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Abstract Background: Atezolizumab (antieprogrammed death-ligand 1 [PD-L1]) received

approval from the US Food and Drug Administration and European Medicines Agency for

previously treated advanced nonesmall-cell lung cancer based on OAKda randomised, phase

III trial that showed significantly improved survival with atezolizumab versus docetaxel

regardless of PD-L1 expression. With longer follow-up, we summarised the characteristics

of long-term survivors (LTSs).

Methods: In OAK (NCT02008227), patients were randomised 1:1 to receive atezolizumab or

docetaxel until loss of clinical benefit or disease progression, respectively. Overall survival was
chkliniken München-Gauting, Robert-Koch-Allee 2, Gauting, Germany.

om (J. von Pawel).

0

ts reserved.

Delta:1_-
Delta:1_ 
Delta:1_z
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:j.pawel@asklepios.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejca.2018.11.020&domain=pdf
https://doi.org/10.1016/j.ejca.2018.11.020
www.sciencedirect.com/science/journal/09598049
www.ejcancer.com
https://doi.org/10.1016/j.ejca.2018.11.020
https://doi.org/10.1016/j.ejca.2018.11.020


J. von Pawel et al. / European Journal of Cancer 107 (2019) 124e132 125
evaluated after a 26-month minimum follow-up, including in patient subgroups defined by

best overall response (BOR). LTSs were defined as patients who lived �24 months since ran-

domisation. Non-LTSs died within 24 months, and patients censored before 24 months were

excluded from the analysis. The baseline characteristics, including biomarkers, BOR, subse-

quent non-protocol therapy (NPT) and safety, are reported.

Results: Survival benefit with atezolizumab was observed across all patient subgroups defined

by BOR. More atezolizumab-treated patients were LTSs versus those treated with docetaxel

(28% versus 18%). Most atezolizumab responders were LTSs (77%) versus only 48% of doc-

etaxel responders. However, 21% of atezolizumab-arm LTSs had progressive disease (PD)

as BOR, and more atezolizumab-arm LTSs than non-LTSs continued treatment post-PD.

Fifty-two percent of docetaxel-arm LTSs received immunotherapy as subsequent NPT.

Despite extended treatment duration in atezolizumab-arm LTSs (median, 18 months), atezo-

lizumab was well tolerated.

Conclusions: After >2 years of follow-up, atezolizumab continued to provide durable survival

benefit versus docetaxel, with tolerable safety. Atezolizumab-arm LTSs were enriched for pa-

tients with high PD-L1 expression and included PD-L1enegative patients. Long-term survival

was not limited to responders.

ª 2018 Elsevier Ltd. All rights reserved.
1. Introduction

Globally, lung cancer is the leading cause of cancer-related

mortality [1]. Patients with locally advanced or metastatic

nonesmall-cell lung cancer (NSCLC) have historically

experienced poor clinical outcomes, with a 5-year survival

rate of <5% [2]. Recent advances have provided new
therapeutic options for patients with advanced NSCLC,

including immune checkpoint inhibitors that aim to

harness the immune system to eradicate cancer.

Atezolizumab is a humanised monoclonal antibody

that targets programmed death-ligand 1 (PD-L1) [3] and

blocks the binding of PD-L1 to its receptors pro-

grammed death-1 (PD-1) and B7.1, thus restoring anti-

tumour immunity [4e6]. Targeting PD-L1 with atezo-
lizumab may also maintain immune homeostasis in

normal tissue by preserving the programmed death-

ligand 2/PD-1 interaction [7,8].

The global, randomised, phase III clinical trial, OAK

(NCT02008227), compared the efficacy and safety of

atezolizumab versus docetaxel in patients with previously

treated locally advanced or metastatic NSCLC [9]. In the

primary analysis (data cut-off: July 7, 2016; median
follow-up, 21 months), overall survival (OS) improved

with atezolizumab (median, 13.8months) versus docetaxel

(median, 9.6 months; hazard ratio [HR], 0.73 [95% confi-

dence interval {CI}: 0.62, 0.87]; PZ 0.0003) in the intent-

to-treat (ITT) population and across PD-L1 subgroups

and NSCLC histologies [9]. These results led to approval

of atezolizumab in previously treated patients with

NSCLC in theUnited States, EUand additional countries
worldwide [10,11]. The secondary analysis of the OAK

study (data cut-off: January 23, 2017; median follow-up,

28 months) continued to demonstrate improved OS with

atezolizumab (median, 13.8 months) compared with
docetaxel (median, 9.6 months; HR, 0.75 [95% CI: 0.64,
0.89]; P Z 0.0006) in the primary efficacy population

(ITT850), with a landmark 2-year OS rate of 30.9% with

atezolizumab versus 21.1% with docetaxel [12]. Patients

with the highest level of PD-L1 expression (on � 50% of

tumour cells [TC] or on �10% of tumour-infiltrating im-

mune cells [IC] [TC3 or IC3]) experienced the greatest

survival benefit with atezolizumab (HR, 0.40 [95% CI:

0.27, 0.61]; P < 0.001), with landmark 2-year OS rates of
43.2% and 17.4%, respectively (Fig. S1) [12]. However,

patients in the PD-L1enegative subgroup (expression

on < 1% of TC and IC [TC0 and IC0]) also had signifi-

cantly improved survival (HR, 0.77 [95% CI: 0.61, 0.97];

P Z 0.026), with landmark 2-year OS rates of 30.0% and

18.3%, respectively (Fig. S1) [12]. An improved 2-year OS

rate with atezolizumab versus docetaxel was also seen

across tumour histologies: non-squamous (34.7% versus
24.4%) and squamous (19.7% versus 12.2%) [12].

Here, OS by best response and characteristics of pa-

tients who experienced long-term survival in OAK are

reported.
2. Material and methods

The OAK study design was previously reported [9]. Pa-

tients had disease progression after 1e2 prior chemo-

therapy regimens, including �1 platinum-based therapy;

patients with EGFR- or ALK-altered tumours were

required to have received approved targeted therapy. All

patients provided signed informed consent, and the study

was conducted in full accordance with the guidelines for
Good Clinical Practice and the Declaration of Helsinki.

Atezolizumab was administered intravenously

(1200 mg every 3 weeks) until investigator-assessed loss

of clinical benefit, in the absence of unacceptable
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toxicity or symptomatic deterioration attributed to

progressive disease (PD). Docetaxel was administered

intravenously (75 mg/m2 every 3 weeks) until unac-

ceptable toxicity or PD.

Tumour assessments, per Response Evaluation

Criteria in Solid Tumours, version 1.1 (RECIST v1.1),

were performed at baseline and then every 6 weeks until

week 36 and every 9 weeks thereafter until PD or
treatment discontinuation for patients receiving atezo-

lizumab beyond progression. After discontinuation,

patients were followed for survival and subsequent non-

protocol therapy (NPT).

The co-primary end-points were OS in the ITT pop-

ulation and the PD-L1epositive subgroup (TC1/2/3 or

IC1/2/3), compared between treatment arms in the first

850 patients enrolled. Safety was assessed in all patients
who received study treatment. The incidence and

severity of adverse events (AEs) and laboratory abnor-

malities were assessed per the National Cancer Institute

Common Terminology Criteria for Adverse Events,

version 4.0. Immune-related AEs (irAEs) were defined

using the Medical Dictionary for Regulatory Activities

preferred terms, which included both diagnosed immune

conditions and signs and symptoms potentially repre-
sentative of immune-related eventsdregardless of

investigator-assessed causality.

OS was compared between treatment arms with a

stratified log-rank test at the two-sided significance level.

KaplaneMeier analysis was used to estimate median

OS, and the Brookmeyer-Crowley methodology was

used to estimate 95% CIs. HRs were estimated with a

stratified Cox regression analysis. Progression-free sur-
vival, objective response rate (ORR) and duration of

response were analysed as previously described [9].

Survival of 2 years is considered exceptional in pa-

tients with previously treated advanced NSCLC; his-

torically, the median OS has been z5.5e10.4 months

[13e17]. Therefore, long-term survivors (LTSs) were

defined as patients who lived �24 months from the time

of randomisation. Non-LTSs were defined as patients
who died within 24 months from the time of random-

isation. Patients censored prior to 24 months were

excluded from these analyses.

Biomarkers were evaluated in baseline tumour sam-

ples. PD-L1 expression was evaluated by immunohis-

tochemistry, as previously described [9]. Expression of

the T-effector gene signature (CD274, IFNG and

CXCL9) [18] was assessed by polymerase chain reaction.
3. Results

Of the first 850 patients enrolled in OAK, 425 were
randomised to receive atezolizumab and 425 to doce-

taxel [9]. At the time of data cut-off (January 23, 2017),

the median follow-up was 28 months with a minimum

follow-up of 26 months.
3.1. OS by best overall response

Across subgroups defined by best overall response
(BOR), OS improved with atezolizumab versus doce-

taxel (Fig. 1). Patients who had a response experienced

the greatest OS benefit with atezolizumab (HR, 0.35

[95% CI: 0.19, 0.64]; Fig. 1). However, non-responders

also had improved survival with atezolizumab: stable

disease (SD) (HR, 0.73 [95% CI: 0.57, 0.95] and PD

(HR, 0.76 [95% CI: 0.59, 0.98]) (Fig. 1).

In the atezolizumab arm, the 2-year OS rate was 77%
in patients who had a response, 33% in patients who had

SD and 17% in patients who had PD as best response; in

the docetaxel arm, the respective values were 48%,

27% and 7%. The OS benefit observed with atezolizu-

mab versus docetaxel across subgroups defined by BOR

was observed in patients with both non-squamous and

squamous histology (Fig. S2).

3.2. Long-term survivors

In the atezolizumab arm, 398 patients were included in
the analysis (27 patients censored before 24 months were

excluded). Of these, 119 patients (30%) were LTSs

(Fig. 2), and 279 (70%) were non-LTSs. In the docetaxel

arm, 376 patients were included (49 patients censored

before 24 months were excluded), and 77 (20%) were

LTSs (Fig. S3), and 299 (80%) were non-LTSs.

In both arms, baseline characteristics showed enrich-

ment for female patients, non-squamous histology and
Eastern Cooperative Oncology Group performance sta-

tus (ECOG PS) of 0 in LTSs versus non-LTSs (Table 1).

History of tobacco use, number of prior therapies and

EGFR mutation status were similar between LTSs and

non-LTSs in both treatment arms.

3.3. Evaluation of biomarkers in LTSs

Atezolizumab-arm LTSs were enriched for patients with

the highest level of PD-L1 expression (TC3 or IC3) and

who had higher expression of the T-effector gene signa-
ture compared with non-LTSs (Table 1). Twenty-four

percent of atezolizumab-arm LTSs were TC3 or IC3

versus 14% of non-LTSs. Median T-effector gene signa-

ture expression was 1.7-fold higher in atezolizumab-arm

LTSs versus non-LTSs (�1.61 versus �2.40). Long-term

survival was not limited to patients with PD-

L1eexpressing tumours; 40% of atezolizumab-arm LTSs

had PD-L1enegative tumours (TC0 and IC0), compa-
rable to atezolizumab-arm non-LTSs (43%).

3.4. Sites of disease at baseline and progression

At baseline, LTSs in both treatment arms had fewer bone

and liver metastases compared with non-LTSs, while the

frequencies of brain and adrenal metastases were similar

(Fig. S4A). Eighty-five atezolizumab-arm LTSs (71%)



Fig. 1. Long-term survival by best overall response in the OAK study with �26 months of follow-up. Hazard ratios for overall survival

(OS) in subgroups defined by best overall response. CR, complete response; ITT, intent-to-treat; PD, progressive disease; PR, partial

response; SD, stable disease.

Fig. 2. Profile of long-term survivors (LTSs) in the atezolizumab-arm. Duration of atezolizumab treatment and survival with best overall

response in LTSs (n Z 119) Patients are grouped by best overall response and sorted by duration of treatment. CR, complete response;

PD, progressive disease; PR, partial response; SD, stable disease.
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and 62 docetaxel-arm LTSs (81%) experienced PD, while

231 atezolizumab-arm (83%) and 216 docetaxel-arm

non-LTSs (72%) experienced PD (Table 2).

The occurrence of PD at both existing and new sites

in the atezolizumab-arm LTSs was less frequent (18%)

versus non-LTSs (30%), while PD at both existing and

new sites was similar between docetaxel-arm LTSs (19%)

and non-LTSs (21%; Table S1). Of the atezolizumab-
arm patients who had a new lesion at the time of PD,

non-LTSs had more new liver (14% versus 4%) and bone

(10% versus 6%) lesions compared with LTSs (Fig. S4B).

3.5. ORR in LTSs

Atezolizumab- and docetaxel-arm LTSs had higher

ORR (39% and 33%, respectively) compared with non-
LTSs (5% and 9%, respectively; Table 3). However, 77%

(46 of 60) of atezolizumab-arm responders were LTSs,

while only 48% (25 of 52) of docetaxel-arm responders

were LTSs. Twenty-one percent of atezolizumab-arm
LTSs had a BOR of PD versus 9% of docetaxel-arm

LTSs (Table 3; Figs. 2 and S3).

3.6. Treatment beyond progression and subsequent NPT

Of the atezolizumab-arm patients with PD, more LTSs

than non-LTSs were treated beyond progression (62%

versus 45%; Table 2). Fifty-three percent of
atezolizumab-arm LTSs and 71% of docetaxel-arm

LTSs received subsequent NPT; 52% of docetaxel-arm

LTSs received immunotherapy (e.g. checkpoint inhibi-

tor) as subsequent NPT. Erlotinib, bevacizumab and

osimertinib were the most common targeted therapies

given in all groups.

3.7. Duration of treatment in LTSs

The median treatment duration with atezolizumab was

18 months (range, 0e32) in LTSs and 2.1 months

(range, 0e19) in non-LTSs (Table 4). Thirty-eight



Table 1
Baseline characteristics in LTSs and non-LTSs.

Baseline characteristics Atezolizumab (n Z 398) Docetaxel (n Z 376)

LTSs (n Z 119) Non-LTSs (n Z 279) LTSs (n Z 77) Non-LTSs (n Z 299)

Median age (range), years 63 (35e81) 64 (33e82) 62 (41e84) 64 (34e85)

Aged � 65 years, n (%) 52 (44%) 127 (46%) 31 (40%) 149 (50%)

Sex, n (%)

Male 61 (51%) 183 (66%) 45 (58%) 186 (62%)

Female 58 (49%) 96 (34%) 32 (42%) 113 (38%)

Race, n (%)

White 84 (71%) 205 (74%) 52 (68%) 217 (73%)

Asian 27 (23%) 46 (17%) 20 (26%) 61 (20%)

Black 1 (1%) 4 (1%) 3 (4%) 6 (2%)

Othera 3 (3%) 10 (4%) 1 (1%) 4 (1%)

Unknown 4 (3%) 14 (5%) 1 (1%) 11 (4%)

ECOG PS, n (%)

0 60 (50%) 89 (32%) 48 (62%) 95 (32%)

1 59 (50%) 190 (68%) 29 (38%) 204 (68%)

Prior lines of therapy, n (%)

1 89 (75%) 209 (75%) 55 (71%) 231 (77%)

2 30 (25%) 70 (25%) 22 (29%) 68 (23%)

Tobacco use history, n (%)

Never 29 (24%) 47 (17%) 14 (18%) 45 (15%)

Current 18 (15%) 36 (13%) 10 (13%) 49 (16%)

Previous 72 (61%) 196 (70%) 53 (69%) 205 (69%)

EGFR mutation, n (%)

Positive 11 (9%) 26 (9%) 10 (13%) 24 (8%)

Negative 96 (81%) 204 (73%) 59 (77%) 214 (72%)

Unknown 12 (10%) 49 (18%) 8 (10%) 61 (20%)

EML4-ALK translocation, n (%)

Positive 2 (2%) 0 0 0

Negative 69 (58%) 142 (51%) 36 (47%) 131 (44%)

Unknown 48 (40%) 137 (49%) 41 (53%) 168 (56%)

KRAS mutation, n (%)

Positive 9 (8%) 17 (6%) 6 (8%) 24 (8%)

Negative 32 (27%) 62 (22%) 22 (29%) 62 (21%)

Unknown 78 (66%) 200 (72%) 49 (64%) 213 (71%)

Histology, n (%)

Non-squamous 100 (84%) 195 (70%) 65 (84%) 209 (70%)

Squamous 19 (16%) 84 (30%) 12 (16%) 90 (30%)

PD-L1 expression, n (%)

TC3 or IC3 28 (24%) 39 (14%) 10 (13%) 49 (16%)

TC2/3 or IC2/3 42 (35%) 81 (29%) 27 (35%) 92 (31%)

TC1/2/3 or IC1/2/3 71 (60%) 156 (56%) 45 (58%) 149 (50%)

TC0 and IC0 48 (40%) 119 (43%) 32 (42%) 147 (49%)

T-effector gene expressionb

Median �1.61 �2.40 �2.01 �2.41

Interquartile range �2.64, �0.58 �3.39, �0.87 �3.76, �1.21 �4.13, �1.27

Below the limit of detection, n (%) 6 (5%) 13 (17%) 29 (10%) 37 (12%)

ECOG PS, Eastern Cooperative Oncology Group performance status; IC, tumour-infiltrating immune cell; PD-L1, programmed death-ligand 1;

TC, tumour cell; LTSs, long-term survivors.

TC3 or IC3 Z PD-L1 expression of �50% on TC or �10% on IC; TC2/3 or IC2/3 Z PD-L1 expression of �5% on TC or IC; TC1/2/3 or IC1/2/

3 Z PD-L1 expression of �1% on TC or IC; TC0 and IC0 Z PD-L1 expression of <1% on TC and IC.
a ‘Other’ includes American Indian, Alaska native, Hawaiian native, other Pacific Islanders, other and multiple.
b 355 patients in the atezolizumab arm and 336 patients in the docetaxel arm were evaluable for T-effector gene expression.
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percent of atezolizumab-arm LTSs were treated beyond

24 months, and many LTSs in the atezolizumab arm

who were non-responders received treatment for an

extended duration (Fig. 2).

3.8. Safety profile in LTSs

Similar rates of grade 3e4 treatment-related AEs

(TRAEs) were reported in atezolizumab-arm LTSs and
non-LTSs (19% and 15%, respectively), and AEs leading

to treatment discontinuation were similar (9% and 8%,

respectively; Table 4). A higher rate of AEs leading to

treatment interruption was reported in LTSs (43%)
versus non-LTSs (19%). The most frequently occurring

TRAEs in atezolizumab-arm LTSs were grade 1e2 and

included diarrhoea (14%), fatigue (12%) and pruritus

(12%) (Fig. S5A). Atezolizumab-arm LTSs had an irAE

rate of 30% (Table 4); most of these irAEs were grade



Table 2
Treatment beyond progression and subsequent NPT in LTSs and non-LTSs.

Treatment beyond progression Atezolizumab (n Z 398) Docetaxel (n Z 376)

LTSs (n Z 119) Non-LTSs (n Z 279) LTSs (n Z 77) Non-LTSs (n Z 299)

PD per RECIST v1.1, n (%) 85 (71%) 231 (83%) 62 (81%) 216 (72%)

Treated beyond PD, n/N (%) 53/85 (62%) 105/231 (45%) NA NA

Received subsequent NPT, n (%)a 63 (53%) 149 (53%) 55 (71%) 142 (47%)

Immunotherapy 17 (14%) 7 (3%) 40 (52%) 38 (13%)

Nivolumab 15 (13%) 6 (2%) 37 (48%) 26 (9%)

Chemotherapy 47 (40%) 136 (49%) 28 (36%) 107 (36%)

Docetaxel 22 (19%) 91 (33%) 2 (3%) 8 (3%)

Vinorelbine 11 (9%) 23 (8%) 13 (17%) 30 (10%)

Carboplatin 9 (8%) 28 (10%) 8 (10%) 27 (9%)

Gemcitabine 8 (7%) 31 (11%) 12 (16%) 45 (15%)

Paclitaxel 7 (6%) 13 (5%) 3 (4%) 12 (4%)

Pemetrexed 6 (5%) 17 (6%) 8 (10%) 23 (8%)

Gimeracil/oteracil potassium/tegafur 5 (4%) 5 (2%) 2 (3%) 3 (1%)

Paclitaxel albumin 4 (3%) 4 (1%) 2 (3%) 4 (1%)

Cisplatin 1 (1%) 5 (2%) 1 (1%) 10 (3%)

Targeted therapy 27 (23%) 41 (15%) 21 (27%) 48 (16%)

Erlotinib 11 (9%) 24 (9%) 12 (16%) 36 (12%)

Bevacizumab 4 (3%) 4 (1%) 5 (6%) 6 (2%)

Osimertinib 4 (3%) 0 2 (3%) 2 (1%)

Afatinib 3 (2%) 2 (1%) 1 (1%) 5 (2%)

Crizotinib 2 (2%) 0 2 (3%) 0

LTSs, long-termsurvivors;NA,not applicable;NPT,non-protocol therapy; PD,progressive disease;RECIST, response evaluation criteria in solid tumors.
a Only subsequent NPT received by � 2% of all LTSs or all non-LTSs are listed individually.
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1e2 (Fig. S5B). The most frequently reported irAEs in

both populations were changes in liver function test

results (14%, LTSs; 6%, non-LTSs) and hypothyroidism

(9%, LTSs; 4%, non-LTSs).

4. Discussion

An updated OS analysis of OAK with extended follow-

up demonstrating a continued survival benefit with
atezolizumab versus docetaxel was recently reported

[12]. The responses and characteristics of the LTSs are

reported here. Atezolizumab treatment provided dura-

ble and superior OS benefit versus docetaxel across all

patient subgroups defined by BOR. While responders

had the greatest OS benefit, patients with SD or PD as

best response also had improved survival with atezoli-

zumab, indicating that non-responders also benefit from
atezolizumab treatment.
Table 3
Best overall response, DOR and PFS in the atezolizumab- and docetaxel-a

Treatment beyond progression Atezolizumab (n Z 398)

LTSs (n Z 119) Non-L

ORR, n (%) 46 (39%) 14 (5%

CR 5 (4%) 0

PR 41 (35%) 14 (5%

SD, n (%) 48 (40%) 97 (35%

PD, n (%) 25 (21%) 142 (51

Median DOR, months (95% CI) 26.3 (17.6, NE) 6.2 (4.2

Median PFS, months (95% CI) 11.3 (5.7, 14.8) 1.7 (1.5

CI, confidence interval; CR, complete response; DOR, duration of respo

progressive disease; PFS, progression-free survival; PR, partial response; S
The percentage of patients who were 2-year LTSs

(28%) differed from the 2-year OS rate (30.9%) in the

ITT population [12] because patients censored before 24

months were excluded. Long-term survival was associ-

ated with known favourable prognostic factors at

baseline (non-squamous histology, female sex, ECOG

PS and sites of metastatic disease) in both treatment

arms, suggesting that these factors may similarly affect
immunotherapy and chemotherapy benefit.

Consistent with prior results showing clinical benefit

across PD-L1 expression subgroups [9], long-term sur-

vival in the atezolizumab arm was not restricted to pa-

tients with high PD-L1eexpressing tumours; 40% of

atezolizumab-arm LTSs had PD-L1enegative tu-

mours. However, atezolizumab-arm LTSs were enriched

for high PD-L1eexpressing tumours compared with
atezolizumab-arm non-LTSs; no comparable enrich-

ment was observed in the docetaxel arm.
rm LTSs and non-LTSs.

Docetaxel (n Z 376)

TSs (n Z 279) LTSs (n Z 77) Non-LTSs (n Z 299)

) 25 (33%) 27 (9%)

1 (1%) 0

) 24 (31%) 27 (9%)

) 44 (57%) 122 (41%)

%) 7 (9%) 104 (35%)

, 9.4) 8.7 (6.2, 13.2) 4.6 (3.5, 6.4)

, 2.6) 8.8 (7.0, 10.4) 2.9 (2.8, 3.6)

nse; LTSs, long-term survivors; ORR, objective response rate; PD,

D, stable disease.



Table 4
Safety summary of atezolizumab-arm LTSs and non-LTSs.

Treatment beyond progression LTSs

(n Z 118)

Non-LTSs

(n Z 278)

Median treatment duration

(range), months

18.0 (0e32) 2.1 (0e19)

Patients treated � 24 months,

n (%)

45 (38%) 0

AE, all grade, n (%) 116 (98%) 258 (93%)

Grade 3e4 46 (39%) 107 (39%)

Grade 5 0 7 (3%)

Treatment-related AE, all grade,

n (%)

91 (77%) 162 (58%)

Grade 3e4 22 (19%) 42 (15%)

Grade 5 0 0

Serious AE, n (%) 29 (25%) 98 (35%)

Immune-related AE, all grade,

n (%)

35 (30%) 43 (16%)

AE leading to withdrawal from

treatment, n (%)

10 (9%) 23 (8%)

AE leading to dose modification

or interruption, n (%)

51 (43%) 54 (19%)

AE, adverse event; LTSs, long-term survivors.
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Atezolizumab-arm LTSs also had higher T-effector

gene signature expression versus atezolizumab-arm non-

LTSs without comparable enrichment in the docetaxel

arm. This is consistent with previous data showing that

patients with high T-effector gene signature expression

derive greater benefit from atezolizumab than from

docetaxel [18,19]. Together, these data suggest that pa-
tients with tumours that express markers of preexisting

immunity (i.e. T-effector gene signature or PD-L1) may

derive long-term survival with atezolizumab more

frequently. However, these analyses are limited by se-

lection of a single time point to define long-term survival

(i.e. 24 months), which may influence the magnitude of

difference in biomarker expression.

Long-term survival with atezolizumab was not
restricted to patients who experienced an objective

response; more atezolizumab-arm LTSs than docetaxel-

arm LTSs experienced PD as BOR. In the atezolizumab

arm, more LTSs than non-LTSs received treatment

beyond progression, suggesting that treatment with

atezolizumab beyond progression may result in an

improved survival benefit in selected patients [20]. At the

time of PD, atezolizumab-arm LTSs had a lower fre-
quency of new liver and brain lesions compared with

atezolizumab-arm non-LTSs; whereas, the frequency of

new liver and brain lesions in docetaxel-arm LTSs and

non-LTSs was similar. This suggests that atezolizumab-

arm LTSs develop new lesions with poor prognosis at a

lower frequency than non-LTSs; however, further

confirmatory studies are needed.

Use of subsequent NPT was lower in atezolizumab-
arm versus docetaxel-arm LTSs, and more than half of

docetaxel-arm LTSs received immunotherapy as subse-

quent NPT. Given the established efficacy of immune

checkpoint inhibitors in this setting, this suggests that
frequent use of these agents may have contributed to the

extended survival among docetaxel-arm LTSs. Patients

who received epidermal growth factor receptor tyrosine

kinase inhibitors (TKIs) as subsequent NPT and had an

EGFR mutation at study start received EGFR TKI

therapy both before and after study treatment, whereas

patients without EGFRmutations at study start received

EGFR TKIs as subsequent NPT despite lack of an
EGFR mutation at baseline.

The large difference in atezolizumab treatment expo-

sure between LTSs and non-LTSs makes comparing the

safety profile between these populations challenging.

Nevertheless, despite longer treatment exposure, atezo-

lizumab was similarly well-tolerated in LTSs and non-

LTSs, and no significant differences in grade 3e4 TRAEs

or AEs leading to treatment discontinuation were
observed. A higher rate of AEs leading to treatment

interruption was reported among LTSs, possibly because

of the substantially longer exposure period. The TRAE

and irAE profile of atezolizumab-arm LTSs was consis-

tent with that of prior OAK analyses [9,12].
5. Conclusion

This analysis encompasses a large study population

representative of patients with advanced NSCLC across

histologies with extended survival follow-up. Owing to

the durable responses and extended survival observed in

a subset of patients receiving atezolizumab, further

follow-up will be of interest to better evaluate these
patients. Overall, this analysis of long-term follow-up of

the phase III OAK study and expanded description of

LTS demonstrates that the OS benefit with atezolizu-

mab versus docetaxel is durable, extends across all best

response subgroups and includes patients with PD-

L1enegative tumours. In addition, extended atezolizu-

mab exposure is well-tolerated.
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