Annals of Oncology 29: 835-856, 2018
doi:10.1093/annonc/mdy038
Published online 14 February 2018

GOOD SCIENCE
; BETTER MEDICINE
BEST PRACTICE

REVIEW

Beyond second-line therapy in patients with
metastatic colorectal cancer: a systematic review

D. Arnold'?", G. W. Prager®, A. Quintela', A. Stein S. Moreno Vera®, N. Mounedji® & J. Taieb®

'Instituto CUF de Oncologia, Lisbon, Portugal; Asklepios Tumorzentrum Hamburg, Hamburg, Germany; *Medical University Vienna, Department of Medicine | and
Comprehensive Cancer Centre Vienna, Vienna, Austria; “University Hamburg, Hubertus Wald Tumor Center and Department for Hematology and Oncology,
Hamburg, Germany; *Servier Global Medical Affairs, Oncology, Suresnes; °Georges Pompidou European Hospital, Paris Descartes University, Gastroenterology and
Digestive Oncology, Paris, France

*Correspondence to: Prof. Dirk Arnold, Oncology, Instituto CUF de Oncologia, Trav. do Castro N3, 1350-070 Lisbon, Portugal. Tel: +-351-213-926-100;
E-mail: dirkarnold@jmellosaude.pt

Background: The optimal chemotherapeutic regimen for use beyond the second line for patients with metastatic colorectal
cancer (mCRC) remains unclear.

Materials and methods: We systematically searched the Cochrane Database of Systematic Reviews, EMBASE and Medline for
records published between January 2002 and May 2017, and cancer congress databases for records published between January

2014 and June 2017. Eligible studies evaluated the efficacy, safety and patient-reported outcomes of monotherapies or
combination therapies at any dose and number of treatment cycles for use beyond the second line in patients with mCRC.
Studies were assessed for design and quality, and a qualitative data synthesis was conducted to understand the impact of
treatment on overall survival and other relevant cancer-related outcomes.

Results: The search yielded 938 references of which 68 were included for qualitative synthesis. There was limited evidence
to support rechallenge with chemotherapy, targeted therapy or both. Compared with placebo, an overall survival benefit for
trifluridine/tipiracil (also known as TAS-102) or regorafenib has been shown for patients previously treated with conventional
chemotherapy and targeted therapy. There was no evidence to suggest a difference in efficacy between these treatments.
Patient choice and quality of life at this stage of treatment should also be considered when choosing an appropriate therapy.

Conclusions: These findings support the introduction of an approved agent such as trifluridine/tipiracil or regorafenib beyond
the second line before any rechallenge in patients with mCRC who have failed second-line treatment.
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Introduction

Colorectal cancer is one of the largest contributors to cancer-
related mortality [1, 2]; however, the optimal chemotherapeutic
regimen for use beyond the second line for patients with metastatic
colorectal cancer (mCRC) remains unclear [1-4]. Although
rechallenge with chemotherapy may be considered, this is not an
option if residual toxicity is present [1, 3] and may lack efficacy in
patients who have progressed on a similar regimen [5]. A system-
atic review of therapy in patients with mCRC previously treated
with 5-fluorouracil (5-FU), oxaliplatin and irinotecan with or
without targeted therapy concluded that conventional chemother-
apeutic agents such as capecitabine, mitomycin C and gemcitabine
have limited utility [6]. Subsequently, new evidence has emerged

supporting the use of the oral nucleoside analogue trifluridine/
tipiracil, and the multi-targeted tyrosine kinase inhibitor, regorafe-
nib, beyond second line. Both treatments are recommended for
third-line use in patients who have progressed through all available
regimens (level of evidence I) [1, 7]. In addition to these, the num-
ber of prospective trials evaluating rechallenge and investigational
compounds has continued to expand.

The increase in potential treatment options and the use of
some agents in more than one line or as adjuvant therapy over
time make the treatment landscape extremely complex, and ap-
propriate treatments in the later lines difficult to define. We
therefore conducted a systematic review to evaluate the efficacy,
safety and patient-reported outcomes (PROs) associated with
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investigational treatments, rechallenge, or therapies approved for
mCRC beyond second line with the aim of identifying an optimal
approach.

Methods

Search strategy

A literature search was conducted for English language studies pub-
lished between January 2002 and May 2017 in the Cochrane
Database of Systematic Reviews, EMBASE and Medline. The
Cochrane Central Register of Controlled Trials and ClinicalTrials.gov
were searched for ongoing studies. Conference abstracts from the
American Association for Cancer Research, the American Society of
Clinical Oncology (ASCO), the ASCO Gastrointestinal Cancers
Symposium (ASCO-GI), the European Society for Medical
Oncology (ESMO) and the ESMO World Congress on
Gastrointestinal Cancer presented between January 2014 and June
2017 were searched. A search strategy was developed in Medline
consisting of MeSH headings and text words for mCRC, refractory
disease and third- or fourth-line therapy (supplementary material,
available at Annals of Oncology online). This strategy was adapted for
the other databases.

Eligibility criteria

Studies had to meet the following criteria:

Interventions. Eligible studies evaluated monotherapies or combin-
ation therapies for use beyond the second-line setting in patients
with mCRC, and included efficacy, safety or PROs associated with:
(i) investigational third- or fourth-line therapy, (ii) rechallenge
with a first- or second-line therapy in a later-line setting or (iii)
therapies licensed beyond the second line.

Study designs. Phase II or III randomised or non-randomised tri-
als with >30 patients were included. We also included single-arm
prospective, observational studies and retrospective ‘real-world’
studies; additional studies felt to be of interest by the authors but
which did not conform to these inclusion criteria are included in
the supplementary material for further reading (supplementary
Table S1, available at Annals of Oncology online). Phase I trials,
preclinical studies, narrative reviews, editorials, opinions, letters,
non-English language publications and congress abstracts for
which insufficient methodological details were reported to allow
critical appraisal of study quality and/or the end points of interest
were excluded.

Participants. Studies in patients with metastatic or advanced
CRC who had failed to respond, or who had progressed or experi-
enced recurrence following first- and second-line chemotherapy
were included.

Comparators/controls. Patients assigned to a comparator or other
control group could receive placebo, best supportive care (BSC)
or another agent offered as a third- or fourth-line treatment.
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Figure 1. Study selection process.

Outcome measures. Outcomes of interest included overall sur-
vival (OS), progression-free survival (PES), objective response
rate (ORR), health-related quality of life (QoL) or functional sta-
tus, and grade 3—4 treatment-related adverse events (AEs).

Data extraction

A single trained reviewer screened all search results for eligibility
before compiling selected studies into a customised extraction
form in Excel (supplementary material, available at Annals of
Oncology online). A senior reviewer assessed a subset of the results
for accuracy and consistency of data extraction.

Risk of bias assessment

A single reviewer assessed the risk of bias for each study. The Grading
of Recommendations Assessment, Development, and Evaluation
(GRADE) system [8] and the Jadad et al. [9] criteria for randomised
controlled trials (RCTs) were used to rate quality of evidence, with
explicit questions to inform the process based on the 13-question
modified RTI Item Bank for assessing the risk of bias and confound-
ing used for observational studies of interventions or exposures [10].

Data synthesis

The results were summarised in the tables according to the three
questions relevant to the treatment of patients with mCRC beyond
the second line: what are the efficacy, safety and PRO data to sup-
port: (i) investigational drugs, (ii) rechallenge of patients who have
progressed or experienced recurrence following first- and second-
line chemotherapy and (iii) licensed drugs. The data were sum-
marised narratively using a qualitative data synthesis approach.
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Results

Search results

The search yielded a total of 938 citations; following two rounds
of screening, 68 publications were included in the qualitative syn-
thesis. Most excluded trials included patients on second-line
treatment, or investigated <30 patients (Figure 1).

Details of included studies

One systematic review [11], 17 phase II/III explanatory RCTs
[12-28] and 9 subanalyses [29-37] relating to 2 RCTs [21, 26]
were included. In addition, 16 non-randomised, single-arm
phase II studies, 5 prospective, observational studies, and 15
retrospective, real-world studies were included. Three studies
were included as being studies beyond second line despite a lack
of clarity around the study population [19, 26, 38].

Efficacy and safety of drugs approved for use
beyond second line

Currently, there are two agents with an indication for use beyond
second line in mCRC: trifluridine/tipiracil and regorafenib [1, 7].
Cetuximab and panitumumab are also indicated for RAS wild-
type tumours not previously treated with endothelial growth fac-
tor receptor (EGFR) monoclonal antibodies [1, 39].

A summary of 22 publications of trifluridine/tipiracil and regor-
afenib beyond the second line in the mCRC setting is shown in
Table 1. One systematic review comparing trifluridine/tipiracil
and regorafenib using indirect methods reported similar efficacy
for each in this setting [11]. The systematic review included one
phase III RCT of trifluridine/tipiracil versus placebo in 800 pa-
tients (RECOURSE) [21] and two phase III RCTs of regorafenib
versus placebo (CORRECT [17] and CONCUR [20]) in 964 pa-
tients. In RECOURSE, 82% of trifluridine/tipiracil-treated patients
had received >3 prior lines of treatment [21]. In CORRECT and
CONCUR, 74% and 62% of regorafenib-treated patients, respect-
ively, had received >3 prior treatments [17, 20]. The hazard ratio
(HR) for OS compared with placebo was similar for trifluridine/
tipiracil and regorafenib, and indirect comparison confirmed their
similar efficacy (Table 1) [11]. The indirect comparison confirmed
an increased risk of grade >3 AEs for regorafenib versus trifluri-
dine/tipiracil (Table 1) [11].

RECOURSE did not evaluate QoL outcomes; however, it did
demonstrate that trifluridine/tipiracil was associated with a sig-
nificant delay in worsening of European Cooperative Oncology
Group (ECOG) performance status from a baseline of 0-1 to >2
versus placebo [21]. The median time to an ECOG performance
status of >2 was 5.7 versus 4.0 months in the trifluridine/tipiracil
and placebo groups, respectively (Table 1) [21]. In the two RCTs
of regorafenib, QoL was prospectively analysed, with no differ-
ences between the regorafenib and placebo groups in deterior-
ation of QoL and health status [17, 20]. ECOG performance
status was not investigated for regorafenib [17, 20].

In RECOURSE, grade >3 AEs occurred in 69% and 52% of pa-
tients treated with trifluridine/tipiracil and placebo, respectively,
with haematological toxicities the most common events; febrile
neutropaenia occurred in 4% and 0% of patients (Table 1) [21].

For regorafenib, grade >3 AEs occurred in 54% of patients (14%
and 0% in the two placebo arms), with hand—foot skin reaction
(HFSR), hypertension, fatigue, gastrointestinal symptoms,
increased liver enzymes and hypophosphataemia the most com-
mon events occurring at a higher frequency than with placebo
(Table 1) [17,20].

An updated survival analysis of the RECOURSE trial con-
firmed that the OS benefit of trifluridine/tipiracil relative to pla-
cebo was maintained over time compared with the original
analysis (Table 1) [31]. Improvement in 1-year survival surpassed
10% in these heavily pretreated patients (trifluridine/tipiracil,
27.1%; placebo, 16.6%). Subanalyses of RECOURSE have shown
a survival benefit for trifluridine/tipiracil over placebo in differ-
ent patient subgroups (Table 1) [29, 30, 32]. Two further RCT's of
trifluridine/tipiracil including the phase III TERRA trial and a
phase II, randomised, double-blind trial similarly showed a sur-
vival benefit for trifluridine/tipiracil compared with placebo in
Asian patients (Table 1) [16, 24].

Additional evidence for either trifluridine/tipiracil or regorafe-
nib beyond the second line in mCRC is of low quality and consists
of one non-comparative study of regorafenib together with related
subanalyses [40—43], a retrospective study of trifluridine/tipiracil
[44], and retrospective studies of regorafenib [45] or regorafenib
compared with trifluridine/tipiracil (Table 1) [46-48]. A phase
IIIB, single-arm study of 2872 patients treated for a median dur-
ation of 2.5 months with regorafenib reported median PFS and a
safety profile that was consistent with those seen in phase III trials
[40—43]. Three retrospective observational studies that compared
regorafenib with trifluridine/tipiracil in 700 patients reported
similar OS, PFS, disease control rate, and ORR for the two treat-
ments beyond the second line [46-48]. One of these studies
(n=37) reported safety findings consistent with earlier trials; the
most frequent grade >3 AEs were hepatotoxicity (17.4%) and
hand—foot syndrome (13.0%) in the regorafenib group, and neu-
tropaenia (14.3%) in the trifluridine/tipiracil group [47].

Efficacy and safety of investigational drugs beyond
the second line

Twenty-eight studies of investigational compounds for the be-
yond second-line mCRC setting were analysed, including 11 ex-
planatory RCTs [1, 1215, 18, 19, 22, 23, 27, 28] and 3 subgroup
analyses relating to 1 RCT [26, 35, 36]. The remaining studies
were either phase II, single-arm [38, 49-57] or observational
studies [58—61] (Table 2).

Treatments currently approved for first or second line. Five trials
were of anti-EGFR therapies that were approved for first- or
second-line treatment at the time of the study or later: four RCTs
[12-15] and a single-arm study [51].

The pivotal trial of cetuximab evaluated its ability to reverse re-
sistance to irinotecan as a strategy for patients transitioning to
further lines of therapy [12]. Cetuximab plus irinotecan was com-
pared with cetuximab alone in 329 patients previously treated
with irinotecan receiving second-line (21%), third-line (36%)
and further-line (43%) treatment, and was found to improve me-
dian time to progression, but not OS (Table 2). A randomised,
open-label study of 572 patients who had failed prior treatment
that included fluoropyrimidines, irinotecan and oxaliplatin [13]

Volume 29 | Issue 4 | 2018

doi:10.1093/annonc/mdy038 | 837



Annals of Oncology

panunyuon)

%0°0S SNSIA 94799 :ueder
9%0°GS SNSIAA 9%/°0/ :2doin3
%/ Gt SNSI9A %t'¢/ VSN
Auy
96€ SNSIDA %Q| PILUSRUY
960 SNSI9A % | 7 elusedoynaT
960 SNSISA %8¢ :elURdONIN
%0
SNSIDA %4 :eluSedOIINAU J|1UGD
0675 SNSIDA %69 AUy
%0
SNSIIA 97 :elU2Rd0ILO0qUIOIY |
9%t SNSISA %0 | :elusedoydwAT
965 SNSIDA %/ | BIWeUY
960 SNSISA %87 ejusedoynaT
060 SNSIDA 906 elusedonnay
060 SNSIDA %ty :DUNIWIOA
%0
SNSIDA %4 :eluDRd0IINAU 3|1IGD
9%t SNSISA 94ty (RIXDIOUY
040 SNSIDA %4t :eISNEN
960 SNSISA %9 ea0YLIel]
9%t SNSISA 049 :DNbe

T S—11T 1D %S6 ‘07'E
{19311puy) |d1/A L4 SNSIaA O

dN

100'0>d

10691 SNSIBA 9%t 24D
6C0=d
‘(4D) %t0 sns

-I19A (Yd 118) %9'L *440

L000'0>d
‘950-82°0 ID %S6
‘0v'0 YH 'sow 0’|
SNSI9A 61 41| UeIPAN
L000'0>d
%L1 SNSI9A %EY *dDA
90 SNSI9A 9% “HHO

L0000>d ‘SO0
1D %56 ‘850 :ueder
L0000>d ‘ZS0-€€0
1D %56 ‘1170 :2doing
¥0000=d '690-920
1D %56 ‘70 :¥SN
:uones0o| Aq YH S4d

1000>d

£S0-170 1D %56

‘81770 YH ‘sow /|
SNSISA (7 :S4d UBIPS

L000'0>d

650-87°0 ID %56

170 YH ‘sow 0L
SNSIDA (7 :S4d UBIPI

[¥00=d ‘00'L~LS0
1D %56 ‘S£°0 :ueder
20000=d ‘080-8+'0
1D %56 ‘290 :2doin3
LL200=d Y6 0-1€0
1D %56 ‘950 2¥SN
:uoneso| Aq YH SO

1000>d

180-85°0 1D %56

‘89°0 YH Sow €°G
SNSIBA |/ :SO URIPS

L1000=d

180-6€0 1D %S6

950 YH ‘sow 99
SNSIZA 0'6 :SO URIPI

ce'1-080 D

9%SG6 0L “(12=41pul)
|d1/d14 snsJoA H3Y

€80

NVd 4o |3D pue ‘39
"Y1 'XO ‘d4 Buipnpul
‘suswibal Joud z<

NVd 4o |3D pue ‘39
"Y1 'XO ‘d4 Buipnpul
‘suswibail toud z<

XO
pue y| ‘d4 bupnpu
‘suswibal Joud z<

0dd shsion |d1/d14

0dd shsion |d1/d14

0dd shsion |d1/dLA

008

008

691

(sdnoibgns
oiydesb
-09b Jo sIs
-Aleueqgns) Ja1e|
10 aul| piiya [og] sLoe
/2d '8S "4 ‘Il 9seyd SRl @)
1918
10 aul| piiya [Lz] sloe
/2d '8S "4 ‘Il °seyd 1019 1akey
1910
10 3Ul| paIYL Bl zioc
/2d "0 Y Il eseyd B39 OUIYSOX

04d Sns1aA |d1/al4 :sjemy K1oyeuejdxy

L8CLSL D =/50 1D %56 690
%56 ¢ 1°C :0gd Snsion |d1/d14 ‘04dd snsteA |d1/A L
9701-80'S €8'0-090 1D %S6
1D %56 :CT'L :09d SNSian DY 1£°0°09d Snsien O3Y 04d snsion S10Y € 40 [LL]9l0¢C
YH 3V Auy dN dN |H SO dN IdL/AL4 SNSIPA DY $9/L  MIIARI DIRWRISAS e 19 oeyeiqy
M3IADI d1eWd)SAS
juswWleaI)
SawodIno awodIno 101esedwod Jo aul| pue bun
(s3v €< spe.b) f19jes Kiepuodas 1ay10 Kiepuodas urepy awodno Liewiid juswieas) Jold pue juawieai) N  -19s/ubisap jeni] loyiny

aul| puodas 3y} puokaq asn o) pasuadi| sbnip jo f1ayes pue fHedyy3 °L 3jqel

Volume 29 | Issue 4 | 2018

838 | Arnold et al.



Annals of Oncology

panuijuop)

dN

dN

dN

%0'GL SIK G/ < 9By
%8/ 'SIK G9< 9By
9%2°59 SIA 69> 2By

Auy

dN

dN

dN

%5GL
SNSIDA %/ '8y (SIA

59< pabe s1d) Yyna

dN

dN

95’1
—/¥0 1D %56 'S80

Jusuiedw| 91e1SpolN
960-£50 1D %56

‘120 Huswiiedw plIA
180-150

1D %56 79°0 :[eULON
-uonosuny

[euss Ag YH SO

10000>d

'250-2€0 1D %S6

170 gH H(SIA 59<
Um@m mHQv Sdd Uelpsiy

9L'L=81°0 1D %S6
/6'0 YH 'SOW €°G
SNSI9A G'G :SIUDAS ON
S/0-L10 1D %S6
‘9€°0 YH 'sow 7oL
SNSISA GE | €< SPAD
8/0-L¥0
1D %56 950 YH ‘sow
€9 SNSIDA £'8 17 3PAD
#90-C€0
1D %56 ‘G170 YH
'SOW €°G SNSIBA /'6 :|
924D :195U0 elused
-0J1IN3U —¢ SpeID)
1531|4e3 Ag SO UrIPAN
L000'0>d
180-650 1D %56
690 YH sow 'q
SNSISA 7'/ :SO URIPSN
60
=120 1D %S6 170
auswiedw| 7 speln
S60
—€50 1D %S6 ‘120
auawliedul | apeln
08'0-050
1D %56 ‘€90 :[eWION
:uonouny
dneday Aq yH SO
¢000'0=d
080-8%7°0 1D %56
790 YH ‘Sow 91
SNSIBA 7/ (SIA 59<
pabe s1d) SO ueIPAN

NVd 10 13D pue ‘3@
"Y1 'XO 'd4 Buipnppul
‘suswlibal soud z<

NVd 10 [3D pue ‘39
"dl X0 ‘d4 Buipnpul
‘suswibal Joud z<

NVd Jo |3D pue ‘39
"Y1 'XO ‘d4 Buipnpul
‘suswibal Joud z<

NVd 10 13D pue ‘3@
"Y1 'XO 'd4 Buipnppul
‘suswlibal soud z<

0dd shsion |d1/d14

0dd snsion |d1/d14

0dd shsion |d1/d1d

0dd shsion |d1/d14

008

008

008

008

(esuodsal

JO Joredipul

Se 195U ejused

-0JINaU JO SIS

-Aleuegns) Iae|

10 3ul| pliy}
/2d '8S Y lll 9seyd

(SNsaJ [eAIA

-INs |euy) Iae|

10 3ul| pliy}
/2d 'gS g lll 9seyd

(uonouny
onedsy Jo/pue
[euas pasredul

yum sid Jo sis

-Aleuegns) Iaie|

10 ul| pAIyL
/2d '8S "4 ‘IIl °seyd

(sIsAjeuegns
paseq-abe) Iae|

10 ul| piIy)
/2d '8S "4 ‘Il 9seyd

[P€l 910¢C
e 312 NSIYO

leeloloc
‘|e 19 JaKe|y

[eeloloz
‘|6 19 JaKey

[L€]
GLOZ ‘e 39
WwIasIND UeA

(s3v €< apesb) f1a4es

sawodno
Kiepuodas 1ay10

awodno
Kiepuodas urepy

2uwodjno ?.ME_‘_A_

jusawieas) Joud

Jojesedwiod
pue juswieai)

juswieas)
Jo aul| pue bun
-19s/ubisap |en L

loyiny

panuiuo) °| 3|qel

doi:10.1093/annonc/mdy038 | 839

Volume 29 | Issue 4 | 2018



Annals of Oncology

panuuoy)

960 SNSIDA %€ BlUISRUY
%L>

SNSIDA %1 :elwusereydsoydodAH
%0 SNS

-19A 940 :UOIBWENDSIP IO Ysey

9% SNSISA %8 :ea0ylle|q

069 SNSISA %0 | :DnH11e

%t SNSIDA %S AUy

%G'S ‘elusedonnau a|lge
069°€C ‘elWisruy

% £ elusedoyna

%81 ‘elusedonnan|

%9°€ anbney

%0 SNSI2A 948t :IUSRdONST
%6'G SNSI9A %6'G | PILISRUY
%0 SNSI2A 9507 elusedonnaN

dN

SHOIM (| SNSIIA

713V | yum sid 1oy ‘syoam

9 SNSIaA £ :53d ||e 10j sauwiy
uoeINP/2INSodxe Ueipa|y
90°E SNSIAN %1€ BIUDRYISY
95/°G SNSIDN 946°€ :onbne4
%%°0 SNSISA 9%(°€ :eS0YLIeI]

1000'0>d
%S SNSISA % L7 :4DA
%10 SNSIDA

%0'L (dd I[©) YO

%6'8¢ -dDd
%/ '€ 44O

%97 |
SNSIZA % | ¥ 4D

SL=67'1
1D %56 ‘SOW 86°¢
SNSIAA 8F'G ISIMLO
SOW O/t SNSI9A

oy Yiesp [Run 4] |

L000'0>d

‘850-¢'0 1D %56

‘6170 YH ‘sow /7|
SNSIAA 6] 'S4d UeIpay

(¢/=G¢€ obuey)
SOW €°G 15O UBIPIN

100'0>d

Y50-7E€0 1D %56

‘€170 YH ‘Sow gL
SNSISA 0 :S4d URIPa

soul
8C'L SNSISA 9G°C -1 SIML

¢S000=d

Y6'0—79°0 1D %56

/0 gH 'SOW 'S
SNSISA $'9 15O UBIPS

(€71 9buey)
SOWI (07 :S4d UBIPay

SE00=d
66:0-¢9°0 1D %56
6/°0 gH 'sow |°/
SNSI9A §'/ SO UBIP3AN
SOWw 00 SNSI9A
260 (N4 "eixaioue
‘elusyise ‘anbney
‘e30yJJelp ‘BUlOA
‘easneu) d 2.0y
-9q 700D 1Pedw 0}
pa1dadxe s3Iyl v—€
SpeID YUM DU} UeS|A|

Nvd
10 13D pue ‘3g pue
4l 'XO 'dd snoinaid

534 %8S
papnpul Adesayy Jolid

dl
+ XO 'dd buipnpul
‘suswibal Joud z<

NVd Jo |30 pue ‘39
"Y1 'XO ‘d4 Buipnpul
‘suswibal Joud z<

NVd 40 133 pue ‘39

0dd SnsIon H3Y 09/

|d1/aLd SS

0dd shsion |d1/d 14 90v

0Odd shsion |d1/d14 864

1218
10 3Ul| pUodas
/2d ‘ad Y Il 9seYd

[Z1] €10C
‘|e 19 Asy10in

09d Shsi1aA D3y :sjeuy K103euejdxy

S90 ‘134

[G¥] [e 12 1ueI0y,

1dL/dLd :s31pN3s pliom-jeay

1210
103Ul pAIY}
/2d ‘ad 'Y lll 9seYd

(SIsAjeuegns

LSIMLD) o€

10 ul| pAIy}
/2d '9S g 'lll 9seyd

(uoneinp
uswieasn

pue 70Q uo 3y
Jo 1edwi JO SIS
-Aleuegns) Iae|

lizd|
9L0T ‘(e 13 Wiy
[8€] £10C

‘|e 19 OJauloge |

%170 SNSISA 9% 1T (OUIIWOA "4l ‘X0 'd4 Buipnpul 10 aull pliLd [s€loloc
061" SNSIDA %6’ | :BASNeN N N N ‘suswibal Joud z< 089d SNSIaA |d1/Al4 008  /Dd'gS Y ‘Il 9seyd ‘e 12 olauiage |
juswieasy
S3wi0d1no awod31no Jojesedwiod Jo aul| pue bun
(s3v €< apeub) f1ajes Kiepuodas 1ay10 Kiepuodas urepy awod)no Aiewnd juswiead) Jolid pue juswieai] N  -)os/ubisap jeli] loyiny

panuyuoy | Q_QN._.

Volume 29 | Issue 4 | 2018

840 | Arnold et al.



Annals of Oncology

panunuoy)

%S
SNSIDA %S :elwaeieydsoydodAH
95 SNSISA 949 :ea0YLIRI(]
9% | SNSIDA % :2nbne
%71 SNSISA %6 *HS4H
0G| SNSIDA 94| 7 :UOIsUSUdAH
0695 SNSIDA 9419 AUy
SIA /> sns
-19A SIA G/ < 9be ‘'s3y €< apeln
%S
SNSIDA %G :elwaeieydsoydodAH
95 SNSISA 4G Ba0YIIRI(]
9% | SNSISA 04/ | 2NDIEe
%91 SNSISA % | *4SH
%t SNSISA %g| :UOoISULAAH
055G SNSIDA 9409 AUy
SIK 69> sns
-19A SIA G9< 9be ‘s3y €< apeln

dN

96€ | UIgNJIJIQ pasealdu|
%/ 1SV Pasealdu|

049 11TV pasealdu|

9%/ eluaeieydsoydodAH
%t “YS4H

949 :ea0ylleiqg

9%/ | :uolsusuadAH

%81 :2nbned

%0
SNSIDA 9%/ :elwaereydsoydodAH
960 SNSISA 949 1Sy PIsealdu|
960 SNSISA %/ 117V Paseanu|
05€ SNSISA % | :UOISUSLAAH
%0 SNSISA %91 *4S4H
O%t71 SNSIDA 941G AUV

dN

dN

dN

dN

10000>d

9%/ SNSIA %S YDA
S¥0'0=d ‘%0

SNSISA 9%t :(Hd [18) HHO

Sowl /7 SNs
-I9A G SIA G/ > sns
-I9A SIA G/ < 3be 'S4d

dN

dN

dN

L000'0>d
Y70-2C0 1D %56
'LE0 YH 'sow /|

SNSIBA 7€ :S4d URIPa

uwin|od A194es
295—sIsAjeue A1aes

SOW 9'7 SIA G9< 9By

Sow /7 SIA G9> paby

:9be Ag S4d ueIpay

dN

LT-9T D %S6
'SOW /7 'S4d UeIpaN

910000=d

2LL°0-0%70 1D %S6

‘GS0 YH ‘sow €9
SNSISA 88 :SO URIPSN

NYd 10 135 pue
'3 "dl 'XO 'd4 snoinaid

NVd 40 130 pue
38 "dl 'XO 'd4 snoinaid

NVd 10 130 pue
38 "dl 'XO 'd4 snoinaid

NYd 10 135 pue
39 "Y1 'XO 'd4 snoinaid

Y| 1o
XO + d4 Buipnpu
‘suswibal soud <

934 89¢
93d /8¢
S3d /8¢
534 /8¢

0dd snsioAD3y  #0C

(k51 <
‘sisKleuegns
dnoub sbe) sid
4O 9696 Ul Jo1e|
10 aul| piiyy
/¥S 110 ‘qlll °seyd

(s1h59<
‘siskjeueqgns
dnoib abe) sid
10 9496 U] Ja1€|
103Ul pAIyL
/NS 710 ‘qlll 8seyd
(pauodau
S1|nsal ou)
s1d JO 996 U!
131e] 10 3Ul| pAIYL
/NS 710 ‘qlll 8seyd

sid

40O 996 Ul Ja1e|

10 aul| Py}
/¥S 710 ‘qlll 9seyd

[evl 9l0C
[ODM e 19
wIasIND UeA

[P¥] 910¢
ODSV ‘e 19
wasind uep

[cv]
Gloc e e
WIasIND UBA

[1¥] SLoC
(OBBENLRES
wiasIND) uep

D3Y :SaIpN)S pasiwopues-uoN

IS
1O 3Ul| pUOd3s
/2d '9a Yl 9seyd

[oc]
GlLOC e 10 17

(s3v €< apeub) f1ayes

sawodno
Kiepuodas 13Y10

3awo31no
Kiepuodas urey

2uod3ino >._NE_._n_

juswileasy Joud

J0jesedwiod

pue jusuieal] N

juswileasy
Jo auij pue bun
-19s/ubisap |enL

loyiny

panunuo) *| a|qeL

doi:10.1093/annonc/mdy038 | 841

Volume 29 | Issue 4 | 2018



Annals of Oncology

'$1eaA ‘SIA A1IDIX0) 10 95eaS|P JO SWOoIdWAS INOUIIM W ‘| SIM L ‘UOISSaIb0id 01 W ‘d] | ‘D4N|ie) USR] O) SUI ‘4] | ‘SIUDAS SSISAPE PaIR[I-1USWIRaI) STy | ‘@5easIp 9|qels 'ds

pul|g-3|buIs ‘gS ‘ULe-3|BuIS VS DAIRdadS0IIR) ‘| Y ‘qIudjelobal ‘DY el PI||0IUO0I-PISILIOPUE] ‘| DY ‘PISILUOPURI ‘Y ‘ANIDIXOY JO 35eaSIP JO SWoidwAS Inoyum awiy paisnipe-Allienb ‘| SIMLO ‘@41 JO Aljenb 70D
‘syusned ‘s1d ‘asuodsal [erued ‘Yq {eAIAINS 9214-U0Issa100.d ‘S4d :9seasip aAIssaib0.d ‘gd ‘pa||0i1uod-0gade|d ‘“Dd ‘ogede(d ‘Ogd ‘qeuunwniued ‘Nyd ‘unejdiiexo ‘XO ‘[PAIANS [[BISAO ‘SO 91kl 9suodsal 9Anda(go
"YYO ‘|2qel-uado 1O ‘[euoneAlssqo ‘sgo ‘pariodal 10U ‘YN ‘SYIUOW ‘sow ‘uedaloul) ‘Y| ‘ebuel ajienbiaiul ‘Yo ‘o1l piezey ‘YH ‘Uondeal US 100j—puey ‘YS4H ‘(elidin/sulpunyil ‘|d1/dl4 LulpiwiAdolony ‘d4
‘31eJ |013U0D 35e3SIP ‘YO ‘Pullg-2|gnop ‘g suodsal 219|dwod ‘YD) {|eAla1ul 2DUSPYU0D ‘D [qewixniad ‘13D (geunziorAq ‘g selajsueoulwe a1enedse ‘| Sy ‘9SeiajsUrIIOUlULIR SUIUB|e ‘| Ty AUSAS 3SISAPE ‘JY

[6v]

81'1-820 suswibau £10C ODOSY
dN SC00=d ‘180 YH 411 76’0 4H S4d 1D %56 ‘96'0 ‘YH SO piepuels snolAaid |d1/Q14 SNSieA HIY 685 S90 ‘134 ‘e 19 eYonyn4

040 SNS
-I9A %/'g BllUseUOWWIRISAAH
0S| SNSISA
060 ‘elusedonnap %9'87
040 SNSISA %t/ | ADIxo101edDH SNSISA %1 0€ :AS

960 SNSISA %S | HSHH sowl €9 souw |’z 960 SNSISA %0 Hd suswlibal 191€| IO [8%7] 9107

%E | SNSI9A %G ey :AUY  SNSISA §'G iSO UBIPS)N  SNSI9A ('€ :S4d URIPSN 960 SNSISA %0 D pJepuels snojaald 7< |dL/A14 SNSISA DY /€ Ul pAYY/SEO ‘13Y ‘|e 19 ePaNg
956 0=d

%6 SNSI9N Va7l

%56 ‘dDA0EE 0=d 615 0=d SOW &'/ Gi7L'0=d ‘SoW |'¢ NVd 10 13D pue 910¢ I9DM
dN %0 SNSISA %€ YYO  SNSISA £/ SO UBIPSN  SNSISA (0T :S4d UBIPAN ‘38 Y| 'XO 'd4 SnolAsld |d1/Q14 SnSieA HIY Y7/ S90 ‘134 [€ 19 BXe10)

06 BIX2UOUY sowl 7' :(Ayauaq
99} :UOISUSLIAAH 1USW3eal] a1eIspoul
%€} :e20YUIeI] yum sd) SO ueipay
%6 “4S4H %/ ‘S4d ouw-¢| SOW 7’6 :(Agau=q %¢¢C SO ow-¢|

%S| enbiiey 91=9'L YOI juswiean ybiy 7' L1=7"C 4Ol s1e| Jo [ov] 91l0¢
%L €t Auy ‘SOW /°T :S4d UeIpay Yum sid) SO uelpsiy 'SOW 9'G :5O UeIPSKN  suswiibal snojasid 7< 534 G9  8ull pAyy/Sgo ‘13 ‘e 39 sluspy
1d1/Ald snsiaA DY ‘DY :s21pn3s pliom-|eay

juswiealy
S3W023no awod3no 103esedwod Jo aui| pue bun

(s3v €< apeub) L1ajes Kiepuodas 1d3Yy10 Kiepuodas urep awod)no Aiewnd juswiead) Jolid pue juswieai] N  -)9s/ubisap |eli] loyiny

panunuo) °| ayqel

Volume 29 | Issue 4 | 2018

842 | Arnold et al.



Annals of Oncology

evaluated cetuximab plus BSC versus BSC alone and found that
cetuximab plus BSC offered a survival benefit over BSC alone
(Table 2). A phase II, randomised, open-label study of cetuximab,
irinotecan and bevacizumab versus cetuximab and bevacizumab
in 83 patients who had failed >1 previous irinotecan-based regi-
mens reported an increase in OS with triple versus dual therapy
(Table 2) [14]. However, this study struggled to accrue the
requisite patients for meaningful comparison between the study
arms and included a significant proportion of patients with only
one or two prior treatments.

Panitumumab plus BSC versus BSC alone was evaluated in a
phase 111, randomised, open-label study of 463 patients who had
failed 2 or 3 prior regimens that included fluoropyrimidines, iri-
notecan and oxaliplatin [15]. Versus BSC alone, panitumumab
plus BSC did not affect median OS, but did prolong median PFS
(Table 2). In a phase III, randomised, open-label study of 999 pa-
tients with wild-type KRAS who had previously failed irinotecan-
and oxaliplatin-based chemotherapy [22], panitumumab was
non-inferior to cetuximab with regard to OS (HR, 0.97; 95% CI
0.84-1.11). In a phase II, single-arm trial, panitumumab plus iri-
notecan yielded a median PFS of 5.5 months, with median OS of
9.7 months [51].

The use of cetuximab or panitumumab is now considered stand-
ard care in patients with a KRAS/NRAS wild-type genotype, includ-
ing in the third-line setting in patients who have not previously
received anti-EGFR treatment [1, 7]. However, it is not uncommon
for patients with RAS wild-type expression to receive EGFR inhibi-
tors as first-line therapy. Current guidelines recommend the use
of either cetuximab or panitumumab in such patients as initial
therapy [1, 7]. There is evidence that EGFR inhibition may not have
a benefit in right-sided tumours [39, 62, 63], and the most recent
NCCN guidelines note the lack of response to cetixumab and pani-
tumumab in patients with right-sided tumours [7].

Agents not approved for treatment of mCRC. In a phase III, rand-
omised, double-blind, placebo-controlled trial of 416 Chinese pa-
tients previously treated with >2 previous lines of chemotherapy
[28], therapy with the vascular EGFR (VEGFR) inhibitor fruquin-
tinib resulted in prolonged median OS versus placebo (Table 2).
The most frequent fruquintinib-related grade >3 AEs were hyper-
tension and HFSR.

The VEGER inhibitor brivanib improved PES but not OS in a
phase III, randomised, double-blind, placebo-controlled trial
[18] (Table 2). In this study, 745 patients, including 92% who
had previously received >4 lines of chemotherapy, were assigned
to either cetuximab plus brivanib or cetuximab plus placebo.
Median OS was similar for cetuximab plus brivanib compared
with cetuximab alone, but brivanib was associated with longer
median PFS (Table 2). Compared with placebo, the addition of
brivanib to cetuximab was associated with an excess of grade >3
AEs overall, as well as an excess of grade >3 fatigue, hypertension,
rash and abdominal pain (Table 2).

A phase II/III randomised, double-blind, placebo-controlled
study of 344 patients previously treated with irinotecan- and/or
oxaliplatin-based chemotherapy, assigned patients to either
weekly or fortnightly dalotuzumab, both in combination with
cetuximab and irinotecan [23]. The trial was prematurely discon-
tinued due to neither dalotuzumab dosing regimen meeting pre-
defined continuation criteria. The impressive median OS

(14.0 months) and PFS (5.6 months) achieved with cetuximab
and irinotecan in the placebo arm likely reflect the inclusion of
second-line patients since more than 40% of patients had just one
or two prior lines of treatment.

Treatments targeting molecular subgroups. A phase II, rando-
mised, open-label trial evaluated the BRAF kinase inhibitor
vemurafenib in combination with irinotecan and cetuximab
(VIC) compared with irinotecan plus cetuximab (IC) in 106 pa-
tients with BRAF V600E-mutated mCRC previously treated with
one or two standard chemotherapy regimens [27]. OS was
not reported, but VIC resulted in longer median PES versus IC
(Table 2). An excess of grade 3—4 nausea, neutropaenia and an-
aemia was reported for VIC compared with IC. Other trials dedi-
cated to poor prognostic BRAF-mutated mCRC are ongoing and
combine BRAF inhibitors with other targeted agents.

A phase I, single-arm trial evaluated pembrolizumab, an anti-
programmed death 1 (PD-1) immune checkpoint inhibitor with
activity against microsatellite instability-high (MSI-H) tumours,
in 32 patients with mCRC with or without mismatch-repair defi-
ciency [54], where 78% of patients had received >3 previous
therapies. Mismatch-repair status predicted clinical benefit, with
median PFS and OS not reached in the mismatch-repair defi-
ciency cohort compared with 2.2 and 5.0 months, respectively, in
patients with mismatch-repair proficient mCRC (HR for death,
0.22; P=0.05).

Dual-targeted therapy was evaluated in a phase II, single-arm
trial of trastuzumab plus pertuzumab in 57 patients with HER2+
mCRC [38]. In this study, the ORR was 37.5%.

Other investigational compounds. The interleukin-1lo inhibitor
xilonix (MABp1) was evaluated in a phase III, randomised, open-
label, placebo-controlled study in 309 patients also receiving BSC
and previously treated with oxaliplatin- or irinotecan-based
chemotherapy [19]. Treatment response was significantly better
for xilonix versus placebo (Table 2).

A phase III, randomised, double-blind, placebo-controlled
trial evaluated the tyrosine kinase inhibitor nintedanib together
with BSC versus placebo plus BSC in 768 patients previously
treated with fluoropyrimidines, oxaliplatin, irinotecan and beva-
cizumab, and previous EGFR inhibitors in those with wild-type
expression of KRAS/NRAS [26]. Median OS was similar for nin-
tedanib and placebo, but median PFS was longer in the ninteda-
nib group (Table 2).

A number of phase I, single-arm trials evaluated different in-
vestigational compounds in unselected patients receiving treat-
ment beyond the second line, but did not indicate any clear
survival benefit [49, 50, 52, 53, 56, 57].

Efficacy and safety of rechallenge in patients with
progression or recurrence beyond the second line

In patients previously treated with irinotecan- and oxaliplatin-
based chemotherapy, fluoropyrimidines, bevacizumab, and ei-
ther cetuximab or panitumumab for those with RAS wild-type
tumours, an option in clinical practice is to rechallenge after pro-
gression or recurrence [1, 64]. Unlike reintroduction of a treat-
ment which may occur in situations where there is no
progression on therapy, rechallenge involves administering a
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therapy to which the tumour has already developed resistance
[65]. Although mechanisms supporting rechallenge are not com-
pletely understood [66], rechallenge may have merits in symp-
tomatic patients where the aim of therapy is short-term
induction of an antitumour response. However, evidence for this
strategy is limited. Overall, 15 published studies evaluating
rechallenge beyond the second line met the inclusion criteria
(Table 3), including 1 RCT [25], 2 phase II, single-arm trials
[67, 68] and 10 prospective or retrospective observational studies
[69-78].

Oxaliplatin rechallenge. A phase II, randomised, open-label study
that evaluated capecitabine plus oxaliplatin (XELOX) in 46 pa-
tients previously treated with FOLFOX (84%), XELOX (7%) and
irinotecan (9%) reported median OS of >9.2 months (Table 3)
[25]. However, the eligibility criteria allowed for reintroduction
of oxaliplatin and thus many patients may not have experienced
progression on their earlier oxaliplatin-based regimen. A further
phase 11, single-arm study evaluating rechallenge with a modified
FOLFOX regimen in 33 second- and third-line patients reported
amedian OS of 300 days [68].

Irinotecan rechallenge. Two real-world studies evaluated rechal-
lenge with irinotecan and cetuximab as third-line or later treat-
ment in patients previously exposed to fluoropyrimidine,
oxaliplatin and irinotecan [70, 77]. These studies reported me-
dian OS of 6 and 7.3 months. Another real-world study reported
a median OS of 18.4 months in 31 patients who had progressed
following fluoropyrimidine plus irinotecan and/or oxaliplatin
and received third-line or later treatment with bevacizumab plus
FOLFIRI or FOLFOX [72]. This survival needs to be interpreted
with caution, considering the small sample size and retrospective
nature of the study; of note, one patient received treatment as se-
cond line.

Cetuximab rechallenge. In a phase II, single-arm trial of 39 pa-
tients with irinotecan- and cetuximab-refractory mCRC with a
median of four prior treatment lines, cetuximab plus irinotecan
yielded an ORR of 54% [67]. Median PFS was 6.6 months.

Bevacizumab rechallenge. A real-world study that evaluated
FOLFOXIRI plus bevacizumab in 49 patients who had progressed
after fluoropyrimidine, irinotecan, oxaliplatin and bevacizumab
reported a median PFS of 5.8 months and a median OS of
11.9 months (Table 3) [76].

Discussion and conclusions

The results of this systematic review show that there is limited
high-quality evidence on which to base recommendations for
treatment of mCRC beyond the second line. In order to assess the
available evidence, we identified three questions that are relevant
to clinical practice. Given that novel treatments are continuously
being evaluated in clinical trial programmes and existing treat-
ments are obtaining expanded indications, the first question was
aimed at future prospects for treatment in mCRC beyond the se-
cond line. The second and third questions were intended to estab-
lish whether there was sufficient evidence to favour either

Annals of Oncology

rechallenge with any approved compound or combination used
in an earlier treatment line, or the use of an approved third- or
fourth-line treatment approach.

There is currently a lack of high-quality, well-conducted RCTs
through which to advance the evidence base. Discounting the use
of BSC as a comparator and the reliance on open-label study de-
signs with their inherent potential for bias, our search retrieved
robust data to support the use of cetuximab and panitumumab at
least in heavily pretreated patients with wild-type KRAS/NRAS
expression [13]. However, both EGFR monoclonal antibodies are
routinely used as first- and second-line treatments [1, 7].
Although one RCT showed favourable survival with the combin-
ation of cetuximab, irinotecan and bevacizumab [79], other stud-
ies have reported increased toxicity and reduced PES in patients
receiving bevacizumab plus EFGR inhibitors [80-82]. Of five
compounds currently being investigated for use beyond the se-
cond line in mCRC that we identified based on high-quality
phase II and III trials, only fruquintinib has demonstrated an OS
benefit compared with placebo, but in a study that only included
Chinese patients [28]. There is thus a clear unmet need for effect-
ive new therapies beyond the second line in mCRC. Recent results
from the nivolumab plus ipilimumab cohort of the CheckMate-
142 study have been published and show a high response and
encouraging 12-month PFS (71%) and OS (85%) rates [83]. The
combination had a manageable safety profile and clinically mean-
ingful improvements in PROs from week 19 onwards [83].
Results of the Reverce study, which investigated the efficacy and
safety of treatment sequence when using cetuximab and regorafe-
nib in patients with mCRC naive for anti-EGFR antibodies, have
recently been presented at ASCO-GI [84].

There is little high-quality evidence to support rechallenge in pa-
tients who have failed second-line treatment with conventional
chemotherapy. Although one randomised phase II trial reported
impressive median OS with oxaliplatin rechallenge, the design of
this study also permitted oxaliplatin reintroduction in patients
who had not progressed on their earlier regimen [25]. Some real-
world studies reported similarly impressive survival [72, 76], but
these results must be interpreted with caution due to the small
sample sizes and absence of control groups. A systematic review of
therapy beyond the second line concluded that rechallenge with
oxaliplatin might be an option in selected patients while also recog-
nising the possible value of EGFR- and VEGF-directed therapy [6].

With regard to approved third- and fourth-line treatments,
both trifluridine/tipiracil and regorafenib were evaluated in large,
well-conducted phase II and III trials [16, 17, 20, 21, 24]. On the
basis of the efficacy findings, treatment with either trifluridine/
tipiracil or regorafenib is an appropriate first choice beyond the
second line; thus, performance status and the safety profiles of
each are likely to be determinant in the choice of treatment.
Trifluridine/tipiracil is predominantly associated with haemato-
logical toxicities [16, 21, 24], whereas regorafenib is associated
with HESR, hypertension and liver toxicity [17, 20]. Maintenance
of QoL is an important goal beyond the second line, and QoL was
found to not deteriorate in patients treated with regorafenib ver-
sus placebo. Although QoL was not measured directly for trifluri-
dine/tipiracil, ECOG performance status was maintained
compared with placebo [21].

There are limitations to this systematic review, including those
inherent in searching publication databases, such as adaptation
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of a single search strategy across different databases, the possibil-
ity that the specific keywords chosen and/or adapted may allow
some studies to be missed, and the necessity of relying on the au-
thors’ self-reported research designs. Other limitations for this
analysis were that due to the inclusion of a variety of study de-
signs, populations and outcomes, it was necessary to assess the
data using a qualitative synthesis rather than a meta-analysis; and
that the complexity and potential disparity in the patients
included in the trials may obscure treatment differences and
make defining an ideal therapy for later-line treatment extremely
difficult. Patients with HER2+ or MSI-H tumours increase the
complexity of mCRC, and for these patients pooling results to
reach an overall conclusion may not be applicable. To that end, a
scale to estimate the magnitude of clinical benefit, such as the
ESMO scale [85], may be useful to further delineate treatment ef-
fects in patients with mCRC. The US Food and Drug
Administration has recently approved pembrolizumab for the
treatment of patients with MSI-H tumours, and recommenda-
tions for the use of nivolumab or pembrolizumab in these pa-
tients have been included in the latest NCCN guidelines [7, 86].

In conclusion, although there are several targeted agents
(HER2, PD-1) that show promising results in small populations,
our findings support the preferred use of trifluridine/tipiracil or
regorafenib as the current approach most likely to yield improve-
ments in OS in most patients receiving treatment of mCRC be-
yond the second line. There was no evidence to suggest better
efficacy for either treatment, but tolerability and QoL of the pa-
tient should be considered when selecting a treatment beyond the
second line. In contrast, the evidence supporting rechallenge with
a previously used chemotherapeutic agent remains limited and
should be withheld for later use in patients with good perform-
ance status who are willing to receive a further line of treatment.
There is an unmet need for novel therapies to complement the
use of currently available management strategies.

Acknowledgements

Medical writing and bibliographic search support were provided
by Zoetic Science, an Ashfield company, Macclesfield, UK. We
thank Sheridan Henness, PhD, of Springer Healthcare
Communications who edited the manuscript and styled the art-
icle for submission. All medical writing assistance was funded
by Servier.

Funding

The medical writing assistance and bibliographic searching for
this manuscript were supported by Servier (no grant number
applies). All authors had a role in the design of the study, the
analysis and interpretation of the results, the decision to pub-
lish, or the writing of the paper.

Disclosure

DA has received honoraria for speakers’ activities and advisory
roles from Bayer, Lilly, Merck, Roche, Sanofi, Servier and Sirtex.
GWP has received speakers’ fees and/or is a member of advisory

Annals of Oncology

boards for Bayer, Roche, Merck Serono, Sanofi-Aventis, Lilly,
Servier, Celgene, Halozyme, Taiho and Amgen. AQ has no dis-
closures to declare. AS has received speakers’ fees, research
grants and/or is a member of advisory boards for Bayer, Roche,
Merck Serono, Sanofi-Aventis, Lilly, Servier, MSD, BMS and
Amgen. SM and NM are employees of Servier. JT has received
honoraria from Servier, Amgen, Roche-genentech, Merck
Serono, Eli Lilly, Celgene, Sirtex, Shire and Sanofi.

References

1. Van Cutsem E, Cervantes A, Adam R et al. ESMO consensus guidelines
for the management of patients with metastatic colorectal cancer. Ann
Oncol 2016; 27(8): 1386-1422.

2. McQuade RM, Stojanovska V, Bornstein JC, Nurgali K. Colorectal can-
cer chemotherapy: the evolution of treatment and new approaches. Curr
Med Chem 2017; 24: 1537-1557.

3. Maindrault-Goebel F, Tournigand C, André T et al. Oxaliplatin reintro-
duction in patients previously treated with leucovorin, fluorouracil and
oxaliplatin for metastatic colorectal cancer. Ann Oncol 2004; 15(8):
1210-1214.

4. Tonini G, Imperatori M, Vincenzi B et al. Rechallenge therapy and treat-
ment holiday: different strategies in management of metastatic colorectal
cancer. ] Exp Clin Cancer Res 2013; 32(1): 92.

5. McLean J, Rho YS, Kuruba G et al. Clinical practice patterns in chemo-
therapeutic treatment regimens for metastatic colorectal cancer. Clin
Colorectal Cancer 2016; 15(2): 135-140.

6. Nielsen DL, Palshof JA, Larsen FO et al. A systematic review of salvage
therapy to patients with metastatic colorectal cancer previously treated
with fluorouracil, oxaliplatin and irinotecan +/- targeted therapy.
Cancer Treat Rev 2014; 40(6): 701-715.

7. Network NCC. NCCN Clinical Practice Guidelines in Oncology (NCCN
Guidelines®). Colon Cancer Version 2.2017. Fort Washington, PA 2017.

8. Guyatt G, Oxman AD, Akl EA et al. GRADE guidelines: 1. Introduction-
GRADE evidence profiles and summary of findings tables. ] Clin
Epidemiol 2011; 64(4): 383-394.

9. Jadad AR, Moore RA, Carroll D et al. Assessing the quality of reports of
randomized clinical trials: is blinding necessary? Control Clin Trials
1996; 17(1): 1-12.

10. Viswanathan M, Berkman ND, Dryden DM, Hartling L. Assessing Risk
of Bias and Confounding in Observational Studies of Interventions or
Exposures: Further Development of the RTI Item Bank. Agency for
Healthcare Research and Quality. Rockville, MD 2013.

11. Abrahao ABK, Ko YJ, Chan KK. Efficacy and safety of regorafenib com-
pared to TAS-102 for refractory metastatic colorectal cancer. J Clin
Oncol 2016; 34: €15010. Abstract.

12. Cunningham D, Humblet Y, Siena S et al. Cetuximab monotherapy and
cetuximab plus irinotecan in irinotecan-refractory metastatic colorectal
cancer. N Engl ] Med 2004; 351(4): 337-345.

13. Jonker DJ, O’Callaghan CJ, Karapetis CS et al. Cetuximab for the treat-
ment of colorectal cancer. N Engl ] Med 2007; 357(20): 2040-2048.

14. Saltz LB, Lenz HJ, Kindler HL et al. Randomized phase II trial of cetuxi-
mab, bevacizumab, and irinotecan compared with cetuximab and beva-
cizumab alone in irinotecan-refractory colorectal cancer: the BOND-2
study. J Clin Oncol 2007; 25(29): 4557—-4561.

15. Van Cutsem E, Peeters M, Siena S et al. Open-label phase III trial of pani-
tumumab plus best supportive care compared with best supportive care
alone in patients with chemotherapy-refractory metastatic colorectal
cancer. J Clin Oncol 2007; 25(13): 1658—1664.

16. Yoshino T, Mizunuma N, Yamazaki K et al. TAS-102 monotherapy for
pretreated metastatic colorectal cancer: a double-blind, randomised,
placebo-controlled phase 2 trial. Lancet Oncol 2012; 13(10): 993—1001.

17. Grothey A, Van Cutsem E, Sobrero A et al. Regorafenib monotherapy for
previously treated metastatic colorectal cancer (CORRECT): an interna-
tional, multicentre, randomised, placebo-controlled, phase 3 trial. Lancet
2013;381(9863): 303-312.

854 | Arnold et al.

Volume 29 | Issue 4 | 2018



Annals of Oncology

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Siu LL, Shapiro JD, Jonker DJ et al. Phase III randomized, placebo-
controlled study of cetuximab plus brivanib alaninate versus cetuximab
plus placebo in patients with metastatic, chemotherapy-refractory, wild-
type K-RAS colorectal carcinoma: the NCIC Clinical Trials Group and
AGITG CO.20 Trial. J Clin Oncol 2013; 31(19): 2477-2484.

Hickish T, André T, Wyrwicz L et al. A pivotal phase 3 trial of MABp1 in
advanced colorectal cancer. Ann Oncol 2016; 27(Suppl 2): iil28.
Abstract.

LiJ, Qin S, Xu R et al. Regorafenib plus best supportive care versus pla-
cebo plus best supportive care in Asian patients with previously treated
metastatic colorectal cancer (CONCUR): a randomised, double-blind,
placebo-controlled, phase 3 trial. Lancet Oncol 2015; 16(6): 619-629.
Mayer RJ, Van Cutsem E, Falcone A et al. Randomized trial of TAS-102
for refractory metastatic colorectal cancer. N Engl ] Med 2015; 372(20):
1909-1919.

Price TJ, Peeters M, Kim TW et al. Panitumumab versus cetuximab in
patients with chemotherapy-refractory wild-type KRAS exon 2 meta-
static colorectal cancer (ASPECCT): a randomised, multicentre, open-
label, non-inferiority phase 3 study. Lancet Oncol 2014; 15(6): 569-579.
Sclafani F, Kim TY, Cunningham D et al. A randomized phase II/III
study of dalotuzumab in combination with cetuximab and irinotecan in
chemorefractory, KRAS wild-type, metastatic colorectal cancer. J Natl
Cancer Inst 2015; 107: djv258.

Kim TW, Shen L, Xu JM et al. TERRA: a randomized, double-blind, pla-
cebo-controlled phase 3 study of TAS-102 in Asian patients with meta-
static colorectal cancer. Ann Oncol 2016; 27(Suppl 6): 465PD.

Matsuda C, Honda M, Tanaka C et al. Multicenter randomized phase II
clinical trial of oxaliplatin reintroduction as a third- or later-line therapy
for metastatic colorectal cancer-biweekly versus standard triweekly
XELOX (The ORION Study). Int J Clin Oncol 2016; 21(3): 566-572.

Van Cutsem E, Yoshino T, Lenz H]J et al. Nintedanib plus best supportive
care (BSC) versus placebo plus BSC for the treatment of patients (pts)
with colorectal cancer (CRC) refractory to standard therapies: results of
the phase III LUME-colon 1 study. Ann Oncol 2016; 27: LBA20_PR.
Kopetz S, McDonough SL, Lenz H-] et al. Randomized trial of irinotecan
and cetuximab with or without vemurafenib in BRAF-mutant metastatic
colorectal cancer (SWOG S1406). J Clin Oncol 2017; 35(Suppl 4): 520.
LiJ, Qin S, Bai Y et al. A randomized, double-blind, placebo-controlled,
multi-centered phase 3 trial comparing fruquintinib versus placebo plus
best supportive care in Chinese patients with metastatic colorectal cancer
(FRESCO). J Clin Oncol 2017; 35: 3508.

Ohtsu A, Yoshino T, Wahba MM et al. Phase 3 RECOURSE trial of TAS-
102 versus placebo with best supportive care in patients with metastatic
colorectal cancer: geographic subgroups. J Clin Oncol 2015; 33: 3564.
Van Cutsem E, Benedetti FM, Mizuguchi H et al. TAS-102 vs placebo
(PBO) in patients (pts) >65 years (y) with metastatic colorectal cancer
(mCRC): an age-based analysis of the RECOURSE trial. J Clin Oncol
2015; 33: 638.

Mayer RJ, Ohtsu A, Yoshino T et al. TAS-102 versus placebo plus best
supportive care in patients with metastatic colorectal cancer refractory to
standard therapies: final survival results of the phase III RECOURSE
trial. J Clin Oncol 2016; 34(Suppl 4): 634.

Mayer RJ, Ohtsu A, Yoshino T et al. Efficacy and safety results in patients
with impaired renal and hepatic function in the RECOURSE trial. J Clin
Oncol 20165 34: 3547.

Ohtsu A, Yoshino T, Falcone A et al. Onset of neutropenia as an indica-
tor of treatment response in the phase III RECOURSE trial of TAS-102
vs placebo in patients with metastatic colorectal cancer. J Clin Oncol
2016; 34(Suppl 4): 646.

Tabernero J, Robert JM, Ohtsu A et al. RECOURSE trial: impact of ad-
verse events on quality of life and duration of TAS-102 (trifluridine and
tipiracil) treatment. Ann Oncol 2016; 27(Suppl 2): ii111.1.

Lenz H-J, Tabernero J, Yoshino T et al. Nintedanib (N) plus best sup-
portive care (BSC) versus placebo plus BSC for the treatment of patients
(pts) with metastatic colorectal cancer (mCRC) refractory to standard
therapies: health-related quality of life (HRQoL) results of the Phase III
LUME-Colon 1 study. J Clin Oncol 2017; 35(Suppl 4): 671.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Lenz H-J, Yoshino T, Argiles G et al. Nintedanib (N) plus best supportive
care (BSC) versus placebo (P) plus BSC for the treatment of patients
(pts) with colorectal cancer (CRC) refractory to standard therapies: sub-
analysis of the phase III LUME-colon 1 study in pts by prior regorafenib
(R) treatment. J Clin Oncol 2017; 35(Suppl 4): 660.

Tabernero ], Van Cutsem E, Ohtsu A et al. QTWIST analysis in the
RECOURSE trial. J Clin Oncol 2017; 35(Suppl 4): 698.

Hurwitz H, Singh Raghav KP, Burris HA et al. Pertuzumab + trastuzu-
mab for HER2-amplified/overexpressed metastatic colorectal cancer
(mCRC): interim data from MyPathway. J Clin Oncol 2017; 35(Suppl 4):
676.

Benson AB III, Venook AP, Cederquist L et al. Colon Cancer, Version
1.2017, NCCN Clinical Practice Guidelines in Oncology. ] Natl Compr
Canc Netw 2017; 15(3): 370-398.

Van Cutsem E, Ciardiello F, Seitz JF et al. CONSIGN: an open-label
phase 3B study of regorafenib in patients with metastatic colorectal can-
cer (mCRC) who failed standard therapy. Eur ] Cancer 2015; 51:
S$378-8379.

Van Cutsem E, Ciardiello F, Seitz JF et al. Results from the large, open-label
phase 3b CONSIGN study of regorafenib in patients with previously treated
metastatic colorectal cancer (mCRC). Ann Oncol 2015; 26(Suppl 4): iv118.
Van Cutsem E, Ciardiello F, Ychou M et al. Analysis of patients >75
years in the open-label phase 3b CONSIGN trial of regorafenib in previ-
ously treated metastatic colorectal cancer (mCRC). Ann Oncol 2016;
27(Suppl 2): 1i106.

Van Cutsem E, Ciardiello F, Ychou M et al. Regorafenib in previously
treated metastatic colorectal cancer (mCRC): analysis of age subgroups
in the open-label phase I1Ib CONSIGN trial. ] Clin Oncol 2016; 34: 3524.
Kotani D, Shitara K, Fukuoka S et al. Safety and efficacy on TAS-102
monotherapy in patients with metastatic colorectal cancer according to
previous regorafenib. Eur ] Cancer 2015; 51: $364—S365.

Adenis A, de la Fouchardiere C, Paule B et al. Survival, safety, and prog-
nostic factors for outcome with regorafenib in patients with metastatic
colorectal cancer refractory to standard therapies: results from a multi-
center study (REBACCA) nested within a compassionate use program.
BMC Cancer 2016; 16(1): 412.

Kotaka M, Satake H, Okita Y et al. Regorafenib vs TAS-102 as salvage-
line treatment in patients with metastatic colorectal cancer refractory to
standard chemotherapies: a multicenter retrospective comparison study.
Ann Oncol 2016; 27(Suppl 2): 1i47.2.

Sueda T, Sakai D, Kudo T et al. Efficacy and safety of regorafenib or
TAS-102 in patients with metastatic colorectal cancer refractory to stand-
ard therapies. Anticancer Res 2016; 36(8): 4299-4306.

Moriwaki T, Fukuoka S, Taniguchi H et al. Propensity score analysis of
regorafenib versus trifluridine/tipiracil in patients with metastatic colo-
rectal cancer refractory to standard chemotherapy (REGOTAS): a
Japanese society for cancer of the colon and rectum multicenter observa-
tional study. Oncologist 2018; 23(1): 7.

Chong G, Dickson JL, Cunningham D et al. Capecitabine and mitomycin C
as third-line therapy for patients with metastatic colorectal cancer resistant
to fluorouracil and irinotecan. Br ] Cancer 2005; 93(5): 510-514.

Scartozzi M, Falcone A, Pucci F et al. Capecitabine and mitomycin C
may be an effective treatment option for third-line chemotherapy in
advanced colorectal cancer. Tumori 2006; 92(5): 384—388.

André T, Blons H, Mabro M et al. Panitumumab combined with irinote-
can for patients with KRAS wild-type metastatic colorectal cancer refrac-
tory to standard chemotherapy: a GERCOR efficacy, tolerance, and
translational molecular study. Ann Oncol 2013; 24(2): 412—419.

Lee KW, Kim Y], Lee KH et al. Phase II trial of gemcitabine plus UFT as
salvage treatment in oxaliplatin, irinotecan and fluoropyrimidine-
refractory metastatic colorectal cancer. Cancer Chemother Pharmacol
2014; 74(3): 447-455.

Pietrantonio F, Perrone F, de Braud F et al. Activity of temozolomide in
patients with advanced chemorefractory colorectal cancer and MGMT
promoter methylation. Ann Oncol 2014; 25(2): 404—408.

Le DT, Uram JN, Wang H et al. PD-1 blockade in tumors with
mismatch-repair deficiency. N Engl ] Med 2015; 372(26): 2509-2520.

Volume 29 | Issue 4 | 2018

doi:10.1093/annonc/mdy038 | 855



55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Takahashi T, Emi Y, Oki E et al. Multicenter phase II study of combin-
ation therapy with cetuximab and S-1 in patients with KRAS exon 2
wild-type unresectable colorectal cancer previously treated with irinote-
can, oxaliplatin, and fluoropyrimidines (KSCC 0901 study). Cancer
Chemother Pharmacol 2016; 78(3): 585-593.

Yoshida M, Takagane A, Miyake Y et al. A phase II study of third-line
combination chemotherapy with bevacizumab plus S-1 for metastatic
colorectal cancer with mutated KRAS (SAVIOR study). Oncology 2016;
91(1): 24-30.

Calegari MA, Inno A, Monterisi S et al. A phase 2 study of temozolomide
in pretreated metastatic colorectal cancer with MGMT promoter methy-
lation. Br ] Cancer 2017; 116(10): 1279-1286.

Vrdoljak E, Omrcen T, Boban M, Hrepic D. Capecitabine and mitomycin-
C in the therapy of pretreated patients with metastatic colorectal cancer: sin-
gle center retrospective study with 36 patients. ] BUON 2008; 13: 513-518.
Larsen FO, Boisen MK, Fromm AL, Jensen BV. Capecitabine and bevaci-
zumab in heavily pre-treated patients with advanced colorectal cancer.
Acta Oncol 20125 51(2): 231-233.

Jiménez-Fonseca P, Solis MP, Garrido M et al. Gemcitabine plus capeci-
tabine (Gem-Cape) biweekly in chemorefractory metastatic colorectal
cancer. Clin Transl Oncol 2015; 17(5): 384—392.

Ferrarotto R, Machado K, Mak MP et al. A multicenter, multinational
analysis of mitomycin C in refractory metastatic colorectal cancer. Eur J
Cancer 2012; 48(6): 820-826.

Brulé SY, Jonker DJ, Karapetis CS et al. Location of colon cancer
(right-sided versus left-sided) as a prognostic factor and a predictor of
benefit from cetuximab in NCIC CO.17. Eur J Cancer 2015; 51(11):
1405-1414.

Arnold D, Lueza B, Douillard JY et al. Prognostic and predictive value of
primary tumour side in patients with RAS wild-type metastatic colorectal
cancer treated with chemotherapy and EGFR directed antibodies in six
randomized trials. Ann Oncol 2017; 28(8): 1713-1729.

Foubert F, Matysiak-Budnik T, Touchefeu Y. Options for metastatic
colorectal cancer beyond the second line of treatment. Dig Liver Dis
2014;46(2): 105-112.

Vogel A, Hotheinz RD, Kubicka S, Arnold D. Treatment decisions in
metastatic colorectal cancer—beyond first and second line combination
therapies. Cancer Treat Rev 2017; 59: 54—60.

Siravegna G, Mussolin B, Buscarino M et al. Clonal evolution and resist-
ance to EGFR blockade in the blood of colorectal cancer patients. Nat
Med 2015; 21(7): 795-801.

Santini D, Vincenzi B, Addeo R et al. Cetuximab rechallenge in meta-
static colorectal cancer patients: how to come away from acquired resist-
ance? Ann Oncol 2012; 23: 2313-2318.

Suenaga M, Mizunuma N, Matsusaka S et al. Phase II study of reintro-
duction of oxaliplatin for advanced colorectal cancer in patients previ-
ously treated with oxaliplatin and irinotecan: rE-OPEN study. Drug Des
Devel Ther 2015; 9: 3099-3108.

Hartmann JT, Oechsle K, Jéger E et al. Prospective multicenter phase II
study of irinotecan as third-line therapy in metastatic colorectal cancer
and progression after bolus and infusional 5-fluorouracil. Anticancer
Drugs 2004; 15(5): 473-477.

Gebbia V, Del Prete S, Borsellino N et al. Efficacy and safety of cetuxi-
mab/irinotecan in chemotherapy-refractory metastatic colorectal adeno-
carcinomas: a clinical practice setting, multicenter experience. Clin
Colorectal Cancer 2006; 5(6): 422-428.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Annals of Oncology

Bitossi R, Sculli CM, Tampellini M et al. Gemcitabine and protracted 5-
fluorouracil infusion as third-line chemotherapy in refractory colorectal
cancer patients. Anticancer Res 2008; 28: 3055-3060.

Lievre A, Samalin E, Mitry E et al. Bevacizumab plus FOLFIRI or
FOLFOX in chemotherapy-refractory patients with metastatic colorectal
cancer: a retrospective study. BMC Cancer 2009; 9: 347.

Park LC, Lee HS, Shin SH et al. Bevacizumab as a second- or later-line of
treatment for metastatic colorectal cancer. World J Gastroenterol 2012;
18(10): 1104—1109.

Ruzzo A, Graziano F, Vincenzi B et al. High let-7a microRNA levels in
KRAS-mutated colorectal carcinomas may rescue anti-EGFR therapy ef-
fects in patients with chemotherapy-refractory metastatic disease.
Oncologist 2012; 17(6): 823-829.

Yanai T, Iwasa S, Hashimoto H et al. Successful rechallenge for oxalipla-
tin hypersensitivity reactions in patients with metastatic colorectal can-
cer. Anticancer Res 2012; 32: 5521-5526.

Chaix M, Vincent J, Lorgis V, Ghiringhelli F. FOLFIRINOX bevacizumab
is a promising therapy for chemorefractory metastatic colorectal cancer.
Oncology 2014; 87(3): 148—158.

Spindler KL, Pallisgaard N, Andersen RF, Jakobsen A. Changes in muta-
tional status during third-line treatment for metastatic colorectal
cancer—results of consecutive measurement of cell free DNA, KRAS and
BRAF in the plasma. Int ] Cancer 2014; 135(9): 2215-2222.

Kidd MT, Wilcox RE, Rogers J et al. Efficacy of chemotherapy after treat-
ment with regorafenib in metastatic colorectal cancer (mCRC). J Clin
Oncol 2015; 33(Suppl 3): 678.

Saltz L, Badarinath S, Dakhil S et al. Phase III trial of cetuximab, bevaci-
zumab, and 5-fluorouracil/leucovorin vs. FOLFOX-bevacizumab in
colorectal cancer. Clin Colorectal Cancer 2012; 11(2): 101-111.

Hecht JR, Mitchell E, Chidiac T et al. A randomized phase IIIB trial of
chemotherapy, bevacizumab, and panitumumab compared with chemo-
therapy and bevacizumab alone for metastatic colorectal cancer. ] Clin
Oncol 2009; 27(5): 672-680.

Tol J, Koopman M, Cats A et al. Chemotherapy, bevacizumab, and cetuxi-
mab in metastatic colorectal cancer. N Engl ] Med 2009; 360(6): 563-572.
Dotan E, Meropol NJ, Burtness B et al. A phase II study of capecitabine,
oxaliplatin, and cetuximab with or without bevacizumab as frontline
therapy for metastatic colorectal cancer: a Fox Chase extramural research
study. ] Gastrointest Cancer 2012; 43(4): 562—569.

Overman M]J, Lonardi S, Wong KYM et al. Durable clinical benefit with
nivolumab plus ipilimumab in DNA mismatch repair-deficient/
microsatellite instability-high metastatic colorectal cancer. J Clin Oncol
2018;JC0O2017769901.

Shitara K, Yamanaka T, Denda T et al. Reverce: Randomized phase II
study of regorafenib followed by cetuximab versus the reverse sequence
for metastatic colorectal cancer patients previously treated with fluoro-
pyrimidine, oxaliplatin, and irinotecan [abstract 557]. In ASCO
Gastrointestinal Cancers Symposium. San Francisco, CA 2018.

Cherny NI, Sullivan R, Dafni U et al. A standardised, generic, validated
approach to stratify the magnitude of clinical benefit that can be antici-
pated from anti-cancer therapies: the European Society for Medical
Oncology Magnitude of Clinical Benefit Scale (ESMO-MCBS). Ann
Oncol 2015; 26(8): 1547-1573.

Food and Drug Administration. FDA Approves First Cancer Treatment for
Any Solid Tumor with a Specific Genetic Feature [Medial Release]. Siliver
Spring, MD 2017.

856 | Arnold et al.

Volume 29 | Issue 4 | 2018



	mdy038-TF1
	mdy038-TF2
	mdy038-TF3

