UNIVERSITAT AUTONOMA DE BARCELONA
Facultad de Medicina
Departamento de Pediatria, Obstetricia y Ginecologia,
y de Medicina Preventiva

Agentes Biologicos en el Tratamiento de
Enfermedades Hematologicas Malignas:
Revisiones Sistematicas

TESIS DOCTORAL

Arturo José Marti Carvajal

Director de Tesis
Dr. Xavier Bonfill Cosp

Barcelona, diciembre de 2015




Resumen de los Resultados

Segunda Publicacion

Marti-Carvajal A], Anand V, Sola I. Janus kinase-1 and Janus kinase-2 inhibitors for treating
myelofibrosis. Cochrane Database of Systematic Reviews 2015, Issue 4. Art. No.:
CD010298.DO0I: 10.1002/14651858.CD010298.pub2.
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Principales resultados: se identificaron dos ensayos que aleatorizaron a 528
participantes, comparando ruxolitinib con placebo o mejor terapia disponible (BAT, por
sus siglas en inglés). Como los dos ensayos incluidos tuvieron diferentes comparadores
no hubo metandlisis. La confianza en los resultados de las estimaciones de estos
ensayos fue baja debido al sesgo en su disefio, y sus tamafios de muestra limitados que

origind resultados imprecisos.

Existen evidencias de baja calidad para el efecto de ruxolitinib sobre la supervivencia
en comparacién con el placebo, a las 51 semanas de seguimiento (HR 0,51; IC de 95 %
entre 0,27 y 0,98), y en comparacién con la BAT a las 48 semanas de seguimiento (HR
0,70; IC 95 % entre 0,20 y 2,47). Del mismo modo, la evidencia es de muy baja calidad
para el efecto del ruxolitinib sobre la supervivencia libre de progresién en comparacién

con la BAT (HR 0,81; IC del 95 % entre 0,47 y 1,39).

Existen evidencias de baja calidad para el efecto del ruxolitinib en términos de calidad
de vida. En comparacién con el placebo, el farmaco logra una mayor proporcién de
pacientes con una reduccidn significativa de las puntuaciones de sintomas (RR 8,82, IC
del 95 % entre 4,40 y 17,69), y los pacientes tratados con ruxolitinib obtuvieron
mayores puntuaciones del MFSAF (por sus siglas en inglés) al final del seguimiento (DM
—87,90; IC 95 % Cl entre -139,58 y -36,22). Un ensayo mostré diferencias significativas
en las puntuaciones de la EORTC QLQ-C30 comparando ruxolitinib con BAT (DM 7,60;
IC del 95 % entre 0,35 y 14,85).

El efecto del ruxolitinib en la reduccién en el tamafio del bazo de los participantes en
comparacion con placebo o BAT fue incierto y con evidencia de baja calidad (contra el
placebo: RR 64,58; IC del 95 %: 9,08 a 459,56; frente a BAT: RR 41,78; IC 95 %: 2,61 a
669,75).
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Existen evidencias de baja calidad para el efecto del farmaco en comparacion con el
placebo sobre la anemia (RR 2,35, IC 95 % entre 1,62 y 3,41), neutropenia (RR 3,57, IC
del 95 % entre 1,02 y 12,55) y trombocitopenia (RR 9,74, IC del 95 % entre 2,32 y
40,96). No hubo diferencias entre el ruxolitinio y BAT, en términos de riesgo de
anemia (RR 1,35; IC del 95 %: 0,91 a 1,99; evidencia de baja calidad) o trombocitopenia
(RR 1,20; IC del 95 %: 0,44 a 3,28, evidencia de baja calidad). El riesgo de eventos
adversos no hematoldgicos de grados 3 o 4 (incluyendo fatiga, artralgias, nduseas,
diarrea, dolor en las extremidades y pirexia) fue similar cuando ruxolitinib se comparé
con placebo o BAT. La tasa de neutropenia, comparando ruxolitinio con BAT, no se

informé en el ensayo respectivo.
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ABSTRACT

Background

Myelofibrosis is a bone marrow disorder chasacterized by excessive production of reticulin and collagen fiber deposition caused by
hematological and non-hematological disorders. The prognosis of myelofibrosis & poor and wrearment is mainly palliative. fanus kinase
inhibitors are a novel strategy w et people with myelofibrosis.

Dhbjectives

To determine the clinical benefits and harms of Janus kinase-1 and Janus kinase-2 inhibitors for treating myelofibrosis secondary 1o
hematological or non-hematological conditions.

Search methods

We searched the Cochrane Cenrral Register of Controlled Trials (CENTRAL, the Cochrane Library 2014, lssue 11), Ovid MEDLINE
(from 1946 1o 13 Movember 2014), EMBASE (from 1980 to 12 January 2013), and LILACS (from 1982 1o 20 November 2014).
We searched WHO International Clinical Trials Regisery Pladorm and The meaRegister of Controlled Trials. We also searched for
conference proceedings of the American Society of Hematology (from 2009 1w October 2013), European Hemaology Association
{from 2009 w Ocober 2013), American Society of Clinical Oneology (from 2009 10 October 2013), and European Society af
Medical Oncology (from 2009 to October 2001 3). We included searches in FDA, European Medicines Agency, and Epistemanikos. We
handsearched the references of all identified included rrials, and relevant review articles. We did not apply any language restrictions.
Two review authors independendy screened search resulis.

Selection criteria

We included randomized clinical trials comparing Janus kinase-1 and Janws kinase-2 inhibitors with placebo or other reatments. Both
previously created and treatment naive parients were included.

Data collection and analysis

We used the hazard rario (HR) and 95% confidence interval (95% CI) for overall survival, progression-free survival and leukemia-free
survival, risk ratio (RR) and 95% CI for reduction in spleen size and adverse events binary dara, and standardized mean differences
(SMD) and 95% CI for conrinuomes dara (health-related quality of life). Two review authors independently extracted dara and asesied
the rigk of bias of included wials. Primary outcomes wese overall survival, progresion-free survival and adverse events.

Janus kinase- 1 and Janus kinase-2 inhibitors for treating myelofibrosis (Review) 1
Copyright O 2015 The Cocwane Collaboration. Published by John Wiley & Sonz, Lod.
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Main results
We included rwo erials involving 528 participants, comparing ruxolitinib with placebo or best available therapy (BAT). As the two

included rrials had different comparators we did not pool the data. The confidence in the results estimares of these rrials was low due
to the bias in their design, and their limited sample sizes thar resulted in imprecise results.

There is low quality evidence for the effect of ruxolitinib on survival when compared with placebo ar 51 weeks of follow-up (HR 0051,
95% C1 027 o 0.98) and compared with BAT ar 48 weeks of follow-up (HR 0.70, 95% C1 0.20 w 2.47). Similarly there was very
low quality evidence for the effect of ruxolitinib on progression free survival compared with BAT (HR 0.81, 95% C1 0.47 w0 1.39).
There is low quality evidence for the effect of ruxelitinib in wrms of quality of life. Compared with placebo, the drug achieved a
greater proportion of patients with a significant reduction of symprom scores (RR 8.82, 95% CI 4.40 o 17.69), and treated parients
with ruxolirinib obrained greater MESAF scores at the end of follow-up (MDD -87.90, 95% CI -139.58 1o -36.22). An additional erial
showed significant differences in EQORTC QLO-C30 soores when compared rusolitinib with best available therapy (MD 7.60, 95%
CI0.35 o 14.853).

The effect of ruxolitinib on reduction in the spleen size of participants compared with placebo or BAT was uncertain (versus placebo:

RR 64.58, 95% C1 9.08 1o 459.56, o gquality svidence; versus BAT: RR 41.78, 95% C1 2,61 to 66975, low quality evidence).

There is low quality evidence for the effect of the drug compared with placebo on anemia (RR 2.35, 95% CI 1.62 o 3.41), neutropenia
(RR 3.57. 95% CI 1.02 w0 12.55) and thrombocytopenia (RE 9.74, 95% CI 2.32 10 40.96). Ruxolitinib did not result in differences
versus BAT in the risk of anemia (RR 1.35, 95% CI10.91 vo 1.99, low guality evidence) or thrombocyropenia (RR 1.20; 95% CI 0.44
to 3.28, low guality evidence). The risk of non-hemarologic grade 3 or 4 adverse events (including farigue, anthralgia, mausea, diarrhea,
exeremity pain and pyrexia) was similar when ruxelitinib was compared with placebo or BAT. The rare of sewtropenia comparing

ruxolitinib with standard medical rrearment was nor reported by the trial.
Authors’ conclusions

Currently, there is insufficient evidence 1o allow any conclusions regarding the efficacy and safety of ruxolitinib for treating myelofibrosis.
The findings of this Cochrane review should be interprered with caution as they are based on wrials sponsored by industry, and include
a small number of patients. Unless powered randomized clinical erials provide strong evidence of a rrearment effect, and the erade-off
berween patential benefits and harms is esrablished, clinicians should be cautious when administering rusolitinib for trearing parients
with myelofibrosis

PLAIN LANGUAGE SUMMARY

Janus kinase-1 and Janus kinase-2 inhibitors for treating myelofibrosis

Review question

We reviewed the effects of Janus kinase-1 and Janus kinase-2 inhibitors for wreating people with myelofibrosis.
Background

Myelofibrosis is a disorder of the bone marrow in which the bone marrow is replaced by fibrous rissue. The symproms depend on the
degree of anemia and enlargement of the spleen. This condition has a poor prognosis and generally it rearment i palliztive.

Ruxolitinib is a drug in the clas of Janus kinase inhibitors thar ries o block the enzyme that derives in the scar tisoe.
Seudy characteristics
We identified rwo clinical erials that included a limited number of patients comparing ruxolitinib wo placebo or standard medical

reatment. Both studies were published in 2012, and were conducred in the United States of America (USA) and the United Kingdom
(UK). Drug companies sponsored both rrials,

Key resulis
Although the resulrs of the studies only showed a moderate improvement of patients treared with ruxolitinib in verms of their qualiry of

life and a reduction in their spleen sive, we could not be sure whether these effects were reliable because of the limitations of the soudies

and the low number of people they recruired. We also could not be sure whether the drug has an effecr on overall survival compared

Janus kinase=1 and |anus kinase=1 inhibitors for treating mpelofibrosis (Review) F
Copyright I 1018 The Cochrane Collaboration. Published by john Wiley & Sons, Led.
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with a placebo, or when it was compared with an active rrearment. The effect of nolitinib in terms of progression-free survival was
aleo uncertain. In addition, people teared with this drug showed higher rares of anemia, thrombocyropenia and neutropenia compared
with patients treated with a placebo, bun the rate of adverse effects was similar 1o those rreated with a medical rreatment.

Quality of evidence
The confidence in the resuls of this review is very low. The studies have limitations in the way they were designed and execured.

Maoreover, the limited number of patients included in the srudies led w imprecise results. Larger studies should provide mose information
about the effect of necolitinib.

Researchers from Cochrane searched all available liverature up o 13 November 2014.

Janus kinases1 and Jamues kinases2 inhibitors for treating myelofibrosis {Review) 3
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SUMMARY OF FINDINGS FOR THE MAIN COMPARIS ON [Egplenerionf

Ruxolitinib

ed with pl bo for tr ] MF

Patient or population: Patients with treating MF
Settings: Ambaslatony

Imtervention: Ruoolitinib

Comparison: Placebo

Duicomes IHustrative comparative risks* (95% CI) Relative eHect Mo of participants Quality of the evidence Comments
(95% C1) (trials) (ERADE)
Assumed risk Corresponding risk
Placebo Rauxolitinib
Dwerall survival 91 per 1000 47 per 1000 HR 0.51 309 BT =
(mumber of deaths at fol- (25 to 89)> (0.27 to 0.98)4 {1 trial>) Ed

low-up {24 weseks"})

Progression-free sur- See comment See comment Mot estimable 309 See comment This outcome was nof

wiwval - not measured {1 Erial™) measured in the inchaded
shsdy

Safety (AE, adwerse 13 per 1000 129 per 1000 RR 9.74 306 HEBOO -

drug reaction): thrombo- (31 o 543) (2.32 to 40.96) {1 trial®) .

cytopenia

Grades 3 or 4 according
to Mational Cancer bnsti=
burte

Follow-up: 52 weeks

Safety (AE, adverse drug 20 per 1000 71 per 1000 RR 3.57 306 DT
reaction): neutropenia (20 to 249) (1.02 to 12.55) {1 trial®)y lowrs- T
Grades 3 or 4 according

to Mational Cancer bnsti-

tute

Follow-up: 52 weeks
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Health-related gquality of
life

Patients that achieved a
reduction of 50% or more
in the total MF Symptom
Assessment Form
Follow-up: 24 weeks

52 per 1000

458 per 1000
{229 to 919)

AR B.82
{4.40 to 17.69)

309
(1 trial®)

BBOO
o7

Reduction in spleen size
Magnetic resonance
imaging or computed fo=-
mograpiy

Follow-up: 48 weeks

6 per 1000

419 per 1000
(59 to 1000)

RR 64.58
{9.08 to 450 586)

309
{1 trial®}

BB
bonars. ™

*=The basis for the assumed risk is provided in foofnote #2. The corresponding risk (and its 25% Cl) is based on the assumed risk in the comparison group and the relative effect of the

imtervention (and its 95% CI).
Cl: confidence inferval; RR: risk rafio; HR: hazard ratio. AE: adverse event; MF: myelofibrosis.

GRADE Working Group grades of evidence

High gquality: Further research is wvery unlikely @0 change our confidence in the estimate of effect.

Moderate quality: Further research is likely fo have an important impact omn ouwr
Low guality: Further research is very likely to have an important impact on owr confidence in the estimate of effect and is likely to change the estimate.

Very low quality: We are very uncertain about the estimate.

nce in the

of effect and may chamnge the esfimate.

LCOMFODRT-1 2012 trial established the time of data cut-off for its main outcome at 24 weeks.
?Data obtzined from deaths in the placebo group at the time of data cut-off (24 weeks).
3Data obtained from deaths in the intervention group at the time of data cut-off (24 weeks).

“See Analysis 1.1.
SCOMFORT-1 2012 frial.

“Downgraded one level due to Emitations in the trial design or execution (high atirition bias).

TDowngraded one level due to imprecision {low sample and member of events with an impact in the precision of the efiect estimates).
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BACKGROUND

Description of the condition

Myclofibrosis (MF) is a bone marrow disorder characterized by ex-
cessive production of reticulin and collagen fibers (Ostojic 2012).
It implics an increase in the bone marrow fiber content withour
referring to quantity or quality (reticulin versus collagen) (Thiele
2007). MF can be the outcome of several hemarological condi-
tions (i.e., as evolurion of a previously known myeloproliferative
neoplasm, chronic myeloid leukemia, polycythemia vera, or es-
sential thrombocythemia) (Cervantes 2011; Hoffman 2008) and
non-hematological conditions (metastatic cancer, infections such
as tuberculosis, fungal infections and HIV, metabolic disorders,
radiation, toxins, etc.) (Hoffman 2008).

Primary myelofibrosis (PMF) is a chronic, malignant hemarologi-
cal disorder characrerized by splenomegaly, leukoerythroblastosis,
teardrop poikilocyrosis (i.c.. dacryocytes), some degree of marrow
fibrosis, increased marrow microvessel density, and extramedullary
hematopoicsis (Hoffman 2008). PMF is associated with osteoscle-
rosis, angiogenesis, and an abnormal cyrokine expression (Tefferi
2011h).

PMF is an infrequent disease, with an esrimared incidence in West-
crn countrics that ranges from 0.4 1o 1.4 new cases per 100,000
peoplefyear (Barosi 201 1b). The average age ar diagnosis of PMF is
approximately 65 years, and most paticnts are diagnosed between
50 and 69 years of age {Hoffman 2008). In several case series, men
have been affected more frequently than women, bur other trials
have failed to confirm this male predominance (Hoffman 2008).
PMF has rarely been reported in the pediarric age group {Haoffman
2008).

The clinical features of PMF include severe anemia, marked hep-
atosplenomegaly, constirutional symptoms {(e.g.. farigue, nighe
sweats, fever), cachexia, bone pain, splenic infarcr, prurirus, throm-
bosis, and bleeding (Tefferi 2011b). The main causes of the
ancmia and organomegaly are incffective erythropaicsis and ex-
rramedullary hemaropoicsis, respecrively (Tefferi 2011h). Other
discase complicarions include sympromatic portal hypertension,
which may lead to variceal bleeding or ascites, and non-hep-
atosplenic exeramedullary hemaropoiesis, which may lead to cord
compression, ascites, pleural effusion, pulmonary hypertension, or
diffusc extremiry pain ( Tefferi 201 1b). These ather complicarions
are caused by aberrant cytokine production by clonal cclls and
host immune reacrion contriburing to PMF-assaciated bone mar-
row stromal changes, ineffective erythropoiesis, extramedullary
hematopoiesis, cachexia, and constitutional symproms (Tefferi
2011b). PMF is associated with cytogeneric abnormalities such as
deletion of the long arm of chromosome 200 (20g-), deletion of
chromosome 13q (13q), tisomy & and 9, and abnormalities of
chromosome 1 including duplication 1q (Hussein 2009).
Current diagnosis of MF is based on the World Health Organiza-

tion (WHO) criteria and involves a compaosite sssessment of clin-

ical and laborarory fearures (Tefferi 201 1a). These criteria indude
major criteria {megakaryocyre proliferation and arypia accompa-
nicd by cither reticulin, or collagen fibrosis, or both, or nor meeting
WHOQ criteria for chronic myelogenous leukemia, polycythemia
vera, myelodysplastic syndromes), or other myeloid neoplasm, and
demonstration of Janus kinase-2 (guanine-to-thymidine subst-
mion, which results in a change of valine for phenylalanine ar
codon 617), or a mycloproliferative leukemia virus oncogene mu-
tation, ocourring in 60% and 5% to 10% of the parients, respec-
tively, and ather mycloproliferative neoplasm-associated molecu-
lar abnormalicies (i.e. CBL, ASXL1, TET2, and EZH2), or clonal
markers (particularly mrisomy 9 or 13q—) thar distinguish PMF
fram reactive marrow fibrosis (Barosi 201 1h; Wen 2011). Addi-
tionally, the presence of minor criteria (leukoerythroblastosis, in-
creased serum lacrate dehydrogenase level, anemia, and palpable
splenomegaly) (Tefferi 2011a). PMF diagnosis requires meering
all three major criteria and two minor criteria (Tefferi 201 1a).
Appendix 1 shows the International Working Group for Myelo-
proliferative Neoplasms Research and Trearment Recommended
Crireria for Post-Polycythemia Vera and Post-Essential Thrombo-
cythemia Myclofibrosis (Barasi 2008; Tefferi 201 1a).

Europcan Consensus Criteria for grading of MF is based on sub-
jeciive evaluarion of amount and distribution of reticulin and col-
lagen in bone marrow. It is as follows: MUF- (scarcered linear red-
culin with no intersecrions (crossovers) corresponding to normal
bone marrow), MF-{ (loose nerwork of reticulin with many in-
tersections, cspecially in perivascular areas), MF-2 (diffuse and
dense increase in reticulin wirth extensive intersections, occasion-
ally with focal bundles of collagen, or focal osteosclerosis, or both)
and MF-3 (diffuse and dense increase in reticulin with extensive
ingersections and coarse bundles of collagen, ofien assodated with
osteosclerosis) (Hoffman 2008; Thiele 2005; Thiele 2007).

PMF is associated with a low quality of life (Mesa 2009b). The
prognosis at the rime of diagnosis is based on the Intcrnarional
Prognostic Scoring System developed by International Working
Group for Myeloproliferative Neaplasms Research and Trearment
(Cervantes 2009). The International Prognostic Scoring System
includes age (> 65 years), constirutional symptoms, hemoglobin (=
10 g/dL), white blood cell count (> 25 x 10%/L), and blood blasts
(> 1%) (Passamonti 2010). International Working Group for
Myelopraliferative Neoplasms Research and Treatment developed
the Dynamic Prognostic Model with the same prognostic vari-
ables generated by International Prognostic Scoring System which
can be applied at any rime during the disease course (Passamonri
2010). PMF progress to leukemia in 20% of paticnes, while oth-
ers die because of comorbid conditions, induding cardiovascular
events {Barbui 2010), infection, or bleeding ( Tefferi 2011b). The
median overall survival is 11.3 years for low risk, 7.9 years for in-
rermediare-1 risk, 4.0 years for intermediare-2 risk, and 2.3 years
for high-risk MF (Cervantes 2009).

In rhis Cochrane Review we included MF as a resulr of both hema-
tological and non-hemarological conditions. We have provided a

Janus kinase-1 and Janus kinase-2 inhibitors for treating myelofibrosis (Review) &
Copyright & 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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glossary of medical terms in Appendix 2.

Description of the intervention

Allogeneic stem cell transplantation is the only curative option
for patients with PMF who have an appropriate donor available
{Hoffman 2008; Ostojic 2011h). However, allogeneic stem cell
transplantation is a reasonable oprion for only a small percent-
age of cligible parients (ie., those who are young and unbur-
dened by other co-morbidities) (Ostojic 201 1h). A conservarive
appraach is generally accepred with observation of asympromaric
parients and therapentic intervention for those who have symp-
toms (Hoffman 2008). Current treatment regimens are mainly
palliative and have not demonstrated a major benefir in overall
survival (Ostojic 2011b).

Therapy for treating anemia

1. Androgens (nandrolone, fuoxymesterone,
methandrostenolone, ox}l‘mcrhu]nnc. methenolone, and danazal)
stimulate hemaropoietic system by various mechanisms
including stimularion of erythropoietin release, increasing bone
marrow activity and iron incorporarion into the red cells
{Shahani 200%). It has been reported to improve the ancmia in
patients with MF in 30 to 60% of cases {Barosi 2011a).

2. Recombinant human erythropoietin and darbepoetin alfa
are growth factors with similar mechanisms of action as
erythropoietin {Donnelly 2001). Darbepoetin alfa is an analog of
recombinant human erythropoictin with a long half-life chat
requires less frequent administration (once weekly or every other
week) (Cases 2003). The response rares of these drugs ranged
from 16% to 60% (Barosi 2011b). However, there is an
uncxpected association berween erythropoietin-stimularing
agents and danazol with leukemic transformarion in MF (Barosi
2011b).

3. Thalidomide and its analogs, lenalidomide and
pomalidomide, have anti-angiogeneric and immunomodulatory
activities and have been used previously for MF (Barosi 201 1h:
Tetferi 2009).

Splenomegaly and myeloproliferation treatment

Owverall, this approach decreases the immarure circulating myeloid
pool accumulating in the spleen. The following interventions have
been previously described for these purposes:

1. Hydroxyurea limies the deoxyribonucleic acid biosynthesis.
The studics using hydroxycarbamide have reported a response on
splenomegaly in up to 40% of rreared cause (Barosi 201 1b).

2. Chlornmbucil, 6-thioguanine, melphalan, and busulfan are
oral alkylating agenrs. Use of the last two drugs is limited by the
increased risk of blast transformarion and unfavorable toxicity

profile (Barosi 2011k).

3. Interferon hiu]ogic response modifier inhibits in vitrro
proliferation of hemaropaoieric progenirors, particularly of the
megakaryocyric lineage (Barosi 2011b). It can be useful in
suppressing thrombocyrosis and inhibiting the activiry of plarcler
derived growth factor which stimulates the proliferation of
fibroblasts (Hoffman 2008).

4. Thalidomide analogs are immunomodulator drugs. Two
studies conducted for assessing lenalidomide in patients with MF
have reported a reduction of spleen size ranging berween 109
and 42% (Mesa 2010b; Quintis-Cardama 2009). Two studies
on pomalidomide showed a poar response on spleen size (Begna
2011; Mesa 2010a).

5. Janus kinase inhibitors have been reported for treating MF
(Barosi 201 1b; Geyer 2014; Mesa 2012a; Randhawa 2012). In
Movember 2011, the U5, Food and Drug Administration (FDA)
approved the use of nuxolitinib, a JAK-1- and JAK-2-selective
inhibitor, for the rreatment of patients with intermediate or
high-risk MF {Deisscroth 2012; Mascarenhas 2012; Randhawa
2012). Two randomized controlled trials (RCTs) have been
conducted for assessing the efficacy and safery of this drug in
patients with MF (COMFORT-I 2012; COMFORT-II 2012).
These RCTs have emphasized on surrogate end point (reduction
in spleen volume) and qualicy of life. Both RCTs have shown
significant reduction in spleen volume and enhancement in
qualiry of life. Other JAK inhibitors, such as SAR302503,
CYT387, 5B1518, and TG101348 may become commercially
available in the near future (Geyer 2014; Mesa 2012a).

How the intervention might work

The Janus family includes a cyroplasmic tyrasine kinases (JAK-
1, JAK-2, JAK-3, and TYK2) which mediates the signaling of a
n“mhcr Of E}"[Dlﬂ]‘l.ﬂ md m’d‘l Fﬂc'[ﬂl"s fhﬂ'[ are impﬂr[:ln[ fﬂr
h:mampoisi; and immune function (Pastore 2012; Seavey 2012;
Stein 2011; Thompson 2005). JAK-1 plays a major role in the sig-
n:lling of a number ufpm—inﬂﬂnmamr}r q,mkins: JAK-2is used
primarily by receprors for hematopoietic growth factors; JAK-3
primarily mediates immune function, whereas TYK2 funcrions
in assocation with JAK-2 or JAK-3 to mransduce signaling of oy-
tokines such as interleukin 12 (Barosi 201 1h; Pastore 2012; Seavey
2012; 5tein 2011; Thompson 2005).

Several reviews on JAK inhibitor therapy for MF have been pub-
lished (Ostojic 201 1h; Ostojic 201 1a; Pardanani 2011a; Pardanani
2011b; Passamonti 2012; Stein 201 1; Tefferi 201 1e; Tefferi 2012).
Ruxolitinib, which modulates the abnormal cytokine production
and signaling, plays a major role in pathogenesis of MF (Vannucchi
2004). Nevertheless, the clinical effecr of JAK-2-inhibirors seen in
people with MF scems to reflect the effect of the drug over normal
hemaropoiesis with an unmutared JAK-2-allele rather than on the
MPN-clone {myeloproliferarive neoplasm) with the murated JAK-
2-allele (Mesa 2009a). Ruxolitinib was inirially used in a phase
1/2 trial including 153 parients with MF (Barasi 201 1b; Tefferi
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2011h; Ostojic 2012). In this erial, rreatment was well rolerared,
with dose-limiting toxicity represented by reversible thrombocy-
ropenia. Ruxolitinib has shown significant clinical response with a
= 50% reducrion of splenomegaly in half of the patients and rapid
improvement of constitutional symptoms, cachexia, and exercise
rolerance (Barosi 201 Ib; Tefferi 201 1b; Osrojic 2012). After a
;ingi: oral dose, = 95% of the ruxolitinib is absorbed, and = 97%
becomes available bounding o plasma proteins. The terminal half-
life is rwo to three hours (Osrojic 2012). Ruxolitinib is metab-
olized predominantly in the liver, and its metabolites are mainly
excreted in urine {Ostojic 20012). Its adverse events include throm-
bocyropenia, anemia, and 2 ‘cyrokine rebound reacrion’ upon drug
discontinuation, characterized by acute relapse of symptoms and
splenomegaly (Barosi 201 1b; Teffer: 201 1c; Tefferi 2011d).

Why it is important to do this review

We conducted this Cochrane Review for several reasons. The pri-
mary goals of the therapy for MF are o alleviate the symproms
and to achieve an improvement in the patients” quality of life, but
it lacks any real impacr on overall survival and progression-free
survival {Barosi 2011h; Qureshi 2011). Controversy exists if the
current trial endpoints caprure a rangible benefr for MF patients
{Pardanani 2012). Therefore, we need to perform a critical ap-
praisal of the RCTs conducred to assess ruxolitinib in patients with
MF (COMFORT-I 2012; COMFORT-IT 2012). Furthermore,
this drug has been associated with serious adverse evenrs (anemia
and thrombocytopenia) (Tefferi 201 Le; Tefferi 20114d). Bucoli-
rinib is expensive and cosis USDT, 000 per month of rearment,
or USDS84,000 per year, for the insured patient (Mesa 2012b).

In this Cochrane Review we have included a rigorous assessment
of the risk of bias, using most up-to-dare evidence to help clin-
icians making informed decisions on the use of Janus kinase-1
and Janus kinase-2 inhibitors for treating parients with MF due

to hemarological or non-hemarological condinions.

OBJECTIVES
To determine the clinical benefits and harms of Janus kinase-1 and

Janus kinase-2 inhibitors for trearing myelafibrosis secondary 1o

hematological or non-hemarological condirions.

METHODS

Criteria for considering studies for this review

Types of studies

We induded RCTs irrespective of their publication starus (unpub-
lished or published as an article, an abstract, or a leter) and lan-
guage. Mo limits were applied with respect to period of follow-up.
We excluded quasi-RCTs.

Types of participants

We included patients with a confirmed diagnosis of MF caused
by hemarological and non-hemarological conditions, irrespective
of their age, gender, or ethniciry.

Types of interventions

Intervention

We compared ruxolitinib with placebo or best available therapy in
this review: In future updala. we will also include trials assessing
the following JAK-1 and 2 inhibitors:

» SAR302503.

s CYT387.

= SBISI8.

& TG101348.

Comparisons
» Placcha.

» Orher trearmenrs.

# Head-to-head comparisons of JAK inhibitors.

Types of outcome measures

Primary outcomes

1. Overall survival: the time from randomization until death
from any cause (FDA 2007).

2. Progression-free survival: the time from randomization
until objective rumor progression or deach (FDA 2007).

3 Eafcr}'_'

o Adverse evenr: “any untoward medical occurrence that
may present during trearment with a pharmaceurical product bur
which does not necessarily have a causal relarionship with this
rreacment” (Nebeker 2004).

o Adverse drug reaction: “a response to a drug which is
noxious and uninitiated and which occurs ar doses normally used
in man for pmphyin:is. diagnosis, or therapy of disease, or for
the madification of physiologic funcrions” (Nebeker 2004).
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Secondary outcomes

1. Health-related qualiry of life assessed by MF Symprom
Assessment Form (MFSAF) (Mesa 2009b) or any other validated
scale,

2. Leukemia-free survival,

3. Reducrion in spleen size

4. Anemia response defined as an increasing of > 1 gfL ar the
end of follow-up.

Search methods for identification of studies

We developed the search strategy as indicared in theCodhrane
Handbook for Systematic Reviews of Interventions (Lefevbre 2011).
We conducted this process with the support of the Cochrane

Haemartological Malignancies Group Trials Search Co-ordinaror
and adjusted it for each database we searched.

Electronic searches

We scarched the following elecrronic darabases:

» Cochrane Cenrral Register of Conerolled Trials
(CENTRAL, the Cochrane Library 2014, Issue 11).

s MEDLINE (Owvid) and Ovid MEDLINE(R) In-Process &
Orher Mon-Indexed Citarions (from 1946 1o 13 November
014),

» EMBASE (OVID) (from 1980 to 12 January 2013).

» LILACS (from 1982 to 20 November 2014).

Sce Appendix 3; Appendix 4; Appendix 5: Appendix 6 for details.

Searching other resources

We searched l:heﬁ:l“c:wi.ng trial darahases for ongoing and unpub-
lished rials:

1. WHO Internarional Clinical Trials Regisery Pladform
(WHO ICTRP) scarch portal (hop:{fapps.who.int/trialsearch/).

2. The metaRegister of Conolled Trials (mRCT) (hop:ff
www.controlled-trials.com/mref) (Appendix 7).
We also scarched conference proceedings:

1. American Society of Hematology (ASH) (huxp.//
www.hemarology.org/) (from 2009 1o Ocrober 2013).

2. European Hemarology Association (EHA) (hoop:!/
www.chaweb.orgf} (from 2009 1o Ocober 2013).

3. American Sociery of Clinical Oncology (ASCO) (hup//
www.asco.orgf) (from 2009 to Ocober 2013).

4. European Sociery of Medical Oncology (ESMOY) (hupd/
www.esmo.orgf) (from 2009 o Ocrober 2013).
We also searched the following websites:

1. FDA (hop:!fwww.fda.gov/).

2. European Medicines Agency (hrep:/fwww.emacuropa.eu/
emal).

3. hirpe/fwww.epistemonikos.org! (Appendix 8).

We handsearched the references of all identified included erials,
relevant review articles, and current crearmene guidelines. We did
not apply any language resrictions. We used codes of pharma-
ceutical companies such as INCB0O18424, SAR302503, CYT387,
SB1518, and TG 101348 cspecially in abstract and trial regiseer
searches to identify closed or stopped studies, and brand names in
search only if available.

Data collection and analysis

We summarized dara using standard Cochrane m:(hndnlugis [
Higgins 2011d).

Selection of studies

Regarding methods for study selection, we followed the steps de-
lineared by theCachrane Handbook for Sytemaiic Reviews of Inter-
wentions (Higgins 2011 1b).

Two authors (AMC and VA) screened the ritles and abseraces iden-
tificd from the above sources to identify porential studies for inclu-
sion. If this could not be done sansfactorily from the title and ab-
stract, a full text version was sought for assessment. We preseneed
the results of the study selection as a fowchart according to the
PRISMA (Preferred Reporting Irems for Systemaric Reviews and
Meta-Analyses) statement (Moher 2009).

We resolved any disagreement through discussion and consensus.
We also contacred the authors of the rials o resolve any doubts

abour available informarion or in case of disagreements.

Data extraction and management
We extracted dara adequarely by collecring the following items:

review, reviewer and study informarion, eligibility criteria, char-
acicristics of parricipants {age, gender, country), trial design and
funding, intervention duration and dosages, and outcomes. We as-
sessed quality criteria according ro risk of bias using the Cochrane's
‘Risk of bias’ assesment tool: random scquence gencration; allo-
cation concealment Blindiug_ ofpar{ir_ipnms. personn:]. and our-
come assessars; incomplete outcome data; selective reporting; and
other bias (Higgins 201 1b).

For cligible mrials, rwo review authors (AMC and VA) indepen-
dently extracted the dara using the agreed form. We resolved dis-
crepancies [hmu.gh discussion. One review author (AMC) entered
dara into Cochrane’s staristical sofrware, RevMan 2014 and rwo
review authors (VA and 18) independentdy checked it for acouracy:
We also contacted the corresponding rrial aurhors to provide fur-

ther details,

Assessment of risk of bias in included studies

Three review authors (AMC, VA and 1S) independently assessed
the risk of bias in pairs of each trial using a simp|e form, and
followed the domain-based evaluarion as described in the Cochrane
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Handbowk for Spiemasic Reviens af Inservensions (Higgins 2011a).
We resolved any discrepancies through discussion.
We assesvad the following domains as at low, unclear, or high risk
of bias:

L. Generaton of allocation sequence.

2. Allocanon concealment.

3. Blinding (of parcipants, personnel, and outcome
AEEOEEOIE] .

4. Incomplete outcome dara.

3. Selective reporting.

. Oither sources.

Crverall risk of blas

We made explicit judgements about whether trials were ar low,
unclear, or high nsk of bias, acoording o the criteria piven in the
Cochrane Handbeok for Syemaiic Reviews of Tnservensions {(Hipgins
2011d). With reference ea (1) to (&) above, we assessed the likely
mapnitude and direction of the bias and whether we congdared it
likely to have impact on the findings. As it is unlikely tw find trials
at low risk of bias in all itemis, we chose three core domains instead
of all: generation of allecation sequence, incomplete outcome data,
and selective reporting bias in order to clasify a trial as at low,
unclear, or high rick of bias. Wewould have conducted 2 sensitviny
analyses for explonng the impact of the level of bias, if feasible (see
Sensitracy analysis).

Measures of treatment effect

1. For the time-to-event data, such as overall survival,
progression-free survival, leukemia-free survival, we calculated
harard ratios (HRs) and 95% confidence intervals (95% Cls).
We determined HRs for published data according to CMA 2005,

2. For the binary outcomes, such as safety and spleen sme
reduction (= 33%), we calaulated the relative risk (RR) with
95% Cla

3. For the conanuows outcomes, such s spleen size, we
calculated the mean difference (MDD with 959 Cls.

Dealing with missing data

COMFORT-I 2012 assessed reduction in spleen size as 2 contin-
uous variable wsing 79% of the original participants. Howaver, the
trial anthors used all partcpanis when they measured reducoon
in spleen size as a binary vanable. We reported results using both
approaches. We contacted the corresponding trial author for the
missing continuous data on reduction in spleen size.

In firmure updates, in case of missng data on participants or miss-
ing stamstics (such as standard deviations), we will contact the orial
authors. If unsuccessful, we will base our main analysis on com-
pleters but we will perform sensitivity analysis for worse and best
case scenarios according o the Cochrane Handbook far Syreemasic
Reviews of Inserventions (Higgins 200 1c).

Assessment of heterogeneity

Wi did not conducr 2 meta-analysis bacause the comparison con-
trols were different. If we had more than two included trials for
each companson, we would also have assessed stanstcal hetero-
genedty in each meta-analysis using the T2, 1% and Chi® statis-
tics. "We would have reparded heteropeneity as substantial if the I
? statistic value wis > 30% and either T2 was > zero, or there was
a bow P value (= 0.10) in the Chi® test for heteropeneity (Decks
2011). In future updates we will measure heterogeneity if three or
mare tnals are included.

Assessment of reporting biases

Only two trals were available, so we did not explore publication
bias.

We would also have attempted to assess whether this Cochrane
Review is subject to publication bias by using a funnel plot o
graphically illustrace vanability between trals. If we had detected
asymmetry, we would have explored causes other than publica-
tien bias {e.g., selectve outcome reporting, poor methodological
quality in smaller studies, true heterogeneiry) (Higgins 201 1d). [n
furre updates we will construct 2 funnel ploe, provided we have
ten ar more RCTs for each comparison (Sterne 2011).

Data synthesis

Although we planned to conduct meta-anslyses, we ultimately
only conducted a qualitarive synthesis of the results from the rwo
included irals. We did not pool data due o the huge differences
berween the control groups in the two included trals and follow-
up duraton.

In fumre versions of the review we plan to carry out statistical
analyses using Revidan 2014 software using random-effects mod-
els according to the Coctrane Handbook for Sypeernasic Revieus of
Inserventions (Deeks 2011).

Summary of findings

Wi used the pnnoples of the Grading of Recommendations As-
semment, Development and Evaluation (GRADE) system to as-
sess the quality of the body of evidence associated wath all main
outcomes (overall survival, progression-free survival, afery (hema-
tological adverse events), health-related quality of lifie) (Guyar
2011c), and we constructed a "Summary of findings’ able usng
GRADEpro 2014 software. The GRADE approach appraises the
quality of a body of evidence based on the extent to which one
can be confident that an estimate of effect or assodation reflects
the item being assessad. Evaluation of the quality of a body of
evidence considers within study risk of bias, the direciness of the
evidence, heteropeneity in the data, precision of effect estimares,
and risk of publication bias (Balshem 2011; Guyatt 201 1a; Guyart
2001h; Guyare 200 1d; Guyar 2011e; Goyate 20116 Guyam
201 1g; Guyate 201 1h; Guyatt 201 1i: Guyant 2013).
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We only included hemarological adverse events because these are
maore relevant than non-hemarological adverse events {(Summary
of findings for the main comparison; Summary of findings 2).
We used the number of deaths reporeed in COMFORT-I 2012;
COMFORT-II 2012 to cstimare mortality in the "“Summary of
ﬁndings' table as an GP']}ID:II'J'L of overall survival. However, it cm]y
was reported in the "Summary of findings’ table rather than in the
review text. GRADEpro 2014 does not allow estimation of either
assumed or corresponding risks.

Subgroup analysis and investigation of heterogeneity

We would have used the following procedures (and will apply
these for furure updates, if possible). We had anticipated clinical
heterogeneity in the intervention effect and we had proposed
conduct the following subgroup analyses:
* MF subtype:
o PME
o Philadelphia-chromosome-negartive myeloproliferative
disorders: post-polycythemia vera MF and post-essential
thrombocythemia ME.
o Secondary MF (such as cancer, mberculosis, and
radiation).
® JAK-2 V617F murarion sramus ar screening.
* Previous MF therapy.
+ Ruxolitinib versus other Janus kinase-1 and Janus kinasc-2
inhibitors.
These different variables justify subgroup analyses. In furure up-
dates we will perform subgroup analyses only for primary ouwe-

comes.

Sensitivity analysis

We would also have conducred sensitiviry analysis according o
Higgins 201 1d. In furure updates, if we identify sufficient trials,
we will conduct sensirivity analyses excluding:

1. Trials ar high risk of bias (i.c., trials that do not meer ar least
one of the criteria for assessing risk of bias as outlined earlicr).
We will not remove trials ar high risk of bias from the main
analysis bur will analyze them separarely.

2. Trials with a toral arrricion of > 30%, or where baseline
differences berween the groups exceed 10%, or both.

3. Unpublished smudies, since these may not have been
subjected to the peer review process and may have intrinsic bias
issucs.

Trial sequential analysis

If a sufficient number of tials had mer the inclusion criteria we
would also have conducred a trial sequential analysis, which is a
methodology that combines an information size calculation (cu-
mulated sample sizes of included trials) for meta-analysis with the
threshold of swatistical significance. Trial sequential analysis is a

wool for quantifying the staristical reliabiliry of dara in 2 cumula-
tive meta-analysis adjusting P values for repetitive testing on acou-
mularing dara (Brok 2009; Pogue 1997; Pogue 1998; Thorlund
2008 ; Werrerslew 2008).

Mera-analysis may result in type | errors due to sparse dara or
due to repeated significance testing when updating mera-analysis
with new trials {Brok 2009; Higgins 201 1¢; Werterslev 2008). In
a single rrial, interim analysis increases the risk of ype | errors.
To avoid type | errors, group sequential monitoring boundaries
are applied o decide whether a trial could be terminated early
because of a sufficiently small P value that is the cumulative 7-
curve crosses the monitoring boundaries (Lan 1983). Scquenrial
monitoring boundaries can be applied to meta-analysis as well,
called trial sequential monitoring boundaries (Werterslev 2008).
In trial sequential analysis, the addirion of each trial in a cumularive
meta-analysis is regarded as an interim mera-analysis and helps o
clarify whether additional trials are needed.

The idea in trial sequencial analysis is that if the cumulative Z-
curve crosses the boundary, a sufficient level of evidence is reached
and no furcher trials may be needed. If the Z-curve does not cross
the boundary then there is insufficient evidence to reach a condlu-
sion. To construct the erial sequential monitoring boundaries che
required information size is needed and is calculated as che least
number of parricipants necded in a well-powered single trial (Brok
2009; Pogue 1997: Pogue 1998; Werterslev 2008). We would ap-
plicd trial sequential analysis since it prevents an increase of the
risk of type I error (< 5%) due to porential multiple updaring in
a cumularive meta-analysis and provides us with imporrant infor-
marion in order to estimate the level of evidence of the experimen-
ral intervention. Additionally, trial sequential analysis provides us
with important informarion regarding the need for additional eri-
als and the required sample size of such erials.

We would have applied trial sequential monitoring boundaries
according to a hererogeneiry-adjusted required informarion size
based on an a priori 10% relative risk reducrion employing o =
0.05 and £ = 0.20.

We would have conducted trial sequential analysis using available
staristical software (CTU 2011; Thorlund 201 1a).

RESULTS

Description of studies

Results of the search

We identified 1175 references using the previously described strat-
egy. Two trials (26 publicarions) with a toral of 528 participants
mer our inclusion criteria (COMFORT-I 2012; COMFORT-II
2012). Figure 1 shows the Aowchart resules of the study selection
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as a Preferred Reporting Irems for Systemaric Reviews and Mera-

Analyses (PRISMA) statement (Moher 2009).

Figure |. Study flow diagram.

1043 records
identified through
database searching

132 of additional
records identified

through other sources
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‘ 11753 records screened ‘—.‘ 1133 records excluded
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472 full-text articles

assessed for eligibility

i

2 trials (26 references)
included in qualitative synthesis

13 (16 references)
full-text articles
gxcluded, with reasons:

Non-randomized
clinical trials.
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Included studies

Interventions and populations assessed in the trials

One trial compared ruxclitinib with placebo (COMFORT-1
2012) and the other compared ruxolitinib with best available ther-
apy (COMFORT-II 2012). Both rrials initiared ruxolitinib fol-
lnwing an oral schema of administration (15 myg twice dai]y aor 20
mg rwice daily), based on baseline peripheral blood plateler count.
We did not identify trials comparing JAK inhibirors head 1o head.
Best available therapy was composed any commercially available
a5 mnnnrhcm]:ry or in combination such as: amin:nplastic agenis,
glucocorticoids, anci-anemia preparations, immunomodulatory
agents, purnine :J'u]ogs. n.nrigmmdcr[mpins and similar agents, in-
terferons, nitrogen mustard analogs, pyrimidine analogs, or no
therapy ar all and which could be changed during the trearment
phase (COMFORT-I1 2012).

COMFORT-1 2012 and COMFORT-11 2012 included patients
diagnosed with PME, post-polycythemia vera-MF or post-cssential
thrombocythemia-MF according o the 2008 WHO criteria. The
mean percentage of male parricipants was 56% (z 2.83), with a
median age of 68 years.

Location and timing of trials
Both trials were published in 2012 and were conducted in USA,
Canada, Australia (COMFORT-I 2012), and several European

countries {Auseria, Bclgiu.m. France, Germany, I[a]y. Metherlands,
Spain, Sweden, and UK) (COMFORT-11 2012).

Trial methods

The two trials were conducted using a parallel sudy design. The
trials had a sample size of 219 (COMFORT-II 2012) and 309

(COMFORT-I 2012) parients. Bath trials were conducred with a
priori samplc size estimadon and the Fnllcrw—ups r.'mgpd from 32
ta 61 weeks (COMFORT-1 2012; COMFORT-II 2012).

We have given a detailed description of the trials in the
Characreristics of included studies rables (COMFORT-I 2012;
COMFORT-II 2012).

Excluded studies

We excluded 13 studies (Geyer 2014; f_';isslingtr 2012;
Gugliclmelli 2011; le Courre 2012; Mesa 2007; Mesa 2014;
Fardanani 2011a; Pardanani 2013; Santos 2010; Talpaz 2013%;
Verstovsek 2010; Verstovsek 2011; Verstovsek 2014). The ex-
cluded studies were non-RCTs (see Characreristics of excluded
studies for details).

Ongoing trials

We identified one ongoing trial (NCT01437787) entitled “Phase
I study of SAR302503 in intermediare-2 and high risk parients
with myduﬁhrmis Uﬁmﬁ}'. Itisa phzse 3, multicenter, ran-
domized, double-blind, placebo-controlled, three-arm study of
SAR302503 in parients with intermediare-2 or high-risk PME
post-polycythemia vera MF, or post-cssental thrombocythemia
MF with splenomegaly. This RCT will assess the efficacy of daily
oral doses of 400 mg or 500 mg of SAR302503 (Investigarional
Medicinal Product, IMP) mmpnrcd with pl:n:.rho in the reduciion
of spleen volume.

Risk of bias in included studies

We have summarized the risks of bias in the included trials in
Figure 2 and Figure 3, and are detailed in the Characrenistics of
included studies table.
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Figure 1. Risk of bias graph: review authors’ judgements about each risk of bias item presented as
percentages across all included studies.
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Figure 3. Risk of bias summary: review authors’ judgements about each risk of bias item for each incdluded
study.
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@ | @ | seledtive reparting (repnring hias)

@ | @ | otherbias

® | @ | ncomplete outcome data (attrition bias)

-

Allocation

Random sequence generation

Bath trials randomized participants by an interactive voice re-
sponse system. The risk of bias arising from the method of
generation of the allocation sequence was low in both trials

(COMFORT-I 201 2; COMFORT-II 2012).

Allocation concealment

Both trials randomized participants by an interactive voice re-
sponse syseem. The risk of bias arsing from the method of allo-
cation concealment was low in boch trials (COMFORT-T 2012;
COMFORT-II 2012).

Blinding

Drug preparations in COMEPFORT-I 2012 were prepared to be
indistinguishable, thus avoiding risk of performance or detection
bias. On the other hand, COMFORT-II 2012 had a open design

Janus kinase-1 and Janus kinase-1 inhibitors for treating myelofibrosis {Review)
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and had a high risk of performance or detection bias for most of

d'l: DUICOMICS m:ssn:l.

Blinding of outcome assessment (detection bias)

I. Primary outcomes

Owerall survival
We judged the risk of bias as low in this domain in both the trials
{COMFORT-1 201 2; COMFORT-II 2012).

Progression-free survival

The risk of bias of this domain was judged as low in COMFORT-I
2012, We rated the COMFORT-IT 2012 trial as ar high risk of
bias because it is an open trial.

Safery
We reported COMFORT-1 2012 as ar low risk of bias for safery
ourcomes. COMFORT-IT 2012 was at high risk of bias.

1. Secondary outcomes

Health-related quality of life
We reported a low risk of bias in this outcome in COMFORT-1
2012. However, the risk of bias was high in COMFORT-II1 2012

because it is an open trial.

Leukemia-free swrvival

One rrial did nor assess this end point, therefore we judged it
as ar unclear risk of bias (COMFORT-T 2012). The other trial
{COMFORT-I1 2012) was ar high risk of bias.

Reduction in spleen size
We judged the quality of COMFORT-1 2012 as ar low risk of
bias. However, COMFORT-IT 2012 was at high risk of bias.

Ancmia response

We reported the quality of the included trials (COMFORT-I
2012; COMFORT-II 2012) as at unclear risk of bias.

Incomplete outcome data

We judged a high risk of bias for COMFORT-I 2012 due w
reparting of the primary outcome (reducrion in spleen size)
using only 79.2% (245/309) of the inidally randomized par-
ricipants {rmxolitinib group (B9.6% (1397155)) versus placeho
group (68.8% (106/154)). Furthermare, this rial shows an im-
balance of 20.8% berween the comparison groups. We considered
COMFORT-II 2012 as ar low risk of hias.

Selective reporting

Both rrials were ar low risk of reporting bias (COMFORT-12012;
COMFORT-II 2012).

Other potential sources of bias
A pharmaceutical company funded COMFORT-1 2012 and

COMFORT-H 201 2. Therefore, we rated both trials ar high risk
of industry bias (Lundh 2012).

Effects of interventions

See: Summary of findings for the main comparison Ruxalitinib
compared with placcho for treating myelofibrosis; Summary of
findings 2 Ruxolirinib compared with best available therapy for
rrearing, myelofibrosis

The results of this Cochrane review are based on two included
mrials (COMFORT-12012; COMFORT-II 2012). See Summary
of findings for the main comparison and Summary of findings 2
for evidence reported by the trials on ourcomes.

I. Primary outcomes

©Owverall survival

Ruxolitinib versus placebo

Ruxolitinib significantly improved overall survival ar 51 weeks of
J:h"aw—q}. when numpn:cd with pl:md:cl (HR 0,51, 95% CI 0.27
to (.98 one trial, 309 parricipants, dow qu.ﬂ!'.j' evidence; Analysis
1.1).

Ruxolitinib versus best available therapy

There was no significant difference berween ruxolitinib and best
available therapy in overall survival ar 48 weeks of follow-up (HR
0.70: 95% C1 0.20 1o 2.47: one trial, 219 participanes; P = (.58,
low quﬂ'i:_y evidence; Analysis 2.1).

Janus kinase-| and Janus kinase-1 inhibitors for treating myelofibrosis (Review) 14
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Progression-free survival

Ruxolitinib versus placcbo
COMFORT-I 2012 did not reporr resules on progression-free
survival.

Ruxolitinib versus best available therapy

The comparison berween ruxolicinib and best available therapy
showed no staristically significant difference in progression-frec
survival ar 48 weeks of follow-up (HR 0.81, 95% CI 0.47 o0 1.3%
P = 0.45, low quality evidence; Analysis 2.2).

Safety

We report data on adverse cvents (grades 3 or 4 according 1o
the Mational Cancer Instrute Common Terminology Criteria for
Adverse Events) ohserved in 10% or more of patients who received
ruxolitinib.

Ruxolitinib versus placeba

Hematological adverse events

Rureolitinib compared with placebo showed a sraristically signifi-
cant increase in risk of anemia (70155 (45.16%) versus 29151
(19.20%); RR 2.35, 95% CI 1.62 ro 3.41, low qmﬁ'g evidence),
thrombocytopenia (200155 (12.90%) versus 2/151 (1.32%); RR
9.74, 9505 C1 2.32 to 40.96, low qsuﬁ.ry evidence), and neutrope-
nia (114155 (7.09%) versus 37151 (1.98%); RR 3.57; 95% CI
1.02 to 12.55, dow gquality evidence; Analysis 1.2).

Non-fematological adverse events

Parients rreared with nuxalitinib, compared with placebo, had a sta-
tistically significant reducrion in abdominal pain (4/155 (2.58%)
versus 177151 (11.25%): RR.0.23, 95% CI10.08 ro 0.67, fowqm.f—
ity evidence), and dizziness (1/155 {(0L64%) versus 10/151 (6.62%);
RR 0.10, 95% CI 0.01 ro 0.75, fow qlmf!'gr eridence).

Comparing ruxolitinib with placebo, there was not a stansrically
significant difference in terms of farigue (8/155 (5.16%) versus
10151 (6.62%); RR 0.78, 95% CI 0.32 o 1.92; P = 0.59, fow
qm:&'.gr evidence), dyspnea (2/155 (1.29%) versus 10/151 (6.62%);
RR 0.32, 95% CI 0.07 to 1.58; P = (L16, fow guality evidence),
arthralgia (3/155 (1.93%) versus 1/151 (0.66%); RR 2.92, 950
CI 031 to 27.79; P = 0.35, fow quality evidence), navsea (/155
(0%) versus 1/151 (0.66%); RR 0.32, 95% CI 0.01 10 7.91; P =
0.49, low qwﬁ}j evidenee), vomiting {17155 (0.64%) versus 1/151
{0.66%); RR 0.97, 95% CI 0.06 w 15.43% P = 0,99, lw gumﬁ'g

evidence), diarrhea (2/155 (1.29%) versus 0/151 (0%); RR 4.87,
95% CI 0.24 to 100.64 P = 0.39, low guality evidence), pain in
exrremiry (2/155 (1.29%) versus 06151 (0%%); RR 4.87, 95% CI
0.24 ro 100.64; P = 031, fw quaﬁ:_‘rm:'a’cme}. or pyrexia (1/155
(0.64%) versus 1/151 (0.66%); RR 0.97; 95% CI 0.06 o 15.43;
=099, fow qunﬁgmidrmt] {scc Analysis 1.3).

COMFORT-I 2012 did not provide derails on adverse drug reac-
tions.

Ruxolitinib versus best available therapy

Hematological adverse events

Comparing ruxolirinib versus best available therapy, there was not
a sraristically significandy difference in terms of anemia (62/146
(4.10%) versus 23/73 (31.50%); RR 1.35, 95% 1 0.91 ro 1.99;
P =0.13, low gudily evidence) and thrombocyropenia (12/146
(8.2196) versus 5/73 (6.84%); RR 1.20, 95% CI 0.4 1o 3.28; P
=072, fow q:m’:'.ry evidence) (Analysis 2.3).

COMFORT-I12012 did not report results regarding neurropenia.

Non-bemarological adverse events

Ruxolitinib compared with best available therapy showed no sta-
rstically significant difference in terms of abdominal pain (5/146
(3.429) versus 2/73 (2.73%); RR 1.25, 95% CI 0.25 to 6.29;
P = 0.80, fonr qsu.l’fg' evidence), farigue (1/146 (0.68%) versus O
73 (0%); RR 1.51, 95% CI 0.06 w0 36.62; P = 0.80, dowr qualicy
evidence), dyspnea (17146 (0.68%) versus 3/73 (4.10%); RR (.17,
95% CI 0,02 to 1.57; P = 0.12, low guality evidence), archralgia (1/
146 (0.68%) versus 0/73 (0%); RR 1.51, 95% CI 0.06 to 36.62:
P = 0.80, fowr qmﬁg- evidence), nausea (17146 (0.68%) versus O
73 (09%); RR 1.51, 95% CI 0.06 w0 36.62; P = 0.80, low quality
evidence), diarrhea (27146 (1.36%) versus 0/73 (0%); RR 2.52,
0506 C1 0.12 to 51.76; I = 0.55, low quﬂ:'qnuﬁd:nrr}, pain in cx-
tremity (1F146 (0.689%) versus 0/73 (0%); RR 1.51, 95% CI 0.06
to 36.62; ' = 0.80, o qsuﬁr'.gl evidence), pyrexia (3146 (2.05%)
versus 0473 (0%); RR 3.52, 95% CI 0.18 to 67.32; P’ = 0.40, fow
quality evidence), and headache (2/146 (1.36%) versus 0/73 (0%);
RR 2.52, 95% CI 0.12 w0 51.76; P = 0.53, low quality evidence)
(Analysis 2.4).

COMFORT-II 2012 did not provide details on adverse drug re-

actions.

1. Secondary outcomes

Health-related quality of life

Janus kinase-1 and Janus kinase-1 inhibitors for treating myelofibrosis (Review) 17
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Ruxolitinib versus placebo

COMFORT-1 2012 assessed health-relared quality of life using
the modified symprom score MFSAE It measured the symproms
of nigh!: SWELS, irdting, abdominal discomfore, pain under the
ribs on the left side, a fc:]i.u.g of fullness {ca.r]y satiery), muscle or
bone pain, and inactivity (COMPORT-1 2012). Each symprom
SC0Te ra.r.lgnd. from 0 (absent symproms) to 10 (worst imz.gin:lblc
symptoms). The toral MFSAF score is the sum of the individual
scores, excluding inactiviry:

COMFORT-1 2012 reported a higher proportion of parients re-
ceiving ruxolitinib that achieved a reduction of 50% or more in
the toral MFSAF score (RR 8.82, 95% CI 4.40 o 17.69; one
rrial, 309 participants; .-’lmlysis 1.4). The trial found a scatisei-
cally significant improvement in score in the ruxolitinib treated
group compared with placebo ar 24 wecks follow-up. It reported
that patients receiving ruxolitinib had 2 mean improvement of
46.1% (median 56.2%) while paricnts receiving placebo had a
mean worsening of 41.8% (median 14.6%) (MD -87.90; 95%
C1-139.58 to -36.22; one trial, 232 participants; ' = (L0009, Jow
qu.af!'gr evidence, Analysis 1.5).

Ruxolitinib versus best available therapy
COMFORT-I 2012 used the European Organization for Re-

search and Treatment of Cancer quality of life questionnaire core
model, whose scale has a range of 0 a 100. This trial assessed this
outcome ar 48 weeks follow-up. It showed a statistically significant
difference comparing ruxolitinib with best available Ih:mp}r (MD
7.60, 95% CI 0.35 o 14.85; one crial, 96 participants; I' = 0.04,
low quality evidence; Analysis 2.5).

Leukemia-free survival

Ruxolitinib versus placebo

COMFORT-1 2012 showed no seatistically significant difference
between ruxolitinib and p]:l.c:bn (HE 5.0, 95% CI 0.52 1o 48.07;
one trial, 309 parricipants; I'= (.16, ﬁuyqﬂaﬂ:} eridence; Analysis
1.7} rc_ga.rd:in.g leukemia-free survival.

Ruxolitinib versus best available therapy

COMFORT-1I 2012 found no statstically significant difference
comparing ruxolitinib versus best available therapy on leukemia-
free survival (HR 0.65, 95% CI 0.18 to 2.33; one trial, 219 par-
ticipants; P = 0.51, low quml'f:_)‘ evidence; r’m:dy:is 2.8).

Reduction in spleen volume
The primary end poine for both included rrials was the propor-

tion of patients with at least a reduction of 35% in ;pl:u:n vol-
ume from baseline to the end of follow-up (COMFORT-1 2012;
COMFPORT-N 2012).

Ruxolitinib versus placebo

Arweck 24, patients receiving ruxolitinib, 139 participants, had a
mean reduction m q}lccn volume of 31.6% (median 33%) com-
pared with 106 participants on placebo who had 2 mean increase
of 8.1% (median 8.5%) (P = no reported) (COMFORT-1 2012).
Ruxolitinib treatment significandy increased the proportion of
patients with reduction in spleen volume of = 35% as assessed
by magnetic resonance imaging (MRI) or compured romography
(CT) {65/155 (41.94%) versus 1/154 (0.65%); RR 64.58, 95%
C1 9.08 1o 459.56: one trial, 309 participants; P = 0.0001, o
qum'fily evidence; ﬂn:ﬂ}'sis 1.6).

Ruxolitinib versus best available therapy

COMFORT-I1 2012 showed a statistically significant reduction
in spleen size in ruxolitinib group compared with best available
therapy. This effect was either ar 24 weeks (MD -31.9, 95% CI -
53.85 t0-9.95; one trial, 216 parricipants; I = §.004) or 48 wecks
of Follmv—u.p (MD -37.4; 95% CI -65.41 10 -9.39; P = 0.004; ane
trial, 216 participants, lew guality evidence; Analysis 2.6).

Ramolitinib trearment significandy increased the proportion of
patients with reduction in _q:ﬂ::n volume of > 35% as assessed |:vy
MRIor CT (417146 (71.92%) versus 0/73 (0%); RR 41,78, 95%
CI 2,61 to 669.75; I = 0.008, low qnuffiy evidence; Analysis 2.7).

Anemia response

Mo trial assessed this ourcome.

Janus kinase-1 and Janus kinase-2 inhibitors for treating myelofibrosis (Review)
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ADDITIOMNAL SUMMARY OF FINDINGS [(Exgplanation)

Ruxolitinib compared to best available therapy for treating MF

Patient or population: Patients with treating MF

Settings: Ambulatory
Intervention: Ruoolitinib

Comparison: Best available therapy®

Dutcomes lllustrative comparative risks* (95% CI) Relative effect Mo of participants Quality of the evidence
{952 CI) (trials) (GRADE)
Assumed risk Corresponding risk
Best available therapy Ruxolitinib
DOwerall survival 55 per 1000° 39 per 1000 HR 0.70 219 BECN D
(number of deaths at Tollow- (11 to 130)* {0.20 to 2.47)° {1 trial® ) lows-7
up (48 weeks?))
Progression Free Survival 260 per 1000° 217 per 1000 HR 0.81 219 BEHD
(number of patients who had (132 to 342)4 (0.47 to 1.39)® (1 trial'}y lows.7
progression at follow-up (48
weeks?))
Safety (AE, adverse drug re- 315 per 1000 425 per 1000 AR 1.35 219 EENTN
action): anemia (287 to 627) {0.91 to 1.99) (1 trial') lows-7
Grades 3 or 4 according to
Mational Cancer Institute
Follow-up: 48 weeks
Safety (AE, adverse drug re- 68 per 1000 B2 per 1000 AR 1.20 219 BEHD
action): thrombocytopenia (30 to 225) {0.44 to 3.28) {1 trial®) w7

Grades 3 or 4 according to
Mational Cancer Institute
Follow-up: 48 weeks
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Health-related guality of life The mean health-related qualk- o6 EEN T
European Organization for Re- ity of life in the intervemtion (1 trial®) w7
search and Treatment of Can- Oroups was

cer quality of life guestionnaire 7.6 higher

core model. Scores ranges {0.35 to 14.85 higher)

from O to 100. Scale from: O

1o 100.

Follow-up: 48 weeks

Reduction in spleen size RA 41.78 219 EETH T
Magnetic resonance imaging {2.61 to 669.75) (1 trial®) low*-"

or computed tomography
Follow-up: 48 weeks

*The basis for the assumed risk is provided in footnote #3. The corresponding risk (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the

imtervention (and its 95% C1).
Cl: confidence interval, RR: risk ratio; HR: hazard ratio.

GRADE Working Group grades of evidence

High guality: Further research is very unlikely to change our confidence in the estimate of affect.

Moderate quality: Further research is fikely to have an important impact on owr confidence in the estimate of effect and may change the estimate.
Low guality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: We are very uncertain about the estimate.

'COMFORT-II 2012,

2COMFORT-II 2012 trial established the time of data cut-off for its main outcome at 48 weeks.
*Data obtained from deaths in the best available therapy group at the time of data cut-off (48 weeks).
“Data obtained from deaths in the intervention group at the time of data cut-off (48 weeks).

SSee Analysis 2.1.

“Downgraded one level due to limitations in the trial design or execution (open design).
?Downgraded one level due to imprecision (low sample and number of events with an impact in the precision of the effect estimates).

8See Analysis 2.2.
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DISCUSSION

Summary of main results

We performed a systematic review with the aim of obraining
the core evidence regarding clinical benefirs and harms of Janus
kinase inhibitors in ME This Cochrane Review included two
small trials with 528 participants. The trials compared ruxoli-
tinib with placebo (COMFORT-I 2012) and besr available ther-
apy (COMFORT-II 2012). Both rials were sponsored by a phar-
maceurical company. See Summary of findings for the main
comparison and Summary of findings 2 for the grading recom-
mendarions for cach of the variables assessed by bath rrials.

The following findings emerged from this Cochrane Review:

» Included trials rtporu:d overall survival at 51 weeks
(COMFORT-1 2012) and ar 48 weeks (COMFORT-II 2012).
The analysis showed a significant improvement in overall
survival with muxolirinib compared with placebo burt a non-
significant change compared with best available therapy.

# One trial assessed progression-free survival ar 48 wecks
follow-up, which was found to be non-staristically different
berween ruxolitinib and best available therapy (COMFORT-11
2012).

# Leukemia-free survival was reported by COMFORT-I
2012 and COMFORT-II 2012 and there was no significant
difference berween nuxolitinib and placebo or best available
therapy treared paticnes.

& With respect o the hematological adverse events, the risk of
anemia and thrombocytopenia was increased with ruxolitinib
compared with placebo (COMFORT-I 2012), bur was similar
compared with best available therapy (COMFORT-II 2012).
COMFORT-I 2012 reported neurropenia and analysis showed
an increased risk, which is staristically significant in the
ruxolitinib group compared with placebo.

+ Compared with placeho, nuxolitinib showed a significant
reduction in abdominal pain and dizziness (COMFORT-I
2012).

& There was nat a staristical significant difference regarding
non-hemarological grade 3 to 4 adverse events including farigue,
arthralgia, nausea, diarrhea, extremicy pain and pyrexia, berween
ruxolitinib and placebo or best available therapy (COMFORT-1
2012; COMFORT-II 2012). Only COMFORT-I 2012
reported vomiting and showed similar risk in ruxolitinib treated
patients compared with placebo. The risk of headache was also
nor statistically different berween nuxolirinib and best available
therapy.

+ Analysis of the included trials reported a sratisrically
significant improvement in health-relared quality of life
compared with placebo (COMFORT-I 2012) or with best-
available therapy (COMFORT-11 2012).

+ Improvement in splenomegaly was reported both as
dichoromous and continuous approaches. Ruxolitinib reduced

the proportion of patients with reducrion in spleen volume of >
35% as assessed by MRI or CT compared with placeho or best
available therapy ar 24 and 48 week of follow-up. COMFORT-II
2012 also showed a staristically significant reduction in spleen
volume reported as continuous variable, in ruxolitinib group
compared with best available therapy. Continuous dara of spleen
size reduction in COMFORT-I 2012 trial could not be analyzed

because of lack of reporting of the dispersion measures.

Overall completeness and applicability of
evidence

We found weak evidence suggesting that ruxolirinib increases over-
all survival compared with placebo or best available therapy in pa-
tients with MF However, this conclusion is based on two small
RCTs which were sponsored by a drug company (COMFORT-I
2012; COMFORT-IT 2012). Both trials were not powered for
finding significant difference in overall survival. Accordingly, both
included rrials have risk of random error (Savovie 2012: Thorlund
2011b).

The results in rthis Cochrane Review are based on dara from rwo
trials that included a broad range of patients with both primary
and secondary MF who received different trearment approaches.
Although these aspects could be considered as a threar o appli-
cability, the consistency in the results derived from our analy-
ses shows that the induded trials may represent a broad picrure
of paticnts with ME We tried to idenrify all the published and
unpublished dara, and ongoing studies to warrane confidence in
the cnm]}]emnss of the dara galhcmd in the review. However, we
cannot "U.IE our 'il:lf l}l: mIEUJ.ﬂ[Ed cﬁﬂ“ are W:rﬂlimﬂu‘d dLl.C
to potential indusery bias, unblinding for assessing health-relared
quality of life in one induded trial (COMFORT-II 2012), and
small sample size of the included dinical trials. Furthermaore, we
do not preclude an underestimarion of safety findings (Savovic
2012; Thorlund 2011b; Wood 2008). COMFORT-II 2012 did
not report data on neutropenia which prevenced analysis for this
relevant adverse event on comparison with best available therapy.
In terms of overall survival, the duration of follow-up in
COMEORT-12012 and COMFORT-II 2012 was 51 weeks and
48 weeks, respectively. Both periods were very shon regarding the
reported median overall survival of MF: 11.3 years for low risk,
7.9 years for intermediate-1 risk, 4.0 years for intermediace-2 risk,
and 2.3 years for high-risk MF {(Cervantes 2009).

When dca]ing with such neutral results, we need o lu.-qp in mind
thar ‘absence of evidence' is nor ‘evidence of absence’ (Altman
1995; Fermi Paradox). The fact that this review did not detect
strong differences berween comparison groups does not imply that
placebo or best available therapy and ruxolitinib have the same
overall survival risk. The first possible explanation is failure o
determine an appropriate sample size (Green 2002; Schulz 1995).
Furthermore, we would like to point out a form of bias known

as dichotomizarion. Dichotomization is the transformartion of a
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continuous outcome (response) to a binary ourcome (Fedorov
200%). There are several publications reporting the negarive con-
sequences when a continuous variable is dichotomized ie., loss
of information which leads to loss of pawer or conversely a sam-
ple size increase to maineain power (Altman 2006; Fedorov 2009,
MacCallum 2002). Power is reduced and relationships may be ob-
scured or changed {Peacock 2012). However, not only are differ-
ences in means difficulr for clinidans to interprer, but thresholds
also occur in many areas of medical pracrice and cannot be ignored
(Peacock 2012). Dichoromization may also increase the risk of a
positive result being a false positive (Alrman 2006; Austin 2004).
Thercfore, it has been strongly recommended to avoid, as much
as possible, the categorization of variables when doing analyses
{Altman 2006; Cumsille 2000; MacCallum 2002; Sereiner 2002).
In this Cochrane Review we identified dichotomizarion in both
trials for measuring the clinical benefit of ruxolitinib compared
with control on the main outcome of these trials, spleen size re-
ducrion (COMFORT-I 2012; COMFORT-IT 2012). Both trials
assessed the dlinical benefit of muxolitinib on the basis of spleen
size measurements and on the basis of the propordons of paticnes
with spleen size reducrion in prespecified range (> 35%). Also,
COMFORT-I 2012 reparted only mean and median of spleen size
without any data of standard deviation, standard error, 95% CI,
and interquartile range, respectively. In consequence, the true pre-
cision of the clinical benefit of ruxolitinib compared with placebo
on reduction in spleen size is unknewn.

COMFORT-1 2012 and COMFORT-IT 2012 used a SUrTDgare
ourcome for assessing a benefir effect of the ruxolitinib on ME
This review could adape the commenes and points of view from
Yudkin 2011 and ratified by Godlee 2012 which are related with
diabetes world. From their perspecrive within the world of malig-
nant hematological disorder we would warn thar surrogates like
spleen size or spleen volume could show much larger responses o
trearment than “hard” outcomes that marter to patients, such as
overall survival, progression-free survival impairment or quality of
life. Furthermare, surrogare outcomes also respond sooner, which
makes them popular with drug companies and others doing clini-
cal trials. Moreover, these “hard” end points generally show much
smaller responses to interventions than surrogate markers. As it has
happened with other medical disorders, to adopr ruxolirinib for
treating patients with MF may be based on artificially inflated ex-
pectations. Outcome events that are more frequent in occurrence
and more proximate in time, compared with customary discase-
specific morrality or incidence ourcomes, could give answers thar
are based on smaller trials of shorter duration (Prentice 2009).
Summing up, the dinical meaning of spleen size reducrion in
prespecified range thar is = 35%, is unknown. It can be suggested
o adopr = 50% as the cur-off, on the basis of the internarional
response criteria of a reduction of 50% or more in spleen lengrh as
assessed by palpation. Since spleen size reduction was the primary
ourcome used by COMFORT-1 2012 and COMFORT-IT 2012
for asscssing ethcacy of nuxolitinib, from our point of view it would

have been more relevant to show the spleen size reduction using
continuous measure rather than as binary dara, with all dispersion
Mmeasures.

Quality of the evidence

We did not grade any the resules as high quality evidence primarily
because of small sample sizes and the high risk of bias duc to a lack
of blinding and high atrrition (Summary of findings for the main
comparison; Summary of findings 2).

We found many sources of bias in both induded erials
COMFORT-I 2012; COMFORT-II 2012). First, we detecred
performance bias in COMFORT-II 2012. Second, there was sus-
picion of detection bias regarding progression-free survival in
COMFORT-I 2012, Third, COMFORT-II 2012 was described
as open trial, therefore ir had a high risk of detecrion bias (blinding
of ourcome assessor) regarding healrh-related quality of life and re-
duction in spleen size. Fourth, COMFORT-1 2012 showed a high
risk of artrition bias (Porea 2008). Fifth, dichoromizarion increases
the risk of a positive result being a false positive (Altman 2006;
Austin 2004). Sixth, a pharmaceutical company sponsored both
trials and are potenially ac high risk of industry bias. Significant ev-
idence supports a clear association berween pharmaceutical indus-
try funding of clinical trials and pro-industry resules (Als-Niclsen
2003; Djulbegovic 2013; Doucer 2008; Golder 2008; Jargensen
2008; Lexchin 2003; Lundh 2012; Schorr 2010a; Schort 2010b).
Industry bias results in publication of scientific rescarch which isin
favor of the commercial interests of the sponsars. COMFORT-I
2012 did not reporr all the data regarding its primary end point,
and COMFORT-II 2012 did not report complete health relared
quality of life data ar 48 weeks follow-up. Many recommendations
have been suggested, such as a public access to trial protocols and
results, and maore effort should be made to carry our drug erials
independently, withour the financial support of pharmaceurical
companies (Schorr 2010a; Schore 2010b).

COMFORT-I 2012 and COMFORT-II 2012 were small rrials
which are ar porential risk of industry bias (Twombly 2007). A
small sudy could cause a small study cffect bias (Hemming 2009).
It has been deseribed as “dedline effecr”, by which drugs appear o
yicld a lower effect size over time (Lauer 2012). The decline effect
is duc, at least in part, to over interpretation of small studies {Lauer
2012). Therefore, meta-analyses and systematic reviews should
always consider the impact of arrrition on baseline imbalances and
where possible any baseline imbalances in the analyzed data set
and their impact on the outcomes reported (Hewitt 2010). In this
Cochrane Review, we found an imbalance berween ruxolitinib and
placcho of 20.8% and 16.4% regarding spleen size reducrion and
health-related qualicy, respecrively (COMFORT-1 2012).

Potential biases in the review process

Janus kinase-1 and Janus kinase-2 inhibitors for treating myelofibrosis (Review) 2
Copyright & 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

127



In the process for perfun'ning a syslematic review, thereis a group
of biases called significance-chasing biases’ (Ioannidis 2010). This
group includes publicarion bias, selecrive ourcome reporting bias,
selective ana]].rsis reporting bias, and fabricarion bias (Inaanidis
2010).

Publication bias represents a major threat to the validity of sys-
rematic reviews, particularly in reviews thar include small trials
as this Cochrane Review. We included two small trials involving
528 parients. However, this Cochrane Review has a low risk of
publication bias due to the mericulous trial search.

Selective outcome reporting bias operates through suppression of
informarion on specific outcomes and has similariries o publi-
cation bias in sense thar ‘negative’ results remain unpublished
(loannidis 2010). We found two trials ar low risk of selecrive our-
come reporting bias.

The major limitation of this review is associated with the small
sample size of the included trials. A study with low staristical power
has a reduced chance of detecring a true effect (power failure),
which overestimates the effect size and low reproducibility of re-
sules {Burton 2013; Freiman 1978; Kirby 2002; Moher 1998).
The potental consequences are generation of cxcess significance,
winner's curse, and vibration of effects (Ioannidis 2005; loannidis
2008; Pereira 2011). We have provided definitions for excess sig-
nificance, winner’s curse, and vibration of effects definirions in
Appendix 9 (Burron 2013; loannidis 2008).

The main strength of this Cochrane Review is thar we have found
a need of new powered trials based on main clinical outcomes,
such as overall survival and progression-free survival as primary
BULCOmes.

We tricd to avoid any bias by having two review authors conduce
the steps of study selection, data extraction and ﬂJ‘lﬂ]}'SiS. and risk
of bias assessment in duplicate with suggestions from other review
authors and correspondence with the erial authors when needed.
We are not aware of any obvious biases in our review process.
Finally, in the "Summary of findings" tables we present measures
of absolute effect for ime-to-event outcomes {overall survival and
progression free survival). In generaring such cstimartes we assumed
the control group rare that could be valid for RR esrimarion as
a close approximarion ro HR. As this approach does not reflect
cumulative risk our reported estimate mighr differ o what would
be observed in practice. To our knowledge there is no more robuse
approaches to this, so the illustrarive risk included in the "Summary
of findings tables should be interpreted with caution.

Agreements and disagreements with other
studies or reviews

Although this is the first systemaric review on the effects of Janus
kinase inhibitors for MFE, the results are in concordance with other
narrative reviews published ro dare (Mascarenhas 2013; Tefferi
2012). In general terms these reviews acknowledge the role of nx-

olitinib in the control of symptoms and the capacity to reduce

splenomegaly, bur also highlight the conrradictory results regard-
ing other relevant outcomes like survival. Despire the survival ben-
efir observed in the COMFORT-1 2012 and the promising resules
from COMFORT-II 2012, the treatment of MF with ruxolitinib
with the intention of prolonging survival would be premarure
{Mascarenhas 2013), especially having in mind that an advantage
over best supportive care has still to be shown (Tefferi 2012).

AUTHORS' CONCLUSIONS

Implications for practice

Currendy, there is insufficient evidence o allow any condusions
regarding the efficacy and safery of nuxolitinib for trearing ME
The results for the efhcacy and safety outcomes in this Cochrane
Review come from rwo small trials. The findings need to be inter-
preted with caurion as they are based on erials sponsored by phar-
maceutical company, including small number of parients. Unless
RCTs provide strong evidence of a treatment effect, and the rrade
off berween potential benefits and harms is established clinicians
should be caurious when recommending and administering rux-

olitinib for trearing particns with ME

Implications for research

There is a need for powered RCTs which assess the effect of ruxoli-
tinib in patients with ME The potential erial should be based on
patient-centered outcomes, such as overall survival, progression-
free survival, quality of life measures, safery and esophogeal varices
and splanchnic vein thromboses rather than spleen measure. Fur-
thermore, the porential trial should have an adequate duration
of follow-up. Ir should be based on median overall survival for
low risk, intermediate-1 risk, intermediate-2 risk, and high-risk
MF paricnts according to the Intcrnational Working Group for
Myelofibrosis Research and Trearment report {Cervantes 2009).
Due to risk of myclosuppression there is need for more well-con-
ducred trials with risk-srrarificarion to study the independent risk-
benchit ratio in different risk-groups.

Potential rrials should be conducred with appropriate blind-
ing of outcome asscssment for subjective end points (qualicy of
life measures). They should be planned using Standard Proto-
col Trems: Recommendations for Interventional Trials (SPIRIT)
{Chan 2013a; Chan 2013b; Chan 201 3<) and reported according
to the Consolidated Standards of Reporting Trials (CONSORT)
starement for improving the quality of reporting of efficacy and of
harms in clinical research {Ca]vtn 2013; loannidis 2004; Moher
2010). The trials should be conducted according o the Parient-
Centered Quicomes Research Institute (PCORI) recommenda-
tions (Basch 2012; Gabriel 2012; PCORI 2012).

Janus kinase-1 and Janus kinase-=2 inhibitors for treating myelofibrosis (Review) 13
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study 1D/

COMFORT-I 2012

Methods Design: Parallel.
Number of arms; Two.
Countries: 3 (89 sites in the USA, Canada, and Australia).
Phase: 3.
Follow-up (median, weeks): 32.
Screening: Up to 35 days. Data were g:uh:lcd from pmmml ({Page 37/180)
On-trearment phase: Participation may continue for subjects receiving benefit on study
drug or open label INCB018424 until the later of: markering approval or when the last
randomized subject remaining in the study has completed week 144 (36 months). Data
were gathered from prorocal (Page 37/180)
1_'0|.|.uw—up_' 28+ 7 days fuﬁnwing the last dose of;m.dyd.ru.gol open label INCBO18424.
Dara were gathered from protocol (Page 37/180)
Recruitment period: Seprember 2009 o April 2010,

Participants Randomized:
» Ruxolitinib: 155.
» Placeba: 154,
Agr (median, range):

» Ruxolitinib: 66 (43 to 91).

# Placeba: 70 (40 w 86).
Gender (% of males):

» Ruxolitinib: 51,

e Placebo: 57.1.

MF subiype:

o PMF: ruxolitinib (45.2%) and placebo (54.5%).

. Fhst-polyqfd‘t:mia vera MF: muxolitinib (32.3%) and PL‘IEEBD (30.5%).

» Post-essenrial chrombocythemia MF: nixolitinib (22.6%) and placebo (14.3%).
IPSS risk srarus:

* High: ruxolitinib (58.1%) and placebo (64.3%).

o Intermediare 2 ruxolitinib (41.3%) and placebo (35.1%).

Inclusion eriteria:

& Age 18 years or older.

» PME post-polycythemia vera-MF or pose-cssential thrombocythemia-MF
according o the 2008 WHO criteria.

* MF requiring therapy must be classified as high risk or intermediare risk level 2
according o the prognostic factors defined by the International Working Group.

& FEastern Cooperative Oncology Group performance starus of 0, 1, 2, or 3;
International Prognostic Scoring System score of 2 (intermediate-2 risk) or 3 or mare
{high risk).

* No previously received trearment with a Janus kinase inhibitor.

® Less than 10% peripheral-blood blasts, an ahsolure peripheral-blood CD34° cdll
count of more than 20 105/1, a platelet count of 100« 10%/L. or more, and palpable
splenomegaly (= 5 cm below the left costal margin).

Exclusion crieria:
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COMFORT-1 2012  (Continued)

& Life expectancy of < 6 months.

» Inadequate bone marrow reserve as demonstrated by specific clinical laboratory
counts.

+ Inadequate liver or renal function.

- ﬂ___]ini.c:l]}r :igniﬁc:m[ bacterial, ﬁ.lngal. parasitic or viral infection which require
therapy.

* An active malignancy over the previous 5 years excepr specific skin cancers.

* Severe cardiac conditions.

# Splenic irradiation within 12 months.

Interventions 1. Oral nuxolitinib phosphare rablers: 15 mg rwice daily (plateler count of 100:10%
o Eﬂﬂzlﬂgﬂ_} or 20 mg twice daily (count thar exceeded 200x10° /L. The dose was
adjusted for lack of efhcacy or excess toxicity as specified in the protocol.

2. Matching placeho: 5 mg (tablers).

Ourcomes Primary ourcomes:
» Proportion qun[i.c'nrs with a reduction of 35% or more in spleen volume from
baseline to week 24, measured by means of MRI or CT.
Sccondary outcomes:
+ Duration of maintenance of a = 35% reduction from baseline in spleen volume.
o The proportion DFpa[i.cnrs with a reduction in the total SYIMPIOm Soore of 50% or
more from baseline o week 24, as assessed with the modified MFSAE
» The change in the total symptom score from baseline to week 24.
® Overall survival.
# Leukemia free survival.
.

Satery and rolerabilicy.

MNores Idendifier number: NCTO0O52289 (Clinical Trials. gov).
Official title: A Randomized, Double-blind, Placebo-controlled Study of the JAK In-
hibitor INCEQ18424 Tablets Administered Orally to Subjects With Primary Myelofibro-
sis, Post-Polycythemia Vera Myclofibrosis or Post-Essential Thrombocythemia Mycelof-
brosis
Conducted dage: Scpl:cmb:r 2009 th ruugh r\pri] 2010
A priori sample estimartion: Yes (Page 141 of protocol).
Sponsor: Incyte Corporarion.
Role of sponsor: Data were collected by the academic investigators and analyzed by the
sponsor of the smdy. Incyte. The SPONSOr, In collaborarion with the academic invesriga-
tors, interpreted the data. The first author and an author who was an employee of the
sponsor wrote the initial draft of the MANUSCripe, with assistance from a medical writer
who was paid by the sponsor (Page 800)

Disclosure statement: Declared.

Risk af bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk “Randomization will ocour cenrrally, us-
bias) ing an Inreractive Voice Response System
(IVRS)."
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COMFORT-1 2012  (Conrinued)

Comment: Mentioned in protocol.

Allocation concealment (selection bias)

Low risk

“Randomization will occur centrally by an
Interactive Voice Response System (TVRS).
Site staff will conract an IVRS o obtain the
subject study drug assignment. The inves-
tigator or designee will selece the assigned
bortles from their stock that corresponds
to the number provided by IVRS and dis-
pense the medicarion.” (Page 117 of pro-

tocol)

Blinding of participants and personnel
{performance bias)
MI CUTCOITRES

Low risk

“Kirs (blinded) of 15, 20 and 25 mg BID
doses will be provided” (Protocol Page 14
of 180§

We contacted Dr. Srdan Verstovsek (Cor-
responding author, 16 January 2013) who
sent an addirional informarion *...once the
blinded part of the study finished. all pa-
tients were unblinded and those on placebo
were given an option of mking noeolinib”
Comment: paticnts, OulcOmME  ASSCSSOTS,
company, and Biostats pcmnnc] were
blinded (Dr. Srdan Verstovsek, correspond-
ing author, 28 January 2013)

Blinding of outcome assessment (detcction
bias)
Owerall survival

Low risk

Parients, ourcome assessors, company, and
Biastars personnel were blinded (Dr. Srdan
Verstovsck, corresponding author, 28 Jan-
uary 2013)

Blinding of ourcome assessment (detection
bias)

Progression-free survival

Unclear risk

Insufficient information to permir judg-
ment of "low risk’ or ‘high risk’

Biind.'in.g of outcome assessment (detection
bias)
Safery

Low risk

Parients, oUrCOme As5cS507s, COMPAITY, and
Biastats personnel were blinded (Dr. Srdan
Verstovsek, corresponding author, 28 Jan-

uary 2013)

Blinding of ourcome assessment (detcction
bias)
Health-related quality of life

Low risk

Blinding of participants and key study per-
sonnel ensured, and un]ik:l}rrh:.r the blind-
ing could have been broken

Comment: patients, OUICOME ASSCSS0TS,
company, and Biostats pcmonnd were
blinded (Dr. Srdan Verstovsek, correspond-
ing author, 28 January 2013)
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COMFORT-1 2012  (Continued)

Blinding of outcome assessment (detection  Low risk Parients, outcome assessors, company, and

bias) Biostars personnel were blinded (Dr. Srdan

Reducrion in spleen size. Verstovsck, corresponding aurhor, 28 Jan-
uary 2013)

Blinding of curcome assessment (detecrion  Unclear risk Insufficient informarion o permir judg-

bias) ment of low risk’ or ‘high risk’

Leukemia-free survival

Blinding of curcome assessment (detection Uneclear risk Insufficient information o permic judg-

bias) ment of low risk’ or ‘high risk’

Anemia response

Incomplete ourcome data (arorition bias)  High risk The primary outcome was reduction in

All outcomes spleen size. This end point was reported as
follows:

1. Mean reducrion in spleen volume ar
24 weeks: 79.2% (245/309) of the
allocared participants to both comparison
groups. Ruxolutinib group (89.6% (139/
155)) versus placebo group (68.8% {106/
154)).

2. Imabalance berween comparison
group: 20.8%.

Selective reporring (reporring bias) Low risk Primary and secondary end points were
measured and reporeed in the crial resules
as mentioned in prococal

Other bias High risk Bias in the presentation of daca:

Trial authors did not reported complere
dara regarding reduction in spleen volume
of spleen. They only reported mean and
median nor standard deviarion, standard
error, or 95% CL Therefore, ivwas not able
to pool COMFORT I data with COM-
FORT 11 dara regarding thar end point.
We contacted to the COMFORT I corre-
sponding author (E-mail: Friday, April 12,
2013 5:54 AM). We received his reply on
12 .‘\.pn] 2013 08:48

Industry bias:

The trial was sponsored by Incyte Cor-
poration. Dr. Verstovsck repores receiving
grant support through his institurion from
Incyte, Exelixis, Celgene, NS Pharma, In-
finiry Pharmaceuricals, SBIO, Lilly On-
cology, AstraZeneca, Geron, Bristol- My-

Janus kinase=| and Janus kinase-2 inhibitors for treating myelofibrosis (Review)
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COMFORT-I 2012

(Continued)

ers Squibb, YM BioSciences, Gilead, and
Roche; Dr. Levy, being an employee of In-
cyte and receiving stock oprions as part of
his compensation; and Dr. Kanrarjian, re-
ceiving grant support through his instim-
tion from Incyte (Page 807)

COMFORT-II 2012

Methads

Deesign: Parallel.

Number of arms: Two

Country: 9 European couneries {Austria, Belgium, France, Germany, Italy, Netherlands,
Spain, Sweden, and UK) in 56 sites

Phase: 3

Follow-up {median, weeks): 61.1

Recruitment period: 1 July 2009 o 22 January 2010.

Participants

Randomized:
+ Ruxolitinib: 146.
» best available therapy: 73.
Age (median, range):
» Ruxolitinib: 67 (35 to 83).
o best available therapy: 66 (35 to 85).
Gender (% of males):
# Ruxolitinib: 57.
» Best available therapy: 58.
JAK-2 V617F mutation status at screening (99):
1. Ruxolitinib:
» Dositve: 75.
» Negarive: 24,
» Unknown: 1.
2. Best available therapy:
» Dositve: 67.
» Negarive: 27,
» Unknown: 6.
MF subrype:
» Primary: nuxolicinib (53%), placebo (53%).
» Dost-polycythemia vera: ruxolivinib (33%), placebo (27%).
& lost-csseniial thrombocythemia: ruxolitnib (14%), placcho (19%).
Risk caregory:
o Intermediate-2: nuxolitinib (40%). placeho (40%).
» High: nxolirinib (60%), placcho (59%).
» Nor derermined: muolitinib (09%), placcho (19).
Inclusion criveria:
» 18 years of age or older.
* PME post-polycythemia vera MF or post- essential thrombocythemia MF
according ro the 2008 WHO criteria.
* MF requiring therapy must be classified as high risk or intermediate risk level 2
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COMFORT-I1 2012 (Continued)

according to the prognostic factors defined by the International Working Group.

# Eastern Cooperative Oncology Group performance starus of 0, 1, 2, or 3.

# Deripheral blood blast count of = 10%.

» No previously received trearment with a Janus kinase inhibitor.

Exclusion criveria:

o Life expectancy of < & months.

» Pregnant or breastfeeding.

» Inadequate bone marrow reserve.

» History of pla'n:l:r counts < 50,000/pL or absolure ncu'tmphi] count < 500/l
except during rreatment with cyrotoxic therapy for any other reason.

o Inadequate liver or renal function.

& Clinically significant infection which requires therapy.

* Option of stem cell transplantation.

» History of malignanqr in past 5 years except for treated, cnrl}r-:m.gc SQUAMOUS OF
basal cell carcinoma of the skin.

o Cardiac discase which may jeopardize the safery of the subject or the compliance
with the protocol.

# Uncontrolled or unstable angina.

# Ongoing or recent treatment with another investigational medication.

» Dosc or dose-regimen of any therapics used to treat MF has been modified at any
time from 2 wecks prior to the start of screening through the beginning of baseline
evaluations.

# Splenic irradiation within 12 months prior to screening.

» Rapid or paroxysmal atrial Aibrillarion.

# Treatment with hematopoictic growth factor reccpror agonists ar any time within
2 weeks prior to screening or 4 weeks prior to baseline.

Interventions Ruxolitinib: Surnng dose of 15 mg or 20 mg rwice d:li]y were selected with starming
dose based on baseline plarelet count. Dose titration ranging from 5 mg twice daily o
a maximum dose of 25 myg twice d:i]!.r was pcrmitl:cd during the ;rLLd)-' based on ﬂfcr}r
and efficacy
Best available rhmpy (oral, p:a:tm:rsl. or no rl'l.:mpy}: Selected lh:mpy included a
combination of available agents to trear the disease, or its symproms, or both, and was
selected by the investigator for each subject. Therapy changed at different times during
the treatment phase. No experimental agenes (e.g., those not approved for the rearment
of any indication) were allowed
Route of administration:

Oiral (rablets)

» Co-interventions.
Restricted and prohibited therapies include systemic corticosteroid doses greater than the
:qui‘mlcmu\f 10 mg prcdni.m]un: pc‘rd:y. hc‘mampui:n'c gruw'th factor rECCpPrOr AZONists,
aspirin in doses exceeding 150 mg per day, potent CYP3A4 inducers and inhibitors, erc
{page 84-5 of protocol)

Ourcomes Primary outcomes:
# Reducrion of 35% or more in sp]ccn volume from baseline at week 48. Spln:n
volume was assessed by MRI or by CT (in the case of parients who were not suitable
candidares for MRI) every 12 weeks.

Secondary ourcomes:

Janus ki | and Janus ki 1 inhibitors for treating myelofibrosis {Review) 38
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COMFORT-T1 2012 (Continued)

& Reduction of 35% or more in spleen volume from baseline ar week 24.

e The Lrng]h of time that a reduction in spleen volume of at least 35% was
maintained.

& The time to a reduction in spleen volume of 35% or more from baseline.

o Progression-free survival.

& Leukemia-free survival.

& Owverall survival.

& Change in marrow histomorphologic fearures.

& Safery (according to National Cancer Institute’s Common Toxicity Criteria) and
tolerability.

o Cuality of life.

Motes

Identifier number: NCT00934544 (Clinical Trials.gov).

Official ritle: A randomized study of INC424 (INCB018424) rablets compared with
best available IJ.'I.CL'J.P"_\.' in subjects with primary MF, pcsl—pu]yqrrhmia vera-MF or post-
essential thrombocythemia MF

Conducted dare: July 1, 2009 to January 22, 2010.

A priori sample estimarion: Yes. (Page 100 of protocol).

Sponsor: Novarts Pharmaceuticals, and duignnd. b}r Incyte.

Raole of sponsor: Dara were analyzed and interpreted by the sponsor’s clinical and staris-
tical teams in collaboration with authors who were not afhiliared with the sponsor. The
first author prtpartd the firse draft of the manuscript, with assistance from a medical
writer who was funded b]r MNovariis Pharmaceuticals, and made the final decision wo
submit the manuscripe for publication (page 789)

Disclosure statement: Dieclared.

Risk of bias

Bias

Authors’ judgement Support for judgement

Random secquence generation (selection

bias)

Low nisk “Randomization will occur centrally by an

Interactive Voice Response System (TVRS)

Randomization will be strarified by Base-
line prognosric risk lewel, as defined by Cer-
vantes, et al (2009) into two strata” (Page
85 of protocol)

Comment: mentioned in protocol.

Allocation concealment (selection bias)

Low nisk “Randomization will occur centrally by an
Interactive Voice Response System (IVES).
.. The investigator or designee will select the
assigned bottles from their stock thar cor-
responds to the number provided by IVRS
and dispense the medication. The investi-
gator will enter the bortle numbers in the
cCRE" (Page 85 of Protocol)

Comment: mentioned in protocol.

Janus kinase-1 and Janus kinase-2 inhibitors for treating myelofibrosis {Review)
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COMFORT-I1 2012 (Continued)

Blinding of participants and personnel High risk Open  label  trial  (Protocol  No.

{p:rformz.n.c\: bias) CINC424A2352 page 16/125).

All outcomes

Blinding of curcome assessment (detection  Low risk No blinding, but we judge thar the our-

bias) come measurement is not likely ro be in-

Owerall survival fluenced by lack of blinding

Blind.in.g of ourcome assessment (detection Hiﬂ'l sk MNao h]jn.d.i.ng. but we judge that the out-

bias) come measurement is likely to be influ-

Progression-free survival enced by lack of blinding

Blinding of cutcome assessment (detecrion High risk No blinding, but we judge thar the our-

bias) come measurement is likely to be influ-

Safery enced by lack of blinding

Blinding of outcome assessment (detection High risk Mo blinding, but we judge that the out-

bias) come measurement is likely to be influ-

Health-related quality of life enced by lack of blinding

Blind.in.g of ourcome assessment (detection Hj#l risk MNa I:I]jn.d.i.ng. but we judge that the out-

bias) come measurement is likely to be influ-

Reduction in spleen size. enced by lack of blinding

Blinding of curcome assessment (detection  High risk No blinding, but we judge thar the our-

bias) come measurement is likely to be influ-

Leukemia-free survival enced by lack of blinding

Blinding of outcome assessment (detection Unclear risk Insufficient information to permit judg-

bias) ment of "low risk’ or "high risk’

Ancmia response

Incomplete ourcome dara (arrrition bias)  Low risk “The full analysis sct (FAS) consisted of all

All outcomes patients randomized and was analyzed fol-
lowing the intent-to-rrear principle” (Pro-
tocol Mo, CINC424A2352 page 947125)
“Safcty ser: consists of all subjects in the
FAS and if randomized to the active group
who have taken at least 1 dose of study med-
ication. Subjects will be analyzed according
to the treatment actually received”™ (Proto-
col No. CINC424A2352 page 947125)

Selective reporting (reporting bias) Lowr risk Trialists did not report P ovalue of the

Changes in Quality-of-Life and Symprom-
Assessment Scores, According to Treatment

Group for pooling data

Janus kinase-1 and Janus kinase-2 inhibitors for treating myelofibrosis (Review)
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COMFORT-II 2012

(Contined)

Other bias

High risk Industry bias: The trial was sponsored by
Novartis Pharmaceuricals

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion
Geyer 2014 Single clinical trial.
Gisslinger 2012 Single clinical rrial.

Gugliclmelli 2011

Not a RCT.

le Courre 2012 Single rrial-phase 4.

Mesa 2007 MNota RCT.

Mesa 2014 Study comparing va:cbn with best available rh.cup}r used as control groups in COMFORT-I 2012;
COMFORT-II 2012, respecrively.

Pardanam 2011a Single clinical trial.

Pardanani 2013 WNor a RCT.

Santos 2010 MNota RCT.

Talpaz 2013 Single clinical rrial.

Verstovsek 2010 Phase 1/2 study.

Verstovsels 2011 Comparison with historical control.

Verstavsek 2014 Phase [ rrial assessing XL019 a selecrive JAKZ inhibitor.

Characteristics of ongoing studies [ordered by study 1D}

NCTO01437787

Trial name or title

Phase 111 study of SAR302503 in intermediate-2 and high risk patients with myelofibrosis (JAKARTA)

Methods Allocation: randomized, endpoint dassification: efficacy study, intervention model: crossover assignment,
masking: double blind [suhjccr. investigator), primary purpose: treatment
Janus kinase-| and Janus kinase-1 inhibitors for treating myelofibrosis {Review) 41
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NCT01437787  (Continued)

Participants Age: From 18 years or older.
Gender: Both.
Inclusion criveria:

1. Diagnosis of PMF or post-polycythemia vera MF or post-cssential thrombocythemia ME according o
the 2008 WHO and Internarional Working Group of Myelofibrosis Research and Treatment (TWG-MRT)
criteria.

2. MF classified as high-risk or intermediate-risk level 2, as defined by modified I'WG-MET criteria.

3. Enlarged spleen, palpable ar least 5 cm below costal margin.

4. At least 18 years of age.

5. Eastern Cooperative Oncnlnmr Group pcrformam:\: status of 0, 1, or 2 ar :md}' cnery.

6. The following laboratory values within 14 days prior to the initiation of IMP or placebo: absolute
neutrophil count (ANC) 1.0 x 10°/L, plareler count 50 x 10°/L, serum creatinine 1.5 x upper limit of
normal (ULN), serum amylase and lipase 1.5 x ULN, direct bilirubin 2.0 x ULN, aspartate
aminorransterase or alanine aminotransferase 3 x ULN; higher values (Le., 5 x ULN) are allowed if clinically
compatible with heparic extramedullary hemaropoiesis.

Exclusion criteria:

1. Splenccromy.

2. Any ﬁ:mnrhcra.p:\.r, immunnmmiulnmr}r drug rhmp}r, :n:g:rtlid:. Immunosuppressive lhcra.p"\n
cortcosteroids =10 mgfda}' pmdnisnm: or tqujv:]cm., ar g:mwrh factor treatment, or hormones wichin 14
d:l:,'; prior to initiation of IMP or plactho: d::bcpcmin wse within 28 da}rs prior to initiation of IMP or
placcha.

3. Patients who have had exposure to hydroxyurea in the past may be enrolled into the study as long as it
has not been administered within 14 days prior to initation of IMP or placeho.

4. Major surgery within 28 days or radiation within 6 months prior to initiation of IMP or placebo.

5. Prior treacment with a Janus Kinase 2 (JAK-2) inhibitor.

The above information is not intended to contain all considerations relevant to a patient’s potential parrici-

pation in a clinical trial

Interventions Drug: SAR302503
1. SAR302503 400 mg once daily X 28 days, orally, empty stomach, approximarely same time each day.
2. SAR302503 500 mg once d:il]r X 28 d:}rs. ornll}r. cmpty staomach, npprmci.mnl:dy same time each day.
Drug: Placebo (Placebo COMparator once d:i]}r X258 d:l}f!. u.mll]r. empry stomach, appm\xim:[d}' same time
cach day)

Outcomes Primary:

1. Response rate (RR), defined as the proportion of patients who have a =35% reduction in volume of
spleen size at the end of oycle 6, and confirmed 4 weeks thereafrer.
Secondary outcomes:

1. Symptom responsc rate (SRR): Proportion of patients with 0% reduction from bascline to the end of
cycle & in the total symprom score. & months No. this assessment will be conducted through the modified
MFSAF diary, which will be cnmp]cmd duri.ng the week prior to Day 1 of each trearment Eer.c up o Eer.c
6, at end ofq,'dc 6, the EOT wisit, and the }D-d:].r Fnllnw—up wisir.

2. Owerall survival of cither 400 mgfda}r or 500 mg)‘d:y of IMP as cnmp:md with pla.a:bo.

3. Progression free survival of either 400 mg.fd:y or 500 myg/day of IMP as cumpartd with p]:c:bu

4. Proportion of patients who have 25% reduction in volume of spleen size ar end of cycle 6, and
confirmed 4 weeks thereafter.

5. Duration of spleen response, measured by MRI (or CT scan in patients with contraindicarions for
MRI).

6. Clinical and ]:I:mmmry EVents grs.d:d I:w the NCI CTCAE w4.03.
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NCTO01437787  (Comtinued)

Starting date October 2011

Conract information  Conract-Us@sanofi-avenris.com

Motes Official ticle: A phase 3, muldcenter, randomized, double-blind, placebo-controlled, 3-arm smdy of
SAR302503 in paricnts with intermediate-2 or high-risk PMFE, post-polycythemia vera ME or post-essential
thrombocythemia MF with splenomegaly
Sponsors and collaborators: Sanoh Aventis.

Study chairs or principal investigators: Clinical Sciences & Operations, Smdy Director, Sanofi-Aventis
Primary ohjcctive:

1. To cvaluate the efficacy of daily oral doses of 400 mg or 500 mg of SAR302503 (Investigarional
Medicinal Product, IMI) compared with placebo in the reduction of spleen volume as determined by MRI
{or CT scan in paticnts with contraindications for MRI).

Secondary objectives:

1. To evaluate the effect on MF-associated symptoms (key MF symptoms) as measured by the modified
MESAF diary.

2. To evaluate the overall survival of parients treated with either 400 mg/day or 500 mg/day of IMP as
compared with placebo.

3. To evaluate the progression free survival of parients reated with either 400 mgfday or 500 mg/day of
IMP as compared with placcha.

4. To cvaluate the durability of splenic response.

5. To cvaluate the satery of IMP.
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DATA AND ANALYSES

Comparison 1. Ruxolitinib versus placebo

Outcome or subgroup title

No. of No. of
studies  participants

Statistical method

Effect size

1 Owverall survival
2 Hemarological adverse events
{Adverse events observed in
10% ar more of patients wha
received ruxolitinib, Harm
{Grades 3 or 4). According
to National Cancer Institute
Common terminology criteria
for adverse evenrs)
2.1 Anemia
2.2 Thrombocytopenta
2.3 Neutropenia
3 Non-hemarological adverse
evenrs (Adverse evenrs ohserved
in 10% or more of patients
whio received ruxolitinib. Harm
(Grades 3 or 4). According
to National Cancer Institute
common terminology criteria
for adverse events)
3.1 Farigue
3.2 Abdominal pain
3.3 Dyspnea
3.4 Dizziness
3.5 Archralgia
3.6 Vomiting
3.7 Diarrhea
3.8 MNausea
3.9 Pain in extremity
3.10 Pyrexia
4 Health-related quality of life:
proportion of patienss with a
reduction of 50% or more in
MFSAF scores ar 24 weeks
5 Health-relared quality of life:
Mean difference in MFSAF ar
follow-up scores at 24 weeks
6 Reducrion in spleen size (=
35%) (ar 48 wecks follow-up)
7 Leukemia-free survival

1 309
1

Sen

CERaRREREE R

g

Hazard Rato (Random, 95% CI)
Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)
Risk Rario {M-H, Random, 95% CI)
Risk Rario (M-H, Random, 95% CI)
Risk Rario (M-H, Random, 95% CI)

Risk Rario (M-H, Random, 95% CI)
Risk Rario (M-H, Random, 95% CI)
Risk Rario (M-H, Random, 95% CI)
Risk Rario (M-H, Random, 95% CI)
Risk Rario (M-H, Random, 95% CI)
Risk Rario (M-H, Random, 95% CI)
Risk Rario (M-H, Random, 95% CI)
Risk Rario (M-H, Random, 95% CI)
Risk Rario (M-H, Random, 95% CI)
Risk Rario (M-H, Random, 95% CI)
Risk Rario (M-H, Random, 95% CI)

Mean Difference (Random, 95% CI)

Risk Rario (M-H, Random, 95% CI)

Hazard Ratio (Random, 95% CI)

0.51 [0.27, 0.98]
Subtotals only

2.35 [1.62, 3.41]
9.74 [2.32, 40.96]
3.57 [1.02, 12.55]
Subtorals only

0.78 [0.32, 1.92)
0.23 [0.08, 0.67)
0.32 [0.07, 1.58]
0.10 [0.01, 0.75]
2.92 [0.31, 27.79]
0.97 [0.06, 15.43]
4,87 [0.24, 100.64]
0.32 [0.01, 7.91]
4,87 [0.24, 100.64]
0.97 [0.06, 15.43)
8.82 [4.40, 17.69]

-87.90 [-139.58, -
36.22]

64.58 [9.08, 459.56]

5.00 [0.52, 48.07]
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Comparison 2. Ruxolitinib versus best available therapy

No. of No. of
Outcome or subgroup title studies  participants Statistical method Effect size
1 Orwerall survival | 219 Hazard Ratio (Random, 95% CI) 0.70 [0.20, 2.47]
2 I."ragrcssinn-ﬁ:t: survival (at 48 | 219 Hazard Ratio (Random, 95% CI) 0.81 [0.47, 1.39]
weeks)
3 Hematological adverse events 1 Risk Rario (M-H, Bandom, 95% CI) Subtotals only
3.1 Ancmia 1 219 Risk Rario (M-H, Random, 95% CI) 1.35 [0.91, 1.99]
3.2 Thrambacytopenia 1 219 Risk Rario (M-H, Random, 95% CI) 1.2 [0.44, 3.28]
4 Nan—h:mam]ogjcal adwverse 1 Risk Rario (M-H, Random, 95% CI) Subtotals -u.n.]}'
cvents
4.1 Fatigne i 219 Risk Rario (M-H, Random, 95% CI) 1.51 [0.06, 36.62]
4.2 Abdominal pain 1 219 Risk Rario (M-H, Random, 95% CI) 1.25 [0.25, 6.29]
4.3 Dyspnea 1 219 Risk Ratio (M-H, Random, 95% CI) 0.17 [0.02, 1.57]
4.4 Arthalgia I 219 Risk Rario (M-H, Random, 95% CI) 1.51 [0.06, 36.62]
4.5 Diarrhea I 219 Risk Rario (M-H, Random, 95% CI) 2.52[0.12, 51.76)
4.6 Nausea | 219 Risk Rario (M-H, Random, 95% CI) 1.51 [0.06, 36.62]
4.7 Pain in extremity | 219 Risk Rario (M-H, Random, 95% CI) 1.51 [0.06, 36.62]
4.8 Pyrexia | 219 Risk Rario (M-H, Random, 95% CI) 3.52 [0.18, 67.32]
4.9 Headache | 219 Risk Rario (M-H, Random, 95% CI) 2,52 [0.12, 51.76]
5 Health-related quality of life | 05 Mean Difference (Random, 95% CI) 7.60 [0.35, 14.85]
6 Reduction in spleen size 1 Mean Difference (Random, 95% CI) Subtotals only
6.1 Ar 24 weeks follow-up 1 216 Mean Difference (Random, 95% CI) -31.90 [-53.85, -9.
95]
6.2 Ar 48 weeks follow-up 1 216 Mean Difference (Random, 95% CI) -37.4 [-05.41, -9.39]
7 Reducrion in spleen volume 1 219 Risk Rario (M-H, Random, 95% CI) 41.78 [2.61, 669.75]
(= 35%) (ar 24 and 48 weeks
follow-up)
& Leukemia-free survival I 219 Hazard Ratio (Random, 95% CI) 0.65 [0.18, 2.33]

Analysis 1.1. Comparison | Ruxolitinib versus placebo, Outcome | Overall survival.

Feneas  Jarios karase- | and fanus kinase-2 nhistors for treating mysdofibrosis

Corrparson: | Ruolitnib versus placebe

Outeome: | Owerall surual

Study or subproup Rusciitink Parsbo  log [Hazard Ratio] Hazard Ratio Wiemght Harard Ratio
M M (5E) MFandam, 5% O IMRandem, 95% O
COMRORT- 2012 155 066717165 (D32851813) 154 1000 % 051 [ 037,058 ]
Total (95% CI) 155 154 100.0% 051 [0.27,0.98]
Heterogenaity: nat applicable
Test for enverall effeet Z = 207 (P = 0043)
Test far subgrous diferences Mat sophiesbls
(T iR LT I [ vV L ]
Fasowr musscdimnis Favor placeho
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Analysis 1.2. Comparison | Ruxolitinib versus placebo, Outcome 1 Hematological adverse events (Adverse
events observed in 10% or more of patients who received ruxolitinib. Harm (Grades 3 or 4). According to
National Cancer Institute Common terminology criteria for adverse events).

Resviear  Jamus kamase- | and Janus kinase-1 nhistors for treating myslofibross

Corrpansar: | Ruselitmib wersus placebe

Cuteome: I Hematological acherse svents (Adverss events observed i 109 or mone of patients who received rusalitnis, Herm (Grades 3 o 4). Acconding 1o Matonal

Cancer Institute Commen termnalogy ertera for acwerse svents)

Study or subgrous Rusabtings Placmbe Fiesk Ratioy Weght Risk Raties
M- M-
H.Randam,35% H /Random,%5%
nitd nitd u] a
| Arermia
COMFORT 2012 FN55 290151 | 1000 % I35 182, 341 ]
Subtotal (95% CI) 155 151 - 100.0 % 2.35[ 1.62, 3.41 ]
Total evente 70 (Ruxoktini), 2% (Placeba)
Heterogenaty: not apphcable
Test for averall sffect: 2 = 453 (P < 0.00001)
2 Thramboctopena
COMFORT- 2012 200155 151 —— 1000 % 974 [ 231 4056 ]
Subtotal (95% CI) 155 151 ———— 100.0 % 9.74 [ 2.32, 40.96 |
Total evente 20 (Fuxabtinis), 2 (Flacsba)
Heterogenaity: not applicable
Test for averall sffect 2 = 301 (F=00019)
3 Meutrapenia
COMFORT 2012 TS ENE) —— 1000% 157 102, 1255 ]
Subtotal (95% CI) 155 151 e 100.0 % 3.57 [ 1.02, 12.55]
Total svents |1 (Ruxobtini), 3 (Flacebe)
Heterogenaity: not applicable
Test for averall sffect: 2 = 159 (P = 0047)
gz ol I [N ]
Favor plaeho, Favor rusolitinib
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Analysis 1.3. Comparison | Ruxolitinib versus placebo, Outcome 3 Non-hematological adverse events
(Adverse events observed in 10% or more of patients who received ruxolitinib. Harm (Grades 3 or 4).
According to National Cancer Institute commeon terminology criteria for adverse events).

Review:  Jarus kanase- | and janus knass-1 nhistors for tresting mypslofibross

Cormparson: | Fusolitmit versus placebe

Cutcome: 3 Mon-hematological adverse evers (Adverss svents oheerved n 10% or more af patents who recened ruomlitnib, Harm {Grades 3 or 4). Accordng to

Mational Cancer Irsttute common Lermmelogy erieris for adverse swents)

Study or subgroug Bunesditinib

nitd

Plarebo

il

Risk Ratie

M-
H Random 95%
a

| Fatigue

COMRORTI 2012 arls5
Subtotal (95% CI) 155
Total events 8§ (Russlitmib), 10 [Flacsbo)
Heterogenaity: not applicable
Test for overall effect: 7 =054 (P =05%)
1 Abdaminal pain

COMRORT 2012 4155

Subtotal (95% CI} 155
Totl events 4 (Fuxelitnib), |7 (Pleebe)
Heterogenaiy: nol appheable
Test for overall effect Z = 171 (P = 0.0088)
3 Dysprima

COMFORT 2012 3155

Subtotal (95% CI) 155
Totl events 2 (Ruxelitinib), & (Flee=ba)
Heterogenaity: not applicabls
Test for overall effect 2 = 1.3% (P =0.16)
4 Dherziess

COMPORT 2012 11155

Subtotal (95% CI) 155
Total events | (Russlitmib), 10 Flacsbo)
Heterogenaity: not applicable
Test far averal effect: 7 = 193 (P = 0026)
5 Arthraigia

COMRORT 2012 355
Subtotal (95% CI} 155
Totl events 3 (Ruxelitnib), | (Placsba)
Heterogenaity: not apphcable
Test far averal effect 7 = 093 (P = 0.35)

(L L]

151

171151

151

&f151

151

10151
151

151

151

1000 %

100.0 %

1000 %

100.0 %

1000 %
100.0 %

1000 %
100.0 %

1000 %

100.0 %

a7E[032, 152]
0.78 [ 0.32,1.92]

023 [ 008, 067 ]

0.23 [ 0.08, 0.67 ]

032 [007, (58]
032 [0.07,158]

QI0[ 001, 075]
0.10 [ 0.01, 0.75 |

292 [ 031,2779 ]
292 [0.31,27.79 ]

(Cortinued . .. )
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{- .. Continuesd)

Study or subgrous Runceiitinib Placete Risk Ratia Wesght Fisk: Ratia
HRundom 5% Hitardom %
it nid a a

& Vamitng

COMFORT 2012 14155 17151 —— 1000 % Qa7 [ 006, 1543 ]
Subtotal (95% CI) 155 151 e ——— 100.0 % 0.97 [ 0.06, 15.43 ]
Tortal events | (Rusolitnib), | (Placsba)
Heterogensity: not applicable
Test for overall effsct 2 = 002 (P = 05%)
7 Drarrhiea

COMFORT 2012 2155 o151 —— 1000% 457 [ 024, 100,64 ]
Subtotal (95% CI) 155 151 o e 100.0 % 4.87 [ 0.24, 100.64 |
Total events 2 (Ruoliteib), 0 (Plaesba)
Heterogenaily: nal apphicable
Test for overall effect 2 = 102 (P =0.31)
H Mauses

COMFORT- 2012 55 1151 _.__ 1000 % 031 [00l, 751 ]
Subtotal (95% CI) 155 151 —— 100.0 % 0.32 [ 0.01,7.91]
Tostal et O (Ruseoliteiby, | (Plscsba)
Hetarogensaity: not applicable
Test for overall effect Z = 06% (P = 04%)
S Pain in etreeraty

COMFORT 2012 1155 o151 —— 1000 % 457 [ 024, 100.64 ]
Subrotal (95% CI) 155 151 T —— 100.0 % 4.87 | 0.24, 100.64 |
Testal eventer 2 (Ruseslitmib), O (Plscsba)
Heterogensaity: not applicable
Test for overall sffset 2 = 102 (P=031)
18 Pyresda

COMFORT- 2012 14155 17151 —— 1000 % Q97 [ 0b&, 1543 ]
Subtotal (95% CI) 155 151 ———— 100.0 % 0.97 [ 0.06, 15.43 |
Tortal events | (Ruscolitmib), | (Placaba)
Heteropenaity: nat applicable
Test for averall effect 2 = 002 (P = 05%)

abi oa [[¥] 100
Favar ruooltini Favor plarebo
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Analysis 1.4. Comparison | Ruxolitinib versus placebo, Qutcome 4 Health-related quality of life: proportion
of patients with a reduction of 50% or more in MFSAF scores at 24 weelks.

Fsvimne  Janus kinase- | and janus kinass-1 nhistors for tresting myslofibrosts

Corrparmon: | Fusslitmib versus placebo

Owcome: 4 Health-ralsted quality of life: proportion of petents with a reduction of 50 or maore in MPSAF scores at 24 wesks

Study or subgroup Rumaktinks Plateba Risk: Ratin Waight Risk Ratics
- M-

HRandom55% HiRandiom, 35%
i g =] a
COMFORT 2012 714155 8/1s4 [ 1] 1000 % A82[ 4420, 1769 ]
Total (95% CI) 155 154 - 100.0 % B.82 [ 4.40, 17.69 |

Tertal eventi: 71 {Fumoktink), & (Plestes)
Heterogensity: not applicabl=

Tast for overall effect: £ = 613 (P < 0.00001)
Test for subgroup differences: Mot spplicable

Analysis 1.5. Comparison | Ruxolitinib versus placebo, Outcome 5 Health-related quality of life: Mean

difference in MFSAF at follow-up scores at 24 weelks.

Review:  Janus kinase-| and anus kinase-2 inhibitors for tresting myelofibrosis

Corrparson: | Ruscslitmib versus placebo

Onteome 5§ Healtheralsted quality of life Mean diference n MPSAF at followeup scores 2t 24 weeks

Mean Plman

Study or subgroup Fusslitinits Placebes Mean Differenes (5E) Deflerence ‘Wimight Defarence
& M I Randarm 95% Ol ' Randarm 95% O

COMFORTA 2012 129 0 £79 (2637) E B 1000 % 8790 [ -1 395, -3632 ]
Total (95% CI) 129 103 — 100.0% -87.90 [ -139.58, -36.22 |

Heterogenaily: not applicabile
Test for overall effect 2 = 333 (P = 000086)
Test far subgroup differences: Mot spplicable

s R R e X0
Favar ruoltind Favor placeba
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Analysis 1.6, Comparison | Ruxolitinib versus placebo, Outcome & Reduction in spleen size (> 35%) (at 48

weeks follow-up).

Ranvienr  Jarmus kinase- | and anus kinass-1 nhibters for tresting myelofibrosis

| Rusmslitmib versus placebe

Cermpanson

Cutcome: 6 Reduction n spheen sine (2 305 (21 46 wesks follow-up)

Study or subgroup Fuaslitnk Placsbe Fisk Ratia ‘Weipht Fisk Ratics
M- M-
HPRandom.35% H Ranclom 5%
i nff a a
COMFORTH 2012 E50155 e —— 1000% 458 [ 908, 459.56 ]
Total (95% CI) 155 154 — 100.0 % 64.58 | 9.08, 459.56 |
Total svents 65 (Ruxabtinb), | (Plaeba)
Heterogereity: not applicable
Test for averall effect 2 = 414 (P = 0000031)
Test far subgroup diffsrences: Mat spplicable
iz al ] [[+] 500
Favar placebo Fawor neoltind

Analysis 1.7. Comparison | Ruxolitinib versus placebo, Outcome 7 Leukemia-free survival.

Ramvienr  Jarmus kinase- | and janus kinass-1 nhibters for tresting myslofibrosis

Cormparsonc | Rusolitmib versus placebo

Outeome: T Leukemiadnee suraval

Study or subgroup Russitink Placebes  log [Hazard Ratia] Hazard Ratia “Wimight Hazard Raties
I (5E) I Random35% O I Random 95% O
COMFORT 2012 155 La0543791 {1.15470054) 154 —— 1000 % 500 [ 052 4807 ]
Total (95% CI) 155 154 —— 100.0 %  5.00 [ 0.52, 48.07 |
Heterogeneity: not applicabile
Test for overall effect 2 = 13% (P =0.16)
Tast for subgroup diffsrences Mot spplicable
Qi ol I ] 100
Favor nuscliink Fawor placeba
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Analysis 2.1. Comparison 2 Ruxolitinib versus best available therapy, Outcome | Overall survival.

Resvierne

Cormparmon: 2 Ruoolibrib verses best svailable therapy

Jerus kanase- | and janus kinase-2 nhibtors for tresting myslofibross

Outeome: | Owverall suruval
Beme
available
Study or subproup Ruseitins therapy  log [Hazard Ratin] Hazard Ratic Wieight Hazard Ratia
| M (SE) ¥ Randem 95% O I Randiom, 25% O
COMFORT 2012 146 035847454 (0.64325608) 73 —— 1000 % 070 0230, 247 ]
Total (95% CI) 146 73 ——— 100.0 % 0.70 [ 0.20, 2.47 |
Heterogeneity: nat applicable
Test far averall sffset 2 =055 (P =058)
Tast for swubgroup diffsrences: Mot spplicable
o I 10 [[ix]
Favor muolitink Faar best analable therapsy

Analysis 2.2. Comparison 1 Ruxolitinib versus best available therapy, Qutcome 1 Progression-free survival

(at 48 weeks).
Resierar  Jarus kinase- | and jenus kinases-1 nhibtors for treating rpsdofibress
Cormparmorc 2 Rusoolibib versws best svailable therapy
Ocome 1 Progression-fres surial (at 48 wesks)
Best
available
Study or subproup Ruseitinds therapy  log [Hazard Ratia] Hazard Ratio Weight Hazard Ratie
| ol (SE) IV Random. 95% O v Random. 95% O
COMFORT 2012 146 D21072103 (027661 388) 73 e 1000 % O8I [047, 1.39]
Total (95% CI) 146 73 ) 100.0 % 0.81 [ 0.47, 1.39 ]
Heterogenaity: not applicable
Test for overall sffsct 2 = 076 (P = 045)
Test for subgroup dilferences. Mat spplicable
oo I 1] [[i5]
Fawor mumiitini Fanowr bhest anallable: therapsy
51
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Analysis 2.3. Comparison 2 Ruxolitinib versus best available therapy, Outcome 3 Hematological adverse

events,

Remviewe  Janus bomase- | and Janus kinase-1 inhisitors for tresting myslofibrosts

Corrparmon: 2 Fuselitnib vwersus best availsble therapy

Otcome: 3 Hermatological acdverse events

Bt
availablie
Study o subgroup Ruolitnib therapry Risk Ratia Wesght Risk Ratia
M. M-
HFandem55% HiRandem35%
n™ nfhl [a] [u]
| Anermia L
COMFORT- 2012 alf 14 1373 1000 % 135 [ 051, 159 ]
Subtotal (95% CI) 146 73 - 100.0 % 1.35[0.91,1.99 ]
Tot evente: &2 (Ruxobtinis), 23 (Best svalabie therapy)
Heteregenaity: not applicable
Test for averall effect 2 = 151 (P=0.13)
2 Thrambocytopena
COMFORTH 2012 12146 573 - 1000% 120 [044, 128 ]
Subtotal (95% CI) 146 73 s il 100.0 % L20 [ 0.44, 3.28 |
Total events: |2 {Fuxabtinis), 5 (Best available therapy)
Heteropenaity: not applicable
Teit for averall sffect 2 =036 (P =072)
Test for subgroup diferences Che® =004, & = | (P = 083), F =00%
i3] al I [ [s] o
Fareor rusiolitini Favor best available: therapy
51
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Analysis 1.4. Comparison 2 Ruxolitinib versus best available therapy, Outcome 4 Non-hematological

Fenviewe  Janus lanase- | and janus kinase-1 nhisdors for tresting myshofibrosis

Comparsan: 2 Fusolitmib versus best avilsble therpy

Outeome: 4 Mon-hematolopical sdverse avents

adverse events.

ma&a:
Study or subgrous Fumabtinis theragy Rz Ratio Wsght Rizk Raties
Hiandom 5% Hitandom 35
it nitl 1 [a]

| Fatigue |

COMFORTD 20012 1144 73 + 1000 % |51 [ 006 3662 ]
Subtotal (95% CI) 146 73 T T——— 100.0 % 1.51 [ 0.06, 36.62 )
Total events: | (Ruxolitinib), 0 (Best available therany)
Heterogenaity: nal applhcble
Test for overall effect: 7 = 025 (P = 080)
2 Abdomnal pain

COMFORTE 2012 5144 473 _-_ 1000 % |25 [ 025, 619]
Subtotal (95% CI) 146 73 —— 100.0 % 1.25 [ 0.25, 6.29 ]
Totl events § (Fuxolitmib), 2 (Best availsble tharapy)
Heterogenaity: not applicable
Test for averall effect: 7 = 027 (P = 079)
3 Dyspriema

COMFORT 2012 1144 T —i— 1000 % QI [0, 157]
Subtotal (95% CI) 146 73 ——r 100.0 % 0.17 [ 0.02, 157 ]
Total events | (Rusolitmib), 3 (Best available therapy)
Heterogenaity: not applicable
Test for averall effect 7 = 156 (P=012)
4 Arthalgia

COMFORTN 2012 1146 73 —"—‘ 100:0 % 150 [ 006 3662 ]
Subtotal (95% CI) 146 73 ——— 100.0 % L.51 [ 0.06, 36.62 |
Total events: | (Rusolitinib), 0 (Best available tharany)
Heterogenaity: nal applhcble
Test for overall effscr: 2 = 025 (P = 080)
5 Drarrhea

COMFORT 2012 144 T —— 1000 % 252 (012, 5174]
Subtotal (95% CI) 146 73 e — 100.0 % 252[0.12,51.76])
Total events: 2 (Ruxolitinib), O (Best availabsle therany)
Heterogenaity: not applicable
Test for averall effsct Z = 080 (P = 055)
& Mauses

ool al I 10 L]
Favor newoltink Favor best avadable therapy
(Continued ... )
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{... Continued)

mﬂ&;
Study or subgroup Fumeobtink therapy Rk Ratin Wiight Risk Ratio
HRandom35% Hiardomss%
it it Cl a

COMPORTI 2012 1146 73 —— 100.0 % 151 [ 006, 3662 ]
Subrotal (95% CI) 146 73 — 100.0 % 1.51 | 0.06, 36.62 |
Totsl events | (Ruselitmib), O (Best availsble therapy)
Het=rogensity: not applicabile
Test for overall effect: & = 025 (P = 080)
7 Pan in ectrerrty

COMFPORT 2012 [HE 73 —.— 100.0% 151 [ Q0& 3662 ]
Subtotal (95% CI) 146 73 —— 100.0 % 1.51 [ 0.0%, 36.62 |
Tortl evenits: | (Ruoolitinib), O {Best availabe thecapy)
Heterogensity: not applicable
Test for averall effect: £ = 035 (P = 0.80)
8 Pyreaa

COMPORT-D 2012 EYE 73 —— 100.0 % 153 [ OQIE &7.32
Subtotal (95% CI) 146 73 S 100.0 % 352 [0.18, 6732 ]
Tortal evente 3 {Rusolitmib), O (Best availsble therapy)
Heterogensity: nat apphicible
Test for overall sffect: 7 = 084 (P = 0.40)
9 Headache

COMFORTA 2012 Hl4E o7 —— 1000 % 252 [0 5176]
Subtotal (95% CI) 146 73 ——— 100.0 % 2.52[0.12,51.76 ]
Totad events 2 (Ausolitmib), O (Best availsble therapy)
Heterogenaity: not applicsble

Test for overall effect: 2 = 060 (P = 0585)

Test for subgrous diferences Chi® = 403, &f = B (P = 085), F =00%
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Analysis 2.5. Comparison 2 Ruxolitinib versus best available therapy, Outcome 5 Health-related quality of
life.

Fenias  Jarus kmase- | and janus kinase-1 nhibtors for treating ryelofibross

Corrparson: 2 Rusolitmib versus best availsble therapy

Oeeme: 5 Health-relsted quality of life

Be

a\.\.ﬂlh: Mean PMean

Study or subgroup Fusitinib theragy Mea Diference (SE) Differance Waight Diference
M N IVRandam55% C1 I Rardem 95% O

COMFORTE 2012 &9 17 76037 . 1000 % 7460 [ 035, 1485 ]
Total (95% CI) 69 xw ———— 10000 % 7.60 [ 0.35, 14.85 ]

Het=rogenaity: not applicable
Test for overall effest: 2 = 206 (P = 0.020)
Test for subgroup diferences: Mot spphosble

Analysis 2.6. Comparison 2 Ruxolitinib versus best available therapy, Outcome & Reduction in spleen size.

Fansimae  Janus kinase- | and janus kinass-1 nhisitors for tresting myslofibross

Corrparsan: 2 Rusolitmib versus best available therapy

Outeame: & Reduction n spleen sime

Bmst
available an Mean
Study or subprous Ruseditinib therapy  Mean Differencs (5E) Diflermpes Wmight Cuference
N [ MRandam $5% O I Fanderm, 955 1
| AL 24 e faliow-up
COMFORT 2012 144 7 315 (1LY —— 1000 % -31.50 [ 5385, -955 ]
Subtotal (95% CI) 144 72 ————— 100.0 %  -31.90 [ -53.85,-9.95 |
Heterogensity: nat apphcable
Test for overall effeet: 7 = 185 (P = 0.0044)
2 AL 48 weeks lobow-up
COMFORT 2012 144 7 ara 42 ~— 1000 % 3740 [ -65.41, -9.39 |
Subtotal (95% CI) 144 72 — 100.0 % -37.40 [ -65.41, -9.39 |
Het=rogensaity: not applicable
Teit for overall effect Z = 262 (P = 0008%)
M B a -1 50
Favor rusoliink Fawor best avalible: theragy
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Analysis 2.7. Comparison 2 Ruxolitinib versus best available therapy, Outcome 7 Reduction in spleen
volume (= 35%) (at 24 and 48 weeks follow-up).

Review:  Janus lanase- | and janus kinase-2 nhibdors for treating myslofibrosis
Companson: 2 Ruxclitinib versus best availsble therapy

Outcome: 7 Reduction n spleen volume (= 35%) (at 24 and 48 weeks follow-up)

Best
available
Study or subgroup Ruxolitinb therapy Risk Ratio Weight Risk Ratio
M- M.
HRandom,95% HRandom.95%
N N [«] a
COMFORT- 2012 411146 o73 —— 1000% 4178261, 66975 ]
Total (95% CI) 146 73 e 100.0 % 41.78 | 2.61, 669.75 ]
Totsl events 41 (Ruxobtinb), O (Best availsble therapy)
Heterogeneity: not applicable
Test for overall effect: Z = 264 (P = 00084)
Test for subgroup differences Not applicable
0001001 01 | 10 100 1000

Favor best aaibble therapy Favor ruxaltinid
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Analysis 2.8. Comparison 2 Ruxolitinib versus best available therapy, Outcome 8 Leukemia-free survival.

Remviews  Jarius karase- | and Janus kinase-1 nhistors for treating myshofibrosis

Cerrpansan:

Custeorme: B Leukemiadfres survival

2 Rumeolitmity versues best availsble therapy

Bext
arvaslable
Study e subgroup Fumalitink thersgy  log [Hazard Ratio] Hazard Ratia et Hazard Ratia
M M (5E) I Randerm,95% O IVRandom, 95% Q1
COMRORT-N 2012 146 043078292 (DA5103213) 73 1000 % 0&5 (08,233 ]
Total (95% CI) 146 73 100.0 % 0.65 [ 0.18, 2.33 ]
Heterogensity: not applicable
Test for overall effect 7 = 056 (P = 051)
Test for subgroup differences Mot applicable
ool al ] o oo
Fanior russoiitind Fawor best availible theragy

APPENDICES

Appendix l. International Working Group for Myeloproliferative Neoplasms Research and
Treatment (IWG-MRT) recommended criteria for post-polycythemia vera and post-essential
thrombocythemia myelofibrosis

Criteria for post-polycythemia vera MF

Required criteria

# Documentation of a previous diagnosis of palycythemia vera as defined by the WHO criteria.
® Bone marrow fibrosis grade 2 to 3 {on 0 to 3 scale) or grade 3 to 4 (on 0 to 4 scale) (see footnote for derails).

Additional criteria (two are required)

® Anemia or sustained loss of requirement for phlebotomy in the absence of cytareductive therapy.

# A leukoerythroblastic peripheral blood picture.

# Increasing splenomegaly defined as either an increase in palpable splenomegaly of > 5 cm (distance of the tip of the spleen from

the lefr costal margin) or the appearance of a newly palpable splenomegaly.

- D:\':lnpm:m of > 1 of three constirutional symptoms: > 10% w:ighl loss in six months, night sweats, uncxp]aincd fever (=

37.5°C).
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Criteria for post-essential thrombocythemia MF

Required criteria

& Documentation of a previous diagnosis of essential thrombocythemia as defined by the WHO criteria.
& Bonc marrow fibrosis grade 2 to 3 {on 0 to 3 scale) or grade 3 to 4 (on 0 to 4 scale) (soc foomote for derails).

Additional criteria (bwo are required)

e Anemia and > 2 g/dL decrease from baseline hemoglobin level.
& A leukoerythroblastic peripheral blood picture.

¢ Increasing splenomegaly defined as either an increase in palpable splenomegaly of = 5 cm (distance of the dp of the spleen from

the lefr costal margin) or the appearance of a newly palpable splenomegaly.

o Increased lactare dehydrogenase.

. DE'\"E[DP[‘I‘I:DI of > 1 of three constirurional symproms: > 1 0% weight loss in six maonths, nigin swearts, unexplained fever (=

37.5°C).
Source: Tefferi 201 La.

Appendix 2. Medical glossary

Medical term

Definition

Source

Allogeneic stem cell transplancation

The transfer of stem cells from one individ-
ual (genencally non identical) to another
within the same species The source and lo-
carion of the stem cells derermines their po-
tency or pluripotency o differentiare into
various cell rypes

See stem cells.

See Peripheral Blood Stem Cell Transplan-

ration.

hrep:ffwww.nchinlm_nih govfmesh

Angiogencsis
1. Neovascularization, Physiologic
2. Meovascularization, Pathologic

1. The development of new blood
vessels in restoration of blood circularion
during the healing process.

2. A pathologic process resulting in
proliferation of blood vessels in abnormal
rissues or in abnormal positions.

hrrpuffwww.nchi.nlm.nih.gov/mesh

Ascites Accumulation or retention of free fluid  hop:/fwew.nchi.nlm.nih gov/mesh
within the peritoneal caviry

Atypia Abnormal shape of any cell.

Biest available therapy Selected therapy included a combinationof  COMFORT-I1 2012

available agents to trear the discase or is

symptoms, or both
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{Continued)

Bone marrow

The soft tissuc filling the cavirics of bones.
Bone marrow exists in rwo rypes: yellow
and red. Yellow marrow is found in the large
cavitics of large bones and consists mostly
of far cells and a few primitive blood cells.
Red marrow is 2 hematopoietic tissue and is
the site of production of blood cells. Bone
marrow is made up of a framework of con-
necrive tissue conmaining branching fibers

with the frame being filled with marrow
cells

hitep:ffwww.nchinlm. nih gov/mesh

Cachexia

General ill healch, malnutrition, and
weight loss, usually associated with chronic
discase

hitep:ffwww.nchinlm. nih. gov/mesh

Cytokine

Non-antibody proteins secreted by inflam-
marory leukocytes and some non-lenko-
cytic cells, thar act as intercellular media-
tors. They differ from classical hormones
in thar they are produced by a number of
cell rypes rather than by specialized glands.
They generally act locally in a paracrine or
aurocrine rather than endocrine manner

htep:ffwww.nchinlm nih gov/mesh

Dacryocytes
(Teardrop cll)

Distorted, drop-shaped cell.

Crreer 2009

Eastern Cooperative  Oncology  Group
(ECOG)

Scale for grading performance starus.

Oken 1982

Eltrombopag

An oral, non peptide thrombopoictin re-
CEpLOr agonist.

hirp:ffwww.ncbi.nlm.nih.gov/mesh

Erythropoietin

Glycoprotein hormaone, secreted chiefly by
the kidney in the adult and the liver in the
fetus, that acts on erythroid stem cells of
the bone marrow to stimulate proliferation
and differentiarion

hiep:/fwww.nchinlm. nih.gov/mesh

Essential thrombocythemia

Chronic myeloproliferative disorder char-
acterized by a sustained proliferation of
megakaryocytes, which leads to increased
numbers of circulating platelers

Finazzi 2008

Exrramedullary hematopoiesis

The formation and development of bload
cells outside the bone marrow, as in the
spleen; liver; or lymph nodes

htep:ffwww.nchinlm nih gov/mesh
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(Continued)

Janus kinases

A family of intracellular tyrosine kinases
that participate in the signaling cascade of
cytokines by associating with specific cy-
tokine receptors. They act upon star tran-
scription factors in signaling pathway re-
ferred to as the JAK/STAT pathway. The
name Janus kinase refers to the fact the pro-
teins have wo phosphate-transferring do-

mains

hitrp:/fwww.nchi.nlm_nih gov/mesh

Janus kinase-1

A Janus kinase subtype that is involved in
signaling from a broad variety of cyokine

ToCeprors

hirped farwew.ncbi.nlm.nih.gov/mesh

Janus kinase-2

A Janus kinase subrype thart is involved in
sig‘n:]in.g from growth hormone ECCPIOrs;
prolactin receptors; and a variety of oy-
tokine receptors such as erythropaictin re-
ceptors and interleukin receptors. Dysreg-
ularion of Janus kinase 2 due to generic
rranslocarions have been associared with a
varicty of mycloproliferative disorders

hitep:/ forsw.nchi.nlm_nih.gov/mesh

Janus kinase-3

A Janus kinase subrype thar is predomi-
nantly expressed in hematopoietic cell. It is
involved in signaling from a broad varicty
of cyrokine receprors including ones chat
utilize the interleukin receprors common
gamma subunic

hitrp:/fwww.nchi.nlm_nih gov/mesh

Leukoerythroblastic condirion

The leukoerythroblastic condition is char-
acterized by the presence of nucleated red
blood cells and immarture myeloid elements
in 96% of cases

Hoffman 2008

Heparomegaly

Enlargement of the liver.

hirpe/ fwww.nebi.nlm_nih.gov/mesh

Myelodysplastic syndromes

Clonal hematopoietic stem cell disorders
characterized by dysplasia in one or more
hematopoietic cell lincages. They predom-
inantly affec parients over 60, are consid-
:l-ndprcl:ulccmicmnd.itions.and hmhi.ﬂl
probability of transformation into acute

myeloid leukemia

hitrp:/fwww.nchi.nlm_nih gov/mesh

MF

MF is 2 bone marrow disease characterized
by excessive production of redeulin and

collagen fibers

Ospopic 2012
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(Continued)

Osteosclerosis

An abnormal hardening or increased den-

sity of bone tissuc.

huep:/fwww.ncbi.nlm.nih.gov/mesh

Peripheral blood leukoerythroblastosis

Presence of nucleated red cells, immarure

granulocytes, and dacryocytes

Tefferi 2011a

Peripheral blood stem cell transplantation

Transplantation of stem cells collected from
the peripheral blood. It is a less inva-
sive alternative to direct marrow harvesting
of hematopoictic stem cells. Enrichment
of stem cells in peripheral blood can be
achieved by inducing mobilization of stem

cells from the bone marrow

htep:/fwww.ncbi.nlm.nih.gov/mesh

Pleural effusion

A pleural effusion is a buildup of fluid be-
tween the layers of tissue that line the lungs
and chest cavity

huep:/fwww.ncbi.nlm.nih.gov/mesh

Poikilocytosis

It is an increased variation in cell shape.

Bain 2012

Polycythemia vera

A myeloproliferative disorder of unknown
ctiology, characterized by abnormal prolif-

cration of all hematopoietic bone marrow
1

increase in red
cell massand total blood volume, associated
frequently with splenomegaly, leukocyro-
sis, and thrombocythemia. Hematopoiesis
is also reactive in extramedullary sites (liver
and spleen). It can lead to MF

and an absol

huep:/fwww.ncbi.nlm.nih.gov/mesh

Portal hypertension

Abnormal increase of resistance to blood
flow within the hepatic portal system, fre-
quently seen in liver cirrhosis and condi-
tions with obstruction of the portal vein

huep:/fwww.ncbi.nlm.nih.gov/mesh

Primary MF

It is a Philadelphia (Ph) chromosome-neg-
ative chronic mycloproliferative ncoplasm
(MPN) characterized by bone marrow fi-
brosis, extramedullary hemopoiesis with
splenomegaly, and leukoerythroblastosis in
blood

Cervanres 2011

Reticulin

A scleroprotein fibril consisting mostly of hrep:/fwww.ncbi.nlm.nih.gov/mesh

type I collagen. Reticulin fibrils are ex-
tremely thin, with a diameter of between
0.5 and 2 um. They are involved in main-
taining the structural integrity in a varicty
of organs

Janus kinase-1 and Janus kinase-2 inhibitors for treating myelofibrosis (Review)
Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

61

166



{ Continmued)

Romiplostim

Consists of a carrier Fc domain linked
o multiple copics of Mpl-binding pep-
ride; simulares megakaryopoiesis in virro
by binding to Mpl

hrrp:/fwww.nchinlm.nih.gov/mesh

Splenomegaly

Enlargement of the spleen.

hrrpe/fwww.nchinlm nih.gow/mesh

Splenic infarcrion

Insufficiency of arterial or venous blood
5upp|]' o the sp|ﬂ:n due to emboli,
thrombi, vascular torsion, ar pressure that
produces a macroscopic area of necrosis

hrrp:/fwww.nchinlm nih.gow/mesh

Stem cells

Relatively undifferentiated cells thar re-
rain the ability 1o divide and proliferace
throughour postnaral life to provide pro-
genitor cells thar can differentiate inro spe-

cialized cells

htep:/fwww.nchinlm. nih.govimesh

TYKZ kinase

A Janus kinase subtype thar is involved in
signaling from a broad variery of cywokine
recepiors. The TYK2 kinasce is considered
the founding member of the Janus kinase
family and was inirially discovered as a sig-
naling parmer for the linterferon alpha-
beta receptor. The kinase has since been
shown to signal from several interleukin re-
ceprors

htep:fiwww.nchi.nlm nih.gov/mesh

Variceal esophogeal bleeding

Bleeding esophogeal varices are enlarged
veins in the walls of the lower parr of the
Cwl‘lﬂ.ﬂlE (Lhe '[Ill"ﬂ fh:l[ connecrs YD'L]I
I}l[ﬂa[ o }'DLL[ F[Om.ldl} (ha[ hltﬂd

hiep:ffwww.nlm. nih. govimedlineplus/
encyfarncle/000268_htm

Appendix 3. CENTRAL search strategy

#1 MeSH descripror: [Primary Myelofibrosis] explode all trees
#2 MeSH descripror: | Myeloproliferative Disorders] explode all trees

#3 myelohbros*
#4 miclofibros*

#5 m[com}'c]oﬁhm;'

#6 (mycloid® near/1 meraplas®)
#7 (bone marrow near/ | fibros*)

#8 ((nonleukemic* or nonleukaemic®) near/2 myelos®)

#9 myeloscleros®
#10 mycloproliferanv
#11 osteomyelofibros*

#12 #1 or #2 or #3 or 24 or #5 or #6 or #7 or #8 or #9 or #10 or #11
#13 MeSH descriptor: [Janus Kinase 1] explode all trees
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#14 MeSH descripror: [Janus Kinase 2] explode all trees
#15 (jakl® or jak-1*)

216 (jak2* or jak-2*)

#17 (jakafi® or jakavi®)

#18 (jak* ncar/3 inhibir*)

#19 (janus* near/2 kinas®)

#20 (INCB-018424 or INCBO18424)

#21 Ruxolitinib*

#22 (INC-424 or INC424)

#23 #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21 or #22

#24 #12 and #13
#25 £24 from 2012 to 2013, in Trials

Search update (13 November 2014)

MeSH descriptor: |Primary Myelofibrosis] explode all trees
#2 MeSH descripror: [Myeloproliferative Disorders] explode all trees
#3 myclofibros*

#4 miclofibros*

#5 ostcomyelofibros*®

#6 (mycloid® near/1 meraplas®)

#7 (bone marrow near/1 fibros®)

#8 ((nonleukemic* or nonleukacmic®) near/2 myelos*)

#9 mycloscleras®

#10 myeloproliferativ®

#11 osteomyelofibros*

#12#1 or #2 or #3 or £4 or £5 or #6 or #7 or 28 or #9 or #10 or 211
#13 McSH descripror: [Janus Kinase 1] explode all rees
#14 MeSH descriptor: [Janus Kinase 2] explode all rees
#15 (jak1® or jak-17)

#16 (jak2* or jak-2*)

#17 (jakafi* or jakavi*)

#18 (jak* near/3 inhibic*)

#19 (janus* near/2 kinas®)

#20 (INCB-018424 or INCBO18424)

#21 Ruxoliinib®

#22 (INC424 or INC424)

#23 #13 or #14 or #15 or 216 or #17 or #18 or #19 or #20 or £21 or #22

#24 #12 and #23
#25 #24 in Trials
#2065 #24 Publication Year from 2013 to 2014, in Trials
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Appendix 4. MEDLINE Ovid MEDLINE® In-Process & Other Non-Indexed Citations {13 November

2014), Ovid MEDLINE® (1946 to November 2014) search strategy

PRIMARY MYELOFIBROSIS/

2 exp MYELOPROLIFERATIVE DISORDERS/S
3 myelofibros$. ow kfor.

4 miclofibros$. ow kf,oc.

5  ostcomyclofibros$. owkf,or.

G {myeloid$ adjl meraplas$).ow,kfot.

7  (bone marrow adjl fibros$).owkf,or.

8  ((nonleukemic$ or nonleukaemic$) adj2 myclosS).owkf.or.
9 mycloscleros$.ow kf ot

10 myecloproliferarivd.rwkf,or.

11 osteomyelofibros$. tw,kf,or.

12 orfl1-11

13 JANUS KINASE 1/

14 JANUS KINASE 2/

15 (jakl$ or jak-15).cwkEor.

16 (jak2$ or jak-28) mwkf.or.

17 (jakah$ or jakavi$).ow kfor.

18  (jak$ adj3 inhibitS).ow kf.or.

19 (janus$ adj2 kinas$).rwkf,or.

20 (INCB-018424 or INCBO18424).ow,kfor.
21 ruxolitinib%.rwkf,or.

22 (INC-424 or INC424).tw kfor.

23 or/13-22
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{Continued)

24 12and 23

25 randomized controlled wrial pr.
26 controlled dinical trial pe.

27 randomi?ed.ab.

28 placebo.ab.

29 drug therapy.fs.

30 randomly.ab.

31  trial.ab.

32  groups.ab.

33 orf25-32

34  humans.sh.

35 33and 34

36 24 and 35

37 limir 36 ro ed=20121213-20131014

Appendix 5. EMBASE search strategy

#  Searches

1 ‘MYELOID METAPLASIA'Y de

2 ‘MYELOPROLIFERATIVE DISORDER'S de
3  myclofibros*:ab,ti

4 mielofibros®:ab, o

5  ostcomyelofibros®:ab,ri

[ [myeloid* NEXT/1 metaplas*):ab, o

7 (bone marrow NEXT/1 fibros*):ab,t
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{Continued)

& (nonleukemic® NEARS2 myelos®):ab, o

9 (nonleukaemic* NEARS2 myelos*):ab,ri

10 myeloscleros*:ab,n

11 myeloproliferativ*:ab,ti

12 ostcomyclofibros®:ab,

13 #1 OR#2OR#3 OR 24 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12

14 JANUS KINASE 1'fde

15 ‘JANUS KINASE 2'fde

16 jakl®:ab,o OR jak-1*%:abo

17 jak2*:ab,ti OR jak-2%:ab,u

18 j.l.k'.lﬁ".:lh. ti OR jakavi®:ab,d

19 (jak* NEAR/3 inhibit*):ab,ti

20 (janus® NEAR/S2 kinas*):ab,ti

21 INCB-018424:ab,a OR INCBO18424:ab,1

22 "RUXOLITINIB fexp

23 INC-424:ab,t OR INC424:ab,t

24 #I4O0OR#150R#16 OR#17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23

25  #13 and #24

26 ‘randomized controlled trial' fexp OR single blind procedure’fexp OR ‘double blind procedure’fexp OR “crossover procedure’/

op

27 random*:ab.i OFR placebo*:ab,ti OR allocar®:ab,ti OR crossover*:ab,ri OR "cross over':ab.ti OR rial:ti OR (doubl* NEXT/1
blind*):ab,ti

28 #2606 OR #27

29 ‘animal’fde OR "animal experiment/de OR ‘nonhuman’/de

30 ‘human'/de
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{ Continued)

31 #29 OR #30

31 #29 NOT #31

33 #2ENOT #32

36 #215 AND #33

Appendix §. LILACS search strategy

Search Query

1 Ruxolitinib OR INCB-018424 OR INCB018424 OR jakafi OR jakavi OR jak1 OR jak-1 OR jak2 OR jak-2 OR jak OR
janus OR INCB-018424 OR INCB018424 [Words] OR JANUS KINASE 1 OR JANUS KINASE 2 [Subjecr descripror]

Appendix 7. mRCT search strategy

Search  Query

1 Ruxolitinib or INCB-018424 or INCB018424 or jakafi or jakavi or jakl or jak-1 or jak2 or jak-2 or jak or janus or INCB-
018424 or INCBO18424

Appendix 8. Epistemonikos.org

Search  Query

1 Ruxolitinib

Appendix 9. Statistical terms related with potential biases in the review process

I. Excess significance

Excess significance is the phenomenon whereby the published literature has an excess of staristically significant results thar are due o
biases in reparting. Several mechanisms coneribute to reporting bias, induding study publicarion bias, where the results of staristically
non-significant {'negative’) studies are lefr unpublished; selecrive outcome reporting bias, where null results are omirted; and selective
analysis bias, where dara are analyzed with different methods thar favor "positive’ results (Butron 2013).
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1. Winner's curse
The winner's curse refers to the phenomenon whereby the "lucky’ scientist who makes a discovery is cursed by finding an inflated

estimate of that effect. The winners curse occurs when thresholds, such as statisrical significance, are used to determine the presence of
an cffect and is most severe when thresholds are stringent and studies are too small and thus have low power (Button 2013).

3. Yibration of effects
This refers to the situation in which a sudy obtains different estimates of the magnimde of the effect depending on the analyrical

oprions it implements. These

options could include the seatistical model (Burton 2013; loannidis 2008).
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1. We n:pnrrcd sp]::n size reduction as both dichoromous and continuous appma.chcs, as reported in COMFORT-T 2012;
COMFORT-II 2012.

2. We included leukemia-free survival as an ourcome after the protocol was published as it is a relevant clinical end point
{Marti-Carvajal 2013).
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