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1 | INTRODUCTION

Abstract

Metastatic colorectal cancer (mCRC) patients with liver-limited disease (LLD) have a
chance of long-term survival and potential cure after hepatic metastasectomy.
However, the appropriate postoperative treatment strategy is still controversial.
The CELIM and FIRE-3 studies demonstrated that secondary hepatic resec-
tion significantly improved overall survival (OS). The objective of this analysis was to
compare these favorable outcome data with recent results from the LICC trial investi-
gating the antigen-specific cancer vaccine tecemotide (L-BLP25) as adjuvant therapy
in mCRC patients with LLD after RO/R1 resection. Data from mCRC patients with
LLD and secondary hepatic resection from each study were analyzed for efficacy out-
comes based on patient characteristics, treatment and surveillance after surgery. In
LICC, 40/121 (33%) patients, in CELIM 36/111 (32%) and in FIRE-3-LLD 29/133
(22%) patients were secondarily resected, respectively. Of those, 31 (77.5%) patients
in LICC and all patients in CELIM were RO resected. Median disease-free survival
after resection was 8.9 months in LICC, 9.9 months in CELIM. Median OS in second-
arily resected patients was 66.1 months in LICC, 53.9 months in CELIM and
56.2 months in FIRE-3-LLD. Median age was about 5 years less in LICC compared to
CELIM and FIRE-3. Secondarily resected patients of LICC, CELIM and FIRE-3 showed
an impressive median survival with a tendency for improved survival for patients in
the LICC trial. A younger patient cohort but also more selective surgery, improved
resection techniques, deep responses and a close surveillance program after surgery

in the LICC trial may have had a positive impact on survival.

KEYWORDS
CELIM, colorectal cancer, FIRE-3, LICC, liver-limited disease, secondary resection

What's new?

The management of liver-limited disease (LLD) in patients with metastatic colorectal cancer
(mCRC) is controversial, the optimal treatment has not been defined. Here, data from mCRC
patients with LLD and secondary hepatic resection from the prospective randomized trials
CELIM, FIRE-3 and LICC were compared. Secondarily resected patients from these trials showed
an impressive overall survival (OS), with a tendency for improved OS in LICC. Reasons might be
the deep response induced by chemotherapy and surgery combined with close surveillance after
surgery. Further prospective, randomized clinical trials are strongly needed to clarify these
benefits.

overall survival (OS) rates nearly doubling, from around 30% to

approximately 50% since the 1980s.2%7

Complete hepatic metastasectomy provides a chance of long-term
survival and potential cure to metastatic colorectal cancer (mCRC)
patients with liver-limited disease (LLD).2 In the last decades, long-

term survival for mCRC patients has improved markedly, with 5-year

Resection of metastases is recommended for patients with
Stage IV colorectal cancer (CRC) with LLD if surgery is feasible.®
Yet, more than 80% of patients are not eligible for surgery.*? For

these patients, downstaging may be achieved by the administration
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of systemic chemotherapy (CHT).2 Due to the damaging effect, that resectability should be performed every 8 weeks.®° Approxi-
CHT may have on healthy liver tissue, the NCCN guidelines recom- mately 22% to 40% of patients become resectable after systemic
mend resection once it becomes feasible after systemic therapy.® therapy.!*'* The prognostic value of liver resection has been
In case unresectable metastasis persists, a regular re-evaluation of reported before: the comparison of patients with RO resection vs
(A) Licc
Key eligibility criteria
Primary treatment Maintenance treatment
: S_ta_ge v CBC Pre.treatment (weekly dosage for (dosage every 6 weeks, for up to
limited to liver (single dose) 8 weeks) 2 years)
metastases
Primary or .
secondary resection CcP Tecemotldf (L-BLP25) » L
(RO/R1) of liver n= 79 tong-
metastases (<8 weeks PI b S
before randomization) saline acebo » FU
n =42
+ ECOGOor1
¢ CHT >4 weeks prior
to randomization
40 patients secondarily
resected (of those 31
patients R0)
(B) cELIM Additional CHT +
L L targeted thera
Key eligibility criteria (fourgycles in2 mor?t!s)
Neoajuvant CHT + targeted therapy
* Nonresectable (eight cycles in 4 months) )
CRC liver ) may be continued
Technically nonresectable  up to 2 years
T EEEEDE FOLFOX + cetuximab |
: g:::::la(zce status n =56 Evaluation of resectability
>80 (ie, ECOG FOLFIRI + cetuximab » ety 2 sl
performance status n =55 |
0-1) Technically resectable
* No previous EGFR- l
targeting therapy
i 36 patients .
* No previous CHT Resection
(except adjuvant RO resected -
CHT 26 months) ¥
Postoperative CHT
+ targeted therapy *» FU
(six cycles in 3 months)
(C) FIRE-3
Key eligibility criteria CHT (+ targeted therapy)
» Stage IV mCRC
patients .
TG 2wt FOLFIRI + cetuximab
. exon 2) wi - .
( o ) > n= 297 Resection =
* unresectable i
FOLFIRI + bevacizumab when feasible
« ECOG 0-2 n= 295
* No previous N .
treatment with 133 patients with LLD szgc'zar:";::ff ‘:’e'tshe';t';z
EGFR inhibitors or FOLFIRI + cetuximab (n =71) y
bevacizumab FOLFIRI + bevacizumab (n = 62)

FIGURE 1 Study designs of (A) the LICC trial, (B) the CELIM trial and (C) the FIRE-3 trial including subgroup analysis of Holch et al,*?
involving patients with LLD and KRAS exon 2 wild-type only. CHT, chemotherapy; CP, cyclophosphamide; (m)CRC, (metastatic) colorectal cancer;
ECOG, Eastern Cooperative Oncology Group; FU, follow-up; KRAS, Kirsten Rat sarcoma viral oncogene; LLD, liver-limited disease; R,
randomization; wt, wild type [Color figure can be viewed at wileyonlinelibrary.com]
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patients without resection revealed a hazard ratio of 0.42 (95%
confidence interval [Cl], 0.21-0.86; P = .021) regarding OS in the
CELIM trial.*® Long-term survival of mCRC patients after secondary
resection of liver metastases, that is, resection after initial systemic

treatment, is comparable to that of primarily resected patients.*>*¢

Median survival times of 55 months*?*3 and a 5-year survival rate
of 46%2 vs 46.4 to 62.1 months and 42% to 48%*° were reported
for patients after secondary and primary resection, respectively.
Data on clinical and molecular markers that might contribute to
prolongation of survival are rare and optimal follow-up following re-
section is still under debate. High recurrence rates of more than

1417.18 remain a chal-

50% after RO resection of liver metastases
lenge. Furthermore, the choice of the appropriate postoperative
treatment strategy is still controversial. The German S3-Guideline
does not recommend adjuvant CHT after RO resection of hepatic
metastases due to lack of evidence for a clear benefit.® In compari-
son, the European Society for Medical Oncology (ESMO) consensus
guidelines indicate a potential benefit from adjuvant therapy for

patients with unfavorable oncological and surgical criteria.l?

TABLE 1 Patient characteristics at baseline

LICC (all pts)?

Guidelines  furthermore recommend a structured postre-
section surveillance and follow-up for patients with colorectal carci-
noma Stage IV following curative metastasectomy.2 The LICC trial
recently evaluated tecemotide (L-BLP25) as antigen-specific cancer
vaccine targeting mucin 1 (MUC1) as an adjuvant therapy in mCRC
patients after RO/R1 LLD resection.?%?!

This work compares the efficacy results for secondarily
resected LLD patients of the LICC trial with two trials as historical
controls: the CELIM trial**?2 and an analysis of the LLD subgroup
of the FIRE-3 study.'??® Differences in baseline characteristics,
treatments and surveillance after metastasectomy are taken under
consideration.

The CELIM trial evaluated the effect of neoadjuvant treatment in
primarily unresectable LLD mCRC patients. The FIRE-3 trial compared
FOLFIRI plus cetuximab vs FOLFIRI plus bevacizumab as first-line
treatment in patients with unresectable mCRC. The retrospective sub-
group analysis of the FIRE-3 study (FIRE-3-LLD subgroup)*? included
patients with initially unresectable Kirsten Rat sarcoma viral oncogene
(KRAS) exon 2 wild-type mCRC with LLD.

CELIM (all pts)® FIRE-3 (LLD pts only)?

Patient population (n) 121 111 133
Median age (y) 60.0 Arm A: 65.1 66
Arm B: 62.0
Primary tumor stage, n (%) T1/2 T1/2 T1/2
16 (13.2) 15(13.5) 19 (14.3)
T3/4 T3/4 T3/4
101 (83.5) 92 (82.9) 106 (79.9)
Primary tumor site, n (%) Colon Colon Colon
73(60.3) 61 (55.0) 90 (67.7)
Rectum Rectum Rectum
48 (39.7) 49 (44.1) 41 (30.8)
Median time since first diagnosis (mo) (min-max) 18.3(0.9-121.3) NA NA
Any comorbidity 102 (84.3) NA NA
ECOG performance status, n (%) ECOG 0: 85 (70.2) KPS > 80% ECOG 0: 69 (51.9)

Metastases, n (%)

Prior neoadjuvant chemotherapy, n (%)
Patient population of analyzed subgroup, n (%)

Resection status, n (%)

ECOG 1: 36 (29.8)
Resected metastases
<5: 104 (86.0)
5-10: 14 (11.6)
>10: 3 (2.5)

83 (68.6)°

40 (33.1)

RO: 31 (77.5)

R1: 9 (22.5)

(ECOG 0/1)

Number of metastases
<5:30(27.0)

5-10: 58 (52.3)

>10: 19 (17.1)

18 (16.2)°

36(32.4)

RO: 36 (100.0)

ECOG 1: 64 (48.1)
NA

10 (7.5)°
29 (21.8)
NA

Abbreviations: ECOG, Eastern Cooperative Oncology Group; KPS, Karnofsky performance status; LLD, liver-limited disease; NA, not applicable/not

available; pts, patients.

#Numbers given are pooled across the treatment arms.

bGreater than or equal to 4 weeks before randomization.

“Greater than or equal to 6 months before trial start.

4Of patients within the analyzed subgroup of secondary resected patients.
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2 | PATIENTS AND METHODS

21 | Studies

The LICC trial was a binational, multicenter, randomized, double-blinded
Phase Il study.”® The CELIM Phase Il trial and the FIRE-3 Phase Ill trial
were both multicenter, randomized, open-label studies.???% All three tri-
als included patients with Stage IV mCRC who had metastases limited to
the liver and had undergone secondary hepatic resection with curative
intent (RO or R1). Curative resection of liver metastases was an eligibility
criterion for patients to be included in LICC whereas it was an endpoint
in the CELIM and FIRE-3 studies. The study designs of the three studies
are shown in Figure 1. In total, 40 patients of the LICC trial, 36 patients
of the CELIM trial and 29 patients from FIRE-3 underwent secondary

resection and are analyzed in this analysis.

2.2 | Treatment

LICC patients received adjuvant tecemotide or placebo after second-
ary LLD resection as eight weekly doses, followed by 6-week mainte-
nance intervals and tight surveillance until recurrence or a maximum
of 2 years. In the CELIM trial, patients with primarily unresectable dis-
ease received neoadjuvant CHT, either with FOLFOX6 and cetuximab
(Arm A) or FOLFIRI and cetuximab (Arm B) until resectability of liver
metastases was feasible or disease progression. Resection was
followed by postoperative CHT and long-term follow-up for a maxi-
mum of 5 years. Patients in the FIRE-3 trial received either FOLFIRI
and cetuximab (Arm A) or FOLFIRI and bevacizumab (Arm B) as first-
line treatment. Treatment was continued until disease progression,
complete response or until surgical resection became possible.

Patients were followed up for a maximum of 5 years.
2.3 | Statistical considerations regarding
comparability of efficacy outcomes

Recurrence-free survival (RFS) in the LICC trial was calculated

from the date of randomization, that is, within 8 weeks after

TABLE 2
resection
Outcome Secondary resection status
mRFS (mo) (95% Cl) RO + R1
RO
R1
mOS (mo) (95% Cl) RO + R1
RO
R1

resection. Disease-free survival (DFS) in the CELIM trial was
calculated from the date of resection. In LICC, CELIM and FIRE-3,
OS was calculated from the date of randomization, which was
in the LICC study and before
“neoadjuvant” therapy for CELIM and FIRE-3. Progression-

after secondary resection
free survival in CELIM was calculated from the date of

randomization.

3 | RESULTS

3.1 | Patient characteristics at baseline

In the LICC trial, patients were enrolled between October 2011 and
December 2014. In total, 121 patients were randomized 2:1 to
receive either adjuvant tecemotide or placebo. Of these, 40 patients
(33.9%) had been secondarily resected. RO resection was achieved in
31 patients (77.5%).

Patients were enrolled into the CELIM trial from December
2004 until March 2008. A total of 111 patients were random-
ized 1:1 into ArmA (FOLFOX6 and cetuximab) or ArmB
(FOLFIRI and cetuximab); 36 of those patients with primarily
unresectable LLD could be secondarily RO resected (32.4%) dur-
ing the study.

The FIRE-3 study enrolled patients between January 2007 and
September 2012. In total, 752 patients were randomized 1:1 to
Arm A (FOLFIRI plus (FOLFIRI plus
bevacizumab). The subgroup analysis (RAS-WT population of FIRE-

cetuximab) or ArmB

3) by Holch et al involved 400 patients from which 133 patients
presented with LLD.'? Secondary resection was performed in 29 of
those patients (21.8%).

Patient characteristics at baseline are shown in Table 1. The
LICC trial showed more favorable prognostic parameters for age
(median age about 5 years less), more patients with Eastern
Cooperative Oncology Group (ECOG) 0 status (70.2%) and a rela-
tively high proportion of patients with <5 metastases (86.0%).
Notably, in CELIM, one key eligibility criterion was nonre-
sectability of liver metastases (ie, 25 metastases or technically

nonresectable).

Efficacy outcomes of the subgroup analysis of the LICC trial, CELIM trial and FIRE-3-LLD of patients with LLD and secondary

LiCC CELIM FIRE-3 LLD
6.1(3.7-11.3) NA
8.9 (5.0-16.8) 9.9 (5.8-14.0)
3.2(1.9-6.6)

66.1 (38.3-NA) 56.2

73.9 (43.0-NA)
38.3 (17.8-NA)

53.9 (35.9-71.9)

Abbreviations: Cl, confidence interval; LLD, liver-limited disease; mOS, median overall survival; mRFS, median recurrence-free survival; NA, not applicable/

not available.
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3.2 | Efficacy outcomes

For all three trials, efficacy results are shown for the total popu-
lation of secondarily resected patients (Table 2). In the LICC trial,
for secondarily resected patients, DFS was 8.9 months (95% ClI,
5.0-16.8) after RO resection and 3.2 months (95% Cl, 1.9-6.6) for
R1 resected patients. In CELIM, patients had a median DFS of
9.9 months (95% ClI, 5.8-14.0) after RO resection.

Median OS in the LICC trial for secondarily resected patients
was 66.1 months (95% CI, 38.3-NA) with 38.3 months (95% ClI,
17.8-NA) for the R1 subgroup and 73.9 months (95% Cl, 43.0-NA)
for the RO subgroup at time of analysis. In CELIM, median OS was
53.9 months (95% ClI, 35.9-71.9) for RO resected patients. In the
FIRE-3-LLD subgroup, median OS was 56.2 months after secondary
resection (Table 2).

RFS and OS data for secondarily resected patients for the sub-
groups of RO and R1 resected patients of the LICC and the CELIM

trials are shown as Kaplan-Meier survival analyses in Fig-
ures 2 and 3.
3.3 | Surveillance program

In LICC, clinical evaluations were conducted regularly throughout the
whole treatment period after resection, with evaluations every
12 weeks during the maintenance treatment period for 2 years,
including physical examination, ECOG performance status, vital signs
and laboratory. Computed tomography scan (CT) or magnetic reso-
nance imaging measurements and ultrasound measurements were
carried out alternating every 6 weeks.

(A)
100 = Events Median RFS
L‘ N (%) Months (95% Cl)
90 L
— RO 24(77.4) 89 (50-16.8)
807 | R1 8(88.9) 3.2(1.9-6.6)
— — = RO+R1 32(800) 6.1 (37-11.3)
701 "1 + Censored
Ly P =.0630

=)
=3
I

I
S
I

Proportion of patients without event (%)
w (%))
o o
L L

20

T T T T T T T
0 6 12 18 24 30 36

RFS (months)
Number at risk

RO+R1 40 20 1 10 10 8 0
RO 31 18 10 9 9 7 0
Rl 9 2 1 1 1 1 0
FIGURE 2

(B) overall survival

In CELIM, follow-up assessments following resection were car-
ried out according to clinical routine. In the FIRE-3 study, tumor
response assessments were performed every 3 months after resec-

tion. Surveillance programs of the three studies are compared in

Figure 4.
1.0 +c - Progression-free survival
H — Overall survival
RO resected patients

0.8 1

0.6 -

0.4 -

0.2-

0 T T T T T T
0 12 24 36 48 60 72

Months

FIGURE 3 CELIM trial Kaplan-Meier curves for progression-free
survival and overall survival depending on resection; RO

resection (blue), R1 resection or radiofrequency ablation with or
without RO/R1 resection (orange), no resection (pink).

Figure published in Folprecht et al*® [Color figure can be viewed at
wileyonlinelibrary.com]

(B)

100 -

Events Median OS
N (%) Months (95% Cl)

90

— RO 12(38.7) 739 (43.0-NA)
807 R1 5(556) 38.3(17.8-NA)

— — = RO+R1 17(425) 66.1(38.3-NA)
07 Li— + Censored

P=.3222
60 1

50

|
404 — = b —

30

Proportion of patients without event (%)

20

T T T T T T T T T T T T T T T T T T T
0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 102 108

0S (months)
Number at risk

RO+R1 40 3 31 28 25 25 22 19 16 14 12 11 9 7 7 5 1 1 0
RO 3 28 23 21 20 20 18 16 13 11 10 10 8 6 6 5 1 1 0
R1 9 8 8 7 5 5 4 3 3 8 2 1 1 1 1 0o 0 0 O

LICC trial Kaplan-Meier curves for secondarily resected patients with RO and R1 resection status, (A) recurrence-free survival and
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Neoadjuvant Y, inati L t
treatment as per . accination ong-term
clinical routine, if » Resection ‘ (2 years) i FU
required
(B) CELIM
Neoadjuvant Long-term
CHT + . Postoperative CHT + targeted therapy FU
. MCNICILg  Resection g (six cycles) M o
therapy years)
(C) FIRE-3
CHT
(+ targeted w Resection » FU (up to 5 years)
therapy)

FIGURE 4 Comparison of surveillance in the LICC trial, the CELIM trial and the FIRE-3 trial. CHT, chemotherapy; CT, computed tomography
scan; FU, follow-up; MRI, magnetic resonance imaging; R, randomization; US, ultrasound [Color figure can be viewed at wileyonlinelibrary.com]

4 | DISCUSSION

The objective of the comparison of data from secondarily resected
patients of the LICC, CELIM and FIRE-3 studies was to identify factors
that potentially have an impact on survival outcome.

In recent decades, efforts were made to prolong survival after sur-
gery using different adjuvant therapies and treatment regimens,2?* but
most attempts did not lead to an improved survival.

In CELIM, patients received either FOLFOX plus cetuximab or
FOLFIRI plus cetuximab as perioperative treatment, whereas
six cycles were given as postoperative, adjuvant treatment. In FIRE-3,
either FOLFIRI plus cetuximab or FOLFIRI plus bevacizumab were
administered prior to secondary resection and no adjuvant treatment
was prescribed. In LICC, patients received adjuvant treatment with
tecemotide or placebo after resection. The secondarily resected
patients that were compared in this analysis represent about one-third
of all study patients for LICC and CELIM (33.9% and 32.4%, respec-
tively) and 21.8% of FIRE-3 patients with LLD. Patients in LICC were
about 5 years younger than LLD patients in CELIM and FIRE-3 and
the number of resected metastases was on average lower compared
to CELIM.

Median RFS times were comparable between LICC and CELIM.
Median OS times were impressive for all three studies with even lon-
ger survival times for patients within the LICC trial. Especially, consid-
ering that OS times in LICC are underestimated as they were
calculated from date of randomization which was after resec-
tion whereas OS times in CELIM and FIRE-3 were calculated from
start of neoadjuvant treatment. Different factors could contribute to

this difference. Patients in LICC were younger than patients in the

other studies and presented with a lower number of metastases,
which has been associated with better survival.* As LICC was the
most recent of the three studies, increased survival results might also
be explained by multiple improvements in the treatment of CRC dur-
ing the last decades, comprising surgical resection techniques and sys-
temic therapies, an increase in multidisciplinary teams, as well as
improvements in imaging and prognostic and predictive markers.'? In
literature, improved outcomes in mCRC have been attributed to

5 as well as to

increased resection rates and improved therapies,?
improved preoperative imaging and improved surgery.*

The role of postresection surveillance as a factor for prolonged
survival times is not yet clear. Currently, although S3-guidelines rec-
ommend a structured surveillance and follow-up for patients with
colorectal cancer Stage IV after curative metastasectomy® and NCCN
guidelines suggests a similar surveillance as for patients with
Stage II/1ll CRC but with certain evaluations being performed more
frequently,'® no clear standard guidelines currently exist for surveil-
lance in Stage IV mCRC and especially in patients after secondary
hepatic resection. Thus, in clinical routine, surveillance is mainly
defined by the treating oncologist. In a recent publication by Monteil
et al, a surveillance program was performed in CRC patients
Stage II/lll after surgery, comparing six monthly positron emission
tomography (PET)/CT combined with clinical exams every 3 months
to conventional follow-up (clinical exams every 3 month, liver sonog-
raphy every 6 months and lung radiography or CT every 12 months)
over 3 years.2% In this study, the PET/CT-arm could not increase the
rate of detected recurrence at 3 years and did not increase survival.
Surveillance after resection in the LICC study was even more close,

with detailed evaluations every 12 weeks and evaluations using
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imaging techniques every 6 weeks, and could be an important factor
contribution to prolonged survival times compared to CELIM and
FIRE-3, where surveillance equaled conventional follow up routine. At
this point, the possibility of lead time bias has to be considered. Close
surveillance allows to identify a relapse earlier, and thus further treat-
ment could be initiated earlier which might result in longer survival.

More prospective studies are needed to investigate the optimal
approach of surveillance after resection of Stage IV patients to pro-
vide clinicians with guidelines on how tight surveillance programs
should be to ensure best possible survival options.

Our comparison of the three studies has limitations. It has to
be considered that study designs were different and study therapy
applied to different treatment timepoints in the three studies. In all
three trials, information concerning baseline characteristics were
not available for the subpopulations of secondarily resected
patients. Furthermore, in all three studies, the analyzed subgroup
of secondarily resected patients was relatively small and it has to
be considered, that the CELIM trial and FIRE-3-LLD subgroup anal-
ysis involved only patients with KRAS exon 2 wild type, while in
LICC, RAS mutation status was not defined and patients with RAS
mutant tumor and worse prognosis were included, too. Also, preop-
erative staging and evaluations of resectability were different.
Whereas in LICC, resectability was judged and resection was per-
formed according to local standard, for example, the local multi-
disciplinary tumor board, prior to randomization; in CELIM,
resectability was assessed post hoc by a team of surgical experts
who also recruited patients for the trial. In FIRE-3, resectability was
assessed locally, with the recommendation in the study protocol of
involving a multidisciplinary team. Since the decision to resect colo-
rectal liver metastases is driven by several issues such as technical
considerations, prognostic factors for early recurrence as well as
attitudes of the treating physicians, a certain subjective component

in the decision-making process cannot be excluded.??

5 | CONCLUSION

Secondarily resected patients of LICC, CELIM and FIRE-3 showed impres-
sive median OS with a tendency of improved OS for patients within the
LICC trial which had enrolled a younger patient cohort. The LICC trial pro-
vided a median OS of 66.1 months which, to our knowledge, is the best
outcome reported for secondarily RO/R1 resected mCRC patients with
LLD. Apart from the limitations discussed, other factors such as more
selective surgery, improved resection techniques, the deep response due
to complete remission induced by secondary surgery and the close sur-
veillance program after surgery in the LICC trial may have positively
impacted survival. Further large prospective randomized clinical trials are
strongly needed to completely answer the research question.
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