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IMPORTANCE Checkpoint inhibitors targeting programmed cell death 1or its ligand (PD-L1)
as monotherapies or in combination with anti-cytotoxic T-lymphocyte-associated antigen 4
have shown clinical activity in patients with metastatic non-small cell lung cancer.
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OBJECTIVE To compare durvalumab, with or without tremelimumab, with chemotherapy as
a first-line treatment for patients with metastatic non-small cell lung cancer.

DESIGN, SETTING, AND PARTICIPANTS This open-label, phase 3 randomized clinical trial
(MYSTIC) was conducted at 203 cancer treatment centers in 17 countries. Patients with
treatment-naive, metastatic non-small cell lung cancer who had no sensitizing EGFR or ALK
genetic alterations were randomized to receive treatment with durvalumab, durvalumab plus
tremelimumab, or chemotherapy. Data were collected from July 21, 2015, to October 30, 2018.

INTERVENTIONS Patients were randomized (1:1:1) to receive treatment with durvalumab
(20 mg/kg every 4 weeks), durvalumab (20 mg/kg every 4 weeks) plus tremelimumab
(1mg/kg every 4 weeks, up to 4 doses), or platinum-based doublet chemotherapy.

MAIN OUTCOMES AND MEASURES The primary end points, assessed in patients with =25%
of tumor cells expressing PD-L1, were overall survival (OS) for durvalumab vs chemotherapy,
and OS and progression-free survival (PFS) for durvalumab plus tremelimumab vs
chemotherapy. Analysis of blood tumor mutational burden (bTMB) was exploratory.

RESULTS Between July 21, 2015, and June 8, 2016, 1118 patients were randomized. Baseline
demographic and disease characteristics were balanced between treatment groups. Among
4388 patients with =25% of tumor cells expressing PD-L1, median OS was 16.3 months

(95% Cl, 12.2-20.8) with durvalumab vs 12.9 months (95% Cl, 10.5-15.0) with chemotherapy
(hazard ratio [HR], 0.76; 97.54% Cl, 0.56-1.02; P = .04 [nonsignificant]). Median OS was 11.9
months (95% Cl, 9.0-17.7) with durvalumab plus tremelimumab (HR vs chemotherapy, 0.85;
98.77% Cl, 0.61-1.17; P = .20). Median PFS was 3.9 months (95% Cl, 2.8-5.0) with durvalumab
plus tremelimumab vs 5.4 months (95% Cl, 4.6-5.8) with chemotherapy (HR, 1.05; 99.5% ClI,
0.72-1.53; P = .71). Among 809 patients with evaluable bTMB, those with a bTMB =20
mutations per megabase showed improved OS for durvalumab plus tremelimumab vs
chemotherapy (median OS, 21.9 months [95% Cl, 11.4-32.8] vs 10.0 months [95% Cl, 8.1-11.7];
HR, 0.49; 95% Cl, 0.32-0.74). Treatment-related adverse events of grade 3 or higher
occurred in 55 (14.9%) of 369 patients who received treatment with durvalumab, 85 (22.9%)
of 371 patients who received treatment with durvalumab plus tremelimumab, and 119

(33.8%) of 352 patients who received treatment with chemotherapy. These adverse events Author Affiliations: Author
led to death in 2 (0.5%). 6 (1.6%). and 3 (0.9%) patients, respectively. affiliations are listed at the end of this
article.

CONCLUSIONS AND RELEVANCE The phase 3 MYSTIC study did not meet its primary end points Group Information: A complete ist

of improved OS with durvalumab vs chemotherapy or improved OS or PFS with durvalumab of the MYSTIC Investigators appears
plus tremelimumab vs chemotherapy in patients with =25% of tumor cells expressing PD-L1. atthe end of the article.
Exploratory analyses identified a bTMB threshold of =20 mutations per megabase for Corresponding Author: Naiyer A.
optimal OS benefit with durvalumab plus tremelimumab. Rizvi, MD, Division of Hematology/
Oncology, Columbia University
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mmune checkpoint inhibitors targeting programmed cell

death 1 (PD-1) or its ligand (PD-L1) have reshaped the first-

line metastatic non-small cell lung cancer (mNSCLC) treat-
ment landscape. Pembrolizumab is globally approved as a first-
line monotherapy in patients with a PD-L1 tumor proportion
score of 50% or more, with a recent extension to all patients
with PD-L1-positive (tumor proportion score of 1% or more) tu-
mors in the US and Japan, based on data from the KEYNOTE-
042 study.! The combination of PD-1 and PD-L1 antibodies
with chemotherapy has also improved outcomes in patients
with unselected mNSCLC.%”

Early studies have shown that genomic landscape, includ-
ing tumor mutational burden (TMB), shapes responses to anti-
PD-L1therapy.®° Recently, TMB measured using tissue (tTMB)
has emerged as a predictive biomarker of improved response
and progression-free survival (PFS) with immunotherapy that
isindependent of PD-L1 expression.'°'* However, to our knowl-
edge, a predictive effect of tTMB on overall survival (0S)
benefit with immunotherapy vs chemotherapy has not been
shown in NSCLC. More recently, measurement of TMB from
blood (bTMB) has been demonstrated, obviating some of the
logistic and technical challenges associated with tTMB
measurement.'4”

Durvalumab is a selective, high-affinity human immuno-
globulin G1 monoclonal antibody that blocks PD-L1 binding to
PD-1 and CD80.!® Durvalumab is indicated for the treatment
of patients with unresectable, stage III NSCLC whose disease
has not progressed after platinum-based chemoradio-
therapy, based on data from the PACIFIC study,'®-2° and has
demonstrated clinical activity in patients with pretreated ad-
vanced NSCLC in phase 2 and 3 trials.?"-?? Tremelimumab, a
monoclonal immunoglobulin G2 antibody targeting cyto-
toxic T-lymphocyte-associated antigen 4 (CTLA-4), prevents
normal downregulation of T cells and prolongs T-cell action,
thereby enhancing immune function.?®* Combining anti-PD-
1/PD-L1 with anti-CTLA-4 therapies may amplify antitumor
T-cell responses through nonredundant immune checkpoint
blockade and provide additive or synergistic activity. Dur-
valumab, in combination with tremelimumab, has shown clini-
cal activity in patients with advanced NSCLC in a phase 1and
2 investigation.?*

Wereport the final analyses of OS and PFS in patients with
mNSCLC and PD-L1 expression on >25% of tumor cells (PD-L1
TC 225%; primary efficacy analysis population) from the
MYSTIC study, an open-label, phase 3 randomized clinical trial
of first-line treatment with durvalumab, with or without treme-
limumab, vs platinum-based chemotherapy. We also report the
results of prespecified secondary and exploratory analyses to
assess the effects of additional PD-L1 expression thresholds,
as well as bTMB and tTMB, on outcomes.

Methods

Patients

The study was performed at 203 cancer treatment centers in
17 countries. Adults with stage IV NSCLC were eligible pro-
vided they had not previously received systemic therapy for
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Key Points

Question Does first-line durvalumab treatment with or without
tremelimumab improve survival outcomes vs chemotherapy in
patients with metastatic non-small cell lung cancer?

Findings In this phase 3 randomized clinical trial including 1118
patients with non-small cell lung cancer, although the trial did not
meet its primary end points, treatment with durvalumab resulted
in a numerically reduced risk of death vs chemotherapy in patients
with programmed cell death ligand 1expression on at least 25%

of tumor cells. In exploratory analyses, a blood tumor mutational
burden threshold of at least 20 mutations per megabase was
identified for optimal clinical benefit with durvalumab plus
tremelimumab vs chemotherapy.

Meaning These findings highlight the need for further
investigation and prospective validation of blood tumor
mutational burden as a predictive biomarker forimmunotherapy.

advanced or metastatic NSCLC, had an Eastern Cooperative
Oncology Group performance status®® of O to 1, demon-
strated measurable disease according to Response Evalua-
tion Criteria in Solid Tumors (RECIST) version 1.1,2° and had
known tumor PD-L1 expression status prior to randomiza-
tion. Patients with sensitizing EGFR or ALK genetic altera-
tions and those with symptomatic, unstable brain metasta-
ses were excluded (eTable 1 in Supplement 1).

The study was performed in accordance with the Decla-
ration of Helsinki and the International Conference on Har-
monization Good Clinical Practice guidelines. The protocol
and all modifications (Supplement 2) were approved by the
institutional review boards or ethics committees of all partici-
pating centers and and the relevant regulatory authorities.
All patients provided written informed consent.

Study Design and Treatment

Patients were randomized (1:1:1) to receive 20 mg/kg of dur-
valumab every 4 weeks until disease progression, 20 mg/kg
of durvalumab every 4 weeks until disease progression plus
1 mg/kg of tremelimumab every 4 weeks for up to 4 doses, or
4 to 6 cycles of platinum-based doublet chemotherapy of the
investigator’s choice (eFigure 1in Supplement 1). Randomiza-
tion was stratified by PD-L1 TC >25% vs <25% and histologic
subtype (squamous or nonsquamous). See the eMethods in
Supplement 1 for additional randomization and dosing
details.

Maintenance pemetrexed therapy was allowed in pa-
tients with nonsquamous NSCLC whose disease had not pro-
gressed after 4 cycles of pemetrexed combined with a plati-
num agent. In-study crossover from chemotherapy to the
immunotherapy arms was not allowed. Patients continued
treatment until objective disease progression (RECIST ver-
sion 1.1), development of an adverse event necessitating treat-
ment discontinuation, or withdrawal of consent (eFigure 1in
Supplement 1).

End Points
The primary end points were OS (time from randomization to

death due to any cause) for both immunotherapy arms vs
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chemotherapy, and PFS (time from randomization to objec-
tive disease progression according to blinded independent cen-
tral review, or death) for durvalumab plus tremelimumab vs
chemotherapy, all in patients with PD-L1 TC 225%. Second-
ary end points included PFS for durvalumab vs chemo-
therapy, objective response rate and duration of response for
both immunotherapy arms vs chemotherapy (all in patients
with PD-L1 TC >25%), and safety and tolerability. Investiga-
tion of the relationship between biomarkers, including TMB,
and clinical outcomes was a prespecified exploratory objec-
tive. See eTable 2 in Supplement 1 for additional end points and
the eMethods in Supplement 1 for details of assessments.

Statistical Analysis
The study was sized to characterize the OS benefit for dur-
valumab plus tremelimumab vs chemotherapy and for
durvalumab vs chemotherapy as well as the PFS benefit for dur-
valumab plus tremelimumab vs chemotherapy in patients with
PD-L1TC =25%. Originally, the primary end points were to be
evaluated in all patients, irrespective of tumor PD-L1 expres-
sion; however, the protocol was modified in December 2016
(after the trial completed accrual but before any planned analy-
ses) to restrict the primary analysis population to patients with
PD-L1TC =25% based on prior studies and the evolving treat-
ment landscape.?!-24-27:28

Approximately 1092 patients, including 480 patients with
PD-L1 TC >25%, were needed to obtain 231 events for the pri-
mary PFS analysis across the durvalumab plus tremelim-
umab group and the chemotherapy group (72% maturity), as
well as 225 OS events for the primary OS analysis across each
treatment group comparison (70% maturity) (eTable 3 in
Supplement 1). Two interim analyses of OS were planned: the
first at the time of the primary PFS analysis and the second
when 80% of the target 225 OS events had occurred. To con-
trol for overall type I error at 5% (2-sided), a hierarchical mul-
tiple-testing procedure with gatekeeping strategy was used
across end points, analysis populations, and treatment regi-
mens (eFigure 2 in Supplement 1).

For the PFS analysis, which was based on an assumed PFS
HR of 0.59, the trial was estimated to have 88% power to dem-
onstrate statistical significance with an overall 2-sided signifi-
cance level of 0.5% for the comparison of durvalumab plus
tremelimumab vs chemotherapy. For the OS analysis, with an
assumed OS HR of 0.62, the trial was estimated to have 90%
power to demonstrate statistical significance with an overall
2-sided significance level of 3% for the comparison of dur-
valumab vs chemotherapy and 86% power to demonstrate sta-
tistical significance with an overall 2-sided significance level
of 1.5% for the comparison of durvalumab plus tremelim-
umab vs chemotherapy (eTable 3 in Supplement 1). The as-
sumed OS HRs were based on results from previous clinical
studies with the therapies that were the standard of care when
the MYSTIC study was designed,?°! as well as emerging data
from early-phase durvalumab studies?®->2 and other trials of
anti-PD-1 or PD-L1.333%

The primary PFS analysis was performed using a strati-
fied log-rank test adjusting for histologic subtype (stratifica-
tion factor at randomization), with HR and 99.5% CI esti-
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mated using a Cox proportional hazards model. For statistical
significance of durvalumab plus tremelimumab vs chemo-
therapy, P<.005 was required.

The primary OS analysis was performed using similar
methods, adjusted for 2 interim analyses, with HRs esti-
mated with 2-sided 97.54% and 98.77% Cls, respectively, for
comparisons of durvalumab and durvalumab plus tremelim-
umab with chemotherapy. For statistical significance at final
analysis, P<.0246 for durvalumab vs chemotherapy and
P<.0123 for durvalumab plus tremelimumab vs chemo-
therapy were required (Lan-DeMets spending function ap-
proximating O’Brien-Fleming boundary>®). Survival curves
were generated using the Kaplan-Meier method. As a support-
ive analysis for OS in the population with PD-L1 TC >225%, re-
stricted mean survival time was evaluated by calculating area
under the curve for the OS Kaplan-Meier curve for each treat-
ment arm. The difference in restricted mean survival time (95%
CI) for the immunotherapy vs chemotherapy arms, based on
the minimum of maximum event method, is reported (trun-
cation time is based on the minimum of maximum event time
in months); a difference higher than O favors the immuno-
therapy arm.

For secondary analyses performed in the population with
PD-L1TC 1% and the intention-to-treat (ITT) population, the
stratification was additionally adjusted for PD-L1 expression
status (TC 225% vs <25%). Odds ratios and 95% ClIs for com-
paring objective response rate between treatment groups were
calculated using a logistic regression model adjusted for the
same factors as PFS and OS. Prespecified exploratory TMB
analysis was performed using an unstratified log-rank test, with
HRs and 95% CIs estimated using a Cox proportional hazards
model.

Efficacy was analyzed on an ITT basis, including all ran-
domized patients or subsets of this population based on PD-L1
expression or TMB levels. Safety analyses included all
patients who received at least 1 dose of study treatment
(as-treated population).

. |
Results

Patients and Treatment

Between July 21, 2015, and June 8, 2016, 1891 patients were
enrolled. Of the 1118 randomized patients, 1092 (97.7%) re-
ceived at least 1 dose of study treatment: 369 of 374 patients
(98.7%) in the durvalumab group, 371 of 372 patients (99.7%)
in the durvalumab plus tremelimumab group, and 352 of 372
patients (94.6%) in the chemotherapy group (Figure 1). In the
chemotherapy group, the most common regimens for pa-
tients with nonsquamous and squamous histologic subtypes
of tumor were pemetrexed plus carboplatin (138 of 253
patients [54.5%]) and gemcitabine plus carboplatin (49 of 99
patients [49.5%]), respectively. The primary analysis popula-
tion (patients with PD-L1 TC >25%) comprised 488 of 1118
randomized patients (43.6%): 163 of 374 patients (43.6%) in the
durvalumab group, 163 of 372 patients (43.8%) in the dur-
valumab plus tremelimumab group, and 162 of 372 patients
(43.5%) in the chemotherapy group. The baseline demo-
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Figure 1. CONSORT Diagram

1891 Patients enrolled?

1118 Randomized (1:1:1 ratio)

773 Not randomized
705 Screening failures
27 Deaths
40 Patient’s decision
1 Other

.

‘ 372 Assigned to durvalumab +tremelimumab ‘

‘ 372 Assigned to chemotherapy

‘ 374 Assigned to durvalumab

5 Did not receive treatment <« ‘ 1 Did not receive treatment ‘4—

‘ 369 Received treatment ‘ ‘ 371 Received treatment

337 Discontinued all study treatment®
242 Disease progression
70 Adverse events
17 Patient’s decision
3 Maximum cycles of

330 Discontinued all study treatment
265 Disease progression
44 Adverse events
18 Patient’s decision

‘ 20 Did not receive treatment

<

‘ 352 Received treatment

348 Discontinued all study treatment®
200 Disease progression
67 Maximum cycles of
chemotherapy reached
45 Adverse events

1 ; <« : b [ 29 Patient’s decision <~
Maximum cycles of immunotherapy reached 4 Other
immunotherapy reached® 2 Study-specific withdrawal | deviati
1 Protocol deviation criteria 1 Protoco dgv!athn
1 Other 2 Other 1 Study-specific withdrawal

1 Protocol deviation

39 Ongoing study treatment

!

374 Intention-to-treat populationd

279 With PD-L1TC 21%

163 With PD-L1 TC 225%

118 With PD-L1 TC 250%

209 With bTMB <20 mut/Mb
77 With bTMB 220 mut/Mb
85 With tTMB <10 mut/Mb
60 With tTMB 210 mut/Mb

!

369 As-treated population®

34 Ongoing study treatment

l

372 Intention-to-treat populationd

296 With PD-L1 TC 21%

163 With PD-L1 TC 225%

108 With PD-L1 TC 250%

204 With bTMB <20 mut/Mb
64 With bTMB 220 mut/Mb

104 With tTMB <10 mut/Mb
60 With tTMB 210 mut/Mb

|

371 As-treated population®

criteria
1 Lack of efficacy

4 Ongoing study treatment

|

372 Intention-to-treat populationd

289 With PD-L1TC21%

162 With PD-L1 TC 225%

107 With PD-L1 TC 250%

185 With hTMB <20 mut/Mb
70 With bTMB 220 mut/Mb
84 With tTMB <10 mut/Mb
67 With tTMB 210 mut/Mb

|

352 As-treated population®

Data cutoff date: October 4, 2018. bTMB indicates blood tumor mutational

burden; mut/Mb, mutations per megabase; PD-L1, programmed cell death

ligand 1; TC, tumor cell; tTMB, tissue tumor mutational burden.

@ Screening consent received for PD-L1 status.

®Only applicable for patients completing study treatment before
implementation of clinical study protocol amendment, which allowed patients
to continue receiving immunotherapy until disease progression, whereas

previously a maximum of 12 months was allowed.
€ Reason for discontinuation applies to the latest component discontinued.
9Intention-to-treat population includes all randomized patients.

¢ As-treated population includes all patients who received at least 1dose of
study treatment.

graphic and disease characteristics of patients with PD-L1 TC
>25% were generally consistent with the ITT population and
were balanced between treatment groups (Table 1; eTable 4 in
Supplement 1).

At the data cutoff date for the final OS analysis (October
4, 2018), among patients with PD-L1 TC 225%, 25 of 163
patients (15.3%) in the durvalumab group, 18 of 163 patients
(11.0%) in the durvalumab plus tremelimumab group,
and 1 of 162 patients (0.6%) in the chemotherapy group
were continuing to receive the study treatment. Of these,
5 patients in the durvalumab group and 1 patient in the dur-
valumab plus tremelimumab group were treated through
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disease progression, and 5 patients in the durvalumab plus
tremelimumab group who were continuing to receive treat-
ment with durvalumab at the data cutoff date received
retreatment with tremelimumab. In addition, 73 patients
(44.8%) in the durvalumab group, 61 patients (37.4%) in the
durvalumab plus tremelimumab group, and 95 patients
(58.6%) in the chemotherapy group received subsequent
systemic cancer therapy (eTable 5 in Supplement 1). Among
these, immunotherapy was received by 10 of 73 patients
(14%) in the durvalumab group, 5 of 61 patients (8%) in the
durvalumab plus tremelimumab group, and 64 of 95
patients (67%) in the chemotherapy group.
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Table 1. Baseline Demographic and Disease Characteristics in Patients with PD-L1TC 225%?

Durvalumab monotherapy Durvalumab plus tremelimumab Chemotherapy
(n=163) (n=163) (n=162)
Age, median (range), y 64.0 (32-84) 65.0 (34-87) 64.5 (35-85)
<65y 82 (50.3) 77 (47.2) 81 (50.0)
265y 81(49.7) 86 (52.8) 81 (50.0)
Sex, No. (%)
Male 113 (69.3) 118 (72.4) 106 (65.4)
Female 50(30.7) 45 (27.6) 56 (34.6)
Race, No. (%)
White 101 (62.0) 111 (68.1) 113 (69.8)
Asian 59 (36.2) 50(30.7) 47 (29.0)
Black 2(1.2) 1(0.6) 1 (0.6)
ECOG performance status,
No. (%)
0 57 (35.0) 65 (39.9) 70 (43.2)
1 105 (64.4) 98 (60.1) 91 (56.2)
b 1(0.6) 0 0 Abbreviat.ions: ECOG, Eastern
- - Cooperative Oncology Group;
Lum?yr histologic subtype, NSCLC, non-small cell lung cancer;
0. (%) PD-L1, programmed cell death
Squamous 52(31.9) 53(32.5) 52(32.1) ligand 1; TC, tumor cell.
Nonsquamous 111 (68.1) 110 (67.5) 110 (67.9) @ Primary analysis population. Data
Smoking history, No. (%) cutoff date: October 4, 2018.
b patients were required to have an
Never smoker 24 (14.7) 25(15.3) 21(13.0) ECOG performance status? score
Former smoker 92 (56.4) 96 (58.9) 102 (63.0) of O or 1during screening, but at
Current smoker 47 (28.8) 42 (25.8) 39 (24.1) baseline the score had worsened to

2in1patient.

Efficacy

Overall Survival

As of October 4, 2018, median (range) follow-up for OS was 30.2
(0.3-37.2) months. Durvalumab and durvalumab plus treme-
limumab did not statistically significantly improve OS vs che-
motherapy in patients with PD-L1 TC 225%.

The median OS was 16.3 months (95% CI, 12.2-20.8) with dur-
valumab vs 12.9 months (95% CI, 10.5-15.0) with chemotherapy
(hazard ratio [HR], 0.76; 97.54% CI, 0.56-1.02; P = .04 (Figure 2A).
The 24-month OS rate was 38.3% (95% CI, 30.7%-45.7%) with
durvalumab and 22.7% (95% CI, 16.5%-29.5%) with chemo-
therapy. Most planned patient subgroups in the primary analy-
sis population treated with durvalumab had numerical improve-
ment in OS vs chemotherapy (eFigure 3 in Supplement 1).

The median OS was 11.9 months (95% CI, 9.0-17.7) and the
24-month OS rate was 35.4% (95% CI, 28.1%-42.8%) with dur-
valumab plus tremelimumab (HR vs chemotherapy, 0.85;
98.77% CI, 0.61-1.17; P = .20) (Figure 2B). The OS in the ITT
population and in subgroups defined by different PD-L1 ex-
pression levels (TC <1%, 1%, 25%-49%, and >50%) is shown
in eTable 6 in Supplement 1. In patients with PD-L1 TC >50%
and PD-L1 TC between 25% and 49%, OS HRs for durvalumab
vs chemotherapy were 0.76 (95% CI, 0.55-1.04) and 0.78 (95%
CI, 0.49-1.23), respectively (eTable 6 in Supplement 1). A sup-
portive analysis for OS in patients with PD-L1 TC >25% showed
arestricted mean survival time difference of 1.99 months (95%
CI, -0.37 to 4.35) for durvalumab vs chemotherapy and 0.76
months (95% CI, -1.62 to 3.14) for durvalumab plus tremeli-
mumab vs chemotherapy.
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Progression-Free Survival

As of June 1, 2017 (data cutoff date for the primary PFS analy-
sis), median (range) follow-up for PFS was 10.6 (0-18) months.
There was no statistically significant difference in PFS be-
tween the durvalumab and chemotherapy groups (second-
ary end point) (Figure 2C) or between the durvalumab plus
tremelimumab and chemotherapy groups (primary end point)
(Figure 2D). Median PFS was 3.9 months (95% CI, 2.8-5.0) with
durvalumab plus tremelimumab vs 5.4 months (95% CI, 4.6-
5.8) with chemotherapy (HR, 1.05; 99.5% CI, 0.72-1.53; P = .71);
the 12-month PFS rate was 25.8% (95% CI, 18.9%-33.1%) with
durvalumab plus tremelimumab vs 14.3% (8.4%-21.7%) with
chemotherapy. Median PFS in the ITT population was 2.9
months (95% CI, 2.6-3.4) with durvalumab plus tremelim-
umab vs 5.4 months (95% CI, 4.8-5.6) with chemotherapy
(HR, 1.25; 95% CI, 1.05-1.49).

Tumor Response

As of June 1, 2017, the objective response rate among
patients with PD-L1 TC >25% was 35.6%, 34.4%, and 37.7%
with durvalumab, durvalumab plus tremelimumab, and
chemotherapy, respectively (eTable 7 in Supplement 1). The
median duration of response was not reached in the immu-
notherapy arms and was 4.4 months with chemotherapy.
More patients had an ongoing response at 12 months in
the immunotherapy treatment groups (61.3%, 54.9%,
and 18.0% in the durvalumab, durvalumab plus tremelim-
umab, and chemotherapy arms, respectively) (eTable 7 in
Supplement 1).
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Figure 2. Overall Survival and Progression-free Survival Among Patients With Programmed Cell Death Ligand 1 TC 225%
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Primary analysis population. A and B, Data cutoff date: October 4, 2018. C and
D, Data cutoff date: June 1, 2017. Progression-free survival was determined by
blinded independent central review according to Response Evaluation in Solid

Tumors (RECIST) version 1.1.26 Parts A, B, and D depict primary end points; part
C, secondary end point. HR indicates hazard ratio; OS, overall survival;
PFS, progression-free survival; TC, tumor cell.

Exploratory Analysis of bTMB and tTMB

Pretreatment plasma samples were available from 1001 pa-
tients (median plasma volume, 1.71 mL per patient [range, 0.2-
3.5 mL]), of whom 809 patients (72.4% of those randomized)
were evaluable for bTMB; 194 did not have valid bTMB re-
sults owing to low cell-free DNA input, low tumor DNA shed-
ding, or other quality control failures. Pretreatment tissue
samples were available from 735 patients, of whom 460 (41.1%
of those randomized) were evaluable for tTMB; 275 samples
did not produce a useable tTMB result owing to a variety of rea-
sons, including insufficient tissue and/or tumor cells, insuffi-
cient DNA extracted, or a poor-quality next-generation se-
quencing library.
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The TMB values did not correlate with PD-L1 expression
levels (blood: Spearman p = 0.05; Pearson r = 0.01; tissue:
Spearman p = 0.09; Pearson r = 0.06). Among 352 patients with
matched samples (31.5% of randomized patients), bTMB
and tTMB were correlated (Spearman p = 0.6; Pearsonr = 0.7)
(eFigure 4 in Supplement 1). Baseline characteristics in the
populations with evaluable bTMB and tTMB were consistent
with the ITT population (eTables 8 and 9 in Supplement 1). The
0OS in the populations with evaluable TMB was consistent with
the ITT population in the 3 treatment arms (eFigure 5 in Supple-
ment 1). For durvalumab plus tremelimumab vs chemo-
therapy, the HR for OS improved gradually as the bTMB thresh-
old was increased (eFigure 6 in Supplement 1). The group with
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bTMB =20 mutations per megabase (mut/Mb) was selected for
further analysis because there was a clinically relevant effect
size for durvalumab plus tremelimumab and the patient popu-
lation that derived benefit. The group with tTMB =10 mut/Mb
was studied based on a threshold shown to be predictive for
PFS and response in previous trials of nivolumab plus ipilim-
umab in patients with NSCLC.''2 Further exploratory analy-
ses in groups with tTMB values >10 mut/Mb were limited by
small sample sizes.

In groups with bTMB =20 mut/Mb or tTMB =10 mut/Mb,
there were greater proportions of patients with a history of
smoking and squamous histologic subtype of tumor com-
pared with the corresponding lower-TMB subgroups (eTables 8
and 9 in Supplement 1). There was 12% overlap between the
population with bTMB =20 mut/Mb and that with PD-L1 TC
>25% (eFigure 7 in Supplement 1).

ADbTMB =20 mut/Mb was associated with improved OS for
durvalumab plus tremelimumab vs chemotherapy (median,
21.9 months [95% CI, 11.4-32.8] vs 10.0 months [95% CI, 8.1-
11.7]; unadjusted HR, 0.49; 95% CI, 0.32-0.74) (Figure 3A); 24-
month OS rates were 48.1% (95% CI, 35.5%-59.7%) with dur-
valumab plus tremelimumab vs 19.4% (95% CI, 11.0%-29.5%)
with chemotherapy. In contrast, there was no improvement
in OS for durvalumab plus tremelimumab vs chemotherapy
in patients with bTMB <20 mut/Mb (median, 8.5 months [95%
CI, 6.7-9.8] vs 11.6 months [95% CI, 9.6-13.1]; unadjusted
HR, 1.16; 95% CI, 0.93-1.45) (Figure 3B). A bTMB >20 mut/
Mb, but not <20 mut/Mb, was also associated with improved
PFS (Figure 3C and D) and objective response rate (eTable 10
in Supplement 1) for durvalumab plus tremelimumab vs
chemotherapy.

For patients with bTMB >20 mut/Mb who received dur-
valumab alone, the median OS was 12.6 months (95% CI, 7.8-
18.6) (unadjusted HR vs chemotherapy, 0.72; 95% CI, 0.50-
1.05). The HR for durvalumab plus tremelimumab vs
durvalumab alone was 0.74 (95% CI, 0.48-1.11) (Figure 3A), sup-
porting an additional contribution of tremelimumab.

A tTMB =10 mut/Mb, but not <10 mut/Mb, was associated
with numerically longer OS in both immunotherapy groups vs
chemotherapy. The median OS was 16.6 months (95% CI,
9.7-27.3) with durvalumab plus tremelimumab, 18.6 months
(95% CI, 9.3-22.0) with durvalumab, and 11.9 months (95% CI,
9.1-16.0) with chemotherapy. The HR was 0.72 (95% CI, 0.48-
1.09) for durvalumab plus tremelimumab vs chemotherapy and
0.70 (95% CI, 0.47-1.06) for durvalumab vs chemotherapy
(eFigure 8 in Supplement 1).

Safety

As of October 4, 2018, the median (range) actual duration of
treatment was 16.0 (0.4-148.6) weeks for durvalumab; 16.0
(0.6-161.3) and 12.0 (0.6-32.0) weeks for durvalumab and
tremelimumab, respectively, in the combination arm; and 17.9
(1.1-137.4) weeks for chemotherapy. All-grade adverse events
that were considered by the investigator to be treatment re-
lated (TRAESs) occurred in 54.2% (200/369), 60.1% (223/371),
and 83.0% (292/352) of patients treated with durvalumab, dur-
valumab plus tremelimumab, and chemotherapy, respec-
tively (Table 2). Rates of grade 3 or higher TRAEs were lower
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with durvalumab (55/369; 14.9%) and durvalumab plus treme-
limumab (85/371; 22.9%) than with chemotherapy (119/352;
33.8%), and fewer patients had TRAEs leading to discontinu-
ation in the durvalumab group (5.4% [20/369] vs 13.2% [49/
371]and 9.4% [33/352], respectively). Treatment-related deaths
occurred in 2 of 369 patients (0.5%) in the durvalumab group,
6 of 371 patients (1.6%) in the durvalumab plus tremelim-
umab group, and 3 of 352 patients (0.9%) in the chemo-
therapy group. Safety in the population with PD-L1 TC 225%
(primary analysis population) and the population with bTMB
>20 mut/Mb was consistent with safety findings in the over-
all as-treated population (eTables 11 and 12 in Supplement 1).
For additional safety details, see eTables 13 through 16 in
Supplement 1.

Immune-mediated adverse events were reported in
13.6% (50/369), 28.3% (105/371), and 3.4% (12/352) of pa-
tientsin the durvalumab, durvalumab plus tremelimumab, and
chemotherapy groups, respectively (eTable 16 in Supple-
ment 1). These events were grade 3 or 4 in 4.1% (15/369),
10.8% (40/371), and 0.6% (2/352) of patients, respectively.

|
Discussion

In patients with mNSCLC and PD-L1 TC >25%, first-line treat-
ment with durvalumab did not statistically significantly im-
prove OS vs chemotherapy. Durvalumab was associated with
anumerically reduced risk of death (HR, 0.76; 97.54% CI, 0.56-
1.02; P = .04), with a 24-month OS rate of 38.3%, indicating a
longer-term treatment benefit compared with chemotherapy
(24-month OS rate, 22.7%). Although patients with PD-L1 TC
between 25% and 49% had a reduction in risk of death equiva-
lent to patients with PD-L1 TC >50%, they had improved out-
comes compared with patients with PD-L1 TC <25%, indicat-
ing that PD-L1 TC 225% is an appropriate cutoff point for
durvalumab monotherapy in patients with mNSCLC. The OS
analyses across planned patient subgroups showed numeri-
calimprovement in HRs for durvalumab vs chemotherapy, con-
sistent with the primary OS end point; these results should be
interpreted with caution owing to the low numbers of pa-
tients across individual subgroups. Results from the MYSTIC
study align with those of previously reported treatment-
naive, PD-L1 biomarker-selected trials,'°-37 including
KEYNOTE-042,! in which the OS HR was 0.77 with pembroli-
zumab vs chemotherapy in patients with a PD-L1 tumor pro-
portion score of 20% or more. Durvalumab vs chemotherapy
is being evaluated further in the phase 3 PEARL study>® in a
larger population (approximately 325 patients per arm) of treat-
ment-naive patients with mNSCLC and PD-L1 TC >25%. In this
rapidly evolving treatment landscape, PD-1 and PD-L1 anti-
bodies combined with chemotherapy have emerged as a stan-
dard of care for many patients with mNSCLC without EGFR,
ALK, or ROSI genetic alterations. In combination with chemo-
therapy, pembrolizumab and atezolizumab are associated with
0S HRs of 0.49 and 0.79, respectively.?* The phase 3 POSEI-
DON study®® demonstrated improvement in PFS with dur-
valumab plus chemotherapy, as well as with durvalumab plus
tremelimumab plus chemotherapy, vs chemotherapy alone in
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Figure 3. Exploratory Analysis of Overall Survival and Progression-free Survival According to Blood Tumor Mutational Burden
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bTMB indicates blood tumor mutational burden; HR, hazard ratio;
mut/Mb, mutations per megabase; NR, not reached; OS, overall survival;
PFS, progression-free survival.

patients with previously treated mNSCLC; the study contin-
ues to assess OS.

Durvalumab plus tremelimumab did not significantly
improve OS or PFS vs chemotherapy in patients with PD-L1 TC
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>25%. In contrast to single-agent anti-PD-1 or PD-L1 treat-
ment, for which PD-L1 is an established patient selection bio-
marker, TMB may be a better biomarker for combination
immunotherapy with anti-PD-1 or PD-L1 and anti-CTLA-4.
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Table 2. Treatment-related Adverse Events®

No. (%)
Durvalumab monotherapy Durvalumab plus tremelimumab Chemotherapy
(n =369) (n=371) (n =352)
Adverse event Any grade Grade 3, 4, 0r 5 Any grade Grade 3,4,o0r5 Any grade Grade 3,4, 0r5
Any event 200 (54.2) 55 (14.9) 223 (60.1) 85(22.9) 292 (83.0) 119 (33.8)
Event leading to discontinuation® 20 (5.4) 16 (4.3) 49 (13.2) 35(9.4) 33(9.4) 12 (3.4)
Event leading to death® 2(0.5) 2 (0.5) 6(1.6) 6 (1.6) 3(0.9) 3(0.9)
Event occurring in 210%
of patients in any group?
Nausea 13(3.5) 0 28 (7.5) 1(0.3) 126 (35.8) 6(1.7)
Fatigue 27 (7.3) 6(1.6) 47 (12.7) 8(2.2) 64 (18.2) 7(2.0)
Anemia 8(2.2) 0 5(1.3) 0 110 (31.3) 36 (10.2)
Decreased appetite 19 (5.1) 1(0.3) 32(8.6) 4(1.1) 58 (16.5) 4(1.1)
Diarrhea 31(8.4) 2(0.5) 47 (12.7) 9(2.4) 24 (6.8) 2(0.6)
Rash 26 (7.0) 3(0.8) 39 (10.5) 1(0.3) 31(8.8) 1(0.3)
Pruritus 32(8.7) 0 47 (12.7) 0 13(3.7) 0
Asthenia 20 (5.4) 1(0.3) 18 (4.9) 0 37 (10.5) 8(2.3)
Vomiting 5(1.4) 0 10(2.7) 0 59 (16.8) 7(2.0)
Neutropenia 2(0.5) 1(0.3) 1(0.3) 0 64 (18.2) 35(9.9)
Thrombocytopenia 1(0.3) 0 3(0.8) 0 43(12.2) 18 (5.1)
Constipation 6(1.6) 0 3(0.8) 0 36 (10.2) 1(0.3)
Alopecia 0 0 3(0.8) 0 39(11.1) 0

2 As-treated population (all patients who received at least 1dose of study
treatment). Listed are all adverse events assessed by the investigator as
possibly related to study treatment that occurred during the treatment period
and up to 90 days after the last dose of immunotherapy (30 days after the last
dose of chemotherapy) or up to the start of any subsequent therapy
(whichever occurred first). Data cutoff date: October 4, 2018.

®Includes patients who discontinued any study drug, even if (in combination
arms) other components of study treatment were continued.

€ Treatment-related adverse events leading to death in the durvalumab
monotherapy group were cytomegalovirus pneumonia and pneumonitis in

1patient each. Treatment-related adverse events leading to death in the
durvalumab plus tremelimumab combination group were interstitial lung
disease in 2 patients and acute hepatic failure, acute pancreatitis, small
intestinal obstruction, and sudden death in 1 patient each. Treatment-related
adverse events leading to death in the chemotherapy group were alveolitis,
empyema, and thrombocytopenia in 1 patient each. A bacterial component
was identified for each of the 3 pneumonitis or interstitial lung disease cases
that occurred in the immunotherapy arms.

9The events are listed in descending order of frequency across all 3 treatment
groups.

A multivariate analysis across cancer types suggested
improved OS with immunotherapy at high TMB levels; how-
ever, the actual threshold for high TMB varied markedly
between cancer types.*° Previous NSCLC trials have demon-
strated improved PFS with PD-1/CTLA-4 combination block-
ade in tumors with a high tTMB independent of PD-L1
expression.!"12 However, OS was similar regardless of
whether patients had a high or low TMB.*! Both turnaround
time and tumor tissue availability have been areas of concern
for implementation of tTMB as a biomarker for patient
selection.!*%17 In this study, TMB was evaluable from blood
in 72.4% (809/1118) of patients (consistent with other
studies'®) and from tissue in 41.1% (460/1118). Matched bTMB
and tTMB data were available in 31.5% (352/1118) of patients,
with a modest correlation observed despite important techni-
cal differences between sample types and platforms, consis-
tent with previously reported findings.'® Blood TMB proved
to be an appropriate biomarker of immunotherapy benefit
in this trial and may be more representative of clonal
mutations,*? accounting for tumor heterogeneity in patients
with advanced NSCLC,*? but this needs to be validated in
prospective studies.

A tTMB threshold of 10 mut/Mb for nivolumab plus ipili-
mumab in NSCLC was based on single-arm, phase 2 response
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data and supported by phase 3 PFS data.!'2 However, to our
knowledge, this study is the first analysis to date to optimize
a TMB threshold based on a relevant OS improvement in
NSCLC. This exploratory analysis in a large data set evaluated
multiple bTMB thresholds and identified a threshold of =20
mut/Mb for durvalumab plus tremelimumab that was predic-
tive of optimal OS benefit. Of 809 patients with evaluable
bTMB, 211 (26.1%) had bTMB >20 mut/Mb, which was associ-
ated with a clear OS improvement in patients receiving dur-
valumab plus tremelimumab vs chemotherapy (HR, 0.49; 95%
CI, 0.32-0.74), in addition to improvements in PFS and objec-
tive response rate. The benefit of combination immuno-
therapy was durable, with 48.1% of patients alive at 2 years vs
19.4% with chemotherapy. In contrast, in patients with bTMB
<20 mut/Mb, durvalumab plus tremelimumab was not asso-
ciated with any improvement in clinical outcomes (OS HR, 1.16;
95% CI, 0.93-1.45). A smaller clinical benefit was observed with
durvalumab alone vs chemotherapy in the population with
bTMB =20 mut/Mb. Accordingly, this cutoff point revealed a
meaningful contribution of tremelimumab in the combina-
tion immunotherapy group vs durvalumab alone (OS HR, 0.74;
95% CI, 0.48-1.11).

The safety and tolerability profiles of durvalumab and dur-
valumab plus tremelimumab in this study were consistent with
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data from previous trials.'®23-*2:44 Both immunotherapy arms
were associated with fewer grade 3 or higher TRAEs than che-
motherapy. The durvalumab plus tremelimumab combina-
tion was associated with a higher rate of TRAEs leading to
discontinuation than durvalumab or chemotherapy.

Limitations

One of the limitations of the study was that, in response to the
evolving treatment landscape and the emergence of PD-L1 ex-
pression as a predictive biomarker for anti-PD-1/PD-L1 therapy
during the conduct of the MYSTIC study, the primary analysis
population for the study was amended to include only patients
with PD-L1 TC 225%. As a result, the primary study end points
were evaluated in 44% of the overall randomized population and
therefore with reduced power. The open-label study design was
another limitation, which may explain why 20 patients random-
ized to the chemotherapy arm did not receive their assigned treat-
ment; these patients may have received first-line immuno-
therapy instead and potentially biased the OS results. In addition,
imbalances in subsequent anticancer treatment that favored the
control arm, in which substantially more patients received sub-
sequent immunotherapy compared with the durvalumab arm
or durvalumab plus tremelimumab arm, highlight the effect this
may have on OS as an end point. Finally, scientific understand-
ing of TMB as a potential biomarker for efficacy with immune

Durvalumab With or Without Tremelimumab vs Standard Chemotherapy for Metastatic NSCLC

checkpoint inhibitors has evolved since the time of study ini-
tiation. The TMB analyses were exploratory, and there were limi-
tations associated with the availability of plasma and tumor tis-
sue samples as well as alack of prespecified statistical adjustment
or stratification based on TMB.

|
Conclusions

In conclusion, although statistical significance was not achieved,
first-line durvalumab treatment was associated with an OS HR
of 0.76 vs chemotherapy in patients with mNSCLC who had
PD-L1 TC 225%, in line with OS outcomes observed with other
anti-PD-1and PD-L1 agents in similar populations. Whereas dur-
valumab plus tremelimumab did not statistically significantly
improve OS or PFS vs chemotherapy in patients with PD-L1 TC
>25%, the combination showed clinical activity in patients with
bTMB >20 mut/Mb. This exploratory analysis, representing the
largest from a phase 3 trial correlated with long-term outcomes
in first-line treatment of mNSCLC, identified a bTMB threshold
of 20 mut/Mb for durvalumab plus tremelimumab that was pre-
dictive of optimal benefit in OS in addition to improved PFS and
objective response rate. Further investigation and prospective
validation of bTMB as a predictive biomarker for benefit with im-
munotherapy are warranted.

ARTICLE INFORMATION
Accepted for Publication: December 6, 2019.

Published Online: April 9, 2020.
doi:10.1001/jamaoncol.2020.0237

Correction: This article was corrected on October 1,
2020, to upload the correct version of online
Supplement 1.

Open Access: This is an open access article
distributed under the terms of the CC-BY-NC-ND
License. © 2020 Rizvi NA et al. JAMA Oncology.

Author Affiliations: Division of Hematology/
Oncology, Columbia University Medical Center,
New York, New York (Rizvi); Yonsei Cancer Center,
Yonsei University College of Medicine, Seoul,
South Korea (Cho); Asklepios Lung Clinic,
Munich-Gauting, Germany (Reinmuth); Chungbuk
National University Hospital, Chungbuk National
University College of Medicine, Cheongju, South
Korea (Lee); Department of Oncology No. 1
(Thoracic Surgery), Leningrad Regional Clinical
Hospital, St Petersburg, Russia (Luft); Department
of Hematology and Oncology, Samsung Medical
Center, Seoul, South Korea (Ahn); Nederlands
Kanker Instituut-Antoni van
Leeuwenhoekziekenhuis, Amsterdam, the
Netherlands (van den Heuvel); Hospital Regional
Universitario de Malaga, Instituto de Investigacion
Biomédica de Malaga (IBIMA), Malaga, Spain
(Cobo); Department of Medical Oncology, Hospital
Universitario Virgen Macarena, Seville, Spain
(Vicente); Department of Radiology, Burdenko
Main Military Clinical Hospital, Moscow, Russia
(Smolin); Oncological Clinical Research Center,

St Petersburg, Russia (Moiseyenko); H. Lee Moffitt
Cancer Center and Research Institute, Tampa,
Florida (Antonia); Department of Medical Oncology,
Institut Bergonié, Bordeaux, France (Le Moulec);
Service de Pneumologie, Centre Hospitalier

JAMA Oncology May 2020 Volume 6, Number5

Régional Universitaire de Brest-Hopital Morvan,
Brest, France (Robinet); Cedars-Sinai
Comprehensive Cancer Center, Los Angeles,
California (Natale); Department of Hematology and
Oncology, NYU Winthrop Hospital, Mineola, New
York (Schneider); Princess Margaret Cancer Centre
and the Department of Medicine, University of
Toronto, Toronto, Ontario, Canada (Shepherd);
Department of Internal Medicine, Prince of Songkla
University, Songkhla, Thailand (Geater); David
Geffen School of Medicine, University of California/
TRIO-US Network, Los Angeles (Garon); Levine
Cancer Institute, Atrium Health, Charlotte, North
Carolina (Kim); Yale School of Medicine and Yale
Cancer Center, New Haven, Connecticut
(Goldberg); Faculty of Medicine, Department of
Medical Oncology, Kindai University, Osaka, Japan
(Nakagawa); AstraZeneca, Gaithersburg, Maryland
(Raja, Higgs, Zhao, Chand); AstraZeneca,
Cambridge, United Kingdom (Boothman,
Scheuring, Stockman); Department of Oncology,
Centre Hospitalier Universitaire Vaudois, Lausanne
University, Lausanne, Switzerland (Peters).

Author Contributions: Dr Rizvi had full access to all
of the data in the study and takes responsibility for
the integrity of the data and the accuracy of the
data analysis. Drs Rizvi and Cho are co-first authors.
Study concept and design: Rizvi, Cho, Vicente,
Geater, Kim, Higgs, Boothman, Zhao, Scheuring,
Stockman, Chand, Peters.

Acquisition, analysis, or interpretation of data: Rizvi,
Cho, Reinmuth, Lee, Luft, Ahn, van den Heuvel,
Cobo, Vicente, Smolin, Moiseyenko, Antonia,

Le Moulec, Robinet, Natale, Schneider, Shepherd,
Geater, Garon, Goldberg, Nakagawa, Raja, Higgs,
Boothman, Zhao, Scheuring, Stockman, Chand,
Peters.

Drafting of the manuscript: Rizvi, Cho, Vicente,
Smolin, Le Moulec, Shepherd, Kim, Scheuring,

Downloaded from jamanetwork.com by Université de Lausanne user on 12/18/2023

Chand, Peters.

Critical revision of the manuscript for important
intellectual content: All authors.

Statistical analysis: Cho, Kim, Raja, Higgs, Zhao,
Scheuring, Chand.

Obtained funding: Le Moulec, Chand.
Administrative, technical, or material support: Cho,
Reinmuth, Lee, Smolin, Natale, Geater, Garon,
Chand, Peters.

Study supervision: Rizvi, Cho, Reinmuth, Luft, Ahn,
Cobo, Vicente, Smolin, Antonia, Robinet, Goldberg,
Nakagawa, Raja, Scheuring, Stockman, Chand,
Peters.

Conflict of Interest Disclosures: Dr Rizvi reports
personal fees from AstraZeneca, AbbVie, Bellicum,
Bristol-Myers Squibb, Boehringer Ingelheim,
Brooklyn Immunotherapeutics, Calithera, Dracen,
Eli Lilly and Company, EMD Serono, G1 Therapeutics,
Genentech, Gilead, GlaxoSmithKline, lllumina,
Janssen, Merck, Neogenomics, Novartis, Pfizer,
Regeneron, Takeda, and Gritstone; grants from
Bristol-Myers Squibb; equity in Bellicum, Brooklyn
Immunotherapeutics, and Gritstone; and has a
patent pending for PCT/US2015/062208 with
royalties paid. Dr Cho reports research funding from
Novartis, Bayer, AstraZeneca, Mogam Institute,
Dong-A ST, Champions Oncology, Janssen, Yuhan,
Ono Pharmaceutical, Dizal Pharma, and Merck Sharp
& Dohme; serving as a consultant for Novartis,
AstraZeneca, Boehringer Ingelheim, Roche,
Bristol-Myers Squibb, Ono Pharmaceutical, Yuhan,
Pfizer, Eli Lilly and Company, Janssen, Takeda, and
Merck Sharp & Dohme; stock ownership in
TheraCanVac Inc, Gencurix Inc, and Bridgebio
Therapeutics; and royalties from Champions
Oncology. Dr Reinmuth reports personal fees and
nonfinancial support from AstraZeneca, Boehringer
Ingelheim, Bristol-Myers Squibb, Merck Sharp &
Dohme, Roche, Novartis, Takeda, and Pfizer. Dr Lee

jamaoncology.com


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2020.0237?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.0237
https://jamanetwork.com/journals/jamaoncology/pages/instructions-for-authors?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.0237#SecOpenAccess
https://jamanetwork.com/journals/jamaoncology/pages/instructions-for-authors?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.0237#SecOpenAccess
http://www.jamaoncology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.0237

Durvalumab With or Without Tremelimumab vs Standard Chemotherapy for Metastatic NSCLC

reports grants from AstraZeneca and personal fees
from Bristol-Myers Squibb, Merck Sharp & Dohme,
and AstraZeneca. Dr Ahn reports personal fees from
Merck Sharp & Dohme, Eli Lilly and Company,
Takeda, AstraZeneca, Novartis, Alpha
Pharmaceutical, Yuhan, Ono Pharmaceutical, Merck,
and Bristol-Myers Squibb. Dr Vicente reports grants
from AstraZeneca and personal fees from
AstraZeneca, Roche, Bristol-Myers Squibb, and
Pfizer. Dr Smolin reports grants from AstraZeneca,
Bristol-Myers Squibb, Roche, Merck Sharp & Dohme,
and Biocad; nonfinancial support from Roche; and
advisory board participation for Boehringer
Ingelheim. Dr Antonia reports personal fees from
AstraZeneca, Bristol-Myers Squibb, Achilles
Therapeutics, Celsius, Cellular Biomedicine Group,
Samyang Biopharma, GlaxoSmithKline, Rapt
Therapeutics, Memgen, Venn Therapeutics, Amgen,
and Merck. Dr Robinet reports grants and personal
fees from AstraZeneca, Roche, Merck Sharp &
Dohme, and Bristol-Myers Squibb, and personal fees
from Bayer. Dr Natale reports that his spouse is an
employee of AstraZeneca. Dr Schneider reports
stock ownership in Bristol-Myers Squibb,
GlaxoSmithKline, Novartis, and Pfizer. Dr Shepherd
reports personal fees from and stock ownership in
AstraZeneca. Dr Geater reports grants from
AstraZeneca, Boehringer Ingelheim, Roche, and
Novartis. Dr Garon reports grants from AstraZeneca,
Bristol-Myers Squibb, Dracen, EMD Serono,
Genentech, Eli Lilly and Company, Novartis, Merck,
Neon, Mirati, Dynavax, and lovance, and personal
fees from Dracen, EMD Serono, and Novartis.

Dr Goldberg reports grants from AstraZeneca and
Boehringer Ingelheim and personal fees from
AstraZeneca, Boehringer Ingelheim, Eli Lilly and
Company, Spectrum, Bristol-Myers Squibb, Amgen,
and Genentech. Dr Nakagawa reports grants and
personal fees from Merck Sharp & Dohme KK, Eli Lilly
Japan KK, Bristol-Myers Squibb, Taiho
Pharmaceutical, Ono Pharmaceutical, Chugai
Pharmaceutical Co, AstraZeneca KK, Astellas
Pharma, Novartis Pharma KK, Nippon Boehringer
Ingelheim, Pfizer Japan, Takeda, SymBio
Pharmaceuticals, and Daiichi-Sankyo; grants from
Merck Serono, Icon Japan KK, Parexel International,
IQVIA Services Japan KK, A2 Healthcare Corp,
AbbVie, EP-CRSU Co, Linical Co, Otsuka
Pharmaceutical Co, EPS International Holdings Co,
Quintiles, CMIC Shift Zero KK, Eisai Co, Kissei
Pharmaceutical Co, Kyowa Hakko Kirin Co, EPS Corp,
Bayer Yakuhin, inVentiv Health Japan, Gritstone
Oncology, GlaxoSmithKline KK, Yakult Honsha Co,
and Covance; and personal fees from Kyorin
Pharmaceutical Co, CareNet, Nichi-lko
Pharmaceutical Co, Hisamitsu Pharmaceutical Co,
Yodosha Co, Clinical Trial Co, Medicus Shuppan
Publishers Co, Ayumi Pharmaceutical Corp, Nikkei
Business Publications, Thermo Fisher Scientific KK,
Nanzando Co, Medical Review Co, Yomiuri
Telecasting Corp, and Reno Medical KK. Drs Raja and
Higgs report a patent pending related to tumor
mutational burden, and employment at and stock
ownership in AstraZeneca. Drs Boothman,
Scheuring, and Stockman report employment at and
stock ownership in AstraZeneca. Dr Zhao reports
employment at AstraZeneca. Dr Chand reports
employment at and stock ownership in AstraZeneca
and stock ownership in Bristol-Myers Squibb.

Dr Peters reports grants from AstraZeneca and
personal fees from AbbVie, Amgen, AstraZeneca,
Bayer, Biocartis, Bioinvent, Blueprint Medicines,
Boehringer Ingelheim, Bristol-Myers Squibb, Clovis,

jamaoncology.com

Daiichi-Sankyo, Debiopharm, Eli Lilly and Company,
F. Hoffmann-La Roche, Foundation Medicine,
lllumina, Janssen, Merck Sharp & Dohme, Merck
Serono, Merrimack, Novartis, Pharmamar, Pfizer,
Regeneron, Sanofi, Seattle Genetics, Takeda, and
Vaccibody, from whom she has received honoraria.
No other disclosures were reported.

Funding/Support: This study was funded by
AstraZeneca.

Role of the Funder/Sponsor: The funder had no
role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

Group Information: The MYSTIC Investigators
include the following: Australia: Matthew Chan, MD
(Central Coast Cancer Centre, Gosford Hospital,
Gosford); Chee Lee, MD (St George Hospital,
Kogarah); Stephen Clarke, MD (Royal North Shore
Hospital, St Leonards); Keith Horwood, MD (Icon
Cancer Care, Southport); Baerin Houghton, MD
(Port Macquarie Base Hospital, Port Macquarie);
Richard De Boer, MD (Peter MacCallum Cancer
Centre, Melbourne); Rachel Wong, MD (Box Hill
Hospital, Melbourne); Belgium: Johan
Vansteenkiste, MD (Universitair Ziekenhuis Leuven,
Leuven); Lore Decoster, MD (Universitair
Ziekenhuis Brussel, Brussels); Frédérique Bustin,
MD (Centre Hospitalier Régional de la Citadelle,
Liege); Marc Lambrechts, MD (AZ Sint-Maarten,
Duffel); Christophe Lonchay, MD (Grand Hopital de
Charleroi, Charleroi); Canada: Andrew Robinson,
MD (Kingston General Hospital, Kingston); Sunil
Yadav, MD (Saskatchewan Cancer Agency.,
Saskatoon); Jeffrey Rothenstein, MD (Lakeridge
Health Oshawa, Oshawa); Jonathan Noble, MD, and
Abderrahim Khomani, MD (Health Sciences North,
Sudbury); Mohammad Rassouli, MD (Sault Area
Hospital, Sault Ste Marie); Brian Findlay, MD
(Niagara Health System, St Catharines); Labib
Zibdawi, MD (Southlake Regional Health Centre,
Newmarket); Frances A. Shepherd, MD (Princess
Margaret Cancer Centre and the University of
Toronto, Toronto); Aisha Ahmed, MD (Allan Blair
Cancer Center, Regina); France: Gilles Robinet, MD
(Centre Hospitalier Régional Universitaire de Brest-
Hopital Morvan, Brest); Alexis Cortot, MD (Hépital
Calmette-Centre Hospitalier Régional Universitaire
de Lille, Lille); Sylvestre Le Moulec, MD, and Sophie
Cousin, MD (Institut Bergonié, Bordeaux); Christos
Chouaid, MD (Centre Hospitalier Intercommunal de
Créteil, Créteil); Fabrice Barlesi, MD (H6pital Nord,
Marseille); Maurice Perol, MD (Centre Léon Bérard,
Lyon); Germany: Helge Bischoff, MD (Thoraxklinik
Heidelberg, Heidelberg); Eckart Laack, MD
(Hamato-Onkologie Hamburg, Hamburg); Achim
Rittmeyer, MD (Fachklinik fiir Lungenerkrankungen,
Immenhausen); Peter Fix, MD, Claus-Peter
Schneider, MD, and Rainer Bonnet, MD
(Zentralklinik Bad Berka, Bad Berka); Monika Serke,
MD (Lungenklinik Hemer, Hemer); Barbara
Deschler-Baier, MD, and Ruth SeggewiR-Bernhardt,
MD (Universitatsklinikum Wirzburg, Wiirzburg);
Thomas Wehler, MD (Universitatsklinikum des
Saarlandes, Homburg); Jirgen Alt, MD
(Universitatsmedizin Mainz, Mainz); Arnd Nusch,
MD (Praxis fiir Himatologie und internistische
Onkologie, Velbert); Annette Dieing, MD (Vivantes
Klinikum Am Urban, Berlin); Jens Panse, MD
(University Hospital RWTH Aachen, Aachen);
Stefan Riidiger, MD, and Cornelia Kropf-Sanchen,

Downloaded from jamanetwork.com by Université de Lausanne user on 12/18/2023

Original Investigation Research

MD (Universitatsklinikum Ulm, Ulm); Justyna
Rawluk, MD (Universitatsklinikum Freiburg,
Freiburg); Frank Griesinger, MD (Pius-Hospital
Oldenburg, Oldenburg); Joachim von Pawel, MD,
and Niels Reinmuth, MD (Asklepios Lung Clinic,
Munich-Gauting, Germany); Jiirgen R. Fischer, MD
(Klinik Lowenstein, Lowenstein); Sabine Bohnet,
MD (Universitatsklinikum Schleswig-Holstein, Kiel);
Christian Lerchenmiiller, MD (Facharzt fiir Innere
Medizin und Hamatologie und Onkologie,
Miinster); Maike de Wit, MD (Vivantes Klinikum
Neukélin, Berlin); Hungary: Gyula Ostoros, MD,
Andrea Fl6p, MD, Krisztina Bogos, MD, and Ildikd
Horvéth, MD (Orszagos Koranyi Pulmonolégiai
Intézet, Budapest); Eva Somogyiné Ezer, MD
(Somogy Megyei Kaposi Mor Oktatd Korhaz,
Kaposvar); Eszter Csanky, MD (Miskolci
Semmelweis Ignac Egészségiigyi Kozpont és,
Miskolc): Agnes Bartos, MD (Koch Rdbert Kérhaz és
Rendel6intézet, Edelény); Zsolt Papai Székely, MD
(Fejér Megyei Szent Gyorgy Koérhaz,
Székesfehérvar); Veronika Sarosi, MD (Pécsi
Tudomanyegyetem AOK Klinikai Kézpont, Pécs);
Gabor Pajkos, MD (Bacs-Kiskun Megyei Kérhaz
SzTE AOK Oktaté Kérhaza, Kecskemét); Beatrix
Balint, MD (Szegedi Tudoményegyetem
Tudogyogyaszati Tanszék, Deszk); Péter Szabd, MD
(Jésa Andras Oktaté Kérhaz Eli Szolgéltato
Nonprofit Kft, Nyiregyhdaza); Italy: Francesco Grossi,
MD (Istituto Nazionale per la Ricerca sul Cancro,
Genoa); Filippo De Marinis, MD (European Institute
of Oncology, Milan); Marina Chiara Garassino, MD
(Istituto Nazionale dei Tumori, Milan); Angelo
Delmonte, MD (Istituto Scientifico Romagnolo per
lo Studio e la Cura dei Tumori, Meldola); Luca
Gianni, MD (Ospedale San Raffaele del Monte
Tabor, Milan); Evaristo Maiello, MD (IRCCS Ospedale
Casa Sollievo della Sofferenza, San Giovanni
Rotondo); Michele Maio, MD (Azienda Ospedaliera
Universitaria Senese, Siena); Japan: Takayasu
Kurata, MD (Kansai Medical University Hospital,
Osaka); Fumio Imamura, MD, and Toru Kumagai,
MD (Osaka International Cancer Institute, Osaka);
Shunichi Sugawara, MD (Sendai Kousei Hospital,
Sendai, Miyagi); Nobuaki Kobayashi, MD, Masaharu
Shinkai, MD, Masahiro Shinoda, MD, and Makoto
Kudo, MD (Yokohama City University Medical
Centre, Kanagawa); Kiyoshi Komuta, MD (Osaka
Police Hospital, Osaka); Yasuharu Nakahara, MD
(National Hospital Organization Himeji Medical
Center, Hyogo); Hiroyasu Kaneda, MD, and
Tomohiro Ozaki, MD (Kishiwada City Hospital,
Osaka); Yasuhiko Nishioka, MD (Tokushima
University Hospital, Tokushima); Yoshikazu
Hasegawa, MD (Izumi Municipal Hospital, Izumi,
Osaka); Takashi Nishimura, MD (Kyoto Katsura
Hospital, Kyoto); Yuichiro Takeda, MD (National
Center for Global Health and Medicine, Tokyo);
Takuma Yokoyama, MD (Kyorin University Hospital,
Tokyo); Tetsunari Hase, MD, and Masashi Kondo,
MD (Nagoya University Hospital, Aichi); Masayuki
Takeda, MD, and Kazuhiko Nakagawa, MD (Kindai
University, Osaka); Keisuke Aoe, MD (National
Hospital Organization Yamaguchi Ube Medical
Center, Yamaguchi); Ichiro Natsume, MD (Yokosuka
Kyosai Hospital, Kanagawa); Noriyuki Ebi, MD
(lizuka Hospital, Fukuoka); Shohei Takata, MD
(National Hospital Organization Fukuoka-Higashi
Medical Center, Fukuoka); Hideyuki Nakagawa, MD
(National Hospital Organization Hirosaki National
Hospital, Aomori); Shoichi Kuyama, MD (National
Hospital Organization Iwakuni Clinical Center,
Yamaguchi); Kentaro Iwanaga, MD (Saga-Ken

JAMA Oncology May 2020 Volume 6, Number5

671


http://www.jamaoncology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.0237

672

Durvalumab With or Without Tremelimumab vs Standard Chemotherapy for Metastatic NSCLC

Research Original Investigation

Medical Centre Koseikan, Saga); Hiroshi Yokouchi,
MD, and Kenya Kanazawa, MD (Fukushima Medical
University Hospital, Fukushima); Haruhiro Saito,
MD (Kanagawa Cancer Center, Kanagawa);
Nobuyuki Katakami, MD, and Hisateru Yasui, MD
(Institute of Biomedical Research and Innovation
Hospital, Hyogo); Hideo Saka, MD (National
Hospital Organization Nagoya Medical Center,
Aichi); Shinji Atagi, MD (National Hospital
Organization Kinki-chuo Chest Medical Center,
Osaka); Kazuhiro Sato, MD (Nagaoka Red Cross
Hospital, Niigata); Chikara Sakaguchi, MD
(Rakuwakai Otowa Hospital, Kyoto); Akihiro
Bessho, MD (Japanese Red Cross Okayama
Hospital, Okayama); Kazuo Kasahara, MD
(Kanazawa University Hospital, Ishikawa); Hiroki
Tateno, MD (Saitama City Hospital, Saitama);

The Netherlands: Paul Baas, MD, and Michel M.
van den Heuvel, MD (Nederlands Kanker Instituut-
Antoni van Leeuwenhoekziekenhuis, Amsterdam);
Robin Cornelissen, MD (Erasmus University Medical
Center, Rotterdam); Jeroen Hiltermann, MD
(University Medical Center Groningen, Groningen);
Joachim Aerts, MD (Amphia Ziekenhuis loc.
Molengracht, Molengracht, Breda); Anne Marie
Dingemans, MD (Maastricht University Medical
Center, Maastricht); Johannes Smit, MD (Rijnstate
Ziekenhuis, Arnhem); Bonne Biesma, MD (Jeroen
Bosch Ziekenhuis, 's-Hertogenbosch); Russia:
Konstantin Laktionov, MD, and Daniil Stroyakovskiy,
MD (Moscow City Oncology Hospital No. 62,
Moscow); Artem Poltoratskiy, MD (N.N. Petrov
Research Institute of Oncology, St Petersburg):
Alexander Luft, MD (Leningrad Regional Clinical
Hospital, St Petersburg); Galina Statsenko, MD
(State Institution of Health Omsk Regional
Oncology Dispensary, Omsk); Sergei Orlov, MD
(Pavlov First State Medical University of

St Petersburg, St Petersburg); Alexey Smolin, MD
(Burdenko Main Military Clinical Hospital, Moscow);
Vladimir Moiseyenko, MD (Oncological Clinical
Research Center, St Petersburg); Yuri Ragulin, MD
(Medical Radiological Scientific Center [MRSC
RAMS], Obninsk); Alexey Severtsev, MD (Central
Clinical Hospital No. 1of JSC "Russian Railways,”
Moscow); Mikhail Byakhov, MD, and Tatyana
Barannikova, MD (SBHI of Moscow City, Moscow
Clinical Center, Moscow); Nina Karaseva, MD

(St Petersburg City Oncological Dispensary,

St Petersburg); South Korea: Sang-We Kim, MD
(Asan Medical Center, Seoul); Ji-Youn Han, MD
(National Cancer Center, Goyang); Ki Hyeong Lee,
MD (Chungbuk National University Hospital,
Chungbuk National University College of Medicine,
Cheongju); Myung-Ju Ahn, MD (Samsung Medical
Center, Seoul); Hyun Woo Lee, MD (Ajou University
Hospital, Suwon); Eun Kyung Cho, MD (Gachon
University Gil Hospital, Incheon); Sung Sook Lee,
MD (Inje University Haeundae Paik Hospital,
Busan); Jin-Soo Kim, MD, and Ki-Hwan Kim, MD
(SMG-SNU Boramae Medical Center, Seoul); Jong
Seok Lee, MD (Seoul National University Bundang
Hospital, Seongnam); Young Joo Min, MD (Ulsan
University Hospital, Ulsan); Gyeong-won Lee, MD
(Gyeongsang National University Hospital, Jinju);
Hwan Jung Yun, MD (Chungnam National
University Hospital, Daejeon); Keon Uk Park, MD
(Keimyung University Dongsan Medical Center,
Daegu); Kyung Hee Lee, MD (Yeungnam University
Medical Center, Daegu); Byoung Chul Cho, MD
(Yonsei Cancer Center, Yonsei University College of
Medicine, Seoul); Jun Ho Ji, MD (Samsung
Changwon Hospital, Changwon); Yun Gyoo Lee, MD

JAMA Oncology May 2020 Volume 6, Number5

(Kangbuk Samsung Hospital, Seoul); Joo-Hang Kim,
MD (CHA Bundang Medical Center, Seongnam);
Bong-Seog Kim, MD (Seoul Veterans Hospital,
Seoul); Spain: Oscar José Juan Vidal, MD (Hospital
Universitario y Politécnico de La Fe, Valencia);
David Vicente, MD (Hospital Universitario Virgen
Macarena, Seville); Enriqueta Felip Font, MD (Vall
d'Hebron University Hospital, Barcelona); Noemi
Reguart Aransay, MD (Clinical and Provincial
Hospital of Barcelona, Barcelona); Javier De Castro
Carpeno, MD (Hospital Universitario La Paz,
Madrid); Bartomeu Massuti Sureda, MD (Hospital
General Universitario de Alicante, Alicante); José
Miguel Sanchez Torres, MD (Hospital Universitario
de La Princesa, Madrid); Manuel Domine Gomez,
MD (Jiménez Diaz Foundation University Hospital,
Madrid); Miriam Alonso Garcia, MD, and Jesls
Corral Jaime, MD (Hospital Universitario Virgen del
Rocio, Seville); Pilar Diz Tain, MD (Hospital de Ledn,
Ledn); Joaquim Bosch-Barrera, MD (Hospital
Universitari de Girona Doctor Josep Trueta, Girona);
Manuel Cobo, MD (Hospital Regional Universitario
de Malaga, Instituto de Investigacion Biomédica de
Malaga [IBIMA], Malaga): Mariano Provencio Pulla,
MD (Hospital Puerta de Hierro-Majadahonda,
Madrid); Ana Laura Ortega Granados, MD, and
Nuria Cardenas Quesada, MD (Complejo
Hospitalario de Jaén, Jaén); Rosario Garcia
Campelo, MD (Complejo Hospitalario Universitario
a Corufia [CHUAC], La Corufia); Switzerland: Patrizia
Froesch, MD (Ospedale San Giovanni, Bellinzona);
Solange Peters, MD (Centre Hospitalier
Universitaire Vaudois, Lausanne University,
Lausanne); Taiwan: Yuh-Min Chen, MD (Taipei
Veterans General Hospital, Taipei); Wu-Chou Su,
MD (National Cheng Kung University Hospital,
Tainan); Kang-Yun Lee, MD (Taipei Medical
University Shuang-Ho Hospital, New Taipei City);
Cheng-Ta Yang, MD (Linkou Chang Gung Memorial
Hospital, Taoyuan City); Gee-Chen Chang, MD
(Taichung Veterans General Hospital, Taichung);
Yu-Feng Wei, MD (E-Da Hospital, I-Shou University,
Kaohsiung); Chin-Chou Wang, MD (Taipei Chang
Gung Memorial Hospital, Taipei City); Thailand:
Virote Sriuranpong, MD (King Chulalongkorn
Memorial Hospital, Bangkok); Sarayut Lucien
Geater, MD (Prince of Songkla University,
Songkhla); Kosin Wirasorn, MD (Srinagarind
Hospital, Faculty of Medicine, Khon Kaen
University, Khon Kaen); Busayamas
Chewasakulyong, MD (Maharaj Nakorn Chiang Mai
Hospital, Faculty of Medicine, Chiang Mai
University, Muang, Chiang Mai); United States:
Naiyer A. Rizvi, MD (Columbia University Medical
Center, New York, New York); Maria Baggstrom, MD
(Washington University School of Medicine,

St Louis, Missouri); Jonathan Riess, MD (University
of California Davis Comprehensive Cancer Center,
Sacramento); Melissa Johnson, MD (Tennessee
Oncology PLLC, Nashville); Patrick Forde, MD
(Johns Hopkins Oncology Center, Baltimore,
Maryland); Petros Nikolinakos, MD (University
Cancer & Blood Center, Athens, Georgia); Helen
Ross, MD (Mayo Clinic, Phoenix, Arizona); Scott J.
Antonia, MD (H. Lee Moffitt Cancer Center &
Research Institute, Tampa, Florida); Susmitha Vaka,
MD, and Augusto Villegas, MD (Cancer Specialists of
North Florida, Jacksonville); Leena Gandhi, MD, and
Jean K. Lee, MD (New York University Clinical
Cancer Center, New York, New York); Ronald
Natale, MD (Cedars-Sinai Comprehensive Cancer
Center, Los Angeles, California); Daniel Carrizosa,
MD, and Edward S. Kim, MD (Levine Cancer

Downloaded from jamanetwork.com by Université de Lausanne user on 12/18/2023

Institute, Atrium Health, Charlotte, North Carolina);
Jennifer Carney, MD (Kaiser Permanante Hawaii/
Moanalua Medical Center, Honolulu); Matthew
Rettig, MD, Kathryn Henick, MD, and Fairooz
Kabbinavar, MD (VA Greater Los Angeles Health
Care, Los Angeles, California); Sarah B. Goldberg,
MD (Yale School of Medicine and Yale Cancer
Center, New Haven, Connecticut); Jeffrey
Schneider, MD (NYU Winthrop Hospital, Mineola,
New York); Ashish Saxena, MD (Weill Cornell
Medical College, New York, New York); Robert
Hirsch, MD (Memorial Cancer Institute at Memorial
Healthcare System, Miami, Florida); Ticiana Leal,
MD (University of Wisconsin, Madison); Leora Horn,
MD (Vanderbilt University Medical Center,
Nashville, Tennessee); Nathan Pennell, MD
(Cleveland Clinic Foundation, Cleveland, Ohio);
Hatim Husain, MD (Moores UC San Diego Cancer
Center, La Jolla, California); Patricia Plezia, MD, and
Manuel Modiano, MD (Arizona Clinical Research
Center, Tucson); Dennis Lowenthal, MD (Overlook
Medical Center, Summit, New Jersey); Ahmad Raza,
MD (Fairview Southdale Medical Oncology, Edina,
Minnesota); Aparkishor Ganti, MD (University of
Nebraska Medical Center, Omaha); Edward B.
Garon, MD (David Geffen School of Medicine,
University of California/TRIO-US Network,

Los Angeles); Ravindranath Patel, MD
(Comprehensive Blood & Cancer Center,
Bakersfield, California); Robert Dichmann, MD
(Central Coast Medical Oncology Corporation,
Santa Maria, California); Brian DiCarlo, MD (Coastal
Medical Research Group, Inc, San Luis Obispo,
California); William Lawler, MD (St Joseph Heritage
Healthcare, Anaheim, California); Thomas Lowe,
MD (Torrance Health Association, Torrance,
California); Sherman Baker, MD (Virginia
Commonwealth University, Richmond); Charles
Holladay, MD (Charleston Cancer Center,
Charleston, South Carolina); Gregory John Yang,
MD (Yuma Regional Medical Center, Yuma,
Arizona); Vietnam: Quang Bui, MD (Vietnam
National Cancer Institute, Hanoi); Khoa Mai, MD
(Bach Mai Hospital, Hanoi); Nhung Nguyen, MD
(Vietnam National Lung Hospital, Hanoi); Mai Tran,
MD (Ho Chi Minh City Oncology Hospital
(HCMCOH), Ho Chi Minh City); Ngoc Tran, MD (Cho
Ray Hospital, Ho Chi Minh City); Sam Le, MD (Thong
Nhat Hospital, Ho Chi Minh City).

Meeting Presentation: This paper was presented
at the European Society for Medical Oncology
Immuno-Oncology Congress; December 13, 2018;
Geneva, Switzerland; and at the 110th Annual
Meeting of the American Association for Cancer
Research; April 1, 2019; Atlanta, Georgia.

Additional Contributions: We thank the patients,
their families and caregivers, and all investigators
involved in this study. Furthermore, we
acknowledge Stuart McIntosh, MD; Delyth Clemett,
PhD; Piruntha Thiyagarajah, MD; Philip Z Brohawn,
MBA; Michael Kuziora, PhD; Han Si, PhD; Jill Walker,
PhD:; Pralay Mukhopadhyay, PhD; Jiabu Ye, PhD;
and Feng Liu, PhD, for contributions to study
design, execution, and data analysis and
interpretation. All were employees of AstraZeneca
at the time of their work on this study. Medical
writing support, which was in accordance with
Good Publication Practice guidelines, was provided
by Samantha Holmes, DPhil, of Cirrus
Communications, Macclesfield, UK, and was funded
by AstraZeneca.

Data Sharing Statement: See Supplement 3.

jamaoncology.com


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2020.0237?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.0237
http://www.jamaoncology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.0237

Durvalumab With or Without Tremelimumab vs Standard Chemotherapy for Metastatic NSCLC

REFERENCES

1. Mok TSK, Wu YL, Kudaba |, et al; KEYNOTE-042
Investigators. Pembrolizumab versus
chemotherapy for previously untreated,
PD-L1-expressing, locally advanced or metastatic
non-small-cell lung cancer (KEYNOTE-042):
arandomised, open-label, controlled, phase 3 trial.
Lancet. 2019;393(10183):1819-1830. doi:10.1016/
S0140-6736(18)32409-7

2. Gandhi L, Rodriguez-Abreu D, Gadgeel S, et al;
KEYNOTE-189 Investigators. Pembrolizumab plus
chemotherapy in metastatic non-small-cell lung
cancer. N Engl J Med. 2018;378(22):2078-2092.
doi:10.1056/NEJM0al801005

3. Socinski MA, Jotte RM, Cappuzzo F, et al;
IMpower150 Study Group. Atezolizumab for
first-line treatment of metastatic nonsquamous
NSCLC. N Engl J Med. 2018;378(24):2288-2301.
doi:10.1056/NEJM0a1716948

4. West H, McCleod M, Hussein M, et al.
Atezolizumab in combination with carboplatin

plus nab-paclitaxel chemotherapy compared with
chemotherapy alone as first-line treatment for
metastatic non-squamous non-small-cell lung
cancer (IMpower130): a multicentre, randomised,
open-label, phase 3 trial. Lancet Oncol. 2019;20(7):
924-937. doi:10.1016/51470-2045(19)30167-6

5. Papadimitrakopoulou VA, Cobo M, Bordoni R,

et al. IMpower132: PFS and safety results with 1L
atezolizumab + carboplatin/cisplatin + pemetrexed
in stage IV non-squamous NSCLC [abstract
OAO05.07]. J Thorac Oncol. 2018;13(10)(suppl):S332-
$333. doi:10.1016/.jtho.2018.08.262

6. Paz-Ares L, Luft A, Vicente D, et al;
KEYNOTE-407 Investigators. Pembrolizumab plus
chemotherapy for squamous non-small-cell lung
cancer. N Engl J Med. 2018;379(21):2040-2051.
doi:10.1056/NEJM0al810865

7. Planchard D, Reinmuth N, Orlov S, et al. ARCTIC:
durvalumab with or without tremelimumab as
third-line or later treatment for metastatic
non-small cell lung cancerAnn Oncol. Published online
February 20, 2020. doi:10.1016/j.annonc.2020.02.
006

8. Snyder A, Makarov V, Merghoub T, et al. Genetic
basis for clinical response to CTLA-4 blockade in
melanoma. N Engl J Med. 2014;371(23):2189-2199.
doi:10.1056/NEJM0a1406498

9. Rizvi NA, Hellmann MD, Snyder A, et al. Cancer
immunology: mutational landscape determines
sensitivity to PD-1blockade in non-small cell lung
cancer. Science. 2015;348(6230):124-128. doi:10.
1126/science.aaal348

10. Carbone DP, Reck M, Paz-Ares L, et al;
CheckMate 026 Investigators. First-line nivolumab
in stage IV or recurrent non-small-cell lung cancer.
N Engl J Med. 2017;376(25):2415-2426. doi:10.
1056/NEJM0a1613493

11. Hellmann MD, Ciuleanu TE, Pluzanski A, et al.
Nivolumab plus ipilimumab in lung cancer with a
high tumor mutational burden. N Engl J Med. 2018;
378(22):2093-2104. doi:10.1056/NEJM0al801946

12. Ready N, Hellmann MD, Awad MM, et al.
First-line nivolumab plus ipilimumab in advanced
non-small-cell lung cancer (CheckMate 568):
outcomes by programmed death ligand 1and tumor
mutational burden as biomarkers. J Clin Oncol.
2019;37(12):992-1000. doi:10.1200/JC0.18.01042

jamaoncology.com

13. Higgs BW, Morehouse CA, Brohawn PZ, et al.
High tumor mutational burden (TMB) and PD-L1
have similar predictive utility in 2L+ NSCLC patients
(pts) treated with anti-PD-L1and anti-CTLA-4.
[abstract 65PD]. Ann Oncol. 2018;29(suppl 8):i19.
doi:10.1093/annonc/mdy269.063

14. Quinn K, Helman E, Nance T, et al.
Development and analytical validation of a
plasma-based tumor mutational burden (TMB)
score from next-generation sequencing panels.
[abstract 131P]. Ann Oncol. 2018;29(suppl 8):i41.
doi:10.1093/annonc/mdy269.129

15. Kim ES, Velcheti V, Mekhail T, et al. Primary
efficacy results from B-FIRST, a prospective phase Il
trial evaluating blood-based tumour mutational
burden (bTMB) as a predictive biomarker for
atezolizumab (atezo) in 1L non-small cell lung
cancer (NSCLC). [abstract LBA55]. Ann Oncol. 2018;
29(suppl 8):i744. doi:10.1093/annonc/mdy424.067

16. Gandara DR, Paul SM, Kowanetz M, et al.
Blood-based tumor mutational burden as a
predictor of clinical benefit in non-small-cell lung
cancer patients treated with atezolizumab. Nat Med.
2018;24(9):1441-1448. doi:10.1038/s41591-018-
0134-3

17. Qiu P, Poehlein CH, Marton MJ, Laterza OF,
Levitan D. Measuring tumor mutational burden
(TMB) in plasma from mCRPC patients using two
commercial NGS assays. Sci Rep. 2019;9(1):114.
doi:10.1038/541598-018-37128-y

18. Stewart R, Morrow M, Hammond SA, et al.
Identification and characterization of MEDI4736,
an antagonistic anti-PD-L1 monoclonal antibody.
Cancer Immunol Res. 2015;3(9):1052-1062. doi:10.
1158/2326-6066.CIR-14-0191

19. Antonia SJ, Villegas A, Daniel D, et al; PACIFIC
Investigators. Durvalumab after chemoradio-
therapy in stage Ill non-small-cell lung cancer.

N EnglJ Med. 2017;377(20):1919-1929. doi:10.1056/
NEJMoa1709937

20. Antonia SJ, Villegas A, Daniel D, et al; PACIFIC
Investigators. Overall survival with durvalumab
after chemoradiotherapy in stage Il NSCLC. N Engl J
Med. 2018;379(24):2342-2350. doi:10.1056/
NEJMoa1809697

21. Garassino MC, Cho BC, Kim JH, et al; ATLANTIC
Investigators. Durvalumab as third-line or later
treatment for advanced non-small-cell lung cancer
(ATLANTIC): an open-label, single-arm, phase 2
study. Lancet Oncol. 2018;19(4):521-536. doi:10.
1016/S1470-2045(18)30144-X

22. Kowalski DM, Reinmuth N, Orlov SV, et al.
ARCTIC: Durvalumab + tremelimumab and
durvalumab monotherapy vs SoC in=3L advanced
NSCLC treatment. [abstract 13780]. Ann Oncol.
2018;29(suppl 8):i493-i494. doi:10.1093/annonc/
mdy292.001

23. Tarhini AA, Kirkwood JM. Tremelimumab
(CP-675,206): a fully human anticytotoxic T
lymphocyte-associated antigen 4 monoclonal
antibody for treatment of patients with advanced
cancers. Expert Opin Biol Ther. 2008;8(10):1583-
1593. doi:10.1517/14712598.8.10.1583

24. Chaft J, Cho BC, Ahn M-J, et al. Safety and
activity of second-line durvalumab + tremelimumab
in non-squamous advanced NSCLC [abstract CT113].
Cancer Res. 2018;78(13)(suppl). doi:10.1158/1538-
7445.AM2018-CT113

Downloaded from jamanetwork.com by Université de Lausanne user on 12/18/2023

Original Investigation Research

25. Oken MM, Creech RH, Tormey DC, et al.
Toxicity and response criteria of the Eastern
Cooperative Oncology Group. Am J Clin Oncol.
1982;5(6):649-655. doi:10.1097/00000421-
198212000-00014

26. Eisenhauer EA, Therasse P, Bogaerts J, et al.
New response evaluation criteria in solid tumours:
revised RECIST guideline (version 1.1). Eur J Cancer.
2009;45(2):228-247. doi:10.1016/j.€jca.2008.10.026

27. Brahmer JR, Rizvi NA, Lutzky J, et al. Clinical
activity and biomarkers of MEDI4736, an anti-PD-L1
antibody, in patients with NSCLC. J Clin Oncol.
2014;32(15)(suppl):8021. doi:10.1200/jco.2014.32.
15_suppl.8021

28. Antonia SJ, Balmanoukian A, Brahmer J, et al.
Clinical activity, tolerability, and long-term follow-up
of durvalumab in patients with advanced NSCLC.

J Thorac Oncol. 2019;14(10):1794-1806. doi:10.
1016/j.jtho.2019.06.010

29. Ciuleanu T, Brodowicz T, Zielinski C, et al.
Maintenance pemetrexed plus best supportive
care versus placebo plus best supportive care for
non-small-cell lung cancer: a randomised,
double-blind, phase 3 study. Lancet. 2009;374
(9699):1432-1440. doi:10.1016/50140-6736(09)
61497-5

30. Paz-Ares LG, de Marinis F, Dediu M, et al.
PARAMOUNT: Final overall survival results of the
phase Il study of maintenance pemetrexed versus
placebo immediately after induction treatment
with pemetrexed plus cisplatin for advanced
nonsquamous non-small-cell lung cancer. J Clin Oncol.
2013;31(23):2895-2902. doi:10.1200/JC0.2012.
471102

31. Scagliotti GV, Parikh P, von Pawel J, et al. Phase
1l study comparing cisplatin plus gemcitabine with
cisplatin plus pemetrexed in chemotherapy-naive
patients with advanced-stage non-small-cell lung
cancer. J Clin Oncol. 2008;26(21):3543-3551. doi:10.
1200/JC0.200715.0375

32. Antonia S, Goldberg SB, Balmanoukian A, et al.
Safety and antitumour activity of durvalumab plus
tremelimumab in non-small cell lung cancer:
amulticentre, phase 1b study. Lancet Oncol. 2016;17
(3):299-308. doi:10.1016/51470-2045(15)00544-6

33. Borghaei H, Paz-Ares L, Horn L, et al.
Nivolumab versus docetaxel in advanced
nonsquamous non-small-cell lung cancer. N Engl J
Med. 2015;373(17):1627-1639. doi:10.1056/
NEJMoa1507643

34. Brahmer J, Reckamp KL, Baas P, et al.
Nivolumab versus docetaxel in advanced
squamous-cell non-small-cell lung cancer. N Engl J
Med. 2015;373(2):123-135. doi:10.1056/
NEJMo0al1504627

35. Fehrenbacher L, Spira A, Ballinger M, et al;
POPLAR Study Group. Atezolizumab versus
docetaxel for patients with previously treated
non-small-cell lung cancer (POPLAR): a multicentre,
open-label, phase 2 randomised controlled trial.
Lancet. 2016;387(10030):1837-1846. doi:10.1016/
S0140-6736(16)00587-0

36. Lan K-KG, DeMets DL. Discrete sequential
boundaries for clinical trials. Biometrika. 1983;70
(3):659-663. doi:10.2307/2336502

37. Reck M, Rodriguez-Abreu D, Robinson AG, et al;
KEYNOTE-024 Investigators. Pembrolizumab
versus chemotherapy for PD-L1-positive

JAMA Oncology May 2020 Volume 6, Number5

673


https://dx.doi.org/10.1016/S0140-6736(18)32409-7
https://dx.doi.org/10.1016/S0140-6736(18)32409-7
https://dx.doi.org/10.1056/NEJMoa1801005
https://dx.doi.org/10.1056/NEJMoa1716948
https://dx.doi.org/10.1016/S1470-2045(19)30167-6
https://dx.doi.org/10.1016/j.jtho.2018.08.262
https://dx.doi.org/10.1056/NEJMoa1810865
https://dx.doi.org/10.1016/j.annonc.2020.02.006
https://dx.doi.org/10.1016/j.annonc.2020.02.006
https://dx.doi.org/10.1056/NEJMoa1406498
https://dx.doi.org/10.1126/science.aaa1348
https://dx.doi.org/10.1126/science.aaa1348
https://dx.doi.org/10.1056/NEJMoa1613493
https://dx.doi.org/10.1056/NEJMoa1613493
https://dx.doi.org/10.1056/NEJMoa1801946
https://dx.doi.org/10.1200/JCO.18.01042
https://dx.doi.org/10.1093/annonc/mdy269.063
https://dx.doi.org/10.1093/annonc/mdy269.129
https://dx.doi.org/10.1093/annonc/mdy424.067
https://dx.doi.org/10.1038/s41591-018-0134-3
https://dx.doi.org/10.1038/s41591-018-0134-3
https://dx.doi.org/10.1038/s41598-018-37128-y
https://dx.doi.org/10.1158/2326-6066.CIR-14-0191
https://dx.doi.org/10.1158/2326-6066.CIR-14-0191
https://dx.doi.org/10.1056/NEJMoa1709937
https://dx.doi.org/10.1056/NEJMoa1709937
https://dx.doi.org/10.1056/NEJMoa1809697
https://dx.doi.org/10.1056/NEJMoa1809697
https://dx.doi.org/10.1016/S1470-2045(18)30144-X
https://dx.doi.org/10.1016/S1470-2045(18)30144-X
https://dx.doi.org/10.1093/annonc/mdy292.001
https://dx.doi.org/10.1093/annonc/mdy292.001
https://dx.doi.org/10.1517/14712598.8.10.1583
https://dx.doi.org/10.1158/1538-7445.AM2018-CT113
https://dx.doi.org/10.1158/1538-7445.AM2018-CT113
https://dx.doi.org/10.1097/00000421-198212000-00014
https://dx.doi.org/10.1097/00000421-198212000-00014
https://dx.doi.org/10.1016/j.ejca.2008.10.026
https://dx.doi.org/10.1200/jco.2014.32.15_suppl.8021
https://dx.doi.org/10.1200/jco.2014.32.15_suppl.8021
https://dx.doi.org/10.1016/j.jtho.2019.06.010
https://dx.doi.org/10.1016/j.jtho.2019.06.010
https://dx.doi.org/10.1016/S0140-6736(09)61497-5
https://dx.doi.org/10.1016/S0140-6736(09)61497-5
https://dx.doi.org/10.1200/JCO.2012.47.1102
https://dx.doi.org/10.1200/JCO.2012.47.1102
https://dx.doi.org/10.1200/JCO.2007.15.0375
https://dx.doi.org/10.1200/JCO.2007.15.0375
https://dx.doi.org/10.1016/S1470-2045(15)00544-6
https://dx.doi.org/10.1056/NEJMoa1507643
https://dx.doi.org/10.1056/NEJMoa1507643
https://dx.doi.org/10.1056/NEJMoa1504627
https://dx.doi.org/10.1056/NEJMoa1504627
https://dx.doi.org/10.1016/S0140-6736(16)00587-0
https://dx.doi.org/10.1016/S0140-6736(16)00587-0
https://dx.doi.org/10.2307/2336502
http://www.jamaoncology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.0237

674

Durvalumab With or Without Tremelimumab vs Standard Chemotherapy for Metastatic NSCLC

Research Original Investigation

non-small-cell lung cancer. N Engl J Med. 2016;375
(19):1823-1833. doi:10.1056/NEJM0al606774

38. WuY, LuS, Clarke S, et al A phase 3 study of
first-line durvalumab vs platinum-based
chemotherapy in patients with advanced NSCLC
and high PD-L1expression: PEARL [abstract 1378].
Ann Oncol. 2017;28(suppl 5):v460-v496. doi:10.
1093/annonc/mdx380.079

39. AstraZeneca. Imfinzi and imfinzi plus
tremelimumab delayed disease progression in
phase Il POSEIDON trial for 1st-line treatment of
stage IV non-small cell lung cancer [press release].
https://www.astrazeneca.com/media-centre/press-
releases/2019/imfinzi-and-imfinzi-plus-
tremelimumab-delayed-disease-progression-in-

phase-iii-poseidon-trial-for-1st-line-treatment-of-
stage-iv-non-small-cell-lung-cancer.html. October
28, 2019. Accessed November 20, 2019.

40. Samstein RM, Lee CH, Shoushtari AN, et al.
Tumor mutational load predicts survival after
immunotherapy across multiple cancer types. Nat
Genet. 2019;51(2):202-206. doi:10.1038/s41588-
018-0312-8

41. Hellmann MD, Paz-Ares L, Bernabe CaroR, et al.
Nivolumab plus ipilimumab in advanced
non-small-cell lung cancer. N Engl J Med. 2019;381
(21):2020-2031. doi:10.1056/NEJM0a1910231

42. Mao X, Zhang Z, Zheng X, et al. Capture-based
targeted ultradeep sequencing in paired tissue and
plasma samples demonstrates differential subclonal

ctDNA-releasing capability in advanced lung cancer.
J Thorac Oncol. 2017;12(4):663-672. doi:10.1016/j.
jtho.2016.11.2235

43. Murtaza M, Dawson SJ, Tsui DW, et al.
Non-invasive analysis of acquired resistance to
cancer therapy by sequencing of plasma DNA. Nature.
2013;497(7447):108-112. doi:10.1038/nature12065

44. Maio M, Scherpereel A, Calabro L, et al.
Tremelimumab as second-line or third-line
treatment in relapsed malignant mesothelioma
(DETERMINE): a multicentre, international,
randomised, double-blind, placebo-controlled
phase 2b trial. Lancet Oncol. 2017;18(9):1261-1273.
doi:10.1016/S1470-2045(17)30446-1

Invited Commentary

The Mystic Role of Tumor Mutational Burden in Selecting Patients
With Lung Cancer for First-Line Immunotherapy

Saiama N. Waqar, MBBS, MSCI; Ramaswamy Govindan, MD

Recent advances in our understanding of the biologic charac-
teristics of tumors and the cancer immunity cycle have led to
animportant shift in the standard-of-care treatment for meta-
static non-small cell lung cancer (NSCLC). First-line platinum-
= based doublet chemotherapy
was established as the stan-
dard of care about 2 decades
ago and has served as the yardstick for comparing incremen-
tal benefits afforded by emerging treatments. This dogma
changed with the approval of first-line single-agent anti-
programmed cell death 1 (PD-1) therapy, and subsequently anti-
PD-1therapy in combination with platinum-based doublet che-
motherapy ushered in a new standard of care: immunotherapy
with or without chemotherapy.'+? Nivolumab in combination
with ipilimumab was the first anti-PD-1 and anti-cytotoxic
T-lymphocyte-associated antigen 4 (CTLA-4) therapy to show
a progression-free survival (PFS) advantage compared with
platinum-based chemotherapy in patients with a high tumor
mutational burden (TMB), with a 1-year PFS of 42.6% with
nivolumab and ipilimumab vs 13.2% with chemotherapy, as
shown in the CheckMate 227° study. In addition, CheckMate
227 met its other coprimary end point of improved overall sur-
vival (OS) with nivolumab and ipilimumab (median OS, 17.1
months) compared with chemotherapy (14.9 months) in pa-
tients with programmed cell death ligand 1 (PD-L1) expres-
sion of 1% or greater.*

In the current study, Rizvi and colleagues® report the re-
sults of the phase 3 MYSTIC study, in which 1118 patients with
previously untreated metastatic NSCLC without EGFR or ALK
genetic alterations were randomized (1:1:1) to receive platinum-
based doublet chemotherapy, single-agent durvalumab (anti-
PD-L1 antibody), or durvalumab with tremelimumab (anti-
CTLA-4 monoclonal antibody) combination therapy. The
primary end points of the study were assessed in the 488 pa-
tients with PD-L1 expression in 25% of tumor cells or more and
included OS for durvalumab vs platinum-based doublet che-
motherapy, and OS and PFS for the durvalumab and tremeli-
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mumab combination vs chemotherapy. Exploratory end points
included examining the association of biomarkers, including
tissue and blood TMB, with clinical outcomes. The MYSTIC
study did not meet its primary end points. The median OS in
patients with PD-L1 expression in 25% of tumor cells or more
was 16.3 months for patients treated with durvalumab, which
was numerically superior to the 12.9 months with platinum-
based doublet chemotherapy, although it did not meet statis-
tical significance. Furthermore, the median OS for the dur-
valumab and tremelimumab combination was 11.9 months,
which was lower than for both the durvalumab and the che-
motherapy arms. Median PFS for durvalumab and tremelim-
umab was disappointing, at 3.9 months, whereas the PFS with
chemotherapy was 5.4 months. Adverse events were consis-
tent with the known safety profile of durvalumab and treme-
limumab, with the frequency of grade 3 or higher adverse
events being lower for both the durvalumab and durvalumab
with tremelimumab groups compared with the chemo-
therapy group.

Pretreatment tissue samples were available from 735 pa-
tients, with TMB data available from 460 tumor samples. Tissue
TMB of 10 or more mutations per megabase (mut/Mb) was asso-
ciated with numerically longer median OS in the 2 immuno-
therapy groups (16.6 months with durvalumab and tremelim-
umab vs 18.6 months with durvalumab) compared with 11.9
months with platinum-based doublet chemotherapy, although
this did not meet statistical significance. Small sample sizes lim-
ited further analyses using TMB cutoffs greater than 10 mut/Mb.

Overall, 809 patients were evaluable for blood TMB
assessment, and the TMB cutoff chosen by the authors was
20 or more mut/Mb based on the greatest effect size using
this cutoff. Patients with 20 or more mut/Mb had improved
OS with the durvalumab and tremelimumab combination vs
chemotherapy, at 21.9 months vs 10.0 months, in addition to
improved PFS and overall response rate.

Why did MYSTIC fail to meet its primary end points,
unlike the CheckMate 227> study? The patient population

jamaoncology.com

© 2020 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by Université de Lausanne user on 12/18/2023


https://dx.doi.org/10.1056/NEJMoa1606774
https://dx.doi.org/10.1093/annonc/mdx380.079
https://dx.doi.org/10.1093/annonc/mdx380.079
https://www.astrazeneca.com/media-centre/press-releases/2019/imfinzi-and-imfinzi-plus-tremelimumab-delayed-disease-progression-in-phase-iii-poseidon-trial-for-1st-line-treatment-of-stage-iv-non-small-cell-lung-cancer.html
https://www.astrazeneca.com/media-centre/press-releases/2019/imfinzi-and-imfinzi-plus-tremelimumab-delayed-disease-progression-in-phase-iii-poseidon-trial-for-1st-line-treatment-of-stage-iv-non-small-cell-lung-cancer.html
https://www.astrazeneca.com/media-centre/press-releases/2019/imfinzi-and-imfinzi-plus-tremelimumab-delayed-disease-progression-in-phase-iii-poseidon-trial-for-1st-line-treatment-of-stage-iv-non-small-cell-lung-cancer.html
https://www.astrazeneca.com/media-centre/press-releases/2019/imfinzi-and-imfinzi-plus-tremelimumab-delayed-disease-progression-in-phase-iii-poseidon-trial-for-1st-line-treatment-of-stage-iv-non-small-cell-lung-cancer.html
https://www.astrazeneca.com/media-centre/press-releases/2019/imfinzi-and-imfinzi-plus-tremelimumab-delayed-disease-progression-in-phase-iii-poseidon-trial-for-1st-line-treatment-of-stage-iv-non-small-cell-lung-cancer.html
https://dx.doi.org/10.1038/s41588-018-0312-8
https://dx.doi.org/10.1038/s41588-018-0312-8
https://dx.doi.org/10.1056/NEJMoa1910231
https://dx.doi.org/10.1016/j.jtho.2016.11.2235
https://dx.doi.org/10.1016/j.jtho.2016.11.2235
https://dx.doi.org/10.1038/nature12065
https://dx.doi.org/10.1016/S1470-2045(17)30446-1
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2020.0237?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.0264
http://www.jamaoncology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.0264



