 20.6 7.6 10.7 13.1

Empower-Lung 3													Cis/Cb 466																		8.2	vs	4.9															22.3	vs	13.8
Cemiplimab +paclitaxel HR	0.56																					HR	0.61

probabilities are shown in Supplementary Table S2, available
at https://doi.org/10.1016/j.esmoop.2022.100465.

PD-L1 positive (>1%)

For the PD-L1>1%, 11 studies reported data for OS (n¼ 6845)
and 14 studies for PFS (n ¼ 6281). Pooled HR showed a
reduction of death risk (HR-OS ¼ 0.83, 95% CI 0.79-0.88,
P < 0.00001) and progressive disease (HR-PFS ¼ 0.67, 95% CI
0.58-0.78, P < 0.00001) in patients receiving ICI compared to
the control arm (Supplementary Figure S13A and B, available at
https://doi.org/10.1016/j.esmoop.2022.100465). The associa-
tion of pembrolizumab/CT is 76.7% likely to be the best treat-
ment for OS and 95.3% for PFS. Nivolumab/ipilimumab " CT
ranked better for OS than PFS compared to CT. Conversely,
atezolizumab/CT/bevacizumab regimen ranked better for
PFS than for OS (Supplementary Table S2, available at https://
doi.org/10.1016/j.esmoop.2022.100465; Supplementary
Figure S14A, B and E, available at https://doi.org/10.1016/j.
esmoop.2022.100465).

PDL1 1%-49% cohort

The OS analysis for the 1%-49% PD-L1 cohort is based on
10 RCTs (2824 patients) and the PFS analysis is based on

12 RCTs (2774 patients). Direct comparison demonstrated
a statistically significant difference favoring an ICI-
based regimen (pooled OS-HR ¼ 0.85, 95% CI 0.78-0.93,
P ¼ 0.0005; pooled PFS-HR ¼ 0.69, 95% CI 0.57-0.84,
P < 0.00001) (Supplementary Figure S13C and D,
available at https://doi.org/10.1016/j.esmoop.2022.
100465). Comprehensively, NMA confirmed a better OS
for the immunotherapy strategies toward standard CT
(Supplementary Figure S14C, D and F, available at https://
doi.org/10.1016/j.esmoop.2022.100465). Pembrolizumab/
CT (HR versus CT ¼ 0.38, 95% CrI 0.20-0.73, SUCRA ¼
89.3%) and nivolumab/ipilimumab/CT (HR versus CT ¼
0.37, 95% CrI 0.15-0.95, SUCRA ¼ 87.7%) reduce the
overall death risk as compared to CT alone
(Supplementary Table S2, available at https://doi.org/10.
1016/j.esmoop.2022.100465). Instead, atezolizumab/bev-
acizumab/CT is 78.6% likely to be the best treatment for
PFS, whereas pembrolizumab/CT ranked second (SUCRA ¼
76%, HR versus CT ¼ 0.30, 95% CrI 0.12-0.72)
(Supplementary Table S2, available at https://doi.org/10.
1016/j.esmoop.2022.100465; Supplementary Figure S14F,
available at https://doi.org/10.1016/j.esmoop.2022.
100465).
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Figure 3. Pooled HR for OS (A) and PFS (B) on head-to-head comparison in NSQ histology cohort.
Network plot of direct (lower) and indirect (upper) comparison of the studies included in the analysis for OS (C) and PFS (D) in the NSQ cohort. Each circular node
represents a treatment type. The thickness of the lines is proportional to the number of patients in head-to-head comparisons.
atezo, atezolizumab; beva, bevacizumab; camre, camrelizumab; cemi, cemiplimab; CI, confidence interval; CT, chemotherapy; durva, durvalumab; HR, hazard ratio; ipi,
ipilimumab; IV, instrumental variables; nivo, nivolumab; NSQ, non-squamous; OS, overall survival; pembro, pembrolizumab; PFS, progression-free survival; SE, standard
error; tisle, tislelizumab; treme, tremelimumab.
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Conclusions
• With a 4-year minimum follow-up, patients treated with NIVO + IPI + chemo continued to derive long-term, durable OS benefit 

vs chemo alone regardless of tumor PD-L1 expression or histology

• OS benefit with NIVO + IPI + chemo compared with chemo alone was observed in all histology and PD-L1–level subgroups analyzed

 — Greater benefits were observed in the PD-L1 < 1%  or SQ NSCLC populations

 — PFS and DOR benefit were also maintained in patients with tumor PD-L1 < 1% or SQ NSCLC

• Discontinuation of NIVO + IPI + chemo due to TRAEs did not negatively impact the long-term clinical or efficacy benefit,  
with a 4-year OS rate of 41%

 — Of these patients, 27% were alive and treatment-free 4 years after discontinuing study therapy

• No new safety signals were reported

• These data further support the use of NIVO + IPI + chemo as an efficacious first-line treatment option for patients with metastatic 
NSCLC, particularly for those with tumor PD-L1 < 1% or SQ histology, which are populations with high unmet needs
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Background
• The combination of nivolumab plus ipilimumab (NIVO + IPI), immune checkpoint inhibitors with distinct but complementary 

mechanisms of action,1,2 has shown long-term, durable overall survival (OS) benefit in the treatment of several advanced cancers,3–5 
including metastatic non-small cell lung cancer (NSCLC)6–9

• In the randomized phase 3 CheckMate 9LA study, first-line NIVO + IPI plus 2 cycles of chemotherapy (chemo) significantly improved 
OS vs chemo alone (4 cycles) in patients with metastatic NSCLC6–8

• Here, we present the updated efficacy and safety results of CheckMate 9LA, with a minimum follow-up of 4 years, including analyses 
of OS by histology and programmed death ligand 1 (PD-L1) levels

Methods
• Adults with stage IV/recurrent NSCLC (no known sensitizing epidermal growth factor receptor [EGFR]/anaplastic lymphoma kinase 

[ALK] alterations) and Eastern Cooperative Oncology Group performance status (ECOG PS) 0 or 1 were enrolled in CheckMate 9LA 
(NCT03215706) and randomized 1:1 to NIVO + IPI + 2 cycles of chemo or to 4 cycles of chemo alone (Figure 1)

• OS, progression-free survival (PFS), objective response rate (ORR), and duration of response (DOR) were assessed in all randomized 
patients and in patients by PD-L1 or by histology

• Efficacy was also assessed in patients who discontinued all components of NIVO + IPI + chemo due to treatment-related adverse 
events (TRAEs)

Table 1. Efficacy in all randomized patients and subgroups by PD-L1 or histology

ITT PD-L1 < 1% PD-L1 ≥ 1% SQ NSQ

NIVO +  
IPI + chemo
(n = 361)

Chemo
(n = 358)

NIVO +  
IPI + chemo
(n = 135)

Chemo
(n = 129)

NIVO +  
IPI + chemo
(n = 204)

Chemo
(n = 204)

NIVO +  
IPI + chemo
(n = 115)

Chemo
(n = 112)

NIVO +  
IPI + chemo  
(n = 246)

Chemo  
(n = 246)

Median PFS, 
mo (95% CI) 

6.7  
(5.6–8.0) 

5.3 
(4.4–5.6)

5.8 
(4.4–7.7)

5.0 
(4.2–5.8)

6.9
(5.6–8.9)

4.7
(4.2–5.6)

5.6
(4.3–9.7)

4.3 
(4.2–5.2)

6.9
(5.5–8.4)

5.6
(4.6–5.8)

HR  
(95% CI)

0.70  
(0.59–0.83)

0.70  
(0.53–0.92)

0.70  
(0.56–0.87)

0.64  
(0.48–0.86)

0.75  
(0.61–0.91)

4-y PFS rate, % 
(95% CI) 

12  
(8–15)

5  
(3–8)

12  
(7–19)

3  
(0–8)

12  
(8–17)

6  
(3–11)

8  
(4–15)

4  
(1–11)

13  
(9–18)

5  
(3–10)

ORR, n (%)  
[95% CI]

137 (38)
[33–43]

90 (25)
[21–30]

42 (31)
[23–40]

26 (20)
[14–28]

87 (43)
[36–50]

56 (28)
[22–34]

56 (49)
[39–58]

35 (31)
[23–41]

81 (33)
[27–39]

55 (22)
[17–28]

Ongoing 
response at 
4 y, % (95% CI)

25
(17–33)

12
(6–20)

29
(15–45)

0 24
(15–34)

15
(7–26)

17
(8–29)

6
(1–17)

30
(19–41)

16
(7–28)

Database lock: February 13, 2023; minimum/median follow-up for OS: 47.9/54.5 months. 
CI, confidence interval; HR, hazard ratio; ITT, intention-to-treat; mo, month; y, year.
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Figure 5. OS in subgroups by PD-L1 expression and histology

Database lock: February 13, 2023; minimum/median follow-up for OS: 47.9/54.5 months.
95% CIs for NIVO + IPI + chemo and chemo, respectively: a9.9–22.2 and 6.6–11.5; b12.4–39.8 and 1.0–16.3; c13.2–22.7 and 7.7–15.2; d14.6–30.8 and 9.5–24.7; e12.5–23.3 and 7.1–14.1; f10.7–28.3 and  
6.0–20.7; g13.8–24.3 and 9.7–13.9; h15.4–29.6 and 12.2–25.6.
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Figure 6. Efficacy in patients who discontinued NIVO + IPI + chemo due to TRAEsa

Database lock: February 13, 2023; minimum/median follow-up for OS: 47.9/54.5 months. 
aPost hoc analysis includes patients with TRAEs (reported between first dose and 30 days after the last dose of study treatment) leading to the discontinuation of all components of study treatment. 
b95% CIs for patients who discontinued due to TRAEs and all randomized, respectively: 29–53 and 17–25.

Key eligibility criteria
• Stage IV or recurrent NSCLC
• No prior systemic therapy
• No sensitizing EGFR mutations
 or known ALK alterations
• ECOG PS 0 or 1
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Figure 1. CheckMate 9LA study design7

Database lock: February 13, 2023; minimum/median follow-up for OS: 47.9/54.5 months.
Figure reproduced from Paz-Ares L, et al. Lancet Oncol 2021;22:198–211, with permission from Elsevier.
aDetermined by the PD-L1 IHC 28-8 pharmDx assay (Dako). bPatients unevaluable for PD-L1 were stratified to PD-L1 < 1% and capped to 10% of all randomized patients. cNSQ: pemetrexed + cisplatin 
or carboplatin; SQ: paclitaxel + carboplatin. dHierarchically statistically tested.
BICR, blinded independent central review; IHC, immunohistochemistry; NSQ, non-squamous; Q3W, every 3 weeks; Q6W, every 6 weeks; R, randomized; SQ, squamous. 

Results
Patients and analysis populations
• Baseline characteristics for the full randomized population have been previously reported and were balanced across  

all treatment groups8,9 

 — Among all patients (n = 719), 492 (68%) had NSQ histology and 264 (37%) had PD-L1 tumor status < 1%

Subsequent therapy
• In all randomized patients, subsequent systemic therapy was received by 37% (NIVO + IPI + chemo) and 49% (chemo) of patients

 — Subsequent immunotherapy was received by 7% and 36% and subsequent platinum-doublet chemo by 20% and 6% of patients, 
respectively

Efficacy in all randomized patients and by PD-L1 expression and histology
• NIVO + IPI + chemo continued to improve all efficacy outcomes vs chemo at 4 years, regardless of tumor PD-L1 expression or histology 

(Table 1 and Figures 2–4) 

• A greater magnitude of efficacy benefit with NIVO + IPI + chemo was observed in patients with tumor PD-L1 expression < 1% (Table 1, 
and Figures 3A and 4B) or SQ histology (Table 1 and Figure 3C)

• Further efficacy analysis showed a trend for improved OS with NIVO + IPI + chemo vs chemo in each PD-L1 subgroup across SQ and 
NSQ histology (Figure 5) 

• Among patients who discontinued all components of NIVO + IPI + chemo due to TRAEs (n = 61), the 4-year OS rate was 41% (Figure 6), 
median OS was 27.5 months, and ORR was 51%

Safety
• Safety in all treated patients was consistent with previous reports,6,7 and no new safety signals were identified

• Grade 3–4 TRAEs occurred in 48% of patients in the NIVO + IPI + chemo arm and 38% in the chemo arm; any-grade TRAEs leading to 
discontinuation occurred in 22% and 9% of patients, respectively
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Conclusions
• With a 4-year minimum follow-up, patients treated with NIVO + IPI + chemo continued to derive long-term, durable OS benefit 

vs chemo alone regardless of tumor PD-L1 expression or histology

• OS benefit with NIVO + IPI + chemo compared with chemo alone was observed in all histology and PD-L1–level subgroups analyzed

 — Greater benefits were observed in the PD-L1 < 1%  or SQ NSCLC populations

 — PFS and DOR benefit were also maintained in patients with tumor PD-L1 < 1% or SQ NSCLC

• Discontinuation of NIVO + IPI + chemo due to TRAEs did not negatively impact the long-term clinical or efficacy benefit,  
with a 4-year OS rate of 41%

 — Of these patients, 27% were alive and treatment-free 4 years after discontinuing study therapy

• No new safety signals were reported

• These data further support the use of NIVO + IPI + chemo as an efficacious first-line treatment option for patients with metastatic 
NSCLC, particularly for those with tumor PD-L1 < 1% or SQ histology, which are populations with high unmet needs
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Background
• The combination of nivolumab plus ipilimumab (NIVO + IPI), immune checkpoint inhibitors with distinct but complementary 

mechanisms of action,1,2 has shown long-term, durable overall survival (OS) benefit in the treatment of several advanced cancers,3–5 
including metastatic non-small cell lung cancer (NSCLC)6–9

• In the randomized phase 3 CheckMate 9LA study, first-line NIVO + IPI plus 2 cycles of chemotherapy (chemo) significantly improved 
OS vs chemo alone (4 cycles) in patients with metastatic NSCLC6–8

• Here, we present the updated efficacy and safety results of CheckMate 9LA, with a minimum follow-up of 4 years, including analyses 
of OS by histology and programmed death ligand 1 (PD-L1) levels

Methods
• Adults with stage IV/recurrent NSCLC (no known sensitizing epidermal growth factor receptor [EGFR]/anaplastic lymphoma kinase 

[ALK] alterations) and Eastern Cooperative Oncology Group performance status (ECOG PS) 0 or 1 were enrolled in CheckMate 9LA 
(NCT03215706) and randomized 1:1 to NIVO + IPI + 2 cycles of chemo or to 4 cycles of chemo alone (Figure 1)

• OS, progression-free survival (PFS), objective response rate (ORR), and duration of response (DOR) were assessed in all randomized 
patients and in patients by PD-L1 or by histology

• Efficacy was also assessed in patients who discontinued all components of NIVO + IPI + chemo due to treatment-related adverse 
events (TRAEs)

Table 1. Efficacy in all randomized patients and subgroups by PD-L1 or histology

ITT PD-L1 < 1% PD-L1 ≥ 1% SQ NSQ

NIVO +  
IPI + chemo
(n = 361)

Chemo
(n = 358)

NIVO +  
IPI + chemo
(n = 135)

Chemo
(n = 129)

NIVO +  
IPI + chemo
(n = 204)

Chemo
(n = 204)

NIVO +  
IPI + chemo
(n = 115)

Chemo
(n = 112)

NIVO +  
IPI + chemo  
(n = 246)

Chemo  
(n = 246)

Median PFS, 
mo (95% CI) 

6.7  
(5.6–8.0) 

5.3 
(4.4–5.6)

5.8 
(4.4–7.7)

5.0 
(4.2–5.8)

6.9
(5.6–8.9)

4.7
(4.2–5.6)

5.6
(4.3–9.7)

4.3 
(4.2–5.2)

6.9
(5.5–8.4)

5.6
(4.6–5.8)

HR  
(95% CI)

0.70  
(0.59–0.83)

0.70  
(0.53–0.92)

0.70  
(0.56–0.87)

0.64  
(0.48–0.86)

0.75  
(0.61–0.91)

4-y PFS rate, % 
(95% CI) 

12  
(8–15)

5  
(3–8)

12  
(7–19)

3  
(0–8)

12  
(8–17)

6  
(3–11)

8  
(4–15)

4  
(1–11)

13  
(9–18)

5  
(3–10)

ORR, n (%)  
[95% CI]

137 (38)
[33–43]

90 (25)
[21–30]

42 (31)
[23–40]

26 (20)
[14–28]

87 (43)
[36–50]

56 (28)
[22–34]

56 (49)
[39–58]

35 (31)
[23–41]

81 (33)
[27–39]

55 (22)
[17–28]

Ongoing 
response at 
4 y, % (95% CI)

25
(17–33)

12
(6–20)

29
(15–45)

0 24
(15–34)

15
(7–26)

17
(8–29)

6
(1–17)

30
(19–41)

16
(7–28)

Database lock: February 13, 2023; minimum/median follow-up for OS: 47.9/54.5 months. 
CI, confidence interval; HR, hazard ratio; ITT, intention-to-treat; mo, month; y, year.
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Figure 5. OS in subgroups by PD-L1 expression and histology
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Figure 6. Efficacy in patients who discontinued NIVO + IPI + chemo due to TRAEsa

Database lock: February 13, 2023; minimum/median follow-up for OS: 47.9/54.5 months. 
aPost hoc analysis includes patients with TRAEs (reported between first dose and 30 days after the last dose of study treatment) leading to the discontinuation of all components of study treatment. 
b95% CIs for patients who discontinued due to TRAEs and all randomized, respectively: 29–53 and 17–25.
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Figure 1. CheckMate 9LA study design7

Database lock: February 13, 2023; minimum/median follow-up for OS: 47.9/54.5 months.
Figure reproduced from Paz-Ares L, et al. Lancet Oncol 2021;22:198–211, with permission from Elsevier.
aDetermined by the PD-L1 IHC 28-8 pharmDx assay (Dako). bPatients unevaluable for PD-L1 were stratified to PD-L1 < 1% and capped to 10% of all randomized patients. cNSQ: pemetrexed + cisplatin 
or carboplatin; SQ: paclitaxel + carboplatin. dHierarchically statistically tested.
BICR, blinded independent central review; IHC, immunohistochemistry; NSQ, non-squamous; Q3W, every 3 weeks; Q6W, every 6 weeks; R, randomized; SQ, squamous. 

Results
Patients and analysis populations
• Baseline characteristics for the full randomized population have been previously reported and were balanced across  

all treatment groups8,9 

 — Among all patients (n = 719), 492 (68%) had NSQ histology and 264 (37%) had PD-L1 tumor status < 1%

Subsequent therapy
• In all randomized patients, subsequent systemic therapy was received by 37% (NIVO + IPI + chemo) and 49% (chemo) of patients

 — Subsequent immunotherapy was received by 7% and 36% and subsequent platinum-doublet chemo by 20% and 6% of patients, 
respectively

Efficacy in all randomized patients and by PD-L1 expression and histology
• NIVO + IPI + chemo continued to improve all efficacy outcomes vs chemo at 4 years, regardless of tumor PD-L1 expression or histology 

(Table 1 and Figures 2–4) 

• A greater magnitude of efficacy benefit with NIVO + IPI + chemo was observed in patients with tumor PD-L1 expression < 1% (Table 1, 
and Figures 3A and 4B) or SQ histology (Table 1 and Figure 3C)

• Further efficacy analysis showed a trend for improved OS with NIVO + IPI + chemo vs chemo in each PD-L1 subgroup across SQ and 
NSQ histology (Figure 5) 

• Among patients who discontinued all components of NIVO + IPI + chemo due to TRAEs (n = 61), the 4-year OS rate was 41% (Figure 6), 
median OS was 27.5 months, and ORR was 51%

Safety
• Safety in all treated patients was consistent with previous reports,6,7 and no new safety signals were identified

• Grade 3–4 TRAEs occurred in 48% of patients in the NIVO + IPI + chemo arm and 38% in the chemo arm; any-grade TRAEs leading to 
discontinuation occurred in 22% and 9% of patients, respectively
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Figure 3. OS in subgroups by PD-L1 expression or histology
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improved survival compared with ChT across each of the
PD-L1 strata as well. Based on the results from KEYNOTE-
189, pembrolizumab in combination with pemetrexed and
platinum ChT should be considered a standard treatment
option in metastatic non-squamous non-small-cell
carcinoma.

Atezolizumabebevacizumabecarboplatinepaclitaxel. In
the IMpower150 trial (N ¼ 1202),16 patients were rando-
mised to ChTebevacizumab or ChTeatezolizumab or ChTe
atezolizumabebevacizumab. At final analysis with 32
months of minimum follow-up, the addition of atezolizumab
and bevacizumab significantly improved OS compared with
ChTebevacizumab (HR 0.80, 95% CI 0.67-0.95), with an
mOS of 19.5 versus 14.7 months in the intention-to-treat

wildtype population.24 OS was not significantly superior
for atezolizumabeChT versus bevacizumabeChT (HR 0.84,
95% CI 0.71-1.00). Results from IMpower150 place the
combination of atezolizumabebevacizumabecarboplatine
paclitaxel as a therapeutic option in patients with meta-
static non-squamous non-small-cell carcinoma.

Nivolumabeipilimumabeabbreviated ChT. In
CheckMate-9LA (N ¼ 719; n ¼ 495 non-squamous non-
small-cell carcinoma patients),18 patients were randomised
1 : 1 to receive an abbreviated course of ChT (two cycles)
plus nivolumabeipilimumab or standard ChT alone. With a
median follow-up of 31 months, the addition of ICIs
improved OS: mOS 15.8 versus 11.0 months (HR 0.72, 95%
CI 0.61-0.86).25

Figure 2. Treatment algorithm for stage IV NSqNSCC after negative findings on molecular tests and without contraindication for immunotherapy.
Purple: general categories or stratification; white: other aspects of management; blue: systemic anticancer therapy; turquoise: combination of treatments or other
systemic treatments.
BSC, best supportive care; ChT, chemotherapy; CPG, Clinical Practice Guideline; ECOG, Eastern Cooperative Oncology Group; EMA, European Medicines Agency; FDA,
Food and Drug Administration; ICI, immune checkpoint inhibitor; LRT, local radical therapy; MCBS, ESMO-Magnitude of Clinical Benefit Scale; NSqNSCC, non-squamous
non-small-cell carcinoma; mNSCLC, metastatic non-small-cell lung cancer; NSCLC, non-small-cell lung cancer; PD-L1, programmed death-ligand 1; PS, performance
status; TC, tumour cell.
aPlease see the ESMO CPG on oncogene-addicted mNSCLC for MET/EGFR ex20ins/KRAS/NTRK/HER2 testing necessary for second-line treatment options and the
decision rationale for platinum-doublet ChT, immunotherapy monotherapy or chemo-immunotherapy.2
bIf positive molecular test, please refer to the ESMO CPG on oncogene-addicted mNSCLC.2
cESMO-MCBS v1.1109 was used to calculate scores for new therapies/indications approved by the EMA or FDA. The scores have been calculated by the ESMO-MCBS
Working Group and validated by the ESMO Guidelines Committee (https://www.esmo.org/guidelines/esmo-mcbs/esmo-mcbs-evaluation-forms).
dIf oligoprogression, consider local therapy and continue systemic therapy.
eSelection of type of ChT also dependent on first-line therapy.
fFDA approved, not EMA approved.
gRe-challenge with PD-L1 might be considered if ICI was discontinued previously, but not for progressive disease or severe toxicity.
hOther options are pemetrexed if not given in first line [I, B], docetaxel [I, B], nintedanibedocetaxel [II, B], ramucirumabedocetaxel [I, B; MCBS 1].
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decision rationale for platinum-doublet ChT, immunotherapy monotherapy or chemo-immunotherapy.2
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cESMO-MCBS v1.1109 was used to calculate scores for new therapies/indications approved by the EMA or FDA. The scores have been calculated by the ESMO-MCBS
Working Group and validated by the ESMO Guidelines Committee (https://www.esmo.org/guidelines/esmo-mcbs/esmo-mcbs-evaluation-forms).
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eSelection of type of ChT also dependent on first-line therapy.
fFDA approved, not EMA approved.
gRe-challenge with PD-L1 might be considered if ICI was discontinued previously, but not for progressive disease or severe toxicity.
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2-year survival rates were significantly longer for patients given pem-
etrexed (58% and 32%, respectively) than for those given placebo
(45% and 21%; Table 1).

Assessment of OS from the start of induction therapy (rather
than from random assignment to maintenance) was consistent with
the primary analysis, with no change in the HR (Fig 2B). The median
OS measured from induction was 16.9 months (95% CI, 15.8 to 19.0
months) for pemetrexed and 14.0 months (95% CI, 12.9 to 15.5
months) for placebo.

Although prior publications reported PFS, the primary efficacy
end point, measured from the time of random assignment,17 Figure
2C demonstrates reassessment of investigator-assessed PFS by using
data from the current (OS) datalock 20 months later. The unadjusted
HR of 0.60 (95% CI, 0.50 to 0.73; P ! .001) was similar to the HR
originally reported: 0.62 (95% CI, 0.49 to 0.79; P ! .001).17

Additional prespecified analyses examined OS in subgroups
based on baseline characteristics. The impact of pemetrexed mainte-
nance treatment on OS was consistent for all subgroups (Fig 3) and
similar to that observed for subgroups in the primary analysis of PFS.17

Figures 4A and 4B show a clear separation between the curves for both
CR/PR and SD induction response subgroups, respectively, that nu-
merically favors the pemetrexed arm. However, the study was not
adequately powered for these two subgroups, and the differences were
not statistically significant. Survival for all randomly assigned pa-
tients with CR/PR induction response yielded an unadjusted HR of
0.81 (95% CI, 0.59 to 1.11) and median OS of 15.5 months (95%
CI, 12.5 to 18.8 months) for pemetrexed (n " 159) versus 11.2
months (95% CI, 8.4 to 15.8 months) for placebo (n " 75).
Patients with an induction response of SD had an unadjusted HR
of 0.76 (95% CI, 0.57 to 1.01) and median OS of 13.7 months (95%
CI, 12.5 to 15.8 months) for pemetrexed (n " 190) versus 11.1
months (95% CI, 9.8 to 13.8 months) for placebo (n " 95). There
was not a significant interaction term of response by treatment
(CR/PR v SD; P " .731) by using the Cox model of response,
treatment, and response by treatment interaction.

Postdiscontinuation Therapy
Postdiscontinuation therapy use after maintenance was at the

discretion of the investigator. The fraction of randomly assigned pa-
tients receiving additional therapy was similar in both arms: 64.3%
(n"231) for pemetrexed and 71.7% (n"129) for placebo (Appendix
Table A2, online only). Postdiscontinuation selections were well bal-
anced between treatment groups, with the exception of docetaxel
(32.3% in the pemetrexed arm and 43.3% in the placebo arm), and the
majority of patients received an approved second-line treatment (do-
cetaxel or erlotinib). As expected with pemetrexed induction treat-
ment, the use of second-line pemetrexed was low on both treatment
arms: 1.9% for pemetrexed versus 3.9% for placebo.

Updated Safety Analysis
To detect any new safety findings, an updated safety analysis was

performed that included data collected for 7 months (July 1, 2010, to
February 7, 2011) after the primary end point analysis.17 At the time of
the data cutoff, 44 patients (8.2% of the study population) remained
on study treatment: 41 (11.4%) receiving pemetrexed and three
(1.7%) receiving placebo.17

0
Su

rv
iva

l P
ro

ba
bil

ity
 (%

)
Time From Random Assignment (months)

1.0

0.8

0.6

0.4

0.2

3933 3630272421181512963

Pem + BSC
Placebo + BSC

No. at risk
Pem + BSC 359 333 272 235 200 166 138 105 79 43 15 2 0
Placebo + BSC 180 169 131 103 78 65 49 35 23 12 8 3 0

0

Su
rv

iva
l P

ro
ba

bil
ity

 (%
)

Time From Induction (months)

1.0

0.8

0.6

0.4

0.2

3933 3630272421181512963

Pem + BSC
Placebo + BSC

No. at risk
Pem + BSC 359 335 276 234 200 164 138 106 77 42 15 2 0
Placebo + BSC 180 168 132 103 78 63 49 35 23 12 8 3 0

0

Pr
og

re
ss

ion
-F

re
e S

ur
viv

al 
(%

)

Time (months)

1.0

0.8

0.6

0.4

0.2

3933 3630272421181512963

Pem + BSC
Placebo + BSC

Pemetrexed: median = 4.4 mos (4.1 to 5.7 mos)
Placebo: median = 2.8 mos (2.6 to 3.0 mos)
Log‐rank P < .001
Unadjusted HR: 0.60 (0.50 to 0.73)

Pemetrexed: median = 16.9 mos (15.8 to 19.0 mos)
Placebo: median = 14.0 mos (12.9 to 15.5 mos)
Log-rank P = .0191
Unadjusted HR: 0.78 (0.64 to 0.96)

Pemetrexed: median = 13.9 mos (12.8 to 16.0 mos)
Placebo: median = 11.0 mos (10.0 to 12.5 mos)
Log-rank P = .0195
Unadjusted HR: 0.78 (0.64 to 0.96)

No. at risk
Pem + BSC 359 215 139 97 67 47 32 22 16 10 5 0
Placebo + BSC 180 75 33 16 9 7 6 4 2 0 0 0

A

B

C

Fig 2. Kaplan-Meier plots of overall survival (OS) and progression-free survival (PFS)
from randomly assigned patients. (A) OS as measured from random assignment for
maintenance treatment. (B) OS as measured from the start of induction treatment,
excluding patients who were not randomly assigned to maintenance because of
disease progression or other reasons for discontinuing during induction treat-
ment. (C) PFS reassessed at the time of OS data cutoff. PFS for maintenance
treatment was calculated to the first date of objectively determined progressive
disease or death. Patients who had not progressed or died as of the data cutoff
date were censored at the date of the last tumor assessment. BSC, best
supportive care; HR, hazard ratio; mos, months; Pem, pemetrexed.
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Approximately 41.9% of all randomly assigned patients
(46.6% and 37.2% of patients on the pemetrexed and do-
cetaxel arms, respectively) received additional anticancer drug
therapy after going off-study. Approximately 31.8% of pa-
tients randomly assigned to the pemetrexed arm eventually
received docetaxel off-protocol. The median survival was 9.5
months for this group and 11.2 months for patients on the

docetaxel treatment arm that received any other poststudy
chemotherapy. Only 1.8% of all patients received gefitinib
(Iressa; AstraZeneca UK Limited, Cheshire, UK) poststudy.

Multiple Regression Analysis
CMR analysis was performed on 532 patients to iden-

tify additional factors that affected survival and to estimate

Table 2. Summary of Time-To Event-Variables (ITT)

Variable Pemetrexed Group! (n ! 283) Docetaxel Group (n ! 288) HR 95% CI P

Progression-free survival 0.97 0.82 to 1.16 .759‡
Median, months† 2.9 2.9
Range, months 0-18.2 0-19.5
Patients censored, % 6.4 10.4

Time-to-progression 0.97 0.80 to 1.17 .721‡
Median, months† 3.4 3.5
Range, months 0.5-18.2 0.3-19.5
Patients censored, % 24.7 27.8

Time-to-treatment failure 0.84 0.71 to 0.997 .046‡
Median, months† 2.3 2.1
Range, months† 0.0-18.2 0.0-13.1
Patients censored, % 1.4 1.7

Duration of response 0.77 0.40 to 1.47 .427‡
Median, months† 4.6 5.3
Range, months† 2.1-15.3 1.7-11.7
Patients censored, % 25.0 16.7

Duration of clinical benefit 0.91 0.71 to 1.16 .450‡
Median, months† 5.4 5.2
Range, months† 1.2-18.2 1.5-14.6
Patients censored, % 10.3 13.9

Time-to-response NA NA .105§
Median, months 1.7 2.9
Range, months 1.2-4.3 1.4-7.8

Abbreviations: ITT, intent-to-treat; HR, hazard ratio; NA, not assessable.
!Pemetrexed (n ! 282) in time-to-treatment failure analysis.
†Median time-to-event value calculated using Kaplan-Meier method.
‡Comparison of hazard ratio between treatment arms using the Cox Proportional Hazard model.
§Analysis of variance P value.

Fig 2. Median survival time (MST).
Mo, months; yr, year; Pts, patients.
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Introduction: Small cell lung cancer (SCLC) is a highly aggressive
cancer with limited treatment options and a generally poor prognosis
that has not appreciably changed despite recently approved therapies.
Importantly, therapeutic options for SCLC patients have been focused
on unselected populations as SCLC was thought to be a relatively ho-
mogenous malignancy in the past. Recently, our group and others
identified four major distinct subgroups of SCLC (Gay CM et al. Cancer
Cell 2021). Three of the four subtypes are defined by the predominant
expression of a specific transcription factor, ASCL1 (SCLC-A), NEUROD1
(SCLC-N) and POU2F3 (SCLC-P) while the fourth subtype is defined by
an inflamed phenotype (SCLC-I). We demonstrated that these sub-
groups are associated with distinct therapeutic vulnerabilities. For
example, in the phase III IMpower133 trial which assessed the addition
of atezolizumab to platinum-etoposide chemotherapy, the SCLC-I sub-
type had the highest benefit of the addition to immunotherapy (Gay CM.
et al. Cancer Cell. 2021). Consequently, we hypothesized that patients
would benefit from a subtype-specific treatment approach. Therefore,
the development of robust and practical selective biomarkers to define
those subtypes in a clinical context is urgently needed. We have pre-
viously reported on a DNA methylation-based classifier (SCLC-DMC)
with 98% accuracy (AACR 2022). Here we extend our initial findings by
translating our initial classifier in a liquid biopsy assay (SCLC-cfDMC)
with high accuracy across multiple cohorts of plasma samples to enable
personalized treatments in SCLC based on liquid biopsies. Methods:
We used reduced representation bisulfite sequencing (RRBS) with a
protocol that we have specifically amended for the use of fragmented

DNA from FFPE and cfDNA samples in order to analyze > 100 samples
across different clinical cohorts of predominantly extensive-stage SCLC
patients. Based on our initial SCLC-DMC we used consensus classifi-
cation by combining 2000 extreme-gradient boosting machine learning
models in order to classify samples based on their overlap in prediction
with samples with >50% consensus being classified into the respective
subtype. Results: By applying our SCLC-DMC on additional cohorts we
could confirm the >90% accuracy compared to our initial classification
using RNAseq. While the tissue-trained SCLC-DMC performed well on
the plasma samples with >80% accuracy, we could adapt the algorithm
by maintaining the same DNA methylation sites and increased the
classification accuracy to >90%, a significant and clinically relevant
improvement. Importantly, we could demonstrate that clinical outcome
with our DNA methylation based classification is not different to clas-
sification based on our RNA-based approach (SCLC-A HR (95%CI) RNA
vs SCLC-DMC ¼ 1.57 (0.84-2.95); SCLC-N ¼ 0.93 (0.4-2.15)) high-
lighting that DNA methylation-based classification can enable clinically
relevant subtyping in SCLC. Conclusions: SCLC subtyping has paved
the way to enable personalized treatments but robust classification in
clinical trials needs to be established. Here we demonstrate that DNA
methylation can provide accurate classification of SCLC in clinical
samples. Additionally, we highlight that this approach can be used in a
liquid biopsy setting dramatically expanding access to such a classifi-
cation system to enable subtype-specific clinical trials in SCLC. Key-
words: SCLC, Liquid Biopsy, DNA methylation
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Introduction: Although our knowledge of small cell lung cancer (SCLC)
molecular subtypes has grown significantly over the recent years,
translating this information into clinics has been less effective. This
may in part be due to the unique nature of SCLC where most patients
present at an inoperable stage, and diagnostic biopsies do not provide
enough material for profiling studies that can also address tumor
heterogeneity. Therefore, the tissue distribution and prognostic rele-
vance of subtype-specific proteins (ASCL1, NEUROD1, POU2F3, YAP1)
are largely unexplored in SCLC. Methods: Expression of subtype-spe-
cific transcription factors and P53 and RB1 proteins were measured by
immunohistochemistry (IHC) in 386 surgically resected SCLC samples.
Correlations between subtype-specific proteins and in vitro efficacy of

Table.

Cohort 1 Cohort 2

Pembrolizumab
Monotherapy

Pembrolizumab +
Chemotherapy

n [ 58 n [ 16

OS, median (95% CI), moa 27.5 (21.7-NR) NR (NR-NR)
6-mo OS rate, % (95% CI) 85.4 (72.9-92.4) 86.2 (55.0-96.4)
PFS,a,b median (95% CI), mo 8.2 (5.3-14.0) 7.7 (1.8-NR)
6-mo PFSb rate, % (95% CI) 59.6 (45.0-71.5) 58.3 (27.0-80.1)
ORR,b % (95% CI) 19.0 (9.9-31.4) 6.3 (0.2-30.2)
SD, n (%) 31 (53.4) 7 (43.8)
DCR, n (%) 42 (72.4) 8 (50.0)

DCR, disease control rate (CR + PR + SD); NR, not reached; SD, stable disease.
a From start of second-course pembrolizumab.
bBy investigator review per RECIST v1.1.
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Stage IV	NSCLC	wt
Take-home	messages

ü Stage IV NSCLC WT: 1L Treatment approach by histology & PS + PD-L1 level: IO exceptions?

PS 0-1 & PD-L1 ≥50%: 1L monotherapy IO (vs CT+IO?-local restrictions)
2L Platinum-based CT (schedule by histology)

PS 0-1 & any PD-L1: 1L Platinum-based CT + IO (several options by histology)
PD-L1 negative=special value of double IO +/- CT

2L CT+/-antiangiogenics (Non-Sq histology)

PS2 & any PD-L1: 1L Platinum-based CT vs monoCT (IO alone=III evidence level)
2L monotherapy IO

PS3-4: BSC

ü Clinical +/- translational ongoing research is required to support current considerations
(rechallenge, IO duration, unselected population, etc)
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