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SUMMARY

This thesis focuses on two separate topics, one lying at the intersefchiealth
care and statistics, and the other one rising from classical statistical inference. Chapters 2
through 4 address the first topic. They explore and improve techniques for comparing both
efficacy and coseffectiveness of cancer therapies. Chaptiercuses on the second topic.
It proposes a new estimator for the number of binomial experiments when the success

probability is unknown.

Chapter 2 of my thesis establishes an overall ranking of efficacy of possible
interventions in patients with advamcer metastatic melanoma within a Bayesian setting.
Currently, chemotherapy is established as the standard of care for melanoma, but is often
associated with poor responses and short survival. However, recent groundbreaking
discoveries in tumor biology drimmune surveillance have yielded effective molecularly
targeted therapies and immune agents. These new treatments have changed the therapeutic
scenario to a completely new reality of high response rates, prolonged disease control, and
the possibility oftalking of a cure for some patients. These positive results have opened
new avenues in the treatment of melanoma patients and, as expected, added layers of
complexity to management of those patients. We perform a networkamatigsis in a
hierarchical Bagsian randonreffects model to assess the role of immunotherapies and
targeted therapies. We also evaluate the impact of immunotherapy biomarkers within a
hierarchical Bayesian setting with a view to support and improve the therapeutic decision

making procss.

XV



Chapter 3 evaluates indirectly the effectiveness of two treatments for advanced
castrationaresistant prostate cancer (CRPC). Prostate cancer is the most commonly
diagnosed cancer. It eventually progresses to CRPC. CR#@ isf thdeading cause of
cancerrelated deaths among men in developed countries. Two novel androgen receptor
pathway inhibitors, abiraterone acetate and enzalutamide, have recently become available.
They have been developed with the aim of prolonging survival, minimizing comptisatio
and maintaining or improving quality of life in patients with advanced or metastatic CRPC.
However, these two treatment options have not been compared head to head against each
other in a prospective randomized fashion. In order to choose the optatahént and
the optimal sequencing of treatments, we perform two analyses. The first one is a
comparative effectiveness study within a Bayesian hierarchical setting. The second one is
a sequencing assessment of treatments in the context of exponewiigl smodels,

informed by Bayesian metmnalyses with between and within study variance components.

Chapter 4 proposes an improved methodology for conducting bothamaitygsis
and secondary data analyses based on randomized controlled trials. Oruetititbecies
inherent to traditional methodology is the lack of individual patiewt! data which serves
as a basic ingredient for secondary analyses. This shortcoming is handled by recovering
the raw timeto-event data through the inverted KaphMeier equations and simulations.
The recovered survival distributions are then modeled within a Bayesiarpasmetric
framework. We use a hierarchical Dirichlet Process to model disomete event
probabilities across the timime up to last followup, anda truncated Weibull model to
model the tail of the distribution. This approach avoids assumption about the shape of the

survival distributions up to the last folleup time, allows incorporation of censored data,

XVi



and accommodates stuttystudy heterogensi. The parametric nature of the Weibull
model on the other hand is well suited to making inferences about the survival curve in the
absence of data. Finally, patidavel disease trajectories are modeled using a Bayesian
Markov model. We demonstrate thisethodology using simulations and a study on

advanced nosmall cell lung cancer.

Finally, Chapter 5 presents a new approach to the binomial n problem, which
concerns the estimation of the number of binong@aberimentswhen the success
probability is ukknown. Some redife situations, where the problem arises, include the
estimation of the number of unreported crimes as well as the number of undetected
software errors. Due to its inherent instability, the problem remains fundamentally difficult.
Furthemore, neither one of the two parameters of the binomial distribution are unbiasedly
estimable when both are unknown. We present an efficient method of estimating the
number of trials using a betanomial MLE approach. In the absence of replications, when
inference about the parameter of interest is not possible, we present a Bayesian approach

applied in the context of contingency tables.

XVii



CHAPTER 1. INTRODUCTION

In recent years, many new scientific and technological advancements have emerged,
and an overwhelming amourmf data has become available. On the scientific and
technological front, there has been an exponential progress and advancement in many
fields. Some discoveries in the past 15 years include reprogramming of steifijcells
confirming the existence of dark matf&t, producing setdriving carq 3], and others. On
the data front, facilitated by the internet of things, the role of data has rapidly evolved. The
astonishing volume and variety of data, that has recently been produced, has transformed

the world into so called datdriven reality.

Science, technology and data go hand in hand. Data is a key ingredient to developing
new scientific and technological tools. Science and technology are necessary to produce,
collect, process and understand data. The-imgiact nature of the three fieldsg&ther
has provided many opportunities. Together, they are integral components of the decision
making and policy making process. However, sometimes limitations on the scientific and
technological front lead to knowledge gaps on the data front. Sciemtifiteehnological
research is often restricted by funding, time, resources, or all three together. These
limitations present a challenge because knowledge gaps can in turn hinder the -decision
making process and prevent further scientific and technologrogrgss. This thesis

focuses on overcoming the knowledge gap in the context of statistical methods.



1.1 Partl

The first part of this thesis focuses on bridging certain knowledge gaps related to cancer
care. The goal of Chapters 2 through 4 isupport ad improve the therapeutic decision

making procesand direct future scientific and technological cancer research efforts

In recent years, there has been a wave of dramatic successes in the research and
treatment of cancer. This progress has been thet dasult of revolutionary scientific and
technological advances as well as new development in data analysis. A few such novel
therapeutic/ diagnostic development approaches include immunotherapy-atymostic
therapy, adoptive T cell therapy, as wellggne therapy. The pace at which the US Food
and Drug Administration (FDA) is approving hew cancer treatments is unprecedented. In
2016 alone, the FDA approved five uses for immune checkpoint inhibitors in cancer care
[4]. From November 2016 through October 2017, the FDA approved a record eighteen new
cance treatments and thirteen uses of cancer thergpjesVith an increased availability
of treatments, physicians face an increasing number of treatment options. However,
usually,only a small fractiorof the treatments are directly compared against one another
in aprospeadie randomized fashionTrials are expensive. Funding for clinical research,
on the other hand, is limited. Additionally, clinical trials take years to conduct, and cost
oncol ogistsdéd work and patientsodé |ivies. Oof t
problematic when deciding between compel |
compared before or when choosing the best treatment for a particular patient when an

overall ranking of all possible treatments is lacking.



The primary goal of Chapt@ris to establish an overall ranking of efficacy of possible
interventions in patients with advanced or metastatic melanoma. Malignant melanoma is
one of the most aggressive types of cafi6erBefore recent therapeutic advances, once
the disease progressed to a metastatic stage, it was almost alwayg, féfaRecent
groundbreaking discoveries in tumor biology and immuuoeresllance have vyielded
effective molecularly targeted therapies and immune agents in patients who have reached
metastasis. Immunotherapies are treatments that boost the immune system.
ImmunotherapyasnamedAdvance of the Yearn ASCOG6s 20réssremo@ ncer
[4]. Molecularly targeted therapies tatgpecific disease genes or proteins associated with
them. Immunotherapies and targeted therapies have rapidly changed the outlook for cancer
patients. They have achieved high response rates, prolonged disease control and improved
survival [9-13]. Both strategies have changed the therapeutic scenario of advanced
melanoma, turning the clinical decistomaking a challenging task. With these major
advances in resedr@and multiple options now available, a better understanding of how all
available treatments compare to each other is needed for selecting the right treatment for a
particular patient. However, only a handful of those treatments have been compared
directly against each other in a clinical study setting. To fill this knowledge gap, this
chapter presents extended comparisons of immunotherapies and targeted therapies for
advanced melanoma by incorporating direct and indirect evidence from sixteen published
trials. Additionally, we evaluate the impact of certain expressions and mutational status on

immunotherapy efficacy.

Chapter 3 performs a comparative effectiveness analyses between two compelling

treatments in advanced castratr@sistant prostate canceC R P C) t hat haven:t



directly compared before. Prostate cancer poses a significant health problem today. It is the
second most common cancer among fe&h. In 2017, prostate cancer alone accounted

for almost one in five new cancer diagno$&S]. Most prostate cancer patients with
metastases eventually progress to CRPC within a median of onflfpaks a result of
research efforts over the past decade novel treatments abiraterone acetate and
enzalutamide, have recentgmerged for the treatment of CRPBoth therapies are
androgen receptor pathway inhdrs. Androgen receptor has been shown to play an
important role in the development and progression of prostate ¢gaeLekbirateroneand
enzalutamidenave eachbeen shown to prolong survivfl7, 18]. However, these two
treatments havendét been directly compared
between practitioners and patients, we compare indirectly the effectiveness useamgevid

from four randomized trials. We also investigtite optimal sequence of treatments.

Finally, Chapter 4 assesses the @ftctiveness of pembrolizumab as compared to
chemotherapy in patients with advanced-sorall cell lung cancer (NSCLC). Lungrazer
is one of the most common causes of cancer related[d&htlht is the single leading cause
of cancer death among those aged 40 years or [dferDue to relatively late diagnosis
of lung cancer cases, scientific advances fog loancer have been slower in contrast to
most other cancefd5]. As of 2013, platinunibased chemotherapy was standard treatment
for most patients with NSCL{19]. However, recenscientific advances have led to the
discovery of new paradigms for the treatment of NSCLC. In particular, immunotherapies
have shown promising results. One such novel treatment is pembrolizumab. In late 2016,
preliminary results of a new randomized tsAlbwed superiority of pembrolizumab over

standard platinuabased combination chemotherapj20]. The FDA granted

l



pembrolizumab accelerated approval for the treatment of patients with metastatic NSCLC
[21]. Pembrolizumab has shown impressive clinical results, but analysis of cost
effectiveness of new thapies is imperative to ensure that they are used in an appropriate
and sustainable manner. Currentiyich coseffectiveness analysis is lacking. We assess
the costeffectiveness of pembrolizumab in both the United States, and the United

Kingdom.

Throudhout chapters 3 and we address one additional issue, that is the lack of raw
time-to-event data at the individual level. Currently, the standard practice in reporting of
results from randomized controlled trials is to publish summary statistics, attterratv
data. AlsheikpAli et al found that only 9% of original research papers published in high
impact journals made the raw research data availaBleThe summary statistics that are
usually reported include efficacy measures such as hazard ratios and odds ratios. And yet,
these measures do not constitute sufficient statistics for condsetaogdary analysis,
such as treatment efficacy analysis, efétctiveness analysis, analysis of sequencing of
treatments, and others. Vdeercomethis shortcoming by reconstructing the patikeviel

survival data.

In conclusion, part | of this thesignas to provide and improve evidenbased
knowledge with a view to help practitioners with the development of new policies and

practices related to cancer care.

1.2 Partll

The second part of this thesis bridges the knowledge gap in certain scenarios where

daa cannot be observed due to limitations, and has to be inferred instead. Consider the



following three scenarios. The first one is presented by Draper and Guttman and involves
an appliance repair compaf88]. The company is interested in estimating the number of

a certain type of appliance in use in a certain service area based on the weekly total number
of defective appliances sent in for repair. The secsrehariois concerned witlthe
estimation of theaotal number of crimes when many of them remain unrepdr2dfl

Finally, the third one is related to software syst¢p%. Often, there are errors introduced

in the software development process. Reviewers can inspect for errors, but often a few
errorsremain undetected, and the estimation of the number of undetected errors becomes
an important taskn these threscenarios, we obserpartialcounts (number of defective
appliances, number of reported crimes, and number of detected ,ewbilg) the eal

interest lies in the total unobserved counts (total number of appliances, total number of
crimes, and total number of errors respectively)d yet, the probabilities of observing a
certain number of defective appliances, or crimes, or errors ararddeown.In Chapter

5 of this thesis, we focusn bridging the gap between what is observed and what cannot
be observed, and estimatee number of binomial experiments when the success

probability is unknown.



CHAPTER 2. A SYSTEMATIC REVIEW AND NETWORK
META -ANALYS IS OF IMMUNOTHERAPY AND TARGETED

THERAPY FOR ADVANCED MELANOMA

2.1 Introduction

Recent groundbreaking discoveries in tumor biology and immune surveillance have
yielded effective molecularly targeted therapies and immune agents, changing the scenario
from one & poor responses and short survival to a completely new reality of high response
rates, prolonged disease control, and the possibility of talking of a cure for some patients
[9-13]. Blocking the BRAFMEK pathway commonly hyperactive in melanoiifaas
proved worthwhile. A sizeable number of trials have shown that BRAF inhibitors (BRAFi)
and MEK inhibitors (MEKI) improve clinical outcomes when compared to chemotherapy
[26-32]. The role of the immune system in controlling melanoma is well established and
immune checkpoint inhibitors have shown promise in reinvigorating the imsystem,
successfully showcasing the enormous potential of drugs that manipulate immune

surveillance for the first time in oncolo§$3-37].

These positive resd@thave opened new avenues in the treatment of melanoma
patients and, as expected, added layers of complexity to management of patients with
advanced disease. A number of studies have compared competing treatments to one
another, but an overall ranking adgsible interventions is lacking. The number of options
has grown markedly and defining the best therapeutic plan for a particular patient is now a

formidable task. This Bayesian network matalysis of randomized controlled trials aims



to establish relate efficacy of immunotherapy, molecularly targeted therapies, and
chemotherapy, either alone or in combination, in patients with advanced or metastatic

melanoma with a view to support and improve the therapeutic decis&img process

2.2 Patients and Methals

2.2.1 Search strategy

We searched PubMed, Embase, Clinicaltrials.gov, Cochrane Central Register of
Controlled Trials, World Health Organization International Trial Registry, drugs at FDA,
and Society of Melanoma Research, ASCO, ESMO, and ECCO meetings using a
combination of broad terms related to melanoma and drug therapy, namely melan*,
random*, immunotherapy, BRAF*, MEK*, and chemotherafiyll list of terms in
Appendix A). References in recovered studies andveaié reviews were also screened.
Databases were searched from their inception until December 21st 2015. No language
restrictions were applied. We followed a predefined protocol (PROSPERO number
CRD42016038618) in accordance with the PRISMA guideline favaré metaanalysis

[39].

2.2.2 Study selection

We searched databases and assessed eligibility of studies based on abstracts and
full texts, resolving disagreements by consensus. Eligible studies were (1) randomized
controlled trials enrolling patients with metastatic or advanced melanoma and describing
outcomes of interest, (2) randomized patients to chemotherapy, targeted therapy against

the BRAF/MEK axis or immunotherapy (not vaccine, viral therapy or biochemotherapy),



and (3) BRAF and/or MEK inhibitor trial restricted inclusion to patients known tiodnar
BRAF mutationsSecondline BRAFMEK inhibitor studies were eligible if the firdine
therapy had not been BRARrgeted therapy. Studies with insufficient follawp ( O 6
months) or comparing different chemotherapy regimens were excluded. In the case of
duplicated publickon on the same study, the most-top date data were used. We

acknowledged that inclusion criterion (4) would exclude NRABated patients.

2.2.3 Data extraction

Weretrieved data fromandomized control triaRCT) full publications and relevant
appendices @ded by an extraction form. The items of interest were: trial name, first
author, year of publication, number of patients, length of fellpymethodology details
(randomization, allocation concealment and blinding methods, use of intention to treat
analsis), intervention details (drugs, doses, length of use), patient characteristics (median
age, performance status, previous therapy, if any) and outcomes of interest (overall
survival, progressioiffree survival, response rate). Disagreements were resdlyed

consensus

2.2.4 Outcomes of interest

Hazard ratios for overall survival (OS) and progres$rer survival (PFS), and odds
ratios for response rate (RR), were collected or calculated for all included RCTs. We
abstracted data from original intentitmtreat multivariate analysis whenever possible;
thus, avoiding those derived from landmark analysis or solely based on median
comparisons. We adhered to the definition of progression and the criteria used by each trial

[39].



2.2.5 Data synthesis and statistical analysis

The comparison of treatments was performed by incorporating both direct and
indirect effects within a Bayesian network matsysis. Standard metanalysis is a
method of combining evidence from multiple trials of a single comparison into a single
effect size. The key here is that traditional restalysis does not allow the comparison of

treatments if they have not been previguompared directly in a RCT.

The idea behind network mesamalysis wa®nly recentlyproposedand generalized
by Bucher (1997) and Hasselblad (1998), 41]. The termnetwork metaanalysiswas
later coined in 2002 by Lumley, who proposed the application of linear mixed model in the
presence of multiple treatmenid2]. The retwork metaanalysis model allows the
assessment of relative effectivenessiaaf treatments when they have not been compared
directly inaRCT but have each been comparedtter treatmentdt strengthens inference
regarding relative effiacy of treatments bgynthesizingoth direct and indirect evidence
into a single effect s Additionally, it facilitates the simultaneous ranking of all
treatmentsand provides a global estimate of comparative treatment effectiviviess
importantly, it allows the estimation of withinand betweesstudy heterogeneitgnd the

detection of inonsistency between randomized trials

The method proposed by Lumley is restricted to trials with only two afims.
overcome this limitationlL.u and Adesextended the metanalysis model developed by
Smith, Spiegelhalter and Thom§&3], and proposed é&hierarchicalBayesian network

metaanalysis for multarm studies based on Markov Chain Monte Carlo algorjg#h
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We performed atwolk metaanalysiswithin a hierarchical Bayesian randegffects
model, with relative efficacy measures, hazard and odds ratios, analyzed onsbaHog

and random effects for study:

\\\\\\

1 7T—gx. 1T Olckih 1
where
—+ DEAURDARNEA DA ODADT BOAFA U

A A

op DOOA A NTAT GAEAGDAA U
I DOAADEOA A ON AAESA DAGERYA | OEAOADU

Dx E OE 8 D O30 E AiOOAA U

z o~

t DAAOx AGODOCGMIOEBRDAAAONTAADE 81 1T O

The distribution of all parameters was weighted by a distribution of prior beliefs.
Parameters were given either nam weakly informative priors letting the pooled data
dominate the posterior distribution. Weakly informative priors were usethéomean
treatment effects, placing 95% of the prior probability on hazard (odds) ratios between 1/10
(1/20) and 10 (20), so that the pooled data dominated the posterior distridation.
particular, he effectiveness of treatmel@relative to chemothapyf was given the

following weakly informative priar
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Priors for individual within study variances were specified via inverse gamma
distribution with reported value as its mean and variance proportioita) tbe number of

events for OS or PFS outcomes

D O .
, X '0& 0 QDD e%hc— h
where,, is the reported variancerf studyi. For stidies that did not report number of
events (death for OS and progression or death for PFS), number of events were estimated
by proxies as follows: for OS the assumption was that 50% of the randomized patients died,

and for PFS 75% had PFS events by studyoff.

Similarly, betweenstudy variance$ were assigned a weakly informative uniform

distribution,

%
S
B

AIEAULBALOET O
Tx h

6.
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& 1
_<
3

'n‘

which allows hazar@odds)ratios to vary by up to twiold (five-fold) across studies.

Finally, within-study correlation among the two relative efficacy measures in the
three arm trials was modeled as bivariate normal whose marginal distributions matching
those described above and having a correlation coefficiem&, noninformative prior

distribuion

12



"x Y 1iTdo v
was taken fof .

Estimates from threarm studies were modeled in the context of a bivariate normal
distribution with the same weakly informative prior on the between study variance along

with an uninformative prior on the withistudy correlation.

Samples from the posterior distribution of the parameters were generated via Markov
Chain Monte Carlo implemented through JAGS within Rttp://mcme
jags.sourceforge.n@d5-47]. Ten chains were used with the first 100,000 iterations of each
di scardeidn@as Résuuints are based on 500, 000 i

a lag of 100.

We calculated psterior mean hazard and odds ratios for relative efficacy of each
therapy, along with credible 95% intervals, predictive 95% intervals, and probabilities of
each treatment being better ttereference were calculated. Therapies which aetide
combined benchmarks (a) overall survival (
better O 80% as compar ed -freecsundvhl éPFRS) posteriora p y ,
mean HR O 0.6 with probability bettaer t har
( RR) posterior mean OR O 3.0 with probabi |

deemed to haveraeaningful benefits compared to chemotherd@yj].

Additionally, we performed a traditional pairwise metaalysis for altreatments
that have been directly compared in a trial before. We usextialgimilar to the approach

of DerSimonian and Laird published in 1986)].
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We tested the hypothesis that BRAF mutation status alters relative efficacy of
immunotherapylnteractions between BRAF mutation status and relative efficacies were
incorporated in the model. We also tested the hypothesis thatlRRpression affects
relative efficacy of immunotherapies CTEAPD-1 dual blockage, PI2 blockage and

CTLA-4 blockageWe adhered to the trial definition of FIL1 positivity.

Studyto-study heterogeneity was summarized using predictive intervals, which
provide an interval in which the relevant comparative efficacy measure would be expected
to fall for a new study. Rankingnd probabilities were calculated based on predicted
relative effects drawn from the posterior. Quality of studies was assessed via Cochrane
Coll aborationés tool f or as §56.sPshblicatgpn bias s k o f

was graphically assessed via funnel plot.

2.3 Results

2.3.1 Systematic review

A total of 1750 published opresented titles and abstracts were screened. After
duplicated review and discussion, 18 trials on 10 types of therapy, comprising 7596
patients, had their data extracted. All trials were multicentric and reported in English. A
sizeable number of trials @8 chemotherapy (dacarbazine, paclitaxel or temozolomide) as
control arm. Trials assessing BRAFEK dual blockade used BRAFi as control arm and
restricted enrollment to patients harboring BRAF mutations. When dealing with trials
comparing MEkchemotherapyersus chemotherapy, we restricted the data to BRAF

mutated patients. No trial performed a h¢athead comparison of immunotherapy versus

14



BRAFi. The majority of excluded randomized trials failed to use BRAFi orimmunotherapy

as active comparator.

Two trids have been omitted from the main analysis as they have not produced
relevant data; one comparing dacarbazine to dacarbazine and ipilimumab and other
comparing ipilimumab to ipilimumab and sargramostim (available upon re[R&&}].

Hence, the main analysis gathered data from 16 trials eigght therapeutic nodes and

6849 patient§26-28, 30, 33-35, 52-66].

All included evidence was intentidn-treat, based on standard analyses, from
studies with low risk of bias, according to the Cochrane risk of biagtamilided inFigure
23in Appendix A). No sign of publication bias was found using the funnel globvided
in Figure24in Appendix A. The schematic flowchart of systematic review is preseanted

Figurel. Tablel summarizes the trails included in the main analyses.
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1354 records 720 additional
identifiedthrough records identified
database searchini through meeting

abstracts review

!

1750 recordsifter
duplicates removed

v

1750 recordsscreened ———»

v

163 full-text articles
assessetbr eligibility

|

18 studies included in

gualitative syntesis

v

18 studies included in
guantitative synthesis
(16 in the main meta

analysis)

e

1587 records excluded:

1477 not randomized

(retrospective, narrative revieyv

57 randomized to chemotherapy only
19 subgroup analyses

34 not advanced disease

145 fulktext articles excluded:

35 randomized to chemotherapy only
34 not randomized

32 trials in progress

25 biomarker analysis

7 updates on qualitgf-life

3 not testing a standard BRAFi
[sorafenib]

2 testing endothelin inhibitor

2 testing elesclomol

2 different doses of same
immunotherapy

2 MEK therapy for BRAF status
unknown

1 MEK therapy for NRAS mutant only
1 different chemotherapies combined
same immunotherapy

Figure 1. PRISMA flowchart of systematic review of studies included in the

Bayesian network metaanalysis
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Table 1: Main features of included trials - (A) BRAFi or MEK:i trials and (B)

Immunotherapy trials.

Study Populatio (line of PFSHR Response
Acronym NCT therapy) Treatments N OS HR (95% Cl) (95% CI) %)
Unresectable stage . 0.35
EZJ{EAK'S[Z& Ill or IV BRAF Dabrafeon'é’ d150 M3 187 0.77(0.521.13) (020 93 (50)
N CTo1207889 VBOOE mutated P 0.61)
(1st or 2nd) DTIC* 63 Reference Reference 4 (6)
Previously . 0.38
BRIM-3[26, untreated Vemnfraf‘f)“t')% 90 337 0.70(057%0.87)  (0.32 192 (57)
60] metastatic BRAF 9p 0.46)
NCT01006980 2/12%0 E mutated DTIC* 338 Reference Reference 29 9)
Dabrafenib 150ng 0.39
po bd + trametinib 2 54  0.79 (0.491.27) (0.25 41 (76)
Metastatic, no mg po od 0.62)
8?5%1532?2@ previous BRAFi; Dabrafenib 150 mg 0.56
. BRAF mutated po bd + trametinib 1 54 0.96 (0.571.60) (0.37- 27 (50)
NCT01072175
(1st, 2nd, 3rd) mg po od 0.87)
Dabral;)eglé) d150 MY 54 Reference Reference 29 (54)
Vemurafenib 960
Previously mg po bd + 0.58
coBRIM[56, untreated; cobimetnib 60 mg 247  0.70 (0.550.90) (0.46 172 (70)
58 unresectable stage po od 3 weeks on 1 0.72)
NCT01689519 il or IV; BRAF week off
mutated (1st) Vemurafenib 960 248 Reference Reference 124 (50)
mg po bd + placebo
Previously Dabrafenib 150 mg 0.67
COMBI-d[29, untreated: po bd + trametinib 2 211  0.71 (0.550.92) (0.53 144 (68)
mg po od 0.84)
30] unresectable stage Dabrafenib 150ng
peesEnens IS & (W Az po bd+ placebo po 212 Reference Reference 112 (53)
mutated (1st) od
Previousl Dabrafenib 150 mg 0.61
COMBI-v [64, untreatedY po bd + trametinib 2 352  0.66 (0.530.81) (0.5% 226 (64)
69 metastatic; BRAF mg po od 0.73)
NCT01597908 mutated (1st) Vemnzjéagintl)% 960 352 Reference Reference 180 (51)
Unresectable stage Trametinib 2 ma bo 0.54 (0.320.92) 0.42
Il or IV BRAF o 9P% 514 [no crossover (0.29 47 (22)
METRIC[53,  mutated (no (0.38; 0.150.95)] 0.59)
59| previous BRAFi,
NCT01245062 MEKi or DTIC? or
ipilimumab) (1st or Paclitaxel3 L0 REEETEE REFENES B
2nd)
Previously - 1.24
NCT00338130 untreated; Si'%ﬁ“itéﬂﬁ’nt%?,g?g 45  1.65(0.913.01)  (00.73 5 (11)
[59 unresectable stage P y 2.10)
[ or IV (1592 Temozolomide 28 Reference Reference 3 (11)
PIEeLED Selumetinib 75 po Dl
untreated; 45 0.93 (0.571.53) (0.40 18 (40)
advanced bd + DTIC! 0.98)
NCT00936221 :
BRAF-mutated
[63] cutaneous or Placebo po bd +
46 Reference Reference 12 (26)

unknownprimary

(12

DTIC*
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(B)

CheckMate

037

NCT01721746
[33

CheckMate
066
NCT01721772

(39

CheckMate
067
NCT01844505

(57

CheckMate

069

NCT01927419
[34, 67]

Progression after

ipilimumab (and

BRAFi

if BRAF mutated)
(2nd or further

Previously

untreated;

unresectable, stage

Ill or IV non-

uveal, BRAF wild

type (1st)

Previously
untreated;
unresectable stage
Il or IV; BRAF
mutated (1)

Previously
untreated;
unresectable, stage
Il or IV (1st)

Table 1 (Continued)

Nivolumab 3 mg/kg
iv every 2 weeks

Carbotaxdi or
DTIC*

Nivolumab 3 mg/kg
iv every 2 weeks +
DTIC-placebo
DTIC* + nivo-
placebo iv every 2
weeks
Nivolumab 3 mg/kg
iv every 2 weeks +
ipi-placebo iv
Nivolumab 1 mg/kg
+ Ipilimumab 3
mg/kg iv both
every 3 weeks 4x
then Nivolumab 3
mg/kg iv every 2
weeks
Ipilimumab 3
mg/kg + nive
placebo
iv every 3 weeks
4x then nive
placebo iv every 2
weeks
Nivolumab 1 mg/kg
+ Ipilimumab 3
mg/kg iv every
3 weeks 4x then
Nivolumab 3 mg/kg
iv every

2 weeks (BRAF

wild type)

Ipilimumab 3
mg/kg + Placebo iv
every 3 weeks 4x
then Placebo iv
every 2 weeks
(BRAF wild type)
Nivolumab 1 mg/kg
+ Ipilimumab 3
mg/kg iv every
3 weeks 4x then
Nivolumab 3 mg/kg
iv every 2 weeks
(BRAF mutated)
Ipilimumab 3
mg/kg + Placebo iv
every 3 weeks 4x
then Placebo iv
every 2 weeks
(BRAF mutatedl

18

N

72

133

210

208

316

314

315

72

37

23

Reference

0.42 (0.250.73)

Reference

- 38 (32)
Reference 5 (11)
0.43
(0.34 84 (40)
0.56)
Reference 29 (14)
0.57
(0.43 138 (44)
0.76)
0.42
(0.31- 181 (58)
0.57)
Reference 60 (19)
0.40
(0.23 44 (61)
0.68)
Reference 4 (11)
0.38
(0.15 12 (52)
1.00)
Reference 1 (10)



Table 1 (Continued)

Pembrolizumab 2 0.57
mg/kg ivevery 2 180 - (0.45 38 (21)
Progression after we_eks 0.73)
Keynote 002 ipilimumab and Pembro_llzumab 10 0.50
NCT01704287 BRAFi if BRAF mg/kg iv every 2 181 - (0.39 46 (25)
weeks 0.64)
[62] mutated (2nd or DTIC or
3rd) . P
paclltaxe. or 179 Reference Reference 8 (4)
temozolomidéor
carbotaxdl
Pembrolizumab 10 0.55
mg/kg ivevery2 183 0.58 (0.410.84) (0.42 62 (34)
weeks 0.72)
Keynote006 Unresectable stage Pembrolizumab 10 0.50
NCT01866319 Il or IV (1st or mg/kg ivevery3 185 0.68 (0.470.96) (0.38 60 (33)
[66] 2nd) weeks 0.66)
Ipilimumab 3
mg/kg ivevery 3 181 Reference Reference 22 (12)
weeks 4x
Previously Tremelimumab 10 0.94
NCT00257205 untreated: mg/kg every90 328 0.9(0.751.07) (0.81- 36 (11)
ays 1.11)
[61] unresectable stage Temozolomidéor
Il or IV (1st) 327 Reference Reference 32 (10)

DTIC*
NCT, National Clinical Trial (NCT) number found on clinicaltrials.gbl/;number of enrolled patients;
OS, oveall survival; PFS, progressieree survival; HR, hazard ratio; BRAFi, BRAF inhibitor; MEKI,
MEK inhibitor; po, oral; od, once a day; bd, twice a day; iv, intravenoushglgzebo, placebo matched to
ipilimumab; niveplacebo, placebo matched to nivoluma

Uncluded patients from randomized part (part C) of the trial.

°BRAF mutationpositive data extracted from subgroup analysis.

Data available after systematic review and not included in the- anetgsis.

“DTIC: Dacarbazine 1000 mg/kg iv every 3 weeks.

SPaclitaxel: Paclitaxel 175 mg/m2 every 3 weeks.

6Carbotaxol: Paclitaxel 175 mg/m2 plus carboplatin AUC 5 both iv every 3 weeks.

Temozolomide: temozolomide 200 mg/m2/d 5 days ON every 28 days.

8Carbotaxol: Paclitaxel 225 mg/kg plus Carboplatin AUC 6 otvery 3 weeks.

2.3.2 Quantitative analysis

The 16 trials were grouped across eight therapeutic nodes (6849 patients) according
to type of therapy: chemotherapy, CTi4fblockade (CTLA4I), PD-1 blockade (PELI),
BRAF inhibitors (BRAFi), MEK inhibitors (MEKi)dual BRAFRMEK inhibitors (BRAFk

MEKIi), chemotherapyMEKIi, and dual CTLA4-PD-1 inhibitors (CTLA4i-PD-1i).

Figure 2 descri bes t he net wor Kk design of tre;
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chemotherapies (paclitaxel, temozolomidecathazine) were gathered into a single
therapeutic node (chemotherapy), with analogous collapse tdrd®Dgs (nivolumab and
pembrolizumab). BRAFi and MEKI results are restricted to BRAF mutated patients across
all comparisonsThe area of the circle iRigure 2 is proportional to the sample size of
patients enrolled in each node; the width of connecting lines indicates the number of direct

comparisons within trialSThe nodes were organized based on the following groupings:

- Chemo:chemotherapy;

- * MEKi + chemotherapy;

- **: CTLA -4i-GMCSF;

- *** CTLA -4-chemotherapy;

- Green circles: immunotherapy nodes;

- Orange circles: BRAFi or MEKbased nodes;

- Blue circle: chemotherapy node.

Number of patients in each node: CT4A 1172; PD1i: 1527; CTLA4i-PD-1i:
409; CTLA-4-chemotherapy: 250; CTLAI-GMCSF: 123; MEKI single agent. 259;
Chemotherapy: 804; BRAFi single agent: 1390; BRAFi + MEKi: 918; MEKi +

chemotherapy: 45\ot all trials described all outcomesdblel).
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BRAFi+
MEKIi
BRAFi *1'

Figure 2. Network diagram of therapeutic nodes.

2.3.3 Efficacy

Three therapies achieved meaningful benefit as compared to chemotherapy: PD
blockade, BRARMEKIi combination and BRAFi. As evidenced by comparing the
prediction and confidence intervals for OS, PFS and RR, $tasliyidy heterogeneity was

present, but broadly had little impact on posterior ranking of treatments.

2.3.4 Overall survival

OS data were available for 12 (of 16) studies including 4817 patientge3hks
based on traditional pairwise metnalysis and Bayesian network matzalysis were

aligned with no identifiable signal of inconsistency between indirect and direct approaches.
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Three therapies improved OS when compared to chemotherapy, BRAKI
combination (HR: 0.50; 95% Crl: 0.8@.74; 95% Prl: 0.310.82), PD1i (HR: 0.52; 95%
Crl: 0.36 0.75; 95% Prl: 0.320.83), and BRAFi (HR: 0.71; 95% Crl: 0151.97; 95% Prl:
0.46 1.09). PD1i and BRARMEKI performed similarly (HR: 1.03; 95% Crl: 0.60.76;
95% Prl: 0.561.90) with probability of BRARMEKI being superior to PELI of 55.8%.
Both BRAFFMEKi and PD1i had high posterior probability of outperforming all
competitors. Full comparative OS results are providédguare3. Given high probabilities
of outperforming competitor therapies, for PFS and RR, BRMIEEKiI combination may
be optimal for BRAFmMutated patients, whereas BDmay be optimal for BRAF wild

type patients or selected BRARutated patients.

Despite the lack dDS data for CTLA4I-PD-1i combination at the time of systematic
review, PFS and RR data were suggestive that GZitRD-1i could also achieve
meaningful benefit and consequently be arapking option irrespective to BRAF status

(see below]34, 57].

The results based on traditional pairwise raatalysis were consistent with the
results based on the Bayesian retwmetaanalysis(seeFigure4). Figure5 displays a
comparison of the results of the Bayesian network fap&dysis to the corresponding
reported estimates from the 12 randomized studies of melanoateérgs in 4,817

patients
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Overall Survival

Treatment Hazard Ratio HR 95% Crl 95% Prl P(better)
Compared to Chemotherapy (BRAF +/BRAF -)
BRAFi+MEKi inhibitors (BRAF +) L 0 050 034-074 031-0.82 98.9%
PD-1 blocking (BRAF +/BRAF -) & 052 036-0.75 0.32-0.83 99.2%
BRAFi inhibitor (BRAF +) L 0.71 051-097 046-109 94.6%
CTLA-4 blocking (BRAF +/BRAF -) Wil 087 064-117 057-132 80.1%
MEKi inhibitor (BRAF +) il 087 054-141 049-153 69.6%
MEKI inhibitor+Chemotherapy (BRAF +) i 093 053-164 049-1.77 59.1%
| N B R R E—
Compared to BRAFi+MEKIi inhibitors (BRAF +)
PD-1 blocking (BRAF +/BRAF -) - 1.03 060-176 0.56-190 44.4%
BRAFi inhibitor (BRAF +) il 140 112-175 097-202 4.1%
CTLA-4 blocking (BRAF +/BRAF -) i 1.72 1.06 - 2.81 097-3.05 3.7%
MEKIi inhibitor (BRAF +) w— 1.73 093-320 087-342 57%
MEKIi inhibitor+Chemotherapy (BRAF +) — 185 093-368 088-391 51%
Chemotherapy (BRAF +/BRAF -) ~—¥—H 198 292-135 322-122 1.1%
| — T 1T T 1
Compared to BRAFi inhibitor (BRAF +)
BRAFi+MEKi inhibitors (BRAF +) L & 0.71 0.57-0.89 049-1.03 95.9%
PD-1 blocking (BRAF +/BRAF -) il 074 045-120 041-131 88%
CTLA-4 blocking (BRAF +/BRAF -) - 123 079-191 0.73-208 17.9%
MEKi inhibitor (BRAF +) —l— 123 069-220 064-236 253%
MEKIi inhibitor+Chemotherapy (BRAF +) — 1.32 069-254 064-270 20.9%
Chemotherapy (BRAF +/BRAF -) il 142 1.95-1.03 219-092 54%
—r 1 1 1 T 1
Compared to CTLA-4 blocking (BRAF +/BRAF -)
BRAFi+MEKi inhibitors (BRAF +) e 2 058 036-095 0.33-1.03 96.3%
PD-1 blocking (BRAF +/BRAF -) L 3 060 044-082 0.39-092 98.4%
BRAFi inhibitor (BRAF +) S 081 052-126 048-138 821%
MEKi inhibitor (BRAF +) i 1.00 057-177 053-190 50.4%
MEKIi inhibitor+Chemotherapy (BRAF +) —— 1.07 057-203 053-217 41.7%
Chemotherapy (BRAF +/BRAF -) o 115 155-0.85 1.75-0.76 19.9%
1T T 1T T 171
Compared to MEKi inhibitor+Chemotherapy (BRAF +)
BRAFi+MEKi inhibitors (BRAF +) il 0.54 0.27-1.07 0.26-1.14 94.9%
PD-1 blocking (BRAF +/BRAF -) Hl—+ 0.56 0.28-1.09 0.27-1.17 945%
BRAFi inhibitor (BRAF +) i 0.76 039-145 0.37-155 79.1%
CTLA-4 blocking (BRAF +/BRAF -) —— 093 049-176 046-1.88 58.3%
MEKIi inhibitor (BRAF +) —— 093 044-196 042-208 57.1%
Chemotherapy (BRAF +/BRAF -) - 1.07 1.89-061 2.03-057 409%
T T 1T T T
Compared to MEKI inhibitor (BRAF +)
BRAFi+MEKi inhibitors (BRAF +) il 058 0.31-1.07 0.29-1.15 94.3%
PD-1 blocking (BRAF +/BRAF -) il 060 0.32-1.10 0.30-1.17 94%
BRAFi inhibitor (BRAF +) Al 081 045-145 042-156 T74.7%
CTLA-4 blocking (BRAF +/BRAF -) - 1.00 057-176 0.53-1.88 49.6%
MEKi inhibitor+Chemotherapy (BRAF +) —— 1.07 051-226 048-238 429%
Chemotherapy (BRAF +/BRAF -) il 115 1.86-0.71 2.02-0.65 304%
—T T 1T T T 1
Compared to PD-1 blocking (BRAF +/BRAF -)
BRAFi+MEKi inhibitors (BRAF +) sl 097 057-166 0.53-1.79 556%
BRAFi inhibitor (BRAF +) il 136 0.83-222 077-242 12%
CTLA-4 blocking (BRAF +/BRAF -) i 1.67 1.22-230 1.09-2.58 1.6%
MEKi inhibitor (BRAF +) — 168 091-3.08 085-3.29 6%
MEKIi inhibitor+Chemotherapy (BRAF +) —— 180 091-353 0.86-3.77 55%
Chemotherapy (BRAF +/BRAF -) i 193 2.79-133 3.10-1.20 0.8%
1T 1T 17T T 11
01 2 3 4 5 6 95% Credible Interval LEGEND

Rgﬁ{gpce — ——  95% Predictive Interval

Figure 3. Overall survival network meta-analysis
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Overall Survival
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eference 5
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Figure 4. Overall survival traditional meta -analysis
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Treatment Hazard Ratio HR 95% ClI p-value
Compared to Chemotherapy (BRAF +/BRAF -)
BRAFi+MEKi inhibitors (BRAF +) ] 049 0.35-069 <0.0001
PD-1 blocking (BRAF +/BRAF -) ] 051 0.37-0.71 <0.0001
BRAFi inhibitor (BRAF +) [ 069 052-092 0.01
CTLA-4 blocking (BRAF +/BRAF -) & 086 067-1.11 024
MEKIi inhibitor (BRAF +) Hil— 089 058-1.36 058
MEKI inhibitor+Chemotherapy (BRAF +) —— 093 054-159 079
T T T T T 1
Compared to BRAF+MEK inhibitors (BRAF +)
PD-1 blocking (BRAF +/BRAF -) il 105 065-168 0.85
BRAFi inhibitor (BRAF +) - 141 1.16-1.71 0.00
CTLA-4 blocking (BRAF +/BRAF -) — 1.76 1.15-2.69 0.01
MEKI inhibitor (BRAF +) —— 181 1.05-3.13 0.03
MEKI inhibitor+Chemotherapy (BRAF +) —— 190 1.01-359 0.05
Chemotherapy (BRAF +/BRAF -) —— 204 145-288 <0.0001
T T 1T T T 1
Compared to BRAF inhibitor (BRAF +)
BRAFi+MEKi inhibitors (BRAF +) ] 071 0.58-0.86 0.00
PD-1 blocking (BRAF +/BRAF -) il 0.74 048-1.15 0.18
CTLA-4 blocking (BRAF +/BRAF -) =~ 124 0.85-1.82 0.26
MEKI inhibitor (BRAF +) il 129 077-214 033
MEKI inhibitor+Chemotherapy (BRAF +) —— 135 0.73-247 034
Chemotherapy (BRAF +/BRAF -) o m 145 1.09-192 0.01
T T 1T 17 T 1
Compared to CTL4 blocking (BRAF +/BRAF -)
BRAFi+MEKi inhibitors (BRAF +) - 057 0.37-0.87 0.01
PD-1 blocking (BRAF +/BRAF -) ] 060 046-0.78 0.00
BRAFi inhibitor (BRAF +) - 080 055-1.17 0.26
MEKI inhibitor (BRAF +) l— 103 063-169 0.90
MEKI inhibitor+Chemotherapy (BRAF +) —— 1.08 060-195 0.80
Chemotherapy (BRAF +/BRAF -) L& 116 090-150 0.24
T T 1T 17 T 1
Compared to MEK inhibitor+Chemotherapy (BRAF +)
BRAFi+MEKi inhibitors (BRAF +) L 2] 053 0.28-099 0.05
PD-1 blocking (BRAF +/BRAF -) - 055 0.29-1.03 0.06
BRAFi inhibitor (BRAF +) Hl— 074 041-136 034
CTLA-4 blocking (BRAF +/BRAF -) il 092 051-167 0.80
MEKI inhibitor (BRAF +) —— 095 048-189 0389
Chemotherapy (BRAF +/BRAF -) i 1.08 063-184 0.79
T T 1T 717 T 1
Compared to MEK inhibitor (BRAF +)
BRAFi+MEKi inhibitors (BRAF +) O 055 0.32-095 0.03
PD-1 blocking (BRAF +/BRAF -) A 058 0.34-099 0.04
BRAFi inhibitor (BRAF +) HlE— 078 047-129 033
CTLA-4 blocking (BRAF +/BRAF -) i 097 059-158 0.90
MEKI inhibitor+Chemotherapy (BRAF +) —— 1.05 053-2.07 0.89
Chemotherapy (BRAF +/BRAF -) i 113 0.74-172 058
T T 1T 717 T 1
Compared to PD1 blocking (BRAF +/BRAF -)
BRAFi+MEKi inhibitors (BRAF +) il 095 059-153 0.85
BRAFi inhibitor (BRAF +) l— 135 0.87-208 0.18
CTLA-4 blocking (BRAF +/BRAF -) il 168 1.29-219 0.00
MEKI inhibitor (BRAF +) —— 1.73 1.01-296 0.04
MEKi inhibitor+Chemotherapy (BRAF +) —a— 1.81 097-340 0.06
Chemotherapy (BRAF +/BRAF -) 1—- 195 1.40-271 <0.0001
[ [



Overall Survival [ wr los% en

Treatment Hazard Ratio p-value .P(bet‘ter)
BRAFi+MEKi inhibitors (BRAF +) compared to BRAFi inhibitor (BRAF +) i
coBRIM (BRAF +) 065 042 -1.00 0.0506
COMBI-d (BRAF +) ] 0.71 055 -0.92 0.0089
NCT01597908 (BRAF +) ! 069 0.54 -0.89 0.0044
NCT01072175 (BRAF +) — 098 051 -1.87 09517
~ NCT01072175 (BRAF +) | ; : 067 0.34 -1.33 0.2531 |
A 0.57 -0.89 | 0.0027 100%
e = 071 049 -1.03 00717 | 96% |
BRAFi inhibitor (BRAF +) comparecl to Chemotherapy (BRAF +/BRAF -)
BRIM-3 (BRAF +) 0.70 0.56 -0.87 0.0011
NCT01227889 (BRAF +) | . 0.61 0.25 -1.48 0.2762
) 0.51 -0.97 | 0.0343 98%
Meta-estimate il 071 546 109 [0.1176 95%
| MEKi inhibitor+Chemotherapy (BRAF +) compared to Chemotherapy (BRAF +/BRAF -)
NCT00936221 (BRAF +) | 093 057 -152 0.7795
053 -1.64 | 0.8110 60%
- — X
Meta-estimate 0983 549 _177 08308 59%
MEKi inhibitor (BRAF +) compared to Chemotherapy (BRAF +/BRAF -)
NCT00338130 (BRAF +) - 1.65 0.90 -3.03  0.1068
~ METRIC (BRAF +) —— 0.54 0.32 -0.91 0.0217
= 0,
Meta-estimate —— 0.87 Wlisk: o aAl | liaw/ifs s

0.49 -1.563 | 0.6317 70%

PD-1 blocking (BRAF +/BRAF -) compared to Chemotherapy (BRAF +/BRAF -)
CheckMate 066 (BRAF -) 042 0.25 -0.71 0.0013
. 0.36 -0.75  0.0005 100%
Meta-estimate | il 0.52 1032 -0.83 | 0.0068 _ 99% |
PD-1 blocking (BRAF +/BRAF -) compared to CTLA-4 blocking (BRAF +/BRAF -)
KEYNOTE-006 (BRAF +/BRAF -) 058 041 -0.83 0.0027
KEYNOTE-006(3Wk) (BRAF +/BRAF -) 0.68 048 -0.96 0.0303
- 044 -0.82 0.0015 100%
Meta-estimate el 0.60 039 -092 00196 98% |
CTLA-4 blocking (BRAF +/BRAF -) compared to Chemotherapy (BRAF +/BRAF -)
NCTO00257205 | 090 0.75 -1.07 0.2451
. '1.76 -0.44 | 0.1505 74%
= - K
Meta-estimate 060 450 _044 01156 739,

Reference N
better —— 95% Credible Interval LEGEND
[ I I T ] —— 95% Predictive Interval
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Figure 5. Overall survival details

2.3.5 Progressiorfree survival

Fifteen trials contributed to the PFS analysis. Worthy of note, the trial comparing
tremelimumab (CTLA4I) to chemotherapy providedrBonth timerestricted PFS data
with tumor assessments done at different time points, every 6 weeks aténbakine arm
and every 12 weekn the tremelimumab arfi61]. This study was not included in the PFS

analysis.
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Four therapies clearly stood better than chemotherapy: BRI (HR: 0.22;
95% Crl: 0.160.31; 95% Prl: 0.140.34), CTLA4i-PD-1i (HR: 0.39; 95% Crl: 0.25).6;
95% Prl: 0.280.66), BRAFi (HR: 0.39; 95% Crl: 0.29.52; 95% Prl: 0.280.59), and
PD-1i (HR: 0.5; 95% Crl: 0.40.64; 95% Prl: 0.340.73). Single agent RDi and dual
CTLA-4i-PD-1i, both outperformed CTLAl with correspondig posterior probability of
99.5% (HR: 0.53; Crl: 0.42.68) and 99.9% (HR: 0.42; Crl: 0@57). CTLA4i had

similar performance to chemotherapy (HR: 0.94; Crl: 01631).

Dual BRAFFMEK:i yielded the best PFS results with a 96.2% posterior probability
of outranking the remaining options, even when compared to Git2D-1i (HR: 0.56;
Crl: 0.330.97). CTLA4i-PD-1i and BRAFi stood close as next options (CTLAPD-1i
vs. BRAFi HR: 1.00; 95% Crl: 014..67), both probably above single agent-BDFull
compaative PFS results are providedkigure 6. Figure 7 contains the results from the
traditional metaanalysisFigure8 shows that the estimates from the network ragetaysis

are consistent with the published studies.
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Progression-free Survival

Treatment Hazard Ratio HR 95% Crl 95% Prl P(better)
Compared to Chemotherapy (BRAF +/BRAF -)
BRAFi+MEKi inhibitors (BRAF +) [ ] 022 0.16-0.31 0.14-0.34 100%
CTLA-4+PD-1 blocking (BRAF +/BRAF -) & 039 025-060 0.23-066 99.8%
BRAFi inhibitor (BRAF +) ] 0.39 0.29-0.52 0.26-0.59 99.9%
PD-1 blocking (BRAF +/BRAF -) - 050 040-064 0.34-0.73 99.6%
MEK:i inhibitor (BRAF +) L3 061 041-090 0.37-099 96.9%
MEK:i inhibitor+Chemotherapy (BRAF +) ol 0.65 0.38-1.10 0.36-1.19 92.4%
CTLA-4 blocking (BRAF +/BRAF -) il 094 067-131 060-147 64.4%
| N B B R — —
Compared to BRAFi+MEKi inhibitors (BRAF +)
CTLA-4+PD-1 blocking (BRAF +/BRAF -) —— 177 1.03-3.06 0.95-3.29 3.8%
BRAFi inhibitor (BRAF +) - 178 1.47-215 1.26-251 0.5%
PD-1 blocking (BRAF +/BRAF -) — 228 151-343 1.38-374 0%
MEK:i inhibitor (BRAF +) — 277 166-462 154-497 0%
MEK:i inhibitor+Chemotherapy (BRAF +) w——— 295 157-551 147-588 0%
CTLA-4 blocking (BRAF +/BRAF -) W —--- 426 265-6.84 244-743 0%
Chemotherapy (BRAF +/BRAF -) ———@—--- 453 3.22-6.38 291-7.06 0%
T T T T T 1
Compared to BRAFi inhibitor (BRAF +)
BRAFi+MEKi inhibitors (BRAF +) - 056 047-0.68 0.40-0.80 99.5%
CTLA-4+PD-1 blocking (BRAF +/BRAF -) i 1.00 060-167 0.55-1.80 49.9%
PD-1 blocking (BRAF +/BRAF -) will—— 128 0.88-1.85 0.80-2.06 12.5%
MEK:i inhibitor (BRAF +) — 156 0.96-251 0.89-274 54%
MEK:i inhibitor+Chemotherapy (BRAF +) —— 1.66 0.91-3.02 0.85-3.24 6.5%
CTLA-4 blocking (BRAF +/BRAF -) — 240 154-372 142-4.05 04%
Chemotherapy (BRAF +/BRAF -) ———— 255 191-340 169-3.83 0%
T T T T T 1
Compared to CTLA-4 blocking (BRAF +/BRAF -)
BRAFi+MEKi inhibitors (BRAF +) ] 023 0.15-0.38 0.13-0.41 100%
CTLA-4+PD-1 blocking (BRAF +/BRAF -) 042 0.30-0.57 0.27-0.64 99.9%
BRAFi inhibitor (BRAF +) [ ] 042 027-065 0.25-0.71 99.6%
PD-1 blocking (BRAF +/BRAF -) - 0.53 042-0.68 0.37-0.78 99.5%
MEK:i inhibitor (BRAF +) il 065 0.39-1.08 0.36-1.17 92.8%
MEK:i inhibitor+Chemotherapy (BRAF +) B 069 037-130 0.34-1.39 86.4%
Chemotherapy (BRAF +/BRAF -) il 1.07 0.76-149 0.68-1.66 35.6%
T 17T 17T 7T 1771
Compared to CTLA-4+PD-1 blocking (BRAF +/BRAF -)
BRAFi+MEKi inhibitors (BRAF +) o 056 0.33-097 0.30-1.05 96.2%
BRAFi inhibitor (BRAF +) i 1.00 0.60-1.68 0.56-1.81 50.1%
PD-1 blocking (BRAF +/BRAF -) vl 128 0.89-1.86 0.80-2.05 13.1%
MEK:i inhibitor (BRAF +) —— 156 0.88-2.78 0.82-299 7.8%
MEKi inhibitor+Chemotherapy (BRAF +) —— 166 0.84-3.29 0.79-348 8.1%
CTLA-4 blocking (BRAF +/BRAF -) — 240 1.75-330 156-3.71 0%
Chemotherapy (BRAF +/BRAF -) —— 256 1.66-394 152-430 0%
%% T T
Compared to MEKi inhibitor+Chemotherapy (BRAF +)
BRAFi+MEKi inhibitors (BRAF +) - 034 0.18-064 0.17-0.68 99.6%
CTLA-4+PD-1 blocking (BRAF +/BRAF -) -l 060 030-1.19 029-1.26 91.9%
BRAFi inhibitor (BRAF +) B 060 0.33-1.10 0.31-1.18 93.5%
PD-1 blocking (BRAF +/BRAF -) i 0.77 043-138 040-148 79.8%
MEKi inhibitor (BRAF +) A 094 049-182 046-193 58.1%
CTLA-4 blocking (BRAF +/BRAF -) —— 145 0.77-271 072-290 13.6%
Chemotherapy (BRAF +/BRAF -) vl 154 091-261 084-281 7.6%
T 1T T T T 1
Compared to MEK:i inhibitor (BRAF +)
BRAFi+MEKi inhibitors (BRAF +) = 036 0.22-0.60 0.20-0.65 99.9%
CTLA-4+PD-1 blocking (BRAF +/BRAF -) -+ 064 036-1.14 0.33-1.23 92.2%
BRAFi inhibitor (BRAF +) ol 064 040-1.04 0.37-1.13 94.6%
PD-1 blocking (BRAF +/BRAF -) il 0.82 052-130 048-141 77.2%
MEK:i inhibitor+Chemotherapy (BRAF +) —— 1.06 0.55-2.06 0.52-2.19 41.9%
CTLA-4 blocking (BRAF +/BRAF -) il 154 092-257 0.85-277 7.2%
Chemotherapy (BRAF +/BRAF -) il 164 1.11-243 1.01-267 3.1%
T 1T T T T 1
Compared to PD-1 blocking (BRAF +/BRAF -)
BRAFi+MEKi inhibitors (BRAF +) - 044 0.29-0.66 0.27-0.72 99.6%
CTLA-4+PD-1 blocking (BRAF +/BRAF -) il 078 054-1.13 049-1.25 86.9%
BRAFi inhibitor (BRAF +) il 078 054-1.13 049-1.25 87.5%
MEK:i inhibitor (BRAF +) il 122 0.77-1.92 0.71-2.09 228%
MEK:i inhibitor+Chemotherapy (BRAF +) —— 129 0.72-231 0.68-248 20.2%
CTLA-4 blocking (BRAF +/BRAF -) il 1.87 1.46-239 1.28-273 0.5%
Chemotherapy (BRAF +/BRAF -) il 199 157-253  1.36-290 0%
[ 1T T 1
0 1 2 3 4 5 6 ——  95% Credible Interval LEGEND

Reference S
better

Figure 6. Progressionfree survival network meta-analysis
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Progression-free Survival

Treatment Hazard Ratio HR 95% CI p-value
Compared to Chemotherapy (BRAF +/BRAF -)
BRAFi+MEKi inhibitors (BRAF +) u 0.21 0.15-0.28 <0.0001
BRAFi inhibitor (BRAF +) [ ] 0.37 0.28-049 <0.0001
CTLA-4+PD-1 blocking (BRAF +/BRAF -} ® 0.38 0.25-0.58 <0.0001
PD-1 blocking (BRAF +/BRAF -) ] 050 0.41-0861 <0.0001
MEK:i inhibitor (BRAF +) - 062 044-087 001
MEK:i inhibitor+Chemotherapy (BRAF +) - 0.63 0.38-1.05 0.08
CTLA-4 blocking (BRAF +/BRAF -) [ 3 092 069-124 059
—r 1 1T 1 1 1
Compared to BRAFi+MEKi inhibitors (BRAF +)
BRAFi inhibitor (BRAF +) il 1.81 1.562-2.15 <0.0001
CTLA-4+PD-1 blocking (BRAF +/BRAF -) — 1.83 1.08-312 003
PD-1 blocking (BRAF +/BRAF -) —— 241 165-351 <0.0001
MEKi inhibitor (BRAF +) —. 298 1.86-4.78 <0.0001
MEKIi inhibitor+Chemotherapy (BRAF +) — . 3.05 167-557 0.00
CTLA-4 blocking (BRAF +/BRAF -) —®—--- 447 290-6.89 <0.0001
Chemotherapy (BRAF +/BRAF -) —@—--- 484 351-667 <0.0001
rr T 1 1 11
Compared to BRAFi inhibitor (BRAF +)
BRAFi+MEKi inhibitors (BRAF +) | 0.55 0.47-0.66 <0.0001
CTLA-4+PD-1 blocking (BRAF +/BRAF -} - 1.01 061-1.68 0986
PD-1 blocking (BRAF +/BRAF -) i 1.33 095-1.86 0.10
MEKIi inhibitor (BRAF +) —— 165 1.06-256 0.03
MEKIi inhibitor+Chemotherapy (BRAF +) — 1.69 095-3.00 0.08
CTLA-4 blocking (BRAF +/BRAF -) —— 247 166-368 <0.0001
Chemotherapy (BRAF +/BRAF -) —— 268 2.04-3.51 <0.0001
| I S . R R E—
Compared to CTLA-4 blocking (BRAF +/BRAF -)
BRAFi+MEKi inhibitors (BRAF +) ] 0.22 0.15-0.35 <0.0001
BRAFi inhibitor (BRAF +) ] 0.41 0.27-0.60 <0.0001
CTLA-4+PD-1 blocking (BRAF +/BRAF -} | | 0.41 0.30- 0.56 <0.0001
PD-1 blocking (BRAF +/BRAF -) | | 054 044-067 <0.0001
MEK:i inhibitor (BRAF +) L 2 067 042-105 008
MEKIi inhibitor+Chemotherapy (BRAF +) fia i 0.68 0.38-1.23 020
Chemotherapy (BRAF +/BRAF -) - 1.08 0.81-145 059
I T T T T T 1
Compared to CTLA-4+PD-1 blocking (BRAF +/BRAF -)
BRAFi+MEKi inhibitors (BRAF +) L & 055 0.32-093 0.03
BRAFi inhibitor (BRAF +) —i— 099 0.60-1.63 0.96
PD-1 blocking (BRAF +/BRAF -) - 1.31 090-191 0.15
MEK:i inhibitor (BRAF +) —— 1.63 094-281 0.08
MEKIi inhibitor+Chemotherapy (BRAF +) —— 1.66 0.86-323 0.13
CTLA-4 blocking (BRAF +/BRAF -) — 244 1.79-3.32 <0.0001
Chemotherapy (BRAF +/BRAF -) —— 264 1.73-404 <0.0001
| I S N R R E—
Compared to MEKi inhibitor+Chemotherapy (BRAF +)
BRAFi+MEK:i inhibitors (BRAF +) [ 3 0.33 0.18-0.60 0.00
BRAFi inhibitor (BRAF +) - 0.59 0.33-1.06 0.08
CTLA-4+PD-1 blocking (BRAF +/BRAF -} -+ 060 0.31-1.17 0.13
PD-1 blocking (BRAF +/BRAF -) - 079 046-1.37 040
MEK:i inhibitor (BRAF +) i 098 053-181 094
CTLA-4 blocking (BRAF +/BRAF -) —— 147 081-264 020
Chemotherapy (BRAF +/BRAF -) 0 159 095-264 0.08
T 1 17 1T 1 1
Compared to MEKi inhibitor (BRAF +)
BRAFi+MEKi inhibitors (BRAF +) [ ] 0.34 0.21-0.54 <0.0001
BRAFi inhibitor (BRAF +) L 3 061 0.39-0.94 003
CTLA-4+PD-1 blocking (BRAF +/BRAF -) il 0.61 0.36-1.06 0.08
PD-1 blocking (BRAF +/BRAF -) E ol 0.81 0.54-1.20 0.29
MEK:i inhibitor+Chemotherapy (BRAF +) —— 1.02 055-1.89 094
CTLA-4 blocking (BRAF +/BRAF -) —— 150 095-236 0.08
Chemotherapy (BRAF +/BRAF -) —— 162 1.15-229 0.01
T 1 17 1T T 1
Compared to PD-1 blocking (BRAF +/BRAF -)
BRAFi+MEKi inhibitors (BRAF +) ] 0.42 0.28-0.61 <0.0001
BRAFi inhibitor (BRAF +) [ 3 075 054-105 0.10
CTLA-4+PD-1 blocking (BRAF +/BRAF -} [ 2 076 052-111 0.15
MEK:i inhibitor (BRAF +) A 124 0.83-1.85 029
MEK:i inhibitor+Chemotherapy (BRAF +) —— 1.27 073-219 040
CTLA-4 blocking (BRAF +/BRAF -) - 1.86 1.50-2.30 <0.0001
Chemotherapy (BRAF +/BRAF -) il 2.01 165-245 <0.0001

1T 1T 1T 1T T
01 2 3 4 5 8

Reference 5
better

Figure 7. Progressionfree survival traditional meta-analysis
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Progression-free Survival HR

95% Crl

p-value P(better)

[isatnent Hazard Ratio
BRAFi+MEKi inhibitors (BRAF +) compared to BRAFi inhibitor (BRAF +) ) i
coBRIM (BRAF +) 0.51 0.39 -0.68 <0.0001
COMBI-d (BRAF +) il 0.67 0.53 -0.84 0.0007
NCT01597908 (BRAF +) . 3 056 046 -0.69 <0.0001
NCT01072175 (BRAF +) ; 0.56 0.37 -0.87 0.0079
NCT01072175 (BRAF +) 4 039 0.25 -0.62 <0.0001
. 0.47 -0.68 <0.0001 100%
Meta-estimate il 0.56 1040 -0.80 | 0.0012 100%
BRAFi inhibitor (BRAF +) compared to Chemotherapy (BRAF +/BRAF -) ) )
BRIM-3 (BRAF +) 0.38 0.32 -0.46 <0.0001
NCT01227889 (BRAF +) - 035 0.20 -0.61 0.0002
. 0.29 -0.52 <0.0001 100%
Meta-estimate il 0.39 026 -059  <0.0001 100%

MEKIi inhibitor+Chemotherapy (BRAF +) compared to Chemotherapy (BRAF +/BRAF -)
0.63 040 -0.98 0.0433

NCT00936221 (BRAF +)

95%
92%

99%
97%

100%
100%

100%
100%

100%
100%

[0.38 -1.10 0.1087
Meta-estimate —— 065 35 119 10,1610
MEKi inhibitor (BRAF +) compared to Chemotherapy (BRAF +/BRAF -)
NCT00338130 (BRAF +) — 124 073 -210 04249
METRIC (BRAF +) 0.42 0.29 -0.59 <0.0001
= 0.41 -0.90 0.0139
Meta-estimate il _ 061 | 537 _099 00473
PD-1 blocking (BRAF +/BRAF -) compared to Chemotherapy (BRAF +/BRAF -) [
CheckMate 066 (BRAF -) - 0.43 0.34 -0.56 <0.0001
KEYNOTE- 002(2mg) (BRAF +/BRAF -) 0.57 045 -0.73 <0.0001
KEYNOTE- 002(10mg) (BRAF +/BRAF -) ; 0.50 0.39 -0.64 <0.0001
. 0.40 -0.64 <0.0001
Meta-estimate el 0.50 034 -073 0.0003
PD-1 blocking (BRAF +/BRAF -) compared to CTLA-4 blocking (BRAF +/BRAF -) )
KEYNOTE-006 (BRAF +/BRAF -) 055 042 -0.72 <0.0001
KEYNOTE-006(3WkK) (BRAF +/BRAF -) i 0.50 0.38 -0.66 <0.0001
CheckMate 067 (BRAF +/BRAF -) 057 043 -0.76 0.0001
- 042 -0.68 <0.0001
Meta-estimate . - 0.53 [0.37 -0.78  0.0012
CTLA-4+PD-1 blocking (BRAF +/‘BRAF -) compared to CTLA-4 blocking (BRAF +/BRAF -)
NCT01927419 (BRAF +) 040 0.23 -0.6 0.0009
NCT01927419 (BRAF +) —— 0.38 0.15 -1.00 0.0456
CheckMate 067 (BRAF +/BRAF -) 0.42 0.31 -0.57 <0.0001
. 0.30 -0.57 <0.0001
Meta-estimate . vl 0.42 [0.27 -0.64

Reference 5
better

[ I I [ |
00 05 10 15 20

Figure 8. Progressionfree survival

2.3.6 Response rate

RR data were available for all studies. Bearing in mind that response under CTLA

| <0.0001 |

—— 95% Credible Interval

—— 95% Predictive Interval

details

LEGEND

4i can be a late event, we included the tremelimumab versus chemotherapy trial in this

analysis. Four therapies led to meaningfié n e f i t

(OR O 3

0

and

vs. chemotherapy): BRARMEKIi (HR: 19.76; 95% Crl: 10.4337.35; 95% Prl: 9.19

42.52), BRAFi (HR: 10.78; 95% Crl: 6.248.63; 95% Prl: 5i421.48), CTLA4i-PD-1i
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(HR: 7.25; 95% Crl: 4.0912.86; 95% Prl: 3.5714.7), and PB1i (HR: 4.32; 95% Crl:
3.07 6.09; 95% Prl: 2.527.45). Full comparative RR results are presenteignre 9.
Results from traditional metanalysis are given iRigure10, and results from theetwork

metaanalysis are compared to published estimat&sgure 11.

Dual BRAF+MEK:I therapy topped best with at least 97.1% posterior probability of
being superior to any other treatment: CFEAPD-1i (OR: 2.73; Crl: 1.186.3), CTLA-
4i (OR: 17.2; Crl: 8.31.35.58), PD1i (OR: 4.57; Crl: 2.249.31), MEKi (OR: 8.56; Crl:
3.3222.04), and BRAFi (OR: 1.83; Crl: 1.82.45). For BRAFmutated patients, the
second best option was BRAFi. CTtA-PD-1i dual checkpoint blockade had a 3%.
posterior probability of being superior to single agentIPIQOR: 1.68; 95% Crl: 0.99

2.84).
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Response rate

Treatment Odds Ratio OR 95% Crl 95% Prl P(better)
Compared to Chemotherapy (BRAF +/BRAF -)
CTLA-4 blocking (BRAF +/BRAF -) il —— 1156 0.76-1.74 064-2.08 72.9%
MEKIi inhibitor+Chemotherapy (BRAF +) i 173 069-434 063-476 86.5%
MEKi inhibitor (BRAF +) — 2.3 1.10-4.83 0.99-539 97%
PD-1 blocking (BRAF +/BRAF -) ———--- 432 3.07-6.09 252-745 999%
CTLA-4+PD-1 blocking (BRAF +/BRAF -) ——--- 7.25 4.09-12.86 3.57-14.70 100%
BRAFi inhibitor (BRAF +) r--- 10.78 6.24-1863 540-2148 100%
BRAFi+MEKi inhibitors (BRAF +) ---- 19.76  10.4537.35 9.19-42.52 100%
I T T T T T 1
Compared to BRAFi+MEKi inhibitors (BRAF +)
Chemotherapy (BRAF +/BRAF -) u 005 0.03-010 0.02-0.11 0%
CTLA-4 blocking (BRAF +/BRAF -) | 006 0.03-012 0.03-0.13 0%
MEKIi inhibitor+Chemotherapy (BRAF +) = 0.09 0.03-0.27 0.03-0.29 0%
MEKi inhibitor (BRAF +) [ ] 012 005-030 0.04-033 0%
PD-1 blocking (BRAF +/BRAF -) | g 022 011-045 0.10-0.50 0%
CTLA-4+PD-1 blocking (BRAF +/BRAF -) 037 0.16-0.85 0.14-094 29%
BRAFi inhibitor (BRAF +) [ & 055 041-073 0.33-091 22%
| I N . e —
Compared to BRAFi inhibitor (BRAF +)
Chemotherapy (BRAF +/BRAF -) u 009 0.05-016 0.05-0.19 0%
CTLA-4 blocking (BRAF +/BRAF -) L] 0.11 0.06-0.21 0.05-0.23 0%
MEKi inhibitor+Chemotherapy (BRAF +) B+ 016 006-046 0.05-0.51 0%
MEKIi inhibitor (BRAF +) [ 2 021 0.09-052 0.08-0.58 0%
PD-1 blocking (BRAF +/BRAF -) -, 040 021-076 0.19-086 2.1%
CTLA-4+PD-1 blocking (BRAF +/BRAF -) il 067 031-146 0.28-1.62 16.2%
BRAFi+MEKi inhibitors (BRAF +) H—![—-—« 183 137-245 110-3.03 97.8%
[ — T T 1
Compared to CTLA-4 blocking (BRAF +/BRAF -)
Chemotherapy (BRAF +/BRAF -) will—— 087 058-132 048-157 27.1%
MEKI inhibitor+Chemotherapy (BRAF +) — 150 055-4.13 0.50-4.48 78%
MEKIi inhibitor (BRAF +) ——— 201 087-462 0.79-507 93.4%
PD-1 blocking (BRAF +/BRAF -) ——@—--- 376 264-536 2.18-6.52 99.9%
CTLA-4+PD-1 blocking (BRAF +/BRAF -) —_——-- 6.31 399-998 3.40-11.71 100%
BRAFi inhibitor (BRAF +) ——--- 939 4.87-18.12 4.32-20.43 100%
BRAFi+MEKi inhibitors (BRAF +) ---- 17.20 8.31-3558 7.49-39.59 100%
T 17 1T 1T T1T°1
Compared to CTLA-4+PD-1 blocking (BRAF +/BRAF -)
Chemotherapy (BRAF +/BRAF -) | 014 0.08-024 0.07-028 0%
CTLA-4 blocking (BRAF +/BRAF -) ] 016 010-025 0.09-029 0%
MEKI inhibitor+Chemotherapy (BRAF +) [ ol 0.24 0.08-0.71 0.07-0.77 1%
MEKi inhibitor (BRAF +) L o 032 0.13-0.81 0.11-0.88 14%
PD-1 blocking (BRAF +/BRAF -) vl 060 035-1.01 030-1.17 57%
BRAFi inhibitor (BRAF +) i 149 068-324 062-359 83.8%
BRAFi+MEKi inhibitors (BRAF +) - 273 118-630 1.07-7.00 97.1%
| I e e — —
Compared to MEKI inhibitor+Chemotherapy (BRAF +)
Chemotherapy (BRAF +/BRAF -) i 058 0.23-146 0.21-159 13.5%
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Figure 9. Response rate network metanalysis
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Figure 10. Response rate traditional metaanalysis
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