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abstract

PURPOSE The open-label, phase III POSEIDON study evaluated tremelimumab plus durvalumab and che-
motherapy (T1D1 CT) and durvalumab plus chemotherapy (D1 CT) versus chemotherapy alone (CT) in first-
line metastatic non–small-cell lung cancer (mNSCLC).

METHODS Patients (n 5 1,013) with EGFR/ALK wild-type mNSCLC were randomly assigned (1:1:1) to
tremelimumab 75 mg plus durvalumab 1,500 mg and platinum-based chemotherapy for up to four 21-day
cycles, followed by durvalumab once every 4 weeks until progression and one additional tremelimumab
dose; durvalumab plus chemotherapy for up to four 21-day cycles, followed by durvalumab once every
4 weeks until progression; or chemotherapy for up to six 21-day cycles (with or without maintenance
pemetrexed; all arms). Primary end points were progression-free survival (PFS) and overall survival (OS)
for D 1 CT versus CT. Key alpha-controlled secondary end points were PFS and OS for T 1 D 1 CT
versus CT.

RESULTS PFS was significantly improved with D 1 CT versus CT (hazard ratio [HR], 0.74; 95% CI, 0.62 to 0.89;
P 5 .0009; median, 5.5 v 4.8 months); a trend for improved OS did not reach statistical significance (HR, 0.86;
95% CI, 0.72 to 1.02; P5 .0758; median, 13.3 v 11.7 months; 24-month OS, 29.6% v 22.1%). PFS (HR, 0.72;
95% CI, 0.60 to 0.86; P5 .0003; median, 6.2 v 4.8 months) and OS (HR, 0.77; 95% CI, 0.65 to 0.92; P5 .0030;
median, 14.0 v 11.7 months; 24-month OS, 32.9% v 22.1%) were significantly improved with T 1 D 1 CT
versus CT. Treatment-related adverse events were maximum grade 3/4 in 51.8%, 44.6%, and 44.4% of patients
receiving T 1 D 1 CT, D 1 CT, and CT, respectively; 15.5%, 14.1%, and 9.9%, respectively, discontinued
treatment because of treatment-related adverse events.

CONCLUSION D 1 CT significantly improved PFS versus CT. A limited course of tremelimumab added to
durvalumab and chemotherapy significantly improved OS and PFS versus CT, without meaningful additional
tolerability burden, representing a potential new option in first-line mNSCLC.
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INTRODUCTION

Immunotherapies targeting programmed cell death-1
(PD-1) and its ligand (PD-L1), administered as mon-
otherapy or in combination with established chemo-
therapies, have transformed the first-line treatment of
metastatic non–small-cell lung cancer (mNSCLC).1-7

Although some patient subsets, such as those with
higher levels of tumor PD-L1 expression, derive fa-
vorable long-term outcomes with anti–PD-(L)1 ther-
apy,8 the unmet needs of others are becoming better

understood with clinical experience. For example,
patients with PD-L1–low or PD-L1–negative tumors are
less likely to respond to anti–PD-(L)1 therapy,3,9-11

underlining the need for new therapeutic strategies
with immunotherapy combinations in this setting.

Durvalumab is a selective, high-affinity human immu-
noglobulin G1 monoclonal antibody that blocks PD-L1
binding to PD-1 and CD80.12 Tremelimumab is a human
immunoglobulin G2 monoclonal antibody that targets
cytotoxic T-lymphocyte–associated antigen 4 (CTLA-4),
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enhancing binding of CD80 and CD86 to CD28.13 A limited
early course of tremelimumab can diversify T-cell responses
and lead to increased tumor infiltration,14-17 whereas con-
tinuous durvalumab treatment may enhance T-cell function
and support a sustained antitumor response.14,18 Given their
complementary mechanisms of action, the addition of
tremelimumab to a durvalumab-based regimen is expected to
broaden clinical activity, potentially overcoming primary re-
sistance to PD-(L)1 blockade by enabling novel T-cell re-
sponses. The concurrent addition of chemotherapy, which
causes tumor cell (TC) death and release of neoantigens,19

may increase immune priming and, on the basis of clinical
experience, can be important for early disease control.1,2,20

POSEIDON (ClinicalTrials.gov identifier: NCT03164616) is a
phase III, global, randomized, open-label study with a three-
arm design, which evaluated the efficacy of tremelimumab
plus durvalumab and chemotherapy (T 1 D 1 CT) and
durvalumab plus chemotherapy (D 1 CT) versus chemo-
therapy alone (CT) in first-line mNSCLC. The addition of a
limited course of anti–CTLA-4 to anti–PD-L1 and chemo-
therapy provides insights into both long-term efficacy and
tolerability in the context of common treatment strategies used
in the first-line EGFR/ALKwild-typemNSCLC setting. Here, we
report results from the primary and secondary analyses.

METHODS

Patients

Patients age$ 18 years with stage IV NSCLC21 were eligible
for inclusion, provided they had not previously received
systemic therapy for mNSCLC; had Eastern Cooperative
Oncology Group performance status 0 or 1; and had
measurable disease according to RECIST v1.1.22 The pa-
tients’ tumors were to have no sensitizing EGFR mutations
or ALK rearrangements (by local assessment) and PD-L1

expression status that was assessed at a central laboratory
using the VENTANA PD-L1 (SP263) immunohistochem-
istry assay (VentanaMedical Systems, Tucson, AZ)23 before
random assignment. Patients with treated and stable brain
metastases were eligible. Complete eligibility criteria are
provided in the Data Supplement (online only).

Study Design and Treatment

Patients were randomly assigned (1:1:1) with stratification by
PD-L1 expression ($ 50% v, 50%of TCs), disease stage (IVA
v IVB, per International Association for the Study of Lung
Cancer Staging Manual in Thoracic Oncology version 8),21 and
histology (squamous v nonsquamous) to tremelimumab 75mg
plus durvalumab 1,500 mg and chemotherapy for up to four
21-day cycles, followed by durvalumab 1,500 mg once every
4 weeks until disease progression (PD), with one additional
tremelimumab dose after chemotherapy at week 16/cycle 6
(fifth dose); durvalumab1,500mgplus chemotherapy for up to
four 21-day cycles, followed by durvalumab 1,500 mg once
every 4 weeks until PD; or chemotherapy for up to six 21-day
cycles (Data Supplement). Chemotherapy options for all arms
included carboplatin plus nab-paclitaxel regardless of histology,
cisplatin or carboplatin plus gemcitabine for patients with
squamous histology, and cisplatin or carboplatin plus peme-
trexed for patients with nonsquamous histology. Patients with
nonsquamous histology who received pemetrexed-platinum
doublet could receive pemetrexed maintenance therapy if
eligible. Patients continued treatment until PD, unacceptable
toxicity, or consent withdrawal.

Patients who continued to receive benefit and met the cri-
teria to remain on treatment could continue durvalumab
monotherapy beyond PD. In addition, patients who received
five cycles of tremelimumab plus durvalumab and subse-
quently had PD during durvalumab monotherapy could
receive retreatment with up to four additional cycles of

CONTEXT

Key Objective
The phase III three-arm POSEIDON trial of patients with first-line metastatic non–small-cell lung cancer evaluated the efficacy

of tremelimumab plus durvalumab and chemotherapy (T1 D1 CT) and durvalumab plus chemotherapy (D1 CT) versus
chemotherapy alone (CT). Addition of a limited course of anti–cytotoxic T-lymphocyte–associated antigen 4 to anti–
programmed cell death ligand-1 (PD-L1) and chemotherapy provides insights into long-term efficacy and tolerability in the
context of commonly used treatment strategies in this setting.

Knowledge Generated
D1 CT significantly improved progression-free survival versus CT, with a positive trend for improved overall survival that did

not reach statistical significance. T1 D1 CT significantly improved progression-free survival and overall survival versus
CT, without clinically meaningful increase in tolerability burden; addition of anti–cytotoxic T-lymphocyte–associated
antigen 4 extended clinical benefit to patients with PD-L1–negative tumors.

Relevance
T 1 D 1 CT may represent a new first-line treatment option in metastatic non–small-cell lung cancer. Observations in the

PD-L1–negative subgroup have particular clinical relevance as these patients can have suboptimal outcomes in clinical
practice with currently available treatments.
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tremelimumab alongside durvalumab (Data Supplement).
Full details of criteria for treatment through progression,
which was at the investigator’s discretion, are provided in the
Protocol (online only). In-study crossover was not allowed.

The study was performed in accordance with the Decla-
ration of Helsinki and the International Conference on
Harmonisation Good Clinical Practice guidelines. The
protocol and all modifications were approved by relevant
ethics committees and regulatory authorities. All patients
provided written informed consent.

End Points and Assessments

The primary end points were progression-free survival (PFS),
evaluated by blinded independent central review (BICR) per
RECIST v1.1, and overall survival (OS) for D1 CT versus CT.
PFS was defined as the time from random assignment to
objective PD or death from any cause in the absence of
progression and OS as the time from random assignment to
death from any cause. Key alpha-controlled secondary end
points were PFS and OS for T 1 D 1 CT versus CT. Other
prespecified secondary end points included 12-month PFS
rate, unconfirmed objective response rate (proportion of
patients with a complete or partial response on $ 1 visit;
ORR) by BICR, duration of response (DoR), and safety and
tolerability. Additional analyses of efficacy by PD-L1 ex-
pression level and by blood tumor mutational burden (also
secondary end points) will be reported separately. Further
details of end points and assessments, including history of
amendments to the primary end points, are provided in the
Data Supplement.

Statistical Analysis

The study planned to randomly assign approximately 1,000
patients to obtain approximately 497 PFS events and 532OS
events across the D1 CT and CT arms for the final (primary)
analyses of PFS and OS, planned at approximately 75% and
80% maturity, respectively. One interim analysis of PFS and
three interim analyses of OS were planned. The alpha was
split between the interim and final analyses using the Lan-
DeMets spending function that approximates an O’Brien-
Fleming approach to account for multiple time point
assessments and treatment comparisons.24 Sample size
assumptions are described in the Data Supplement.

To strongly control the type I error at 5% (two-sided), a
hierarchical multiple testing procedure with gatekeeping
strategy was used across the primary end points and alpha-
controlled secondary end points (Data Supplement). Ini-
tially, 1% alpha and 4% alpha were allocated to PFS and
OS, respectively, for the D 1 CT versus CT comparison.
Positivity for either primary end point enabled alpha
recycling to the key secondary PFS and OS end points
(T1 D1 CT v CT). If either of the key secondary PFS or OS
end points was met, the alpha could be recycled to the
other key secondary end point.

The primary and key secondary PFS and OS analyses were
performed using a stratified log-rank test adjusted for the
stratification variables of tumor PD-L1 expression, disease
stage, and histology, with hazard ratios (HRs) and 95% CIs
estimated using a stratified Cox proportional hazards model.
A sensitivity analysis additionally adjusted for further pre-
specified covariates (age at random assignment, sex,
smoking history, and race). HRs and 95% CIs for patient
subgroups were calculated using an unstratified Cox pro-
portional hazards model with treatment as the only covariate.
ORR was analyzed using a logistic regression model, ad-
justed for the same factors as the primary end points, and
odds ratios (ORs) and 95% CIs calculated. HRs, ORs, and
corresponding 95%CIs were rounded to two decimal places.
The Kaplan-Meier method was used to calculate median OS,
PFS, and DoR. Efficacy data were analyzed in all randomly
assigned patients (intention-to-treat [ITT] population). All
patients who received $ 1 dose of study treatment (safety
population) were included in safety analyses.

RESULTS

Patients and Treatment

Between June 27, 2017, and September 19, 2018, 1,013
patients from 142 sites in 18 countries were randomly
assigned to T1 D1 CT (n5 338), D1 CT (n5 338), or CT
(n 5 337; Fig 1). Of those, 997 (98.4%) patients received
$ 1 dose of study treatment: 331 in the T1D1CT arm, 335
in the D 1 CT arm, and 331 in the CT arm. One patient
randomly assigned to each of the T 1 D 1 CT and D 1 CT
arms did not receive immunotherapy; the safety
population therefore included 330, 334, and 333 patients
in the T 1 D 1 CT, D 1 CT, and CT arms, respectively.

Baseline demographics were generally balanced between
the treatment arms (Table 1). Overall, 292 (28.8%) patients
had PD-L1 TC$ 50%, 502 (49.6%) had stage IVB disease,
and 374 (36.9%) had squamous histology. 340 (33.6%)
patients were randomly assigned from Asia and 320
(31.6%) from Eastern Europe. The data cutoff was July 24,
2019, for PFS and other RECIST-related end points, and
March 12, 2021, for OS, safety, and all other data. As of
these dates, the median (range) follow-up in censored
patients was 10.3 (0.0-23.1) months for PFS and 34.9
(0.0-44.5) months for OS.

As of March 12, 2021, patients in the T 1 D 1 CT and
D1 CT arms had received a median (range) of 8 (1-49) and
8 (1-48) durvalumab doses, respectively (Data Supplement).
In the T1 D1 CT arm, 218 (66.1%) of 330 treated patients
received the planned five tremelimumab doses; the most
common reason for tremelimumab discontinuation was PD.

The distribution of chemotherapy regimens across arms was
generally balanced. Among patients who received chemo-
therapy, the most common regimens were pemetrexed-
platinum for patients with nonsquamous histology (598/626
[95.5%]) and gemcitabine-platinum for those with squamous
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histology (326/369 [88.3%]). In the safety population, 259
(78.5%) patients in the T1 D1 CT arm and 273 (81.7%) in
the D 1 CT arm received at least four cycles of platinum-
based induction chemotherapy. In the CT arm, 247 (74.2%)
patients received at least four cycles and 77 (23.1%) re-
ceived the maximum permitted six cycles of platinum-based
induction chemotherapy. Among the patients who re-
ceived pemetrexed-platinum doublet, fewer patients went
on to receive maintenance pemetrexed in the CT versus
T1 D1 CT and D1 CT arms (131 [64.2%] v 149 [75.3%]
and 159 [80.3%], respectively), primarily because of PD.

At the OS data cutoff, 37 patients in the T 1 D 1 CT arm
and 31 in the D1 CT arm remained on durvalumab and/or
pemetrexed treatment; five patients in the CT arm remained
on pemetrexed (Fig 1).

In the ITT population, 123 (36.4%), 139 (41.1%), and 194
(57.6%) patients received subsequent systemic anticancer
therapy in the T 1 D 1 CT, D 1 CT, and CT arms, re-
spectively (Data Supplement). The higher rate of subsequent
therapy in the CT arm was driven by immunotherapy ad-
ministration (22 [6.5%] patients in each of the T 1 D 1 CT
andD1 CT arms v 112 [33.2%] in the CT arm), whereas the

Patients excluded                         (n = 794)
Did not meet eligibility criteria (n = 760)
Died                                                 (n = 6)
Withdrew consent                       (n = 27)
Other                                              (n = 1)

Discontinued chemotherapy (n = 326)
Withdrew consent                 (n = 20)
AE                                           (n = 44)
Noncompliance                       (n = 2)
Disease progression           (n = 183)
Lost to follow-up                     (n = 1)
Maximum cycle reached      (n = 73)
Otherb                                                      (n = 3)

Discontinued chemotherapy  (n = 311)
Withdrew consent                  (n = 13)
AE                                            (n = 62)
Disease progression           (n = 138)
Maximum cycle reached       (n = 95)
Otherb                                                       (n = 3)

Discontinued durvalumab      (n = 294)

Completed tremelimumab     (n = 213)
Discontinued tremelimumab (n = 117)

Withdrew consent                 (n = 14)
AE                                             (n = 61)
Disease progression            (n = 216)
Otherb                                       (n = 3)

Withdrew consent                    (n = 9)
AE                                            (n = 35)
Disease progression              (n = 69)
Otherb                                                       (n = 4)

Patients randomly assigned (n = 1,013)

Patients enrolled (N = 1,807)

Randomly assigned to
T + D + CT  

(ITT population; n = 338)

Randomly assigned to
D + CT

(ITT population; n = 338)

Randomly assigned to
CT

(ITT population; n = 337)

Did not receive treatment (n = 7) Did not receive treatment (n = 6)

Received at least one dose
of study treatmenta (n = 331)

Received at least one dose
of study treatmenta (n = 335)

Received at least one dose
of study treatment (n = 331)

Continuing study treatment (n = 31)
   at data cutoff

Ongoing durvalumab       (n = 31)
Ongoing chemotherapy   (n = 21)

Continuing study treatment (n = 37)
   at data cutoff

Ongoing durvalumab       (n = 36)
Ongoing chemotherapy   (n = 19)

Continuing study treatment (n = 5)
   at data cutoff

Ongoing chemotherapy   (n = 5)

Discontinued chemotherapy (n = 314)
Withdrew consent                 (n = 17)
AE                                           (n = 63)
Disease progression            (n = 132)
Lost to follow-up                     (n = 1)
Maximum cycle reached       (n = 95)
Otherb                                                      (n = 6)

Discontinued durvalumab     (n = 303)
Withdrew consent                (n = 16)
AE                                          (n = 56)
Disease progression          (n = 226)
Lost to follow-up                    (n = 1)
Otherb                                                     (n = 4)

Did not receive treatment (n = 3)

FIG 1. CONSORTdiagram. Data cutoff date:March 12, 2021. aAmong these patients, one patient each randomly assigned to the T1D1CT armand the
D1 CT arm did not receive immunotherapy and were included in the CT arm of the safety population; one patient randomly assigned to the T1 D1 CT
arm received durvalumab and tremelimumab but not chemotherapy. bThe most common cause of treatment discontinuations classified as other was
investigator’s decision (39%). AE, adverse event; CT, chemotherapy; D, durvalumab; ITT, intention-to-treat; T, tremelimumab.
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TABLE 1. Baseline Patient Demographics and Disease Characteristics (ITT population)

Characteristic
T 1 D 1 CT
(n 5 338)

D 1 CT
(n 5 338)

CT
(n 5 337)

Age, years, median (range) 63.0 (27-87) 64.5 (32-87) 64.0 (32-84)

Sex, No. (%)

Male 269 (79.6) 253 (74.9) 248 (73.6)

Female 69 (20.4) 85 (25.1) 89 (26.4)

Race, No. (%)

White 205 (60.7) 182 (53.8) 179 (53.1)

Asian 99 (29.3) 123 (36.4) 128 (38.0)

American Indian/Alaska Native 12 (3.6) 17 (5.0) 9 (2.7)

Black/African American 8 (2.4) 4 (1.2) 8 (2.4)

Other 14 (4.1) 12 (3.6) 13 (3.9)

Geographic region, No. (%)

Eastern Europe 122 (36.1) 103 (30.5) 95 (28.2)

Asia 96 (28.4) 120 (35.5) 124 (36.8)

North America 44 (13.0) 46 (13.6) 40 (11.9)

Western Europe 29 (8.6) 26 (7.7) 28 (8.3)

South America 34 (10.1) 32 (9.5) 41 (12.2)

Africa 13 (3.8) 11 (3.3) 9 (2.7)

ECOG PS, No. (%)

0 110 (32.5) 109 (32.2) 119 (35.3)

1 228 (67.5) 229 (67.8) 217 (64.4)

Missing 0 0 1 (0.3)

Histology, No. (%)

Squamous 124 (36.7) 128 (37.9) 122 (36.2)

Nonsquamous 214 (63.3) 209 (61.8) 214 (63.5)

Other or missing 0 1 (0.3) 1 (0.3)

AJCC disease stage, No. (%)

IVA 171 (50.6) 170 (50.3) 166 (49.3)

IVB 165 (48.8) 167 (49.4) 170 (50.4)

Other or missinga 2 (0.6) 1 (0.3) 1 (0.3)

Smoking history, No. (%)

Current smoker 84 (24.9) 64 (18.9) 66 (19.6)

Former smoker 195 (57.7) 190 (56.2) 191 (56.7)

Never smoker 59 (17.5) 84 (24.9) 79 (23.4)

Missing 0 0 1 (0.3)

PD-L1 expression status, No. (%)

TC $ 50% 101 (29.9) 94 (27.8) 97 (28.8)

TC , 50% 237 (70.1) 243 (71.9) 240 (71.2)

TC $ 1% 213 (63.0) 224 (66.3) 207 (61.4)

TC , 1% 125 (37.0) 113 (33.4) 130 (38.6)

Missing 0 1 (0.3) 0

CNS metastases, No. (%) 33 (9.8) 28 (8.3) 45 (13.4)

Liver metastases, No. (%) 69 (20.4) 62 (18.3) 80 (23.7)

Abbreviations: AJCC, American Joint Committee on Cancer; CT, chemotheraphy; D, durvalumab; ECOG PS, Eastern Cooperative Oncology Group
performance status; ITT, intention-to-treat; PD-L1, programmed cell death ligand-1; T, tremelimumab; TC, tumor cell.

aTwo patients in the tremelimumab plus durvalumab and chemotherapy arm and one in the durvalumab plus chemotherapy armwere incorrectly randomly
assigned with stage III disease; these were reported as protocol deviations.
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rate of second-line chemotherapy use was similar across
the arms.

Efficacy

PFS/OS With D1 CT Versus CT. Five hundred eleven of 675
patients experienced PD or died across the D1 CT and CT
arms (75.7%maturity). PFS was significantly improved with
D 1 CT versus CT (HR, 0.74; 95% CI, 0.62 to 0.89;
P5 .0009; Fig 2A). The median PFS was 5.5 (95% CI, 4.7
to 6.5) versus 4.8 (95%CI, 4.6 to 5.8) months in the D1 CT
and CT arms, respectively, with 12-month PFS rates of
24.4% versus 13.1%.

Five hundred forty-nine of 675 patients died across the
D 1 CT and CT arms (81.3% maturity). Although a trend for
improvement in OS was observed for D 1 CT versus CT, this
was not statistically significant (HR, 0.86; 95% CI, 0.72 to
1.02; P5 .0758; Fig 2B). The median OS was 13.3 (95% CI,
11.4 to 14.7) versus 11.7 (95% CI, 10.5 to 13.1) months with
D1 CT versus CT, respectively, and 24-month OS rates were
29.6% versus 22.1%. PFS andOS benefit with D1CT versus
CT was generally consistent with the ITT population across
patient subgroups (Fig 3A andData Supplement). A sensitivity
analysis showedminimal impact of prespecified covariates on
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FIG 2. (A) PFS and (B) OS (ITT) with D1 CT versus CT. (C) PFS and (D) OS (ITT) with T1 D1 CT versus CT. Data cutoff date for PFS:
July 24, 2019. Data cutoff date for OS: March 12, 2021. One patient died 1 day before random assignment and was censored at day
1. CT, chemotherapy; D, durvalumab; HR, hazard ratio; ITT, intention-to-treat; OS, overall survival; PFS, progression-free survival;
T, tremelimumab. (continued on following page)
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the HR estimates for PFS (0.75; 95%CI, 0.63 to 0.90) andOS
(0.83; 95% CI, 0.70 to 0.99).

PFS/OS With T 1 D 1 CT Versus CT. PFS for T 1 D 1 CT
versus CT could be formally assessed as the primary PFS
end point for D 1 CT versus CT had been met. As this key
secondary end point was alsomet, the comparison of OS for
T 1 D 1 CT versus CT was also formally assessed.

Both PFS (HR, 0.72; 95% CI, 0.60 to 0.86; P5 .0003) and
OS (HR, 0.77; 95% CI, 0.65 to 0.92; P 5 .0030) showed
statistically significant improvement for T 1 D 1 CT versus
CT (Figs 2C and 2D). Themedian PFS was 6.2months (95%
CI, 5.0 to 6.5) versus 4.8 months (95% CI, 4.6 to 5.8), with

12-monthPFS rates of 26.6%versus13.1%, in theT1D1CT
arm versus CT arm, respectively. The median OS was
14.0 months (95% CI, 11.7 to 16.1) with T 1 D 1 CT versus
11.7 months (95% CI, 10.5 to 13.1) with CT; 24-month OS
rates were 32.9% versus 22.1%.

The PFS and OS benefit with T 1 D 1 CT versus CT was
generally consistent with the ITT population across patient
subgroups, including all those defined by PD-L1 expression
levels (Fig 3B and Data Supplement). PFS and OS benefit
appeared more prominent in the subgroup with nonsquamous
(than squamous) histology (Fig 4). A sensitivity analysis showed
minimal impact of prespecified covariates on the HR estimates
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FIG 3. OS in patient subgroups with (A) D1 CT versus CT or (B) T1 D1 CT versus CT. Data cutoff date: March 12, 2021. The size of
circle in the forest plot is proportional to the number of events across both treatment groups. HRs and 95% CIs in the ITT population
were estimated using a Cox proportional hazards model stratified by PD-L1 expression status, histology, and disease stage; HRs and
95% CIs in subgroups were estimated using an unstratified Cox proportional hazards model. AJCC, American Joint Committee on
Cancer; CT, chemotherapy; D, durvalumab; ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; ITT, intention-to-treat; OS,
overall survival; PD-L1, programmed cell death ligand-1; PFS, progression-free survival; T, tremelimumab; TC, tumor cell.
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for PFS (0.70; 95% CI, 0.59 to 0.84) and OS (0.76; 95% CI,
0.63 to 0.90).

ORR and DoR. UnconfirmedORRwas46.3%with T1D1CT
(OR vCT, 1.72; 95%CI, 1.26 to 2.37), 48.5%with D1CT (OR
v CT, 1.90; 95%CI, 1.38 to 2.62), and33.4%withCT. In apost
hoc analysis, the confirmed ORR was 38.8% with T1 D1 CT

(OR v CT, 2.00; 95%CI, 1.43 to 2.81), 41.5%withD1CT (OR
v CT, 2.26; 95% CI, 1.61 to 3.19), and 24.4% with CT.

Among patients with a confirmed response, the median
DoR was 9.5 months (95% CI, 7.2 to not estimable) with
T1 D1 CT, 7.0 months (95% CI, 5.7 to 9.9) with D1 CT,
and 5.1 months (95% CI, 4.4 to 6.0) with CT (Fig 5). Post
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FIG 4. (A) PFS and (B) OS in patients with nonsquamous histology. (C) PFS and (D) OS in patients with squamous histology. Data
cutoff date for PFS: July 24, 2019. Data cutoff date for OS: March 12, 2021. HRs and 95% CIs were calculated using an unstratified
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survival; T, tremelimumab. (continued on following page)
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hoc analyses of ORR and DoR by histology are included in
the Data Supplement.

Safety

Any-grade adverse events (AEs) considered by the investi-
gator to be treatment-related (TRAEs) were reported in 306
(92.7%), 296 (88.6%), and 298 (89.5%) of patients treated
with T1D1 CT, D1 CT, and CT, respectively (Table 2). The
incidence of TRAEs with maximum grade 3/4 severity was
numerically higher in the T1D1CT arm (51.8%) compared

with the other arms (44.6% for D1 CT and 44.4% for CT); a
similar pattern was observed for serious TRAEs (27.6% v
19.5% and 17.7%). The most common TRAEs of maximum
grade 3/4 were anemia and neutropenia.

Treatment-related deaths occurred in 11 (3.3%), 7 (2.1%),
and 8 (2.4%) patients treated with T 1 D 1 CT, D 1 CT,
and CT, respectively. The incidence of TRAEs leading to
treatment discontinuation was similar in the T 1 D 1 CT
and D 1 CT arms (15.5% and 14.1%) and numerically
lower in the CT arm (9.9%).
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Immune-mediated AEs occurred in 33.6%, 19.2%, and
5.1% of patients treated with T1 D1 CT, D1 CT, and CT,
respectively (Table 2 and Data Supplement). Immune-
mediated AEs were maximum grade 3/4 in 10.0%,
6.9%, and 1.5% of patients in the T1D1 CT, D1 CT, and
CT arms, serious in 9.7%, 6.0%, and 1.2%, led to treatment

discontinuation in 5.8%, 4.2%, and 0.6%, and led to death
in 0.6%, 0.3%, and 0% in the T1 D1 CT, D1 CT, and CT
arms, respectively.

Details of any-cause AEs, serious TRAEs, and discontin-
uations because of TRAEs are reported in the Data
Supplement.
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FIG 5. Duration of response with (A) T1 D1 CT versus CT and (B) D1 CT versus CT. Data cutoff date: July 24, 2019. Data included
are for confirmed response (at least one visit response of complete response or partial response and a confirmatory scan no sooner
than 4 weeks after the initial response) by BICR per RECIST v1.1; confirmation was not required per protocol (post hoc analysis). DoR
was defined as the time from the first documentation of complete response/partial response until the date of progression, death in
absence of progression, or the last evaluable RECIST assessment for patients who progressed or died after two or more missed visits.
aN 5 patients with measurable disease at baseline. BICR, blinded independent central review; CT, chemotherapy; D, durvalumab;
DoR, duration of response; NE, not estimable; T, tremelimumab.
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TABLE 2. Adverse Events in the Safety Population

Event

T 1 D 1 CT (n 5 330) D 1 CT (n 5 334) CT (n 5 333)

Any Grade Maximum Grade 3/4 Any Grade Maximum Grade 3/4 Any Grade Maximum Grade 3/4

Treatment-relateda

Any event, No. (%) 306 (92.7) 171 (51.8) 296 (88.6) 149 (44.6) 298 (89.5) 148 (44.4)

Any serious event, No. (%) 91 (27.6) 70 (21.2) 65 (19.5) 48 (14.4) 59 (17.7) 44 (13.2)

Any event leading to discontinuation,b No. (%) 51 (15.5) 31 (9.4) 47 (14.1) 24 (7.2) 33 (9.9) 14 (4.2)

Any event leading to death,c No. (%) 11 (3.3) — 7 (2.1) — 8 (2.4) —

Event occurring in $ 10% of patients in any group,d No. (%)

Anemia 144 (43.6) 57 (17.3) 122 (36.5) 51 (15.3) 145 (43.5) 68 (20.4)

Nausea 124 (37.6) 4 (1.2) 104 (31.1) 1 (0.3) 115 (34.5) 5 (1.5)

Neutropenia 96 (29.1) 53 (16.1) 74 (22.2) 42 (12.6) 75 (22.5) 40 (12.0)

Decreased appetite 69 (20.9) 5 (1.5) 56 (16.8) 1 (0.3) 70 (21.0) 4 (1.2)

Fatigue 65 (19.7) 5 (1.5) 67 (20.1) 7 (2.1) 62 (18.6) 7 (2.1)

Thrombocytopenia 53 (16.1) 18 (5.5) 39 (11.7) 15 (4.5) 53 (15.9) 17 (5.1)

Neutrophil count decreased 35 (10.6) 24 (7.3) 42 (12.6) 24 (7.2) 57 (17.1) 25 (7.5)

Vomiting 47 (14.2) 4 (1.2) 39 (11.7) 1 (0.3) 40 (12.0) 4 (1.2)

ALT increased 34 (10.3) 4 (1.2) 40 (12.0) 7 (2.1) 41 (12.3) 7 (2.1)

Diarrhea 46 (13.9) 5 (1.5) 34 (10.2) 4 (1.2) 35 (10.5) 4 (1.2)

Constipation 27 (8.2) 0 33 (9.9) 0 49 (14.7) 2 (0.6)

Leukopenia 42 (12.7) 9 (2.7) 28 (8.4) 8 (2.4) 36 (10.8) 12 (3.6)

Rash 52 (15.8) 4 (1.2) 39 (11.7) 3 (0.9) 10 (3.0) 0

AST increased 32 (9.7) 1 (0.3) 34 (10.2) 3 (0.9) 31 (9.3) 0

Asthenia 41 (12.4) 8 (2.4) 20 (6.0) 3 (0.9) 26 (7.8) 5 (1.5)

Alopecia 31 (9.4) 0 35 (10.5) 0 20 (6.0) 0

Hypothyroidism 35 (10.6) 0 16 (4.8) 0 3 (0.9) 0

Immune-mediated (grouped terms)e

Any event, No. (%) 111 (33.6) 33 (10.0) 64 (19.2) 23 (6.9) 17 (5.1) 5 (1.5)

Any serious event, No. (%) 32 (9.7) 25 (7.6) 20 (6.0) 16 (4.8) 4 (1.2) 3 (0.9)

Any event leading to discontinuation,b No. (%) 19 (5.8) 12 (3.6) 14 (4.2) 10 (3.0) 2 (0.6) 2 (0.6)

Any event leading to death, No. (%) 2 (0.6) — 1 (0.3) — 0 —

Event occurring in $ 2% of patients in any group,d No. (%)

Hypothyroid events 27 (8.2) 0 20 (6.0) 0 3 (0.9) 0

Pneumonitis 12 (3.6) 3 (0.9) 10 (3.0) 4 (1.2) 2 (0.6) 2 (0.6)

Rash 13 (3.9) 3 (0.9) 5 (1.5) 2 (0.6) 6 (1.8) 2 (0.6)

Hepatic events 12 (3.6) 7 (2.1) 11 (3.3) 8 (2.4) 0 0

Dermatitis 14 (4.2) 1 (0.3) 4 (1.2) 1 (0.3) 1 (0.3) 0

Colitis 13 (3.9) 5 (1.5) 4 (1.2) 1 (0.3) 0 0

Hyperthyroid events 9 (2.7) 0 4 (1.2) 1 (0.3) 1 (0.3) 0

Adrenal insufficiency 8 (2.4) 2 (0.6) 4 (1.2) 1 (0.3) 0 0

NOTE. Data cutoff date: March 12, 2021. Includes adverse events that occurred during the treatment period and up to 90 days after the last dose of study
treatment or up to the start of any subsequent therapy (whichever occurred first).
Abbreviations: CT, chemotherapy; D, durvalumab; T, tremelimumab.
aAdverse events assessed by the investigator as possibly related to any study treatment.
bIncludes patients who permanently discontinued at least one study drug.
cTreatment-related adverse events leading to death were autoimmune hepatitis, autoimmune myocarditis, autoimmune nephritis, and autoimmune

pancreatitis (all in the same patient), sepsis in two patients, and acute kidney injury, COVID-19, death, febrile neutropenia, gastric ulcer perforation, ischemic
stroke, pneumonitis, and renal failure in one patient each in the tremelimumab plus durvalumab and chemotherapy arm; acute cardiac failure, acute kidney
injury, acute myocardial infarction, death, febrile neutropenia, pneumonia, and pulmonary embolism in one patient each in the durvalumab plus
chemotherapy arm; and pancytopenia and pneumonia (in the same patient), febrile neutropenia and pulmonary embolism in two patients each, and acute
myocardial infarction, pneumonia, and pulmonary artery thrombosis in one patient each in the chemotherapy arm.

dThe events are listed in descending order of frequency across all three treatment groups.
eAn adverse event of special interest consistent with an immune-mediatedmechanism of action, where there is no clear alternate etiology, and requiring the

use of systemic steroids or other immunosuppressants and/or, for specific endocrine events, endocrine therapy.
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DISCUSSION

In POSEIDON, first-line D 1 CT significantly improved PFS
versus CT in patients with mNSCLC, with a positive trend for
OS improvement that did not reach statistical significance.
First-line T1D1CTdemonstrated statistically significant and
clinically meaningful improvements in both PFS and OS
versus CT. Both T1D1CT andD1CTdemonstrated higher
12-month PFS and 24-month OS rates compared with CT.
The delayed separation of the Kaplan-Meier curves for each
experimental arm versus CT suggests the HRs should be
considered as an average estimate of treatment benefit, with
survival landmarks as well as durability of responses being an
important component of efficacy assessment for this class of
therapies. Although not formally assessed in the statistical
analysis plan, the addition of tremelimumab to durvalumab
and chemotherapy led to more durable responses than were
observed with D1CT, and a notable separation of the survival
curves, particularly at later landmarks.

Overall, the four-drug T1 D1 CT regimen was well tolerated.
The most common AEs across all arms were those typically
associated with chemotherapy. Although more frequent with
T 1 D 1 CT than with D 1 CT, immune-mediated AEs were
generally low grade and manageable within current guidelines.
Treatment discontinuations because of TRAEs were similar in
the T 1 D 1 CT and D 1 CT arms, with similar exposure to
chemotherapy and durvalumab achieved in both arms.

POSEIDON is a three-arm trial comparing two experimental
regimens—anti–CTLA-4 plus anti–PD-(L)1 and chemotherapy,
and anti–PD-(L)1 plus chemotherapy—with a chemotherapy
control arm, allowing the optimal use of anti–CTLA-4 therapy
with commonly used treatment strategies to be considered.
AmongpatientswithPD-L1TC$ 1%mNSCLC, survival benefit
with T1D1CT, and especiallyD1CT, versusCTappeared to
be greatest in the PD-L1 TC$ 50%subgroup; notably, patients
with PD-L1 TC, 1%mNSCLC, in particular, appeared to gain
improved survival benefit from the addition of tremelimumab to
durvalumab and chemotherapy, consistent with the role of
CTLA-4 and PD-(L)1 checkpoints in the immune response.
This observation has particular clinical relevance, given that
patients with PD-L1–low or PD-L1–negative (v PD-L1–high)
tumors are more likely to show primary resistance to anti–
PD-(L)1 therapy.9 Real-world data suggest that the treatment
benefit observed in patients with PD-L1–low or PD-L1–
negative NSCLC in a clinical trial setting does not neces-
sarily translate into optimal outcomes in clinical practice with
the treatment options currently available.8 Consistent with
our observations, CTLA-4 (ipilimumab) plus PD-1 (nivolu-
mab) and chemotherapy also seemed to confer benefit
versus chemotherapy for patients with PD-L1 TC , 1%
mNSCLC in CheckMate 9LA.20 Further analysis of the PO-
SEIDONdata set will help to characterize those patients most
likely to gain maximum benefit from the combination of
tremelimumab with durvalumab and chemotherapy.

PFS and OS benefit with T1 D1 CT versus CT appeared to
be more prominent among patients with nonsquamous (than
squamous) histology. Although squamous histology is gen-
erally associated with a worse prognosis, median and land-
mark PFS, OS, and DoR values were particularly poor for this
subgroup across all treatment arms. There was no obvious
explanation for this finding; however, we note that, in PO-
SEIDON, most patients with squamous histology received
gemcitabine-platinum (88.3%; others received nab-
paclitaxel-carboplatin) doublet chemotherapy, unlike most
other studies of immunotherapy in combination with che-
motherapy. In CheckMate-9LA, patients with squamous
histology received paclitaxel plus carboplatin.20 Although
patients receiving nab-paclitaxel-carboplatin in POSEIDON
had improved treatment benefit with T 1 D 1 CT or D 1 CT
versus CT compared with those receiving gemcitabine-
platinum, the results of the subgroup analysis should be
interpreted with caution because of small sample sizes.
Whether some chemotherapy regimens are superior to others
in engaging the immune response in combination with im-
munotherapies is an important area for clinical research as
these treatments become established standards of care in
lung cancer. There are currently only limited data for gem-
citabine from trials of immunotherapy plus chemotherapy in
NSCLC; subgroup data from IMpower010 suggested a lack of
benefit for atezolizumab versus best supportive care following
gemcitabine-cisplatin adjuvant chemotherapy in resected
stage IB–IIIA NSCLC.25

POSEIDON was a multiregional study with a design
intended to reflect broad clinical practice patterns across
mNSCLC globally, encompassing patients with both
squamous and nonsquamous histology and permitting the
use of multiple chemotherapy regimens and up to six
cycles of platinum-based induction chemotherapy in the
control arm (patients in the T1 D1 CT and D1 CT arms
could receive up to four cycles). The inclusion of the
D 1 CT arm allowed assessment of the contribution of a
limited course of anti–CTLA-4 within the study, although
the two experimental arms were not formally compared.
The broad study remit is both a strength and a weakness,
ensuring the results have real-world applicability but
leading to a more heterogeneous patient population,
which complicates interpretation. Although chemother-
apy was the standard of care in this setting at the time of
starting the trial, this is now no longer the case in many
regions because of advances in the treatment landscape
during the trial. The open-label design means that patient
withdrawals and attribution of causality for AEs may have
been affected by open-label bias, although the RECIST-
related end points assessed by BICR and OS should not
have been.

In conclusion, D 1 CT significantly improved PFS and
T 1 D 1 CT significantly improved OS and PFS versus
CT. Adding a limited course of tremelimumab to durvalu-
mab and four cycles of chemotherapy provided long-term

Journal of Clinical Oncology 1225

Tremelimumab Plus Durvalumab and Chemotherapy in Metastatic NSCLC



survival benefit for patients with mNSCLC, alongside early
disease control and a manageable tolerability profile,
without compromising treatment exposure. The addition
of anti–CTLA-4 extended clinical benefit to patients with

PD-L1 TC, 1%: a subgroup with hard-to-treat disease and
outcomes that can be suboptimal in clinical practice with
currently available treatments. T1 D1 CTmay represent a
new first-line treatment option in mNSCLC.
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