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ABSTRACT

Background Although regorafenib (REG) and trifluridine/
tipiracil (FTD/TPI) have been recognised as standard
treatments in metastatic colorectal cancer (mCRC), the
best option remains unclear. Pretreatment tumour growth
rate (TGR) is associated with radiotherapeutic efficacy in
laryngeal cancer. However, no reports are available on the
association between TGR during preceding treatment and
the efficacy of REG or FTD/TPI.

Patients and methods We retrospectively analysed

the data of consecutive mCRC patients treated with REG
or FTD/TPI and classified them into slow-growing or
rapid-growing (SG or RG) groups according to TGR and
emergence of new lesion (NL+) or their absence (NL-)
during preceding treatment period [SG: NL— with low TGR
(<0.33%/day); RG: NL+ orhigh TGR (>0.33%/day)].
Results A total of 244 patients (RG/SG, 133/111; REG/
FTD/TPI, 132/112) were eligible. The RG proportion with

a long duration from first-line chemotherapy and the SG
proportion with elevated alkaline phosphatase were higher
in REG, whereas the SG proportion with performance
status 2 was higher in FTD/TPI. The disease control rates
(DCRs) were similar between REG and FTD/TPI (24%/30%;
OR: 0.74; p=0.44; adjusted OR: 0.73; p=0.47) in the RG,
whereas the DCR was significantly higher for FTD/TPI than
for REG (47%/26%; OR: 2.56; p=0.029; adjusted OR: 3.38;
p=0.01) in the SG.

Conclusions TGR and NL during preceding treatment may
be helpful for drug selection in refractory mCRC patients to
be treated with REG or FTD/TPI. However, further studies
are needed to confirm the value of TGR for drug selection.

INTRODUCTION

Regorafenib' (REG) and trifluridine/
tipilracil2 (FITD/TPI) have been recognised
as standard treatments in refractory meta-
static colorectal cancer (mCRC). Although
no head-to-head trials have been reported,
because REG and FID/TPI have similar
efficacies and different toxicities, we select
one of these active agents considering the
toxicity profile, and it is unclear which drug
should be administered first in clinical

Key questions

What is already known about this subject?

» Regorafenib (REG) and trifluridine/tipiracil (FTD/TPI)
both prolong the survival of patients with refracto-
ry metastatic colorectal cancer. However, which of
the two drugs should be administered first remains
controversial.

What does this study add?

» Based on results of this study, in patients with low
tumour growth rate (TGR) without the emergence of
new lesion in preceding treatment, FTD/TPI showed
favourable disease control rate, which suggested
that patients with slow progression are better candi-
dates for FTD/TPI than for REG. However, in patients
with high TGR or emergence of new lesion, both
drugs showed similar disease control rate; there-
fore, they are equally recommended for patients
with rapid progression in preceding treatment.

How might this impact on clinical practice?

» Although predictive biomarkers for the efficacy and
safety of REG and FTD/TPI have not been estab-
lished, our results suggest that TGR and the emer-
gence of new lesion during preceding treatment
period may be helpful for drug selection in patients
with refractory metastatic colorectal cancer to be
treated with REG or FTD/TPI in clinical practice.

practice.3 * Because both drugs have limited
efficacy without objective tumour response, a
predictive marker for response to these drugs
is needed.

Recently, it has been reported that the
pretreatment tumour growth rate (TGR) was
associated with survival in non-small cell lung
and laryngeal cancers treated with radiation
therapy.” ® We hypothesised that TGR during
preceding treatment would have different
effects on the efficacies of REG and FTD/TPI,
which have different mechanisms of action
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and that TGR during preceding treatment period would
be helpful for drug selection in patients with mCRC to be
treated with REG or FTD/TPI.

METHODS

Patients

This was a retrospective study to evaluate the association
between TGR during preceding treatment and the effi-
cacy of REG and FTD/TPI at three institutions. We eval-
uated patients who were treated with REG or FID/TPI
at the Aichi Cancer Center Hospital, Shizuoka Cancer
Center and at Hokkaido University Hospital from May
2013 to December 2016. The eligibility criteria were
as follows: (1) histologically confirmed unresectable
colorectal adenocarcinoma; (2) no prior treatment with
REG or FTD/TPI; (3) refractory or intolerant to fluoropy-
rimidines, oxaliplatin, irinotecan, anti-vascular endothe-
lial growth factor (VEGF) antibodies and anti-epidermal
growth factor receptor (EGFR) antibodies (if KRAS
exon 2 wild-type tumours); (4) preceding treatment was
chemotherapy; (5) Eastern Cooperative Oncology Group
performance status (ECOG PS) of 0-2; (6) measurable
lesion according to RECIST version 1.1; (7) adequate
bone marrow, hepatic and renal function; and (8) CT was
performed at least once during preceding chemotherapy
within 30 days before starting REG or FID/TPI and at
least once after starting REG or FTD/TPI. All the patients
provided written informed consent for the treatment.

Treatments

REG (160 mg) was administered once daily on days 1-21
with 7 days of rest. FTD/TPI (35mg/m?®) was adminis-
tered twice daily 5 days a week with 2 days of rest for 2

Sum of target lesion diameters (mm)

Dy

Tumor growth rate (TGR) =

weeks, followed by a 14-day rest period. Both drugs were
repeated every 4 weeks. The treatments were continued
until disease progression, death, unacceptable toxicities
or the patient’s refusal. We included any patients whose
initial dose was reduced because of the patient’s desire or
physician’s decision in this study.

Calculation of TGR and method of classification
TGR was calculated as follows:

TGR=100(D,-D ,)/D_/(CT,-CT ),

where CT is the date of CT at progressive disease judged
by physicians in preceding treatment, CT | is the date of
CT directly preceding CT, and D, is the sum of target
lesion diameters at CT, (according to RECIST version 1.1).

The patients were classified into two groups according
to TGR and whether a new lesion (NL) emerged. A cut-
off value of TGR was defined as 0.33%/day, which was
equal to 20%,/2 months or 73% /2 months converted to
volume, taking the median TGR (0.32%/day) and clin-
ical significance into account. Emergence of a new lesion
(NL; NL+) was defined as an emergence at a new site
that did not have metastases when preceding treatment
was started. The slow-growing group (slow group) was
defined as low TGR (<0.33%/day) and no emergence of
NL (NL-), and the rapid-growing group (rapid group)
was defined as high TGR (20.33%/day) and NL- and
NL+ irrespective of TGR (figure 1).

We varied the cutoff values of TGR because it was
unclear whether the cut-off value of TGR in the present
study was appropriate or not.

Evaluation of treatment and statistical analysis
All the patients underwent CT at least once after starting
REG or FID/TPIL. The efficacy of REG and FITD/TPI

100 (D, - D.,)

D4(CT,y - CT.y)

D, -

cT,

TGR20.33

Figure 1

CT, Time (days)

TGR<0.33

Slow-Growing Group
(Slow)

Definition of TGR and grouping according to TGR and NL+ or NL-. CT is the date of CT at progressive disease

judged by physicians in preceding treatment, CT , is the date of CT directly preceding CT, and D is the sum of target lesion
diameters at CT . The slow-growing group was defined as low TGR (<0.33%/day) and NL-, and the rapid-growing group was
defined as high TGR (>0.33%/day) and NL- and NL+ irrespective of TGR. TGR, tumour growth rate; NL+, emergence of new

lesion; NL—, absence of new lesion.
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were evaluated by disease control defined as a complete
response, partial response or stable disease according to
RECIST version 1.1.

The differencesin the patient characteristics and disease
control rates (DCRs) between REG and FTD/TPI were
compared by using Fisher’s exact test with OR and 95%
CI based on logistic regression analysis. The differences
in DCR were also evaluated by multivariate analyses using
stepwise logistic regression and presented as adjusted ORs.
In the multivariate analyses for DCR, the following vari-
ables were included: age (<65vs =65 years); sex; ECOG PS
(0-1 vs 2); histological type (well or moderate vs poor or
mucinous); site of primary tumour (right-sided cancer vs
left-sided cancer; rightsided cancer: caecum, ascending
colon and transverse colon; left-sided cancer: descending
colon, sigmoid colon and rectum); resection of primary
tumour (yes vs no); number of metastatic sites (1-2 vs 23);
liver metastases (yes vs no); peritoneal metastases (yes
vs no); KRAS exon 2 status (wild-type vs mutant); time
from initiation of first-line chemotherapy (<18 months vs
>18 months); white blood cell (WBC) count (<10000vs
=>10000/pL); alkaline phosphatase (ALP) levels (<300vs
2300IU/L); and lactate dehydrogenase (LDH) levels
(<400vs 2400IU/L). Progression-free survival (PFS) was
defined as the time from the first administration of treat-
ment to the first radiological or clinical observation of
disease progression or death due to any cause, whichever
occurred first. Overall survival (OS) was defined as the
time from the first treatment until death from any cause,
with surviving patients censored up to the last follow-up
date. The median PFS and OS were estimated using the
Kaplan-Meier method. HR and 95% CI were estimated
using the Cox proportional hazards model. Adjusted HRs
for PFS and OS were calculated by applying a multivariate
Cox proportional hazard model based on the parameters
with p values of <0.1 in the univariate analysis.

JMP version 10 (SAS Institute) was used to perform
all the statistical analyses. All the statistical tests were two
sided, with p values of <0.05 considered as indicative of
statistical significance.

RESULTS

Patient characteristics

Between May 2013 and December 2016, 388 patients with
unresectable mCRC received REG or FTD/TPI for the
first time. We excluded 34 patients who had not received
fluoropyrimidines, oxaliplatin, irinotecan, anti-VEGF
antibodies or anti-EGFR antibodies (if KRAS exon 2 wild-
type tumours), seven patients whose preceding treatment
was radiotherapy or observation, 23 patients who did not
have measurable lesions, 3 patients without CT that was
performed at least once during preceding chemotherapy,
33 patients without CT that was performed within 30 days
before starting REG or FTD/TPI and 44 patients without
CT that was performed at least once after starting REG
or FTD/TPI. Therefore, 132 and 112 patients who had
received REG (REG group) and FID/TPI (FTD/TPI

group), respectively, were analysed as eligible patients.
The rapid group had 133 patients, including 74 patients
treated with REG and 59 patients treated with FITD/
TPI, and the slow group had 111 patients, including 58
patients treated with REG and 53 patients treated with
FID/TPI (online supplementary figure 1).

In the rapid group, the proportion of patients who had
high LDH levels was lower in the FTD/TPI group than in
the REG group (20% vs 36%) and that of patients who
had <18 months as time from initiation of first-line chemo-
therapy was higher (46% vs 22%). In the slow group, the
proportion of patients who had high ALP levels was lower
in the FTD/TPI group than in the REG Group (57% vs
78%) and that of the patients who had ECOG PS 2 was
higher (13% vs 2%). Almost all other baseline character-
istics were similar between the REG and FITD/TPI groups
either in the rapid group or the slow group (table 1).

Because the CT scans were managed according to the
local practice, there were substantial differences between
patients in the intervals between the two scans used to
assess TGR. To check whether this affected the alloca-
tion of patients into the rapid and slow groups, we anal-
ysed the numbers allocated to each group with intervals
between the scans of <6 (rapid group, n=17; slow group,
n=10), 6-12 (rapid group, n=83; slow group, n=66) and
>12 weeks (rapid group, n=32; slow group, n=36). The
results are summarised in online supplementary table 1.
The proportions allocated to the rapid and slow groups
were similar within each of these range of intervals.

Comparisons of DCRs and PFS between the REG and FTD/TPI
treatment groups within the rapid and slow groups

The interval from the initiation of REG or FTD/TPI to the
first CT evaluation was similar for the patients receiving
REG and FTD/TPI in the rapid and slow groups (online
supplementary table 2).

Among the total 244 patients, the DCR in the FID/
TPI group was similar to that in the REG group (35% vs
28%, respectively; OR: 1.37; 95% CI 0.80 to 2.37; p=0.25).
All the patients had stable disease or progressive disease.
In the rapid group, the DCR in the FITD/TPI group was
similar to that in the REG group (24% vs 30%; OR: 0.74;
95% CI, 0.33-1.59; p = 0.44). Conversely, in the Slow-
Group, the DCR in the FTD/TPI Group was significantly
higher than that in theREG Group (47% vs. 26%; OR,
2.56; 95%CI, 1.16-5.78; p = 0.019). The interactiontest
showed a significant interaction between TGR (Rapid/
Slow Group) andtreatment (REG/FTD/TPI) (p = 0.027).

In the multivariate analysis using stepwise logistic regres-
sion of predictive factors for obtaining disease control, the
choice of REG or FTD/TPI was an independent predic-
tive factor for obtaining disease control in the slow group
(adjusted OR: 3.38; 95% CI 1.34 to 9.09; p=0.01) with the
covariates of sex, histological type, number of metastatic
sites, resection of primary tumour and WCC but was not
a predictive factor in the rapid group (adjusted OR: 0.73;
95% CI 0.31 to 1.69; p=0.47) with the covariates of ECOG
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Table 1 Patient characteristics

Rapid group n=133 Slow group n=111
REG FTD/TPI REG FTD/TPI
Characteristics N=74 (%) N=59 (%) P value N=58 (%) N=53 (%) P value
Age (years)
<65 40 (54) 30 (51) 0.73 29 (50) 21 (40) 0.34
>65 34 (46) 29 (49) 29 (50) 32 (60)
Sex
Male 44 (59) 29 (49) 0.29 33 (57) 38(72) 0.12
Female 30 (41) 30 (51) 25 (43) 15 (28)
ECOG performance status
0-1 65 (88) 54 (92) 0.58 57 (98) 46 (87) 0.03
2 9(12) 5(8) 1) 7(13)
Histological type
Well/moderately 67 (91) 55 (93) 0.75 56 (96) 49 (92) 0.42
Poorly/mucinous 709 4(7) 2(4) 4 (8)
Site of primary tumour
Right-sided colon* 27 (36) 14 (24) 0.18 14 (24) 12 (23) 1.00
Left-sided colont/rectum 47 (64) 45 (76) 44 (76) 41 (77)
Prior tumour resection
Yes 64 (86) 44 (75) 0.12 47 (81) 39 (74) 0.37
No 10 (14) 15 (25) 11(19) 14 (26)
Metastatic sites
Liver 48 (65) 37 (63) 0.86 32 (55) 22 (42) 0.18
Peritoneum 24 (32) 20 (34) 1.00 15 (26) 16 (30) 0.67
Number of metastatic sites
1-2 48 (65) 30 (51) 0.11 32 (55) 34 (64) 0.44
>3 26 (35) 29 (49) 26 (45) 19 (36)
KRAS exon 2 status
Wild-type 45 (61) 36 (61) 1.00 28 (48) 23 (43) 0.70
Mutant 29 (39) 23 (39) 30 (52) 30 (57)
Time from initiation of first-line chemotherapy (months)
<18 16 (22) 27 (46) 0.0005 10 (17) 13 (25) 0.36
>18 58 (78) 32 (54) 48 (83) 40 (75)
Biologicals in previous chemotherapy
No 5(8) 6 (10) 0.89 6 (10) 5(9) 0.80
Bevacizumab 40 (54) 32 (54) 36 (62) 36 (68)
Anti-EGFR agents 29 (39) 21 (36) 16 (28) 12 (23)
WBC (/uL)
<10000 66 (89) 54 (92) 0.77 52 (90) 49 (92) 0.74
>10000 8 (11) 5(8) 6 (10) 4(8)
ALP (IU/L)
<300 18 (24) 16 (27) 0.84 13 (22) 23 (43) 0.03
>300 56 (76) 43 (73) 45 (78) 30 (57)
LDH (IU/L)
<400 47 (64) 47 (80) 0.06 42 (72) 43 (81) 0.37
>400 27 (36) 12 (20) 16 (28) 10 (19)

*Caecum, ascending colon and transverse colon.

TDescending colon and sigmoid colon.

ALP, alkaline phosphatase;ECOG, Eastern Cooperative Oncology Group;FTD/TPI, trifluridine/tipiracil; LDH, lactate dehydrogenase; REG, regorafenib;
WBC, white blood cell.
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Figure 2 DCRs between REG and FTD/TPI groups within the rapid or slow groups. In the rapid group, the DCR in the FTD/
TPI group was similar to that in the reg group, whereas in the slow group, the DCR in the FTD/TPI group was significantly
higher than that in the reg group. DCR, disease control rate; REG, regorafenib; FTD/TPI, trifluridine/tipiracil.

PS, time from initiation of firstline chemotherapy and
liver metastases (figure 2).

The PFS and OS in the FTD/TPI group were similar to
those in the REG group (median PFS: 2.2 vs 2.1 months,
respectively; HR: 0.91; 95%CI 0.71 to 1.18; p=0.48;
median OS: 7.6 vs 6.8 months, respectively; HR: 0.86;
95% CI 0.66 to 1.13; p=0.30). In the rapid group, the PFS
and OS in the FTD/TPI group were similar to those in
the REG group (median PFS: 2.0 vs 2.1 months, respec-
tively; adjusted HR: 0.91; 95% CI 0.61 to 1.37; p=0.66;
median OS: 6.4 vs 6.7 months, respectively; adjusted HR:
0.97;95% CI 0.65 to 1.43; p=0.87). In the slow group, the
FTD/TPI group showed numerically better PFS and OS
values than those for the REG group but without statis-
tical significance (median PFS: 3.1 vs 2.0 months, respec-
tively; adjusted HR: 0.77; 95% CI 0.52 to 1.15; p=0.20;
median OS: 8.0 vs 7.0 months, respectively; adjusted HR:
0.79; 95% CI 0.51 to 1.24; p=0.31; figure 3).

There was crossover from REG to FTD/TPI or vice
versa by a total of 109 patients. The DCR analysis was
repeated for this subset of patients. In the rapid group,
the FID/TPI group presented a trend towards lower
DCR than that the REG group (16% vs 36%; OR: 0.33;
95% CI 0.08 to 1.13; p=0.08). In the slow group, the DCR
in the FTD/TPI group was significantly higher than that

10Ty

>

0.8+

0.6+

0.4+

PFS Probability

0.2

in the REG group (56% vs 27%; OR: 3.45; 95% CI 1.10 to
11.70; p=0.034).

Impact of emergence of NL on DCR

In the FTD/TPI group, the DCR in the NL+ patients
was significantly lower than that in the NL- in the rapid
group patients (7% vs 30%; OR: 0.17; 95% CI 0.009 to
0.99; p=0.048) or that in the slow group patients (7% vs
47%; OR: 0.08; 95% CI 0.004 to 0.44; p=0.0017). In the
REG group, the DCR in the NL+ patients was lower than
that in the NL- patients in the rapid group (14% vs 33%;
OR: 0.33; 95%CI 0.05 to 1.39; p=0.14) or that in the
patients in the slow group (14% vs 26%; OR: 0.48; 95% CI
0.069 to 2.03; p=0.34).

DCR at various cut-off values of TGR

In the slow group, the FTD/TPI group had a higher DCR
than that of the REG group regardless of the TGR cut-off
value, whereas in the rapid group, the DCR of the REG
group was similar to or better than that of the FTD/TPI
group for TGR cut-off values of >0.3%/day. The DCR in
the REG group was maintained near 30% both in the
rapid and slow groups regardless of the TGR cut-off value
(online supplementary figure 2).

PFS Probability

0.0 T J
0 6 12

Time (months)

0.0 T T
0 6 12

Time (months)

Figure 3 PFSs between the reg and FTD/TPI groups: (A) Rapid group and (B) slow group. In the rapid group, the PFS in the
FTD/TPI group was similar to that in the REG group, whereas in the slow group, the PFS in the FTD/TPI group was longer than
that in the REG group. PFS, progression-free survival; REG, regorafenib; FTD/TPI, trifluridine/tipiracil.
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DISCUSSION

In this retrospective study, in patients with low TGR and
NL- in preceding treatment, the DCR in the FTD/TPI
group was higher than that in the REG group, which
suggested that patients with slow progression are better
candidates for FTD/TPI than those for REG for later-line
treatment. However, considering the similar DCRs in the
REG and FTD/TPI groups in patients with high TGR,
both REG and FID/TPI are equally recommended for
patients with rapid progression in their preceding treat-
ment. To the best of our knowledge, the present study
is the first to compare REG and FTD/TPI according to
classification by TGR and NL+ in preceding treatment.

REGand FTD/TPI have different mechanisms of action.
REG is a multikinase inhibitor that targets the activity of
several protein kinases." Therefore, the efficacy of REG
may depend on signalling pathway activity but indepen-
dent of tumour growth speed. Conversely, because FTD/
TPI is a thymidine-based nucleic acid analogue, FTD/
TPI targets unspecified DNA of cancer cells.? FTD/TPI as
later line of treatment does not result in shrinkage of the
tumour; therefore, it may be difficult for this treatment to
control rapid-growing tumours. In addition, the time from
the initiation of first-line chemotherapy to the initiation
of REG or FTD/TPI may affect the TGR. In the present
study, 88 (49%) of 178 patients for whom this time was
=18 months were classified into the slow group compared
with 23 (35%) of the 66 patients for whom this time was
<18 months (p=0.04). In the CORRECT and CONCUR
studies, which compared REG with placebo, the HR of
the subgroup of patients for which the time from the initi-
ation of firstline chemotherapy to the initiation of REG
was =18 months was similar to that of the subgroup for
which the time was <18 months (CORRECT study: 0.82 vs
0.76; CONCUR study: 0.31 vs 0.33).7 Conversely, in the
RECOURSE and TERRA studies, which compared FTD/
TPI with placebo, the HR of the subgroup of patients for
which the time from the initiation of firstline chemo-
therapy to the initiation of FITD/TPI was 218 months
was lower than that of the subgroup for which the time
was <18 months (RECOURSE study: 0.64 vs 0.84; TERRA
study, 0.67 vs 0.87).2® These results were consistent with
those for efficacy in the present study.

There were several limitations in the present study. First,
this study was a retrospective non-randomised analysis,
so there was the potential for uncontrolled biases in the
multivariate analyses. In addition, the number of patients
included was relatively low. Therefore, rigid conclusions
cannot be drawn from the results of our study. Second,
it was unclear whether the method for calculating TGR
and the TGR cut-off value in the study were appropriate.
However, we confirmed that the concordance rate between
the present and previous studies’ for the classification
into the rapid and slow groups was 98% (x=0.96), and our
results remained unchanged regardless of the TGR cut-
off value. In addition, our method for calculating TGR,
based on the volume difference, was simpler than that

of the previous report.” Third, the intervals between the
two CT scans used to assess TGR and the intervals from
the initiation of REG or FTD/TPI to the first CT evalua-
tion were heterogeneous because these were determined
by the attending physicians according to local clinical
practice. However, we confirmed that differences in the
intervals between the scans did not affect the allocation
of patients into the rapid and slow groups, and the inter-
vals between the initiation of treatment and the first CT
scan were similar between the patients receiving REG and
FID/TPI in the rapid and slow groups. However, given
these limitations, further validation studies are needed
to confirm the value of TGR for drug selection that may
contribute to providing valuable clinical information.

In conclusion, TGR and NL during preceding treat-
ment may be helpful for drug selection in patients with
refractory mCRC to be treated with REG or FTD/TPIL
However, further studies are needed to confirm the value
of TGR in drug selection.
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