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ABSTRACT
Introduction: The phase 3 RATIONALE-303 trial
(NCT03358875) investigated the efﬁcacy and safety of
tislelizumab versus docetaxel in pretreated patients with
advanced NSCLC. Here, we report the efﬁcacy and safety
results and describe the exploratory biomarker analyses.
Methods: A total of 805 patients aged more than or equal to
18 years with locally advanced or metastatic squamous or
nonsquamous NSCLC were randomized 2:1 to intravenous
tislelizumab 200 mg or docetaxel 75 mg/m2 every 3 weeks.
Co-primary end points were overall survival (OS) in the
intent-to-treat (ITT) and programmed death-ligand 1 (PDL1) tumor cell expression greater than or equal to 25%
populations. The exploratory biomarker analyses included
PD-L1 expression, tumor mutation burden, and gene
expression proﬁle.
Results: At the prespeciﬁed interim analysis (August 10,
2020), the co-primary end point of OS in the ITT population
was met, with a statistically signiﬁcant and clinically
meaningful improvement in OS with tislelizumab versus
docetaxel (median 17.2 versus 11.9 mo, respectively; hazard ratio [HR] ¼ 0.64, p < 0.0001). At the ﬁnal analysis (July
15, 2021), the other co-primary end point of OS in the PDL1 tumor cell greater than or equal to 25% population was
further met (median 19.3 versus 11.5 mo, respectively;
HR ¼ 0.53, p < 0.0001), and OS continued to improve in the
ITT population (median 16.9 versus 11.9 mo, respectively,
HR ¼ 0.66). Exploratory biomarker analyses revealed the
potential association of NOTCH1–4 mutations with
improved tislelizumab efﬁcacy for both OS and progressionfree survival, whereas tissue tumor mutation burden
correlated with progression-free survival beneﬁt, but not OS
beneﬁt. No new safety signals were identiﬁed.
Conclusions: Tislelizumab was found to have a signiﬁcantly
improved and long-term clinical beneﬁt in OS versus
docetaxel in pretreated patients with advanced NSCLC,
regardless of PD-L1 expression.
 2022 International Association for the Study of Lung
Cancer. Published by Elsevier Inc. This is an open access
article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Keywords: Tislelizumab; Docetaxel; Non–small cell lung
cancer; Randomized clinical trial

Introduction
Lung cancer is the leading cause of cancer mortality
worldwide,1 and NSCLC accounts for most lung
cancers.2,3
Several global trials have revealed anti–PD-1 or antiPD-L1 therapies to have efﬁcacy and safety beneﬁts
versus chemotherapy in patients who have progressed
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after platinum-based chemotherapy.4–8 Overall survival
(OS) improvements of approximately 3 to 4 months
compared with docetaxel have been achieved with anti–
PD-1 or anti-PD-L1 monotherapy, although the median
OS achieved in patients with pretreated, advanced
NSCLC remains at approximately 9 to 13 months.4–8
Tislelizumab is an anti–PD-1 immunoglobulin G4
monoclonal antibody with high afﬁnity for the PD-1 receptor and was engineered to eliminate the binding
function to Fc gamma receptors and complement 1q.9
Tislelizumab was found to have robust efﬁcacy and a
manageable safety proﬁle across multiple tumor
types.10–14 The phase 3 RATIONALE-303 trial
(NCT03358875) was conducted to evaluate the efﬁcacy
and safety of tislelizumab versus docetaxel in patients
with locally advanced or metastatic NSCLC who had
progressed after at least one previous platinum-based
doublet regimen. Here, we report co-primary and secondary end points and describe post hoc exploratory
biomarker analyses.

Materials and Methods
Patients
RATIONALE-303 is a global, open-label, randomized,
phase 3 clinical trial conducted at 124 sites in 10
countries (Supplementary Fig. 1). The study was initially
intended to enroll approximately 640 patients only in
the People’s Republic of China, and the enrollment was
subsequently expanded to other countries, targeting
approximately 800 patients in total, on the basis of a
protocol amendment in February 2018. The trial was
performed according to the principles of the Declaration
of Helsinki and Good Clinical Practice guidelines and
approved by the relevant Institutional Review Board or
Independent Ethics Committee for each study site. An
Independent Data Monitoring Committee reviewed the
efﬁcacy and safety data. All patients provided written
informed consent.
Eligible patients were adults (18 y of age) with
histologically conﬁrmed, locally advanced or metastatic
squamous or nonsquamous NSCLC, regardless of level of
tumor PD-L1 expression, who had progressive disease
during or after at least one platinum-containing doublet
regimen (no more than two previous systemic treatment
lines for advanced or metastatic disease), and had
Eastern Cooperative Oncology Group performance status
of 0 or 1. Patients with treated, stable brain metastases
were also eligible for inclusion. Patients who had
received previous docetaxel treatment for metastatic
disease or previous immune checkpoint inhibitor (ICI)
therapies targeting PD-1, PD-L1, or CTLA-4, and patients
with known EGFR mutation or ALK gene translocation
were ineligible. A full listing of the eligibility criteria is
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provided in the Supplementary Methods and the protocol in the Supplementary Appendices.

Study Design and Treatment
Patients were randomized (2:1) using an interactive
web response technology system to receive open-label
intravenous tislelizumab 200 mg every 3 weeks or
docetaxel 75 mg/m2 every 3 weeks until disease progression per Response Evaluation Criteria in Solid Tumors version 1.1, intolerable toxicity, or withdrawal of
consent (Supplementary Fig. 1). Randomization was
stratiﬁed by pathologic types (squamous versus nonsquamous), line of therapy (second line versus third
line), and tumor cell PD-L1 expression (<25% versus
25%, as assessed by VENTANA SP263 immunohistochemistry assay). Crossover to tislelizumab was not
permitted; at the investigators’ discretion, patients could
be treated beyond disease progression under protocoldeﬁned conditions.

End Points and Assessments
The co-primary end points were OS both in the
intent-to-treat (ITT) population, which included all
randomized patients, and in a subset of patients with
PD-L1 expression on greater than or equal to 25% of the
tumor cells. Secondary efﬁcacy end points included
investigator-assessed progression-free survival (PFS),
objective response rate (ORR), duration of response
(DoR), and health-related quality of life (data not reported herein) in the ITT and PD-L1 greater than or
equal to 25% populations and safety. Results of exploratory biomarker analyses which included PD-L1
expression, tumor mutational burden (TMB), and gene
expression proﬁle were evaluated in the biomarkerevaluable (BE) population which was deﬁned as all
randomized patients with assessable mutation data.
Radiological tumor assessments were evaluated by the
investigators as per Response Evaluation Criteria in
Solid Tumors version 1.1 at baseline and every 9 weeks
(±7 d) for the ﬁrst 12 months and then every 12 weeks
(±7 d) from year 2 onward. Safety was assessed in the
safety population, which included all patients who
received at least one dose of the study drug, during the
treatment phase and safety follow-up phase (up to 30
d after the last study treatment or initiation of new
anticancer therapy, whichever occurred ﬁrst for any
adverse event [AE]). Immune-mediated AEs were
monitored for up to 90 days after the last dose of tislelizumab. Treatment-emergent AEs (TEAEs) were coded
using Medical Dictionary for Regulatory Activities
version 24.0 and graded according to National Cancer
Institute Common Terminology Criteria for Adverse
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Events, version 4.03. Patients were followed up for
survival every 3 months (±14 d) after the safety followup visit. A complete list of all end points and methods
used for biomarker analyses is provided in the
Supplementary Appendix (page 11).

Biomarker Analyses
DNA sequencing was performed on formalin-ﬁxed,
parafﬁn-embedded samples using OncoScreen Plus 520
panel. Somatic variants on the exons of 520 genes were
identiﬁed using an algorithm optimized for the assay.15
Only nonsynonymous variants were included for downstream association analysis with efﬁcacy. TMB was
deﬁned as the number of single-nucleotide variants and
short insertion and deletion per megabase on the coding
region.

Statistical Analyses
The Kaplan-Meier method was used to estimate medians and 95% conﬁdence intervals (CIs) of OS, PFS, and
DoR. The stratiﬁed log-rank test was used to evaluate OS
difference between the treatment arms. A stratiﬁed Cox
proportional hazards model with Efron’s method of tie
handling was used to determine hazard ratio (HR) and
its 95% CI. Actual values of stratiﬁcation factors for
randomization were ﬁtted as strata in the stratiﬁed analyses. The family-wise type I error rate is controlled at
one-sided alpha level of 0.025 in all hypothesis tests of
the above-mentioned primary and secondary end points.
With a sample size of 800, the trial would have 87%
power to reveal a HR for OS in the ITT population of 0.75
at one-sided alpha level of 0.02 (as calculated based on
560 events), whereas the remaining alpha was assigned
to the OS test in the PD-L1 greater than or equal to 25%
subgroup. The study had one planned interim analysis
only in the ITT population when 426 events were
observed. The ﬁnal analysis of OS was planned to take
place after 560 events were observed in the ITT population and 207 events were observed in the subgroup of
patients with tumor PD-L1 greater than or equal to 25%.
The hypotheses in the secondary end points were tested
sequentially once superiority of OS in the PD-L1 greater
than or equal to 25% subgroup was found in the ﬁnal
analysis (Supplementary Methods and Supplementary
Fig. 2). Full statistical methods are provided in the Statistical Analysis Plan as an appendix to the
Supplementary Materials. In the additional exploratory
biomarker analysis, NOTCH1–4 mutation status (mutant
versus wild type) and its interaction with the treatment
were added to the stratiﬁed Cox proportional hazards
model to explore the association of NOTCH1–4 mutations
with tislelizumab efﬁcacy.

4 Zhou et al

Journal of Thoracic Oncology

Vol.

-

No.

-

1535 patients screened*

730 screen failures
627 did not meet inclusion criteria
41 withdrew consent
31 PD-L1 not evaluable
1 lost to follow-up
30 other reasons

805 randomized (2:1 ratio)

535 assigned tislelizumab

270 assigned docetaxel

1 randomized but not treated

12 randomized but not treated

534 received tislelizumab

258 received docetaxel

468 discontinued from treatment
• 229 radiographic progressive disease
• 121 loss of clinical benefit
• 61 adverse events
• 19 withdraw by subject
• 23 clinical progressive disease
• 9 physician decision
• 1 concurrent antineoplastic therapy
• 2 lost to follow-up
• 3 other

255 discontinued from treatment
• 168 radiographic progressive disease
• 32 adverse events
• 28 withdraw by subject
• 15 clinical progressive disease
• 10 physician decision
• 1 concurrent antineoplastic therapy
• 1 protocol deviation

66 in ongoing treatment

3 in ongoing treatment

535 included in the ITT population
227 included in the PD-L1 ≥ 25% population
534 analysed in the safety population

270 included in the ITT population
116 included in the PD-L1 ≥ 25% population
258 analysed in the safety population

*Signed informed consent
Data cutoff date: July 15, 2021
ITT, intent-to-treat; PD-L1, programmed death protein ligand 1

Figure 1. CONSORT diagram (ﬁnal analysis). ITT, intent-to-treat; PD-L1, programmed death-ligand 1.

Results
Patients and Treatment
Between November 2017 and April 2020, a total
of 1535 patients were screened and 805 patients
meeting the eligibility criteria were randomized into
the tislelizumab (n ¼ 535) and docetaxel (n ¼ 270)
treatment arms (Fig. 1). A total of 13 patients (one in
the tislelizumab arm and 12 in the docetaxel arm)
were randomized but did not receive the study treatment and were included in the ITT population, but
not in the safety population. At the data cutoff for the
ﬁnal analysis (July 15, 2021), median study follow-up
time was 16.0 months (range: 0.3–43.5 mo) for

tislelizumab and 10.7 months (range: 0.03–38.3 mo) for
docetaxel.
The baseline demographic and disease characteristics
of the patients were representative of the target population and were well balanced between those receiving
tislelizumab and docetaxel, including PD-L1 expression
and pathologic type (Table 1). In the ITT population (all
randomized patients), the median age was 61.0 years,
641 patients (79.6%) were enrolled in the People’s Republic of China, and 343 patients (42.6%) had tumors
with PD-L1 expression level at or above the VENTANA
SP263 immunohistochemistry assay 25% cutoff. The
baseline demographic and disease characteristics of the
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Table 1. Baseline Demographic and Disease Characteristics (ITT Population)
Baseline Characteristics

Tislelizumab (n ¼ 535)

Docetaxel (n ¼ 270)

Median age, y (range)
Patients aged <65 y, n (%)
Sex, n (%)
Male
Female
Race, n (%)
Asian
White
Other
Region, n (%)
People’s Republic of China
Rest of world
ECOG performance status, n (%)
0
1
Smoking status, n (%)
Never
Current/former
PD-L1 expression, n (%)
<25% TC
25% TC
Pathologic type, n (%)
Squamous
Nonsquamous
Current line of therapy, n (%)
Second
Third
Disease stage,a n (%)
Locally advanced
Metastatic
Conﬁrmed distant metastatic site(s), n (%)
Bone
Liver
Brain

61.0 (28–88)
364 (68.0)

61.0 (32–81)
180 (66.7)

416 (77.8)
119 (22.2)

206 (76.3)
64 (23.7)

424 (79.3)
93 (17.4)
18 (3.4)

219 (81.1)
44 (16.3)
7 (2.6)

423 (79.1)
112 (20.9)

218 (80.7)
52 (19.3)

116 (21.7)
419 (78.3)

50 (18.5)
220 (81.5)

162 (30.3)
373 (69.7)

82 (30.4)
188 (69.6)

308 (57.6)
227 (42.4)

154 (57.0)
116 (43.0)

248 (46.4)
287 (53.6)

122 (45.2)
148 (54.8)

453 (84.7)
82 (15.3)

229 (84.8)
41 (15.2)

84 (15.7)
451 (84.3)

33 (12.2)
237 (87.8)

166 (31.0)
73 (13.6)
39 (7.3)

79 (29.3)
33 (12.2)
18 (6.7)

Note: ITT population included all randomized patients. Data cutoff: July 15, 2021.
a
At study entry (randomization).
ECOG, Eastern Cooperative Oncology Group; ITT, intent-to-treat; PD-L1, programmed death-ligand 1; TC, tumor cell.

BE population, which included 244 patients in the
tislelizumab arm and 116 patients in the docetaxel arm
(44.7% of the ITT population), were generally consistent
with the ITT population (Supplementary Table 1).
At the data cutoff for the ﬁnal analysis, 153 patients
(28.6%) in the tislelizumab arm and 45 patients (16.7%)
in the docetaxel arm remained in the study and 66 patients
(12.3%) in the tislelizumab arm and three (1.1%) in the
docetaxel arm remained on the treatment (Fig. 1). Patient
disposition at the interim analysis is also summarized in
Supplementary Figure 3. Poststudy anticancer therapy
was received by 297 patients (55.5%) and 179 patients
(66.3%) in the tislelizumab and docetaxel arms, respectively, most often chemotherapy or protein kinase inhibitors. In the docetaxel arm, 55 patients (20.4%)
received poststudy immunotherapy after discontinuation
from docetaxel treatment compared with 40 patients
(7.5%) in the tislelizumab arm (Supplementary Fig. 4).

Efﬁcacy
The prespeciﬁed interim analysis was performed
when 441 OS events were observed in the ITT population (data cutoff: August 10, 2020). OS in the ITT population was tested at one-sided a of 0.012 as determined
on the basis of the Hwang-Shih-DeCani spending function with g parameter of 2. In the interim analysis,
there was a statistically signiﬁcant and clinically meaningful OS beneﬁt in the tislelizumab arm versus the
docetaxel arm in the ITT population (median OS 17.2 mo
[95% CI: 15.3–20.0] versus 11.9 mo [95% CI: 10.2–13.9],
respectively; HR 0.64 [95% CI: 0.53–0.78]; p < 0.0001
[Supplementary Fig. 5A]). Median OS was also longer
with tislelizumab compared with docetaxel in the PD-L1
greater than or equal to 25% population at the interim
analysis (median OS ¼ 19.1 mo [95% CI: 16.8–25.8]
versus 11.9 mo [95% CI: 8.9–14.0], respectively; HR ¼
0.52 [95% CI: 0.38–0.71] [Supplementary Fig. 5B]). The
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A

100

Censored

90

Tislelizumab

-

No.

-

Docetaxel

Docetaxel (n = 270)
Tislelizumab (n = 535)
365 (68.2)
206 (76.3)
16.9 (15.2–19.1)
11.9 (9.6–13.5)
0.66 (0.56–0.79)
<0.0001

OS events, n (%)
Median OS (95% CI), months
HR (95% CI)
1-sided log-rank P-value

80

Vol.

70
Overall survival (%)

62.1%
60
50

49.7%
36.8%

40
30
23.7%

20
10
0
0

3

6

9

12

15

18

21

24

27

30

33

36

39

42

5

45

Time (months)
No. at risk
Tislelizumab

535

491

439

386

327

286

239

201

166

120

87

48

30

15

Docetaxel

270

227

187

150

126

99

80

64

52

32

17

11

5

0

B

100

Censored

90

Docetaxel

Docetaxel (n = 116)
Tislelizumab (n = 227)
87 (75.0)
141 (62.1)
11.5 (8.2–13.5)
19.3 (16.5–22.6)
0.53 (0.40–0.70)
<0.0001

OS events, n (%)
Median OS (95% CI), months
HR (95% CI)
1-sided log-rank P-value

80
67.4%

70
Overall survival (%)

Tislelizumab

60
50

42.3%

47.8%
40
30
20

22.3%

10
0
0
No. at risk
Tislelizumab
Docetaxel

C

3

6

9

12

15

18

21

24

27

30

33

36

39

42

64
14

45
7

27
3

16
2

8

2

45

Time (months)
227
116

211
94

Subgroup
Overall
Age
< 65 years
≥ 65 years
Sex
Male
Female
Race
Asian
White
Other
Region
China
Europe
Other
ECOG performance status
0
1
Smoking status
Current or former
Never
PD-L1 expression
< 1% TC
≥ 1% TC
<10% TC
≥ 10% TC
< 25% TC
≥ 25% TC
< 50% TC
≥ 50% TC
Histology
Non-squamous
Squamous
Line of therapy
Second
Third
Liver metastases at baseline
Yes
No

195
73

173
62

150
51

136
41

111
29

94
24

81
21

No. of events/
No. of patients

HR
for death (95% CI)

571/805

0.67 (0.57–0.80)

385/544
186/261

0.64 (0.52–0.79)
0.73 (0.55–0.99)

451/622
120/183

0.61 (0.50–0.74)
0.95 (0.65–1.38)

462/643
90/137
19/25

0.66 (0.54–0.79)
0.63 (0.41–0.98)
1.66 (0.59–4.66)*

461/641
74/111
36/53

0.66 (0.54–0.79)
0.73 (0.45–1.17)
0.74 (0.37–1.49)

101/166
470/639

0.76 (0.50–1.16)
0.66 (0.55–0.79)

411/561
160/244

0.61 (0.50–0.74)
0.87 (0.62–1.21)

230/319
341/486
302/410
269/395
343/462
228/343
417/561
154/244

0.78 (0.60–1.03)
0.60 (0.48–0.75)
0.76 (0.60–0.97)
0.58 (0.46–0.75)
0.79 (0.63–0.99)
0.53 (0.41–0.70)
0.74 (0.60–0.90)
0.54 (0.39–0.75)

288/435
283/370

0.72 (0.56–0.91)
0.60 (0.47–0.77)

477/682
94/123

0.64 (0.53–0.77)
0.89 (0.58–1.38)

81/106
490/699

0.48 (0.30–0.78)
0.69 (0.57–0.83)
0.0

0.5

Favors tislelizumab

1.0

1.5

2.0

2.5

3.0

3.5

4.0

Favors docetaxel

Figure 2. Kaplan–Meier analysis of OS in the ITT population (A), PD-L1 greater than or equal to 25% population (B), and
treatment effects on OS, according to subgroup (ITT population**) (C) (ﬁnal analysis). *The conﬁdence interval of this subgroup is not illustrated completely due to space limit. **ITT population included all randomized patients. For one patient in
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Independent Data Monitoring Committee evaluated that
the median OS was signiﬁcantly longer and more clinically meaningful with tislelizumab compared with
docetaxel in the ITT population and recommended
continuation of the trial to formally test the other coprimary end point of OS in the PD-L1 greater than or
equal to 25% population at the ﬁnal analysis.
At the ﬁnal analysis data cutoff of July 15, 2021, there
were 571 and 228 OS events in the ITT population and
PD-L1 greater than or equal to 25% population,
respectively. In the ITT population, tislelizumab
continued to have OS beneﬁt versus docetaxel (median
OS ¼ 16.9 mo [95% CI: 15.2–19.1] versus 11.9 mo [95%
CI: 9.6–13.5], respectively; HR ¼ 0.66 [95% CI: 0.56–
0.79] [Fig. 2A]). OS rates for tislelizumab versus docetaxel at 12 and 24 months in the ITT population were
62.1% versus 49.7% and 36.8% versus 23.7%, respectively. As OS in the ITT population was met at the predeﬁned interim analysis, the ﬁnal analysis was carried
out in the PD-L1 greater than or equal to 25% population at alpha of 0.025. In the PD-L1 greater than or equal
to 25% population, tislelizumab had a statistically signiﬁcant and clinically meaningful OS beneﬁt versus
docetaxel (median OS ¼ 19.3 mo [95% CI: 16.5–22.6]
versus 11.5 mo [95% CI: 8.2–13.5]; HR ¼ 0.53 [95% CI:
0.40–0.70], p < 0.0001). OS rates for tislelizumab versus
docetaxel at 12 and 24 months in the PD-L1 greater than
or equal to 25% population were 67.4% and 47.8%
versus 42.3% and 22.3%, respectively (Fig. 2B). In the
PD-L1 less than 25% population, median OS for tislelizumab was 15.2 months (95% CI: 13.2–17.6) versus 12.3
months (95% CI: 9.3–14.3) for docetaxel (HR ¼ 0.77
[95% CI: 0.62–0.96]). OS rates for tislelizumab versus
docetaxel at 12 and 24 months in the PD-L1 less than
25% population were 58.3% versus 51.1% and 32.8%
versus 24.7%, respectively.
A consistent OS beneﬁt was observed for tislelizumab
versus docetaxel for most studied subgroups in the ITT
population, including at all levels of PD-L1 expression,
different histologies, and patients with liver metastases
at baseline. Similar OS beneﬁt was observed in Asian and
White patients (Fig. 2C).
The beneﬁt of tislelizumab treatment was also supported by other key secondary end points, including PFS
(HR ¼ 0.63 [95% CI: 0.53–0.75; p < 0.0001]
[Supplementary Fig. 6] and 0.37 [95% CI: 0.28–0.49, p <
0.0001] in the ITT and PD-L1 greater than or equal to 25%
populations [data not found herein], respectively). Higher
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ORR and longer DoR were noted in the tislelizumab arm
versus the docetaxel arm in the ITT population (ORR ¼
22.6% [95% CI: 19.1–26.4] versus 7.1% [95% CI: 4.3–
10.8], respectively [p < 0.0001]; median DoR ¼ 13.5 [95%
CI: 8.5–19.6] versus 6.0 [95% CI: 2.1–7.2] mo, respectively)
and in the PD-L1 greater than or equal to 25% population
(ORR ¼ 37.4% [95% CI: 31.3–44.1] versus 6.9% [95% CI:
3.0–13.1], respectively [p < 0.0001]; median DoR ¼ 11.9
[95% CI: 8.3–19.6] versus 4.2 [95% CI: 0.6–6.1] mo,
respectively). ORR and DCR in the ITT population
are found in Supplementary Figure 7 and DoR in the ITT
population is found in Supplementary Figure 8. In patients
who experienced progressive disease, the change in tumor
burden over time in the tislelizumab arm and the docetaxel
arm is found in Supplementary Figure 9.
Efﬁcacy in the BE Population. In the biomarker analysis, the association of TMB and genetic alterations at
baseline, including single target gene mutation or
pathway mutations, with clinical outcomes was
explored. Tissue TMB was correlated with PFS beneﬁt
for tislelizumab versus docetaxel but was not correlated with OS beneﬁt, except at the highest cutoff
(14 mutations/megabase) (Supplementary Fig. 10).
Nevertheless, among tested single target gene mutation
or pathway mutations, NOTCH1–4 mutation was
correlated with improved PFS and OS beneﬁts for
tislelizumab.
Kaplan-Meier analyses of OS and PFS in the BE population according to NOTCH1–4 mutation status are
depicted in Figure 3. Tislelizumab treatment had a
greater OS beneﬁt for patients with NOTCH1–4 mutation
than wild type, compared with the docetaxel arm. At the
ﬁnal analysis data cutoff of July 15, 2021, median OS for
patients with NOTCH1–4 mutations was 24.7 months in
the tislelizumab arm (95% CI: 14.2–not estimable)
versus 7.7 months in the docetaxel arm (95% CI: 3.3–
14.3; HR ¼ 0.22 [95% CI: 0.10–0.49]; p ¼ 0.0002). Patients with NOTCH wild type also beneﬁted from tislelizumab treatment with median OS of 15.7 months (95%
CI: 13.9–17.9) versus 12.9 months in the docetaxel arm
(95% CI: 10.4–14.9; HR ¼ 0.75 [95% CI: 0.57–0.99]; p ¼
0.0390) (Fig. 3A).
Similarly, patients with NOTCH1–4 mutations had
relatively better PFS beneﬁt from tislelizumab treatment
than patients carrying NOTCH wild type. Median PFS
with tislelizumab was 14.1 months (95% CI: 6.2–not
estimable) versus 2.6 months in the docetaxel arm (95%

the docetaxel arm, the month and day of death date are missing. This patient was censored at last known alive date in the OS
analysis. One-sided p values were estimated from stratiﬁed log-rank test. HRs were estimated from stratiﬁed Cox model with
docetaxel group as reference group. Medians were estimated by Kaplan-Meier method with 95% CIs estimated using the
method of Brookmeyer and Crowley. Data cutoff: July 15, 2021. CI, conﬁdence interval; HR, hazard ratio; ITT, intent-totreat; OS, overall survival; PD-L1, programmed death-ligand 1; TC, tumor cell.
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Figure 3. Kaplan-Meier analysis of OS (A) and PFS (B) (BE population*) according to NOTCH mutation status (ﬁnal analysis).
*BE population included all randomized patients with assessable mutation data. HRs were estimated from stratiﬁed Cox
model with docetaxel group as reference group. Medians were estimated by Kaplan-Meier method with 95% CIs estimated
using the method of Brookmeyer and Crowley. Data cutoff: July 15, 2021. The p values are descriptive. BE, biomarker
evaluable; CI, conﬁdence interval; HR, hazard ratio; Mut, mutation; NE, not estimable; OS, overall survival; PFS, progressionfree survival; WT, wild type.

CI: 2.0–4.1) for patients with NOTCH1–4 mutations
(HR ¼ 0.17 [95% CI: 0.08–0.37], p < 0.0001). Median
PFS with tislelizumab was 4.1 months (95% CI: 2.2–6.2)

versus 3.3 months in the docetaxel arm (95% CI: 2.1–
4.1) for patients carrying NOTCH wild type (HR ¼ 0.72
[95% CI: 0.55–0.95]; p ¼ 0.0197) (Fig. 3B).
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Safety
The safety population encompassed all patients
receiving any dose of the study drug and included 534
patients in the tislelizumab arm and 258 in the docetaxel
arm. At the ﬁnal analysis data cutoff of July 15, 2021
(after the additional 11-mo follow-up period beyond the
interim analysis), median duration of exposure was 24.0

9

weeks (range: 1–188 wk) in the tislelizumab arm and 9.1
weeks (range: 1–154 wk) in the docetaxel arm. The
median number of treatment cycles was 8.0 (range: 1–62
cycles) in the tislelizumab arm versus 3.0 (range: 1–50
cycles) in the docetaxel arm. Overall, with more than two
times longer median duration of exposure to treatment,
patients in the tislelizumab arm generally experienced a

Table 2. TEAEs and TRAEs Occurring in Greater Than or Equal to 10% of Patients (Safety Population)
Preferred Term
TEAEs occurring in 10% of patients,a n (%)

Tislelizumab (n ¼ 534)

Docetaxel (n ¼ 258)

Any Grade

Grade  3

Any Grade

Grade  3

Anemia
Cough
ALT increased
AST increased
Decreased appetite
Weight decreased
Hypoalbuminemia
Asthenia
Constipation
Pneumonia
Arthralgia
Dyspnea
Hypothyroidism
Pyrexia
Nausea
Hemoptysis
Hyperglycemia
Hyponatremia
Diarrhea
Insomnia
White blood cell count decreased
Leukopenia
Neutrophil count decreased
Neutropenia
Alopecia
Febrile neutropenia

156 (29.2)
114 (21.3)
110 (20.6)
104 (19.5)
88 (16.5)
86 (16.1)
76 (14.2)
75 (14.0)
73 (13.7)
71 (13.3)
68 (12.7)
67 (12.5)
62 (11.6)
61 (11.4)
61 (11.4)
59 (11.0)
55 (10.3)
52 (9.7)
40 (7.5)
33 (6.2)
20 (3.7)
17 (3.2)
16 (3.0)
10 (1.9)
7 (1.3)
0 (0.0)

18 (3.4)
5 (0.9)
5 (0.9)
5 (0.9)
5 (0.9)
4 (0.7)
1 (0.2)
7 (1.3)
0 (0.0)
40 (7.5)
1 (0.2)
11 (2.1)
0 (0.0)
2 (0.4)
0 (0.0)
6 (1.1)
8 (1.5)
10 (1.9)
4 (0.7)
1 (0.2)
1 (0.2)
1 (0.2)
3 (0.6)
3 (0.6)
0 (0.0)
0 (0.0)

115 (44.6)
40 (15.5)
39 (15.1)
32 (12.4)
62 (24.0)
30 (11.6)
40 (15.5)
58 (22.5)
43 (16.7)
36 (14.0)
24 (9.3)
36 (14.0)
2 (0.8)
26 (10.1)
43 (16.7)
22 (8.5)
29 (11.2)
29 (11.2)
35 (13.6)
26 (10.1)
74 (28.7)
73 (28.3)
95 (36.8)
81 (31.4)
126 (48.8)
33 (12.8)

18 (7.0)
1 (0.4)
0 (0.0)
1 (0.4)
3 (1.2)
0 (0.0)
1 (0.4)
14 (5.4)
0 (0.0)
24 (9.3)
1 (0.4)
7 (2.7)
0 (0.0)
0 (0.0)
1 (0.4)
3 (1.2)
3 (1.2)
11 (4.3)
5 (1.9)
0 (0.0)
47 (18.2)
41 (15.9)
71 (27.5)
72 (27.9)
2 (0.8)
33 (12.8)

TRAEs occurring in 10% of patients,a n (%)

Any Grade

Grade  3

Any Grade

Grade  3

ALT increased
AST increased
Anemia
Hypothyroidism
Asthenia
Decreased appetite
Nausea
Diarrhea
White blood cell count decreased
Constipation
Leukopenia
Neutrophil count decreased
Neutropenia
Alopecia
Febrile neutropenia

91 (17.0)
81 (15.2)
60 (11.2)
60 (11.2)
40 (7.5)
33 (6.2)
31 (5.8)
19 (3.6)
13 (2.4)
13 (2.4)
13 (2.4)
9 (1.7)
5 (0.9)
4 (0.7)
0 (0.0)

5
4
5
0
1
1
0
2
1
0
0
1
0
0
0

34 (13.2)
30 (11.6)
97 (37.6)
0 (0.0)
46 (17.8)
50 (19.4)
34 (13.2)
29 (11.2)
73 (28.3)
26 (10.1)
71 (27.5)
93 (36.0)
78 (30.2)
123 (47.7)
33 (12.8)

0 (0.0)
1 (0.4)
13 (5.0)
0 (0.0)
10 (3.9)
2 (0.8)
1 (0.4)
5 (1.9)
46 (17.8)
0 (0.0)
40 (15.5)
70 (27.1)
70 (27.1)
2 (0.8)
33 (12.8)

(0.9)
(0.7)
(0.9)
(0.0)
(0.2)
(0.2)
(0.0)
(0.4)
(0.2)
(0.0)
(0.0)
(0.2)
(0.0)
(0.0)
(0.0)

Note: Safety population included all patients receiving any dose of the study drug. Data cutoff: July 15, 2021.
a
In either treatment arm.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; TEAE, treatment-emergent adverse event; TRAE, treatment-related adverse event.
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lower incidence of TEAEs compared with those in the
docetaxel arm. As of July 15, 2021, data cutoff, 96.8% of
patients in the tislelizumab arm and 98.4% of patients in
the docetaxel arm had experienced at least one TEAE (any
grade and any cause) (Supplementary Table 2). Fewer
patients reported TEAEs of grade greater than or equal to
3 in the tislelizumab arm than in the docetaxel arm (42.1%
versus 74.8%, respectively) (Supplementary Table 2).
Treatment-related AEs (TRAEs) were lower in severity and
occurred in a lower proportion of patients in the tislelizumab arm than in the docetaxel arm (74.9% versus
93.8% of patients had TRAEs of any grade and 15.7%
versus 66.3% of patients had TRAEs of grade  3,
respectively) (Supplementary Table 2). TEAEs and TRAEs
occurring in greater than or equal to 10% of patients are
summarized in Table 2. TEAEs leading to death occurred in
6.4% of patients in the tislelizumab arm and 4.7% in the
docetaxel arm. Eight deaths (1.5%) in the tislelizumab arm
and four deaths (1.6%) in the docetaxel arm were
considered to be treatment related (Supplementary
Table 2). The incidence of immune-mediated TEAEs of all
grades in the tislelizumab arm was 18.9%, with hypothyroidism (7.9%), pneumonitis and immune-mediated lung
disease (4.5%) being the most often occurring events
(Supplementary Fig. 11).

Discussion
The phase 3 RATIONALE-303 study met both the coprimary end points of OS in the ITT and PD-L1 greater
than or equal to 25% populations. At the interim analysis, the risk of death was reduced by 36% in the tislelizumab arm compared with the docetaxel arm in the ITT
population. On the basis of this statistically signiﬁcant
and clinically relevant improvement in OS, tislelizumab
was approved in the People’s Republic of China for the
treatment of patients with advanced NSCLC with disease
progression while receiving, or after, platinum-based
chemotherapy. The ﬁnal analysis was carried out in the
PD-L1 greater than or equal to 25% population and
revealed a statistically signiﬁcant improvement in OS
with tislelizumab compared with docetaxel in the PD-L1
greater than or equal to 25% population with HR of 0.53.
At this ﬁnal analysis, after the additional 11 months of
follow-up beyond the interim analysis, OS beneﬁt
continued to be found in the tislelizumab arm compared
with the docetaxel arm in the ITT population (OS HR ¼
0.66). A consistent OS beneﬁt was observed for tislelizumab versus docetaxel in most of the studied subgroups in the ITT population, including at all levels of
PD-L1 expression, different histologies, and in patients
with liver metastases, which have been reported to be
associated with worse prognosis and lower beneﬁt from
PD-1/PD-L1 monotherapy.16–18 Similar efﬁcacy beneﬁts
were observed in Asian and White patients. In addition,
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tislelizumab improved PFS versus docetaxel with HRs of
0.37 and 0.63 in the PD-L1 greater than or equal to 25%
and ITT populations, respectively.
Our results, with median OS exceeding 16 months
(ITT population) with tislelizumab treatment, are
encouraging for this patient population. Prolongation of
median OS by 7.8 and 5.0 months in the tislelizumab
arms versus docetaxel (for the PD-L1  25% and ITT
populations, respectively) compared favorably with historical anti–PD-1 anti-PD-L1 treatment in second- or
third-line NSCLC clinical trials.4–7,19 It has been suggested that a high frequency of poststudy use of ICIs in
the control arm might affect OS outcomes.8 In our study,
the frequency of poststudy use of immunotherapy
(20.4% in the docetaxel arm versus 7.5% in the tislelizumab arm) is higher than that in previous trials in this
setting; nevertheless, a marked OS beneﬁt was still
observed in the tislelizumab arm. The availability of
more options for poststudy anticancer therapy than ever
before could be an important factor leading to a longer
median OS for both arms than previously reported.
Among these poststudy therapies, some anticancer drugs
have been approved on the basis of survival beneﬁt in
third-line NSCLC therapy. In addition, the early separation of the Kaplan-Meier OS curves in the ﬁrst 3 months
observed here suggests that tislelizumab may be associated with a lower rate of hyperprogressive disease, fast
progression, and early mortality; these early events can
affect the shape of the Kaplan–Meier OS curves during
the ﬁrst 3 to 6 months of treatment.20–22 Molecular interactions between ICI antibodies and macrophages by
means of Fc receptors have been proposed as a mechanism for hyperprogressive disease in NSCLC after PD-1
or PD-L1 blockade.23 Given the property of tislelizumab to minimize Fc gamma receptor binding on macrophages,9 it may therefore be associated with lower
rates of hyperprogressive disease and other early events.
In the exploratory biomarker analysis, we observed
that tissue TMB was correlated with PFS, but not OS
beneﬁt, for tislelizumab versus docetaxel. Similar outcomes have been observed with blood TMB, for example,
the BFAST trial revealed no survival beneﬁt of atezolizumab monotherapy as ﬁrst-line treatment of metastatic
NSCLC in patients with high blood TMB versus chemotherapy.24 Although TMB can be a useful prognostic indicator for patients receiving treatment with ICIs, there is
currently only limited evidence for a predictive role in this
context.24–26 In addition, tissue TMB was available for
only 45% of patients in this study which underlines the
practical difﬁculties in TMB testing in routine clinical
practice.25 Given that TMB focuses on the number of
mutations in the tumor genome, which may include mutations that exert inﬂuences on the clinical outcome in
different directions, single target gene mutations and
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pathway mutations were further explored. Patients with
NOTCH1–4 mutation had greater beneﬁt of tislelizumab
versus chemotherapy than patients with wild-type
NOTCH1–4 for both PFS and OS. The NOTCH pathway, a
highly conserved signaling system, is regulated by shortrange cell–cell interactions between NOTCH receptor
(NOTCH1–4) and ligands and plays a critical role in tissue
homeostasis, fetal development, and organogenesis. It has
been suggested that NOTCH mutation in NSCLC may be
dominated by inhibitory function as revealed by the
pattern of mutational loci in NSCLC on the basis of data in
the Catalogue of Somatic Mutations in Cancer database.27,28 NOTCH mutation was also reported to be
associated with an activated immune microenvironment,
including inﬁltration of M1 macrophages and antigen
processing by means of degradation in the proteasome,
which may partially explain the underlying mechanism of
NOTCH mutation in association with better immunotherapeutic outcomes.27,29 Moreover, in contrast to the ﬁndings in the tislelizumab arm, patients with NOTCH
mutation had lower beneﬁt from docetaxel treatment
than those with wild-type NOTCH. Owing to the small
numbers of patients with NOTCH mutation in this study,
the relationship between NOTCH1–4 mutation status and
the efﬁcacy of ICIs need to be explored further.
In the ﬁnal analysis, no new safety signals were
identiﬁed for tislelizumab after 11 months of additional
follow-up. Tislelizumab treatment maintained a favorable
safety proﬁle compared with docetaxel, with a lower
proportion of patients experiencing grade greater than or
equal to 3 TEAEs. This was consistent with other anti–PD1 or anti-PD-L1 trials in previously treated patients.4–8,19
The incidence and nature of immune-mediated TEAEs
with tislelizumab were consistent with previous anti–PD1 or anti-PD-L1 trials in this setting.4–8,19
In recent years, addition of immunotherapy to
platinum-based doublet chemotherapy has become the
new standard of care in NSCLC ﬁrst-line treatment,30,31
although access to ﬁrst-line immunotherapy can still be
limited in certain countries or regions. Moreover, for
patients with nonsquamous NSCLC, the addition of ﬁrstline bevacizumab to carboplatin/paclitaxel produced
comparable efﬁcacy to current anti–PD-1 or anti-PD-L1
antibody plus chemotherapy and continues to be an
alternative ﬁrst-line treatment.32 Therefore, we believe
that there is still a substantial proportion of patients
with NSCLC who remain immunotherapy naive after
receiving ﬁrst-line treatment or who either do not
have access to ﬁrst-line immunotherapy or else do not
receive it.

Limitations
The study was initially intended to enroll approximately 640 patients only in the People’s Republic of
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China, but the enrollment was subsequently expanded to
other countries. Therefore, patients from outside of the
People’s Republic of China had a relatively shorter
duration of follow-up than the Chinese patients. The use
of an open-label design may have inﬂuenced investigator
assessments such as PFS and response which were secondary or exploratory end points. Regulatory approvals
for nivolumab in this treatment setting started to be obtained in some of the participating countries at the time of
trial accrual, but patient access is very limited. Therefore,
docetaxel remained an often used standard therapy option in second- and third-line NSCLC treatment. In line
with other second-/third-line NSCLC treatment trials,4–
8,19,33
our study retained this often available standard
therapy, without permitting crossover, in the control arm
in compliance with the ethical principles listed in ICH
E10, but it was a limitation of the study design. In addition, the limited proportion of patients (45%) with tissue
TMB available and small numbers of patients with NOTCH
mutation were also a limitation, which may lead to bias
and preclude a ﬁrm conclusion, so further investigation in
larger cohorts is needed.
In conclusion, tislelizumab had a marked improved
and long-term clinical beneﬁt in OS, PFS, ORR, and DoR
than docetaxel in patients with locally advanced or
metastatic NSCLC who progressed on or after platinumbased chemotherapy, regardless of tumor PD-L1
expression or pathologic type. Tislelizumab had sustained tolerability with a favorable safety proﬁle
compared with docetaxel. Tislelizumab represents an
additional treatment option for patients with NSCLC who
do not receive ICIs in ﬁrst line (e.g., owing to limited
access to this class of medication or selection of a
platinum-based doublet plus bevacizumab as ﬁrst-line
treatment). NOTCH1–4 mutation may be a potential
biomarker for predicting the improved efﬁcacy of tislelizumab monotherapy worthy of further validation in a
randomized prospective trial.
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