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ARTICLE INFO ABSTRACT

Keywords: Objectives: In the phase 3 POSEIDON study, first-line tremelimumab plus durvalumab and chemotherapy
Durvalumab significantly improved overall survival and progression-free survival versus chemotherapy in metastatic non-
Tremelimumab

small-cell lung cancer (NSCLC). We present patient-reported outcomes (PROs).

. Patients and methods: Treatment-naive patients were randomized 1:1:1 to tremelimumab plus durvalumab and
Patient-reported outcomes . .
Health-related quality of life chemotherapy, durvalumab plus chemotherapy, or chemotherapy. PROs (prespecified secondary endpoints)
POSEIDON were assessed using the European Organisation for Research and Treatment of Cancer 30-item core quality of life
questionnaire version 3 (QLQ-C30) and its 13-item lung cancer module (QLQ-LC13). We analyzed time to
deterioration (TTD) of symptoms, functioning, and global health status/quality of life (QoL) from randomization
by log-rank test and improvement rates by logistic regression.

Results: 972/1013 (96 %) patients randomized completed baseline QLQ-C30 and QLQ-LC13 questionnaires, with
scores comparable between treatment arms. Patients receiving tremelimumab plus durvalumab and chemo-
therapy versus chemotherapy had longer median TTD for all PRO items. Hazard ratios for TTD favored trem-
elimumab plus durvalumab and chemotherapy for all items except diarrhea; 95 % confidence intervals did not
cross 1.0 for global health status/QoL, physical functioning, cognitive functioning, pain, nausea/vomiting,
insomnia, constipation, hemoptysis, dyspnea, and pain in other parts. For durvalumab plus chemotherapy,
median TTD was longer versus chemotherapy for all items except nausea/vomiting and diarrhea. Hazard ratios
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favored durvalumab plus chemotherapy for all items except appetite loss; 95 % confidence intervals did not cross
1.0 for global health status/QoL, physical functioning, role functioning, dyspnea, and pain in other parts. For
both immunotherapy plus chemotherapy arms, improvement rates in all PRO items were numerically higher
versus chemotherapy, with odds ratios > 1.

Conclusions: Tremelimumab plus durvalumab and chemotherapy delayed deterioration in symptoms, func-
tioning, and global health status/QoL compared with chemotherapy. Together with significant improvements in
survival, these results support tremelimumab plus durvalumab and chemotherapy as a first-line treatment option

in metastatic NSCLC.

1. Introduction

In recent years, immune checkpoint inhibitors targeting pro-
grammed cell death protein 1 (PD-1) or its ligand (PD-L1), used either
alone or in combination with chemotherapy, have significantly
improved survival outcomes for metastatic non-small-cell lung cancer
(NSCLQ) lacking actionable driver mutations (e.g., in EGFR, ALK, ROS1,
BRAF) [1]. Despite these improvements, a substantial proportion of
patients with NSCLC do not respond to anti-PD-1/PD-L1 inhibitors or
acquire resistance to treatment; although the characteristics of re-
sponders are not fully understood, evidence suggests that patients with
tumors expressing higher levels of PD-L1 have better long-term treat-
ment outcomes [1].

Combinations of immune checkpoint inhibitors targeting different
pathways that regulate the immune system via non-redundant mecha-
nisms may provide additive or synergistic effects with activity across a
broader patient population, including those with PD-L1-low or -negative
tumors. However, the feasibility of using such combinations in addition
to chemotherapy is dependent on the safety and tolerability of these
regimens, as well as ensuring that patient quality of life (QoL) is not
compromised.

The phase 3 POSEIDON study (NCT03164616) compared the effi-
cacy and safety of first-line treatment with tremelimumab plus durva-
lumab and chemotherapy, and of durvalumab plus chemotherapy, with
chemotherapy alone in patients with metastatic NSCLC. Durvalumab is a
selective, high-affinity human immunoglobulin G1 monoclonal anti-
body that blocks PD-L1 binding to PD-1 and CD80, while tremelimumab
is a human immunoglobulin G2 monoclonal antibody that blocks cyto-
toxic T-lymphocyte-associated antigen 4 (CTLA-4), enhancing binding
of CD80 and CD86 to CD28 [2,3]. A limited course of tremelimumab
added to durvalumab and four cycles of chemotherapy significantly
improved both progression-free survival (PFS; median, 6.2 versus 4.8
months; hazard ratio [HR], 0.72; 95 % confidence interval [CI],
0.60-0.86; P = 0.0003; data cutoff [DCO] July 24, 2019) and overall
survival (OS; median, 14.0 versus 11.7 months; HR, 0.77; 95 % CI,
0.65-0.92; P = 0.0030; DCO March 12, 2021) versus chemotherapy
alone [4]. Although PFS was significantly longer with durvalumab plus
chemotherapy versus chemotherapy alone (median, 5.5 versus 4.8
months; HR, 0.74; 95 % CI, 0.62-0.89; P = 0.0009), a trend for improved
OS was not statistically significant [4]. On the basis of these results,
tremelimumab plus durvalumab and chemotherapy was approved for
use in this setting in the US, Japan, and the EU [5-7].

A key consideration with the addition of anti-CTLA-4 to combina-
tions of anti-PD-(L)1 plus chemotherapy is the potential for any negative
impact on tolerability, which could compromise treatment exposure and
negate any potential gains in clinical benefit. Reassuringly, although in
POSEIDON the addition of a limited course of tremelimumab to dur-
valumab and four cycles of chemotherapy did increase the frequency of
immune-mediated adverse events (as expected), there was only a small
increase in the incidence of grade 3 and higher immune-mediated
adverse events. Of note, the incidence of treatment discontinuation
due to treatment-related adverse events was similar in the trem-
elimumab plus durvalumab and chemotherapy arm and the durvalumab
plus chemotherapy arm [4].

In addition to monitoring of treatment tolerability, patient symptom

burden is an important element in the clinical management of NSCLC.
Advanced NSCLC is associated with numerous symptoms, including fa-
tigue, loss of appetite, shortness of breath, cough, and pain, all of which
are present in more than 90 % of patients [8,9], but may be relieved by
treatment with anticancer therapies and/or symptomatic treatments
such as steroids and analgesics [10-12]. Several studies have shown that
specific lung cancer symptoms are significantly linked to QoL in patients
with advanced lung cancer [8,9,13-17]. Patient-reported outcomes
(PROs) capturing the patient perspective on disease-related symptoms,
functioning domains, and overall QoL during treatment not only com-
plement clinician assessment of efficacy and safety but are vital to
providing a comprehensive view of the benefits of treatment. These data
are widely recognized as having provided important and clinically
relevant information on the risk/benefit profile of several approved first-
line immunotherapy-based regimens for NSCLC [18-23].

Here, we report analyses of PROs from the POSEIDON study which
show the impact of adding tremelimumab and durvalumab, or only
durvalumab, to chemotherapy on the symptoms, functioning, and
health-related QoL (HRQoL) of patients with metastatic NSCLC.

2. Methods
2.1. Study design and patients

POSEIDON is a phase 3, global, randomized, open-label study, for
which full entry criteria and primary and secondary analyses have been
previously reported [4]. Briefly, eligible patients were aged > 18 years
and had stage IV NSCLC which was treatment-naive for metastatic dis-
ease; Eastern Cooperative Oncology Group (ECOG) performance status
0-1; measurable disease according to Response Evaluation Criteria in
Solid Tumors version 1.1 (RECIST v1.1) [24]; and tumors with no
sensitizing EGFR mutations or ALK rearrangements and PD-L1 expres-
sion status determined centrally before randomization. Patients with
brain metastases were eligible providing they were treated and stable.

The study was run in accordance with the Declaration of Helsinki and
the International Conference on Harmonization Good Clinical Practice
guidelines. The protocol and all modifications were approved by rele-
vant ethics committees and regulatory authorities, and all patients
provided written informed consent.

2.2. Study treatment

Patients were randomly assigned in a 1:1:1 ratio to receive trem-
elimumab 75 mg plus durvalumab 1500 mg and chemotherapy every 3
weeks (q3w) for up to 4 cycles, followed by durvalumab 1500 mg every
4 weeks (q4w), with a fifth dose of tremelimumab post chemotherapy;
durvalumab 1500 mg plus chemotherapy q3w for up to 4 cycles fol-
lowed by durvalumab 1500 mg q4w; or chemotherapy q3w for up to 6
cycles. In all arms, chemotherapy comprised either carboplatin plus nab-
paclitaxel (any histology), cisplatin or carboplatin plus gemcitabine
(squamous histology), or cisplatin or carboplatin plus pemetrexed fol-
lowed by optional pemetrexed maintenance therapy if eligible (non-
squamous histology). Randomization was stratified by PD-L1 expression
(> 50 % versus < 50 % of tumor cells), disease stage (IVA versus [VB)
[25], and histology (squamous versus non-squamous).
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Patients continued treatment until disease progression, unacceptable
toxicity, or consent withdrawal. Patients continuing to receive benefit
could continue durvalumab monotherapy beyond disease progression
provided that they met the criteria per protocol.

2.3. Study endpoints and assessments

Primary endpoints were PFS and OS for the comparison of durvalu-
mab plus chemotherapy with chemotherapy alone. Key alpha-controlled
secondary endpoints were PFS and OS for the comparison of trem-
elimumab plus durvalumab and chemotherapy with chemotherapy
alone. Other secondary endpoints included PFS rate at 12 months, un-
confirmed objective response rate, duration of response, safety and
tolerability, and also PROs (reported here).

Secondary PRO endpoints were measurement of disease-related
symptoms, functioning and HRQoL assessed using the European Orga-
nisation for Research and Treatment of Cancer (EORTC) 30-item core
quality of life questionnaire, version 3 (QLQ-C30 v3) and its 13-item
lung cancer module (QLQ-LC13) [26,27]. The QLQ-C30 v3 includes 30
questions that can be combined into five functional scales (cognitive,
emotional, physical, role, and social); three symptom scales (fatigue,
pain, and nausea/vomiting); six single-item symptom measures
comprising appetite loss, constipation, diarrhea, dyspnea, insomnia, and
(not reported here) perceived financial difficulties; and the global health
status/QoL scale. The QLQ-LC13 includes 13 questions assessing lung
cancer symptoms (cough, hemoptysis, dyspnea, and site-specific pain,
reported here), as well as conventional chemoradiotherapy-related side
effects (alopecia, neuropathy, sore mouth, and dysphagia) and pain
medication, which are not reported. Global health status/QoL, physical
functioning, fatigue, and appetite loss from QLQ-C30 and cough, dys-
pnea, and chest pain from QLQ-LC13 were pre-specified PRO measures
of interest.

Patients used an electronic tablet (ePRO) to complete both ques-
tionnaires, unassisted, before any other study procedures at clinic visits,
at baseline and on the first day of each treatment cycle received until
disease progression, and then every 8 weeks until second progression or
death. Patients who discontinued treatment before progression
completed the questionnaires every 4 weeks after the last treatment dose
until disease progression, and then every 8 weeks until second pro-
gression or death.

2.4. Statistical analysis

PRO analyses were conducted on an intent-to-treat (ITT) basis.
Summary statistics were compiled for compliance over time, for both
questionnaires. Scores for the QLQ-C30 and QLQ-LC13 questionnaires
were calculated according to the EORTC Scoring Manual, with raw
scores standardized by linear transformation to range from 0 to 100. A
higher score represented a better level of functioning and global health
status/QoL or greater symptom severity. For both questionnaires, a
clinically meaningful change was prospectively defined as an absolute
change (increase or decrease) in score from baseline of > 10 points [28].

A hierarchical multiple testing procedure with gatekeeping strategy
was used to strongly control the type I error at 5 % (2-sided) across the
primary endpoints and alpha-controlled secondary endpoints; this pro-
cedure did not include PRO endpoints.

Time to deterioration (TTD) was assessed in patients from the ITT
population whose baseline scores were > 10 for global health status/
QoL and functioning or < 90 for symptoms. TTD was defined as the time
from randomization to the first clinically meaningful deterioration that
was confirmed at a subsequent assessment, or death from any cause in
the absence of clinically meaningful deterioration. Patients with a single
deterioration and with no further assessments were considered to have
had a deterioration for the purposes of this analysis. TTD was analyzed
using a log-rank test, stratified by tumor PD-L1 expression, disease stage,
and histology. HRs and 95 % CIs were estimated using a Cox
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proportional hazards model, stratified as above, with the Efron method
to control for ties. Median TTD was estimated using the Kaplan-Meier
method.

Improvement rate was assessed in patients from the ITT population
whose baseline scores were < 90 for global health status/QoL and
functioning or > 10 for symptoms. The improvement rate was defined as
the percentage of patients with two consecutive assessments at least 14
days apart who showed a clinically meaningful improvement from
baseline (i.e., a > 10-point decrease for symptoms or a > 10-point in-
crease for global health status/QoL and functioning). Odds ratios (ORs)
and 95 % CIs were estimated using logistic regression, adjusting for
tumor PD-L1 expression, disease stage, and histology.

3. Results
3.1. Patients and baseline QLQ-C30 and QLQ-LC13 scores

A total of 1013 patients were randomized to the study between June
27, 2017, and September 19, 2018, with 338 patients assigned to
tremelimumab plus durvalumab and chemotherapy, 338 patients to
durvalumab plus chemotherapy, and 337 patients to chemotherapy
only. As previously reported, baseline demographics and disease char-
acteristics were generally balanced between treatment arms [4].

Baseline PRO data including both QLQ-C30 and QLQ-LC13 ques-
tionnaires were completed by 325 (96.2 %), 326 (96.4 %), and 321
(95.3 %) patients, respectively, in the tremelimumab plus durvalumab
and chemotherapy, durvalumab plus chemotherapy, and chemotherapy
arms.

Compliance rates for both questionnaires were > 60 % continuously
from baseline to week 88 in the tremelimumab plus durvalumab and
chemotherapy arm, to week 64 in the durvalumab plus chemotherapy
arm, and to week 24 in the chemotherapy arm (Supplementary Fig. 1).

Baseline QLQ-C30 and QLQ-LC13 scores were generally comparable
between treatment arms (Supplementary Fig. 2). In the tremelimumab
plus durvalumab and chemotherapy, durvalumab plus chemotherapy,
and chemotherapy only arms, respectively, mean baseline scores were
59.2, 59.1, and 59.7 for global health status/QoL; and 75.7, 75.6, and
75.2 for physical functioning. For the pre-specified symptoms of inter-
est, mean baseline scores in the tremelimumab plus durvalumab and
chemotherapy, durvalumab plus chemotherapy, and chemotherapy only
arms, respectively, were 32.9, 32.3, and 33.9 for fatigue; 21.5, 21.2, and
24.5 for appetite loss; 36.1, 33.4, and 37.9 for cough; 27.5, 26.6, and
25.3 for dyspnea (QLQ-LC13); and 20.8, 18.5, and 24.0 for pain in chest.

Across all treatment arms, the most severe symptoms at baseline
(mean score > 25) were fatigue, pain (QLQ-C30), dyspnea (both scales),
insomnia, and cough. The least severe symptoms at baseline (mean
score < 10) in all three arms were diarrhea, hemoptysis, and nausea/
vomiting.

3.2. Time to deterioration

Longer median TTD was observed for patients in the tremelimumab
plus durvalumab and chemotherapy arm versus the chemotherapy arm
for global health status/QoL, all functioning scales, and all symptoms.
HRs favored tremelimumab plus durvalumab and chemotherapy versus
chemotherapy for global health status/QoL, all functioning scales, and
all symptom scales except diarrhea (HR, 1.00; 95 % CI, 0.79-1.26)
(Fig. 1A); the 95 % CI did not cross 1.0 for global health status/QoL,
physical functioning, and cognitive functioning, as well as for the QLQ-
C30 symptom scales pain, nausea/vomiting, insomnia, and constipation,
and the QLQ-LC13 symptom scales hemoptysis, dyspnea, and pain in
other parts.

Similarly, longer median TTD was observed for durvalumab plus
chemotherapy versus chemotherapy for all scales except nausea/vom-
iting (median 5.6 months versus 5.6 months) and diarrhea (median 9.8
months versus 10.8 months), with HRs favoring durvalumab plus
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Tremelimumab

A + durvalumab
+ chemotherapy Chemotherapy
Events/ Median, Events/ Median,
patients, n/N months  patients, /N months HR (95% CI)
QLQ-C30
Global health status/QoL 175/319 8.3 186/318 5.6 e 0.78 (0.63-0.96)
Physical functioning 189/323 7.7 193/320 53 —@— 0.75 (0.61-0.92)
Role functioning 196/314 6.6 192/304 4.8 —@— 0.81 (0.66—1.00)
Cognitive functioning 188/323 7.6 189/318 5.8 —— 0.79 (0.64-0.97)
Emotional functioning 175/322 8.5 160/315 7.5 —e— 0.87 (0.70-1.08)
Social functioning 185/320 6.4 177/314 5.7 —=e——x 0.85 (0.69-1.04)
Fatigue 232/317 37 220/314 28 |—.——| 0.90 (0.75-1.08)
Pain 176/316 8.9 180/298 5.7 e 0.70 (0.56-0.86)
Nausea/vomiting 191/322 7.8 182/319 5.6 —e— 0.81 (0.65-0.99)
Dyspnea 180/310 7.9 164/301 6.7 ——e— 0.84 (0.68-1.05)
Insomnia 176/311 8.3 170/301 5.8 —=e— 0.74 (0.60-0.92)
Appetite loss 179/308 7.2 158/305 7.0 —e1— 0.94 (0.75-1.17)
Constipation 173/315 9.2 165/306 6.1 —e— 0.78 (0.63-0.97)
Diarrhea 167/324 11.0 135/320 10.8 e 1.00 (0.79-1.26)
QLQ-LC13
Cough 162/302 9.7 142/295 8.8 ——e— - 0.91 (0.72-1.15)
Hemoptysis 133/325 17.8 128/318 114 [ i 0.77 (0.60-0.98)
Dyspnea 220/325 5.4 211/316 3.6 I—‘—| 0.77 (0.63-0.94)
Pain in chest 172/319 10.0 151/309 8.6 —=e—1 0.85 (0.68-1.07)
Pain in arm/shoulder 178/312 8.9 151/310 8.8 —1— 0.93 (0.74-1.16)
Pain in other parts 1741312 9.7 172/306 5.8 —e— 0.74 (0.60-0.92)
T 1
0.5 1 2
— —_—>
Favors T+D+CT Favors CT
B Durvalumab
+ chemotherapy Chemotherapy
Events/ Median, Events/ Median,
patients, n/N months  patients, n/N months HR (95% CI)
QLQ-C30
Global health status/QoL 198/321 7.8 186/318 5.6 —— 0.79 (0.64-0.96)
Physical functioning 195/325 8.3 193/320 5.3 —— 0.70 (0.57-0.87)
Role functioning 198/313 7.4 192/304 4.8 —@— 0.75 (0.61-0.92)
Cognitive functioning 207/323 7.4 189/318 5.8 —@—H 0.87 (0.71-1.06)
Emotional functioning 179/322 9.5 160/315 7.5 ——e—tH 0.83 (0.66-1.03)
Social functioning 195/319 71 177/314 5.7 —@—1 0.88 (0.72-1.09)
Fatigue 227/318 3.8 220/314 2.8 }—.— 0.83 (0.69-1.00)
Pain 199/311 6.5 180/298 5.7 —e— 0.84 (0.68-1.03)
Nausea/vomiting 212/322 5.6 182/319 5.6 —@—1 0.91(0.74-1.12)
Dyspnea 182/310 6.9 164/301 6.7 —e—Hi 0.86 (0.69-1.06)
Insomnia 186/304 7.4 170/301 5.8 —=e—- 0.84 (0.68-1.04)
Appetite loss 206/316 7.2 158/305 7.0 —to— 1.05 (0.85-1.31)
Constipation 188/314 8.7 165/306 6.1 —=e— 0.84 (0.68—-1.04)
Diarrhea 171/324 9.8 135/320 10.8 —e— 0.97 (0.77-1.22)
QLQ-LC13
Cough 168/314 11.0 142/295 8.8 —e— 0.87 (0.69-1.09)
Hemoptysis 148/326 14.0 128/318 11.4 ——e—: 0.81 (0.63-1.03)
Dyspnea 220/325 5.0 211/316 3.6 I—‘—| 0.81(0.67-0.98)
Pain in chest 176/322 9.5 151/309 8.6 —e—) 0.86 (0.69-1.08)
Pain in arm/shoulder 179/311 8.9 151/310 8.8 —=e1T— 0.94 (0.75-1.17)
Pain in other parts 183/314 8.9 172/306 5.8 —e— 0.77 (0.62-0.96)
T 1
0.5 1 2

— >
Favors D+CT Favors CT

Fig. 1. Time to deterioration in global health status/QoL, functioning, and symptoms for (A) tremelimumab plus durvalumab and chemotherapy versus chemo-
therapy and (B) durvalumab plus chemotherapy versus chemotherapy. Global health status/QoL and functioning were assessed in patients with baseline scores > 10
and symptoms were assessed in patients with baseline scores < 90. The size of the circles is proportional to the number of events. A HR < 1.0 indicates longer time to
deterioration with tremelimumab plus durvalumab and chemotherapy, or with durvalumab plus chemotherapy, versus chemotherapy alone. CI, confidence interval;
CT, chemotherapy; D, durvalumab; HR, hazard ratio; QLQ-C30, Quality of Life Questionnaire-Core 30; QLQ-LC13, Quality of Life Questionnaire-Lung Cancer 13;
QoL, quality of life; T, tremelimumab.
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chemotherapy versus chemotherapy for global health status/QoL, all 3.3. Improvement rates
functioning scales, and all symptoms, with the exception of appetite loss

(HR, 1.05; 95 % CI, 0.85-1.31) (Fig. 1B). The 95 % ClIs of the respective Consistently higher rates of improvement in global health/QoL, all
HRs for global health status/QoL, physical functioning, and role func- functioning scales and all symptoms were observed for both immuno-
tioning, as well as for the QLQ-LC13 symptom scales dyspnea and pain in therapy plus chemotherapy arms versus the chemotherapy arm, with
other parts, did not cross 1.0. ORs > 1 (Fig. 3). For tremelimumab plus durvalumab and chemotherapy
Kaplan-Meier curves for TTD are shown in Fig. 2 for the pre-specified versus chemotherapy, the 95 % CIs of the respective ORs for physical
endpoints of interest and in Supplementary Fig. 3 for all other func- functioning and emotional functioning, as well as for the symptoms
tioning and symptom scales. pain, nausea/vomiting, constipation (all QLQ-C30), and pain in arm/
A Global health status/QoL (QLQ-C30) B Physical functioning (QLQ-C30)
1.0 1.0
@ E T+D+CT  D+CT cT 2 T+D+CT  D+CT cT
g 08 Median, months 8.3 78 56 g 08 % Median, months 7.7 8.3 5.3
5 (95% Cl) (6.4-10.2) (6.5-9.5) £ (95% Cl) (5.9-9.4) (6.6-10.0) (4.2-6.5)
: S
2 2
s s
z z
3 g
g g
[ a
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45
Time from randomization (months) Time from randomization (months)
No. at risk No. at risk
T+D+CT 319 205 142 100 75 62 54 47 42 34 29 17 6 2 0 0 T+D+CT 323 207 140 103 72 59 53 46 42 34 30 19 1 4 1 0
D+CT 321 222 153 101 72 53 47 36 34 28 27 15 11 3 2 0 D+CT 325 210 148 102 72 52 43 34 32 25 22 14 8 2 2 0
CT 318 173 103 60 42 33 27 21 16 1 7 4 1 0 0 0 CT 320 175 101 56 33 24 21 16 12 9 6 4 2 1 0 0
Fatigue (QLQ-C30) Appetite loss (QLQ-C30)
1.04 1.0
2 y T+D+CT  D+CT cT 2 T+D+CT  D+CT cT
§ 0.8 -1 Median, months 37 3.8 2.8 § 0.8 3 Median, months 7.2 7.2 7.0
5 (95% Cl) (2.8-5.0) (2.9-4.9) (2.1-3.7) £ : (95% CI) (5.7-9.4) (4.7-8.8) (5.6-9.6)
: :
2 2
s s
2 2
H 2
g ekt g
o o
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45
Time from randomization (months) Time from randomization (months)
No. at risk No. at risk
T+D+CT 317 161 107 71 50 40 35 28 23 21 19 N1 5 2 0 0 T+D+CT 308 194 133 91 72 57 50 43 37 31 28 19 1 4 0 0
D+CT 318 162 108 74 54 37 32 26 22 17 15 9 7 2 2 0 D+CT 316 188 138 96 66 47 39 33 29 24 23 11 9 3 2 0
CT 314 136 78 48 33 23 18 14 12 10 6 2 1 0 0 0 CT 305 178 100 59 37 24 19 15 13 9 6 5 2 1 0 0
E Cough (QLQ-LC13) F Dyspnea (QLQ-LC13)
1.0 1.0
2 3 T+D+CT  D+CT cT 2 T+D+CT  D+CT cT
g 08 Median, months 9.7 11.0 8.8 g 08 Median, months 5.4 5.0 36
] (95% CI) (7.3-13.3) (8.7-13.5) (6.8-12.3) o (95% CI) (4.2-6.4) (3.8-6.4) (2.6-4.5)
2 06 :
2 2
2 04 >
g 02 F
8 3
[ [
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45
Time from randomization (months) Time from randomization (months)
No. at risk No. at risk
T+D+CT 302 206 150 105 79 67 58 49 41 35 31 23 13 5 1 0 T+D+CT 325 188 120 92 64 48 41 34 28 24 20 14 8 3 0 0
D+CT 314 226 161 115 85 60 51 40 37 31 30 18 11 1 1 0 D+CT 325 178 117 74 54 43 37 30 24 19 17 12 7 1 1 0
CT 295 187 111 66 42 31 23 16 14 12 7 4 1 0 0 0 CT 316 143 73 41 26 21 18 12 10 8 6 3 1 0 0 0
Pain in chest (QLQ-LC13)
1.0
2 : T+D+CT  D+CT cT
§ 0.8 Median, months 10.0 9.5 8.6
g 4 (95% Cl) (7.7-13.3) (7.8-11.8) (6.8-11.4)
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> 04
%
g 02
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Time from randomization (months)
No. at risk
T+D+CT 319 229 161 115 84 69 61 51 44 37 31 20 10 5 1 0
D+CT 322 233 161 114 83 61 53 43 42 37 36 21 14 3 2 0
CT 309 200 113 67 44 34 28 20 16 13 9 5 2 1 0 0

Fig. 2. Kaplan-Meier analysis of time to deterioration in pre-specified endpoints of interest: (A) global health status/QoL, (B) physical functioning, (C) fatigue, (D)
appetite loss, (E) cough, (F) dyspnea, and (G) pain in chest. Global health status/QoL and functioning were assessed in patients with baseline scores > 10 and
symptoms were assessed in patients with baseline scores < 90. CI, confidence interval; CT, chemotherapy; D, durvalumab; QLQ-C30, Quality of Life Questionnaire-
Core 30; QLQ-LC13, Quality of Life Questionnaire-Lung Cancer 13; QoL, quality of life; T, tremelimumab.
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A Tremelimumab
+ durvalumab
+ chemotherapy Chemotherapy
Improvements/ Improvements/
patients, n/N Rate (%) patients, n/N Rate (%) OR (95% CI)
QLQ-C30
Global health status/QoL 117/302 38.7 94/299 314 —.—| 1.38 (0.98-1.93)
Physical functioning 95/228 4.7 72/226 31.9 —@— 1.56 (1.06-2.32)
Role functioning 108/203 53.2 87/189 46.0 I——‘—i 1.31(0.87-1.95)
Cognitive functioning 84/156 53.8 75/157 47.8 ——@— 1.23 (0.79-1.93)
Emotional functioning 105/195 53.8 78/190 411 —— 1.72 (1.14-2.60)
Social functioning 93/164 56.7 84/177 47.5 H—@— 1.44 (0.94-2.23)
Fatigue 130/275 47.3 115/274 42.0 l——.—i 1.26 (0.90-1.77)
Pain 154/233 66.1 121/221 54.8 }—.—| 1.60 (1.09-2.36)
Nausea/vomiting 63/85 741 43/82 52.4 —e— 2.46 (1.25-4.91)
Dyspnea 94/218 43.1 84/214 39.3 —@— 1.16 (0.79-1.71)
Insomnia 93/179 52.0 78/166 47.0 ——@— 1.25(0.81-1.92)
Appetite loss 86/143 60.1 85/165 515 H—@— 1.43 (0.91-2.25)
Constipation 64/100 64.0 50/104 48.1 e 1.97 (1.12-3.49)
Diarrhea 35/43 81.4 34/53 64.2 k - | 2.40 (0.92-6.71)
QLQ-LC13
Cough 122/255 47.8 114/248 46.0 I—.—l 1.08 (0.76—-1.54)
Hemoptysis 33/44 75.0 33/51 64.7 I - i 1.70 (0.70-4.30)
Dyspnea 134/262 51.1 109/252 43.3 —.—| 1.38 (0.97-1.97)
Pain in chest 101/157 64.3 92/161 57.1 |__‘_| 1.35 (0.86-2.14)
Pain in arm/shoulder 90/129 69.8 61/120 50.8 —— 2.36 (1.40-4.05)
Pain in other parts 87/148 58.8 84/165 50.9 I——.—I 1.35(0.86-2.13)
T T T 1
0.5 1 2 4 8
— —_—>
Favors CT Favors T+D+CT
B Durvalumab
+ chemotherapy Chemotherapy
Improvements/ Improvements/
patients, n/N Rate (%) patients, n/N Rate (%) OR (95% CI)
QLQ-C30
Global health status/QoL 109/304 35.9 94/299 31.4 }——.—i 1.22 (0.87-1.71)
Physical functioning 89/233 38.2 72/226 31.9 H—@— 1.34 (0.91-1.99)
Role functioning 103/194 53.1 87/189 46.0 H—@— 1.33 (0.88-2.00)
Cognitive functioning 81/155 52.3 75/157 47.8 —@— 1.21(0.77-1.91)
Emotional functioning 96/199 48.2 78/190 411 H—— 1.35 (0.90-2.03)
Social functioning 89/172 51.7 84/177 47.5 —@— 1.20 (0.78-1.85)
Fatigue 139/272 51.1 115/274 42.0 I—.—I 1.48 (1.05-2.08)
Pain 126/221 57.0 121/221 54.8 l—.—i 1.10 (0.75-1.61)
Nausea/vomiting 4477 57.1 43/82 52.4 e 1.23 (0.65-2.33)
Dyspnea 97/210 46.2 84/214 39.3 H—— 1.35 (0.92-2.00)
Insomnia 96/173 55.5 78/166 47.0 H—— 1.41(0.91-2.17)
Appetite loss 84/150 56.0 85/165 515 —1-o— 1.21(0.77-1.89)
Constipation 72/108 66.7 50/104 48.1 e 2.17 (1.25-3.82)
Diarrhea 37/54 68.5 34/53 64.2 k i 1.22 (0.53-2.80)
QLQ-LC13
Cough 128/251 51.0 114/248 46.0 I——‘—< 1.23 (0.87-1.76)
Hemoptysis 38/52 73.1 33/51 64.7 ; { 1.35 (0.57-3.25)
Dyspnea 131/253 51.8 109/252 43.3 I—.—| 1.45 (1.02-2.08)
Pain in chest 85/144 59.0 92/161 57.1 —i@— 1.09 (0.69-1.73)
Pain in arm/shoulder 80/132 60.6 61/120 50.8 H—— 1.57 (0.95-2.62)
Pain in other parts 95/167 56.9 84/165 50.9 ——@— 1.26 (0.81-1.96)
T T T 1

Favors CT Favors D+CT

Fig. 3. Improvement rates in global health status/QoL, functioning, and symptoms for (A) tremelimumab plus durvalumab and chemotherapy versus chemotherapy
and (B) durvalumab plus chemotherapy versus chemotherapy. Global health status/QoL and functioning were assessed in patients with baseline scores > 10 and
symptoms were assessed in patients with baseline scores < 90. An improvement was defined as two consecutive assessments, at least 14 days apart, that show a
clinically meaningful improvement from baseline (i.e., a > 10-point increase for global health status/QoL and functioning or a > 10-point decrease for symptoms).
The size of the circles is proportional to the number of patients with an improvement. An odds ratio > 1.0 indicates a higher probability of improvement with
tremelimumab plus durvalumab and chemotherapy, or with durvalumab plus chemotherapy, versus chemotherapy alone. CI, confidence interval; CT, chemotherapy;
D, durvalumab; OR, odds ratio; QLQ-C30, Quality of Life Questionnaire-Core 30; QLQ-LC13, Quality of Life Questionnaire-Lung Cancer 13; QoL, quality of life; T,
tremelimumab.
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shoulder (QLQ-LC13), did not cross 1.0. For durvalumab plus chemo-
therapy versus chemotherapy, the 95 % CIs of the respective ORs for the
symptoms fatigue, constipation (both QLQ-C30), and dyspnea (QLQ-
LC13), did not cross 1.0.

4. Discussion

Our results show that patients receiving either tremelimumab plus
durvalumab and chemotherapy or durvalumab plus chemotherapy in
the POSEIDON study had longer median TTD (except for nausea/vom-
iting and diarrhea in patients treated with durvalumab plus chemo-
therapy) and greater rates of improvement in patient-reported global
health status/QoL, functioning, and symptoms than those receiving
chemotherapy alone, as measured throughout their treatment course
and afterwards until second disease progression or death. A trend for
HRs (TTD) and ORs (improvement rate) favoring both immunotherapy
plus chemotherapy arms compared with the chemotherapy arm was
observed across almost all symptoms and domains, with the exception of
the HRs for TTD in diarrhea, for which there was no difference between
the tremelimumab plus durvalumab and chemotherapy arm and the
chemotherapy arm, and appetite loss, which favored the chemotherapy
arm versus the durvalumab plus chemotherapy arm. There is no obvious
biological explanation for this result, which deviates from the general
trends observed. The pattern of delay in TTD was similar in the trem-
elimumab plus durvalumab and chemotherapy arm and the durvalumab
plus chemotherapy arm, suggesting there was no substantial worsening
in PROs with the addition of tremelimumab. With tremelimumab plus
durvalumab and chemotherapy versus chemotherapy, the 95 % CIs of
both the HR for TTD and the OR for improvement rate did not cross 1 for
physical functioning, pain, nausea/vomiting, and constipation [all QLQ-
C30], potentially indicative of particular benefit with the combination
regimen in those PRO items. The same was true for dyspnea (QLQ-LC13)
with durvalumab plus chemotherapy versus chemotherapy.

As expected for a study population of patients with ECOG perfor-
mance status O or 1, baseline PRO scores suggested slightly better
baseline health status in POSEIDON compared with available reference
values for patients with stage III-IV lung cancer [29]; global health
status/QoL and functioning scores from study patients were generally
slightly higher, and symptom scores generally slightly lower, than the
reference values. However, since baseline scores in POSEIDON were
similar across treatment arms, the between-arm differences seen during
and after treatment should be a reflection of differences in the impact of
treatment on PROs. The longer TTD generally seen in both immuno-
therapy plus chemotherapy arms versus the chemotherapy alone arm
was consistent with the longer PFS and OS and improved response rates
of these arms [4]. Although TTD might intuitively be expected to be
linked to disease progression, it is possible that deterioration in any of
the PROs assessed could occur after initial disease progression; in
POSEIDON, we collected PRO data up to second disease progression in
an attempt to capture deterioration at a later time point.

The value of collecting post-treatment PRO data to monitor long-
term effects of treatment is increasingly recognized by payers and reg-
ulatory agencies, although the barriers to doing so are also acknowl-
edged [30,31]. As expected in cancer studies, compliance with the PRO
questionnaires decreased over time, which may be related to disease
progression accompanied by reduced motivation to complete question-
naires, patient dropout, starting new treatment after progression, or
death. We collected PRO data digitally via electronic tablets to facilitate
questionnaire completion and to allow for remote compliance moni-
toring. The more rapid drop-off in compliance in the chemotherapy
alone arm compared with the immunotherapy plus chemotherapy arms
was likely a reflection of the shorter duration of treatment and generally
shorter time to progression for patients in this treatment arm. However,
compliance in the study was acceptable to good (> 60 %) for approxi-
mately 15 months or more in the immunotherapy plus chemotherapy
arms and approaching 6 months in the chemotherapy alone arm,
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resulting in a substantial PRO dataset.

Our results, showing generally longer TTD and greater improvement
in PROs with immunotherapy plus chemotherapy versus chemotherapy
alone, are consistent with those previously reported for first-line treat-
ment with PD-1/PD-L1 inhibitors, with or without chemotherapy, in
patients with metastatic NSCLC [17,20-23,31]. Detailed comparison is
confounded by differences in study design (e.g., open-label versus
placebo-controlled), the PRO instruments used, and the timing of the
assessments; however, the overall picture is one of improved or main-
tained PROs with immunotherapy-based regimens compared with
chemotherapy alone, with the exception of the atezolizumab
IMpower150 study which had similar PROs across all three treatment
arms (although in this study patients received bevacizumab in addition
to chemotherapy) [23]. Trials of first-line treatment with a combination
of anti-PD-(L)1 and anti-CTLA-4, with or without chemotherapy, in
patients with metastatic NSCLC also indicated alleviated symptom
burden and improved health status compared with chemotherapy alone
[17-19]. Thus, improvement in PROs with immune checkpoint
inhibitor-based regimens compared with chemotherapy alone generally
seem to go hand-in-hand with improved efficacy outcomes.

To our knowledge, POSEIDON and MYSTIC (durvalumab or durva-
lumab plus tremelimumab versus chemotherapy; NCT02453282) are the
only studies in the first-line metastatic NSCLC setting to provide PRO
results for anti-PD-(L)1 both alone/with chemotherapy and in combi-
nation with anti-CTLA-4 therapy. The CheckMate 9LA study included
only nivolumab plus ipilimumab plus chemotherapy and chemotherapy
arms [18]; while CheckMate 227 did include a nivolumab monotherapy
arm, PRO data from this arm have not been presented [19]. The results
from both POSEIDON and MYSTIC suggested that the addition of
tremelimumab to durvalumab (plus chemotherapy in POSEIDON) did
not compromise patient-reported global health status/QoL, functioning,
and symptom burden [17], although it should be noted that the two
immunotherapy arms were not formally compared within these trials.

Commonly used tools for measuring PROs with immunotherapy-
based regimens in lung cancer clinical trials have included the EORTC
QLQ-C30 v3 and QLQ-LC13 (used in this study), the European Quality of
Life 5 Dimensions-3 Level questionnaire, and the Lung Cancer Symptom
Scale average symptom burden index and 3-item global index
[18-23,26,27,32-36]. These PRO questionnaires were designed in the
era of chemotherapy, with the primary focus being on general HRQoL
and symptoms of cancer. In response to the emergence of immuno-
therapy, novel tools (e.g., the V-Care platform and the Utrecht Symptom
Diary Immunotherapy) are being developed to improve the assessment
of symptoms related to immune-mediated adverse events (e.g., feeling
cold, rash, or changes in weight) [37-41]. Nonetheless, to date most
PRO data in this setting have been derived using established tools such
as the EORTC QLQ-C30/LC13 (which have been extensively validated)
[36].

Further limitations to the PRO analyses presented here include the
open-label treatment assignment in POSEIDON, which may have intro-
duced bias in the subjective assessment of PROs. However, if such bias
exists, it is possible that it may not meaningfully alter outcomes (e.g.,
PROs) in clinical trials and/or that it may not affect all PRO domains
equally [42,43]; for example, it is believed that physical functioning
may potentially be less subject to open-label bias than emotional func-
tioning [44]. As mentioned above, compliance was unbalanced between
treatment arms with a smaller sample size in the chemotherapy arm at
the later timepoints. However, if non-compliance in the chemotherapy
arm was potentially associated with declining health status/function or
increased symptom burden, it would tend to bias the data in favor of this
arm. Finally, the TTD analysis, in the absence of analysis of changes in
PROs from baseline, could in theory miss any improvement in symptoms
or functioning after initial deterioration.

In conclusion, the phase 3 POSEIDON study showed that first-line
treatment with tremelimumab plus durvalumab and chemotherapy
delayed deterioration in symptoms, functioning, and global health
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status/QoL compared with chemotherapy alone, with similar patterns
observed to the durvalumab plus chemotherapy arm. This is a mean-
ingful benefit from the patient perspective which, together with previ-
ously reported statistically significant improvements in survival and
manageable tolerability, support the use of tremelimumab plus durva-
lumab and chemotherapy as a potential first-line treatment option in
patients with metastatic NSCLC.
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