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Abstract
Background: The  development  of  chemotherapy  and  treatment  strategies  for 
metastatic  colorectal  cancer  (mCRC)  have  provided  patients  with  significant 
survival benefits. Currently, molecular  targeting agents and late- line treatment 
with regorafenib and trifluridine/tipiracil (FTD/TPI) are available. However, the 
impact of this increase in drug availability on overall survival (OS) in mCRC re-
mains a clinical question.
Methods: We retrospectively collected data on consecutive mCRC patients who 
were  treated  at  three  institutions  in  Japan.  We  divided  the  patients  into  three 
cohorts: patients who initiated first- line treatment from Jan 2005 to Dec 2006 (co-
hort A: only cytotoxic drugs available), Jan 2007 to Dec 2011 (cohort B: molecular 
targeting drugs available), and Jan 2012 to Sep 2016 (cohort C: late- line treatment 
available).
Results: A total of 1409 consecutive patients were analyzed. The median survival 
time (MST) in cohorts A, B, and C was 18.6, 25.4, and 26.4 months, respectively. 
The hazard ratio (HR) for cohort B versus A was 0.81 (95% CI 0.68– 0.97), for co-
hort C versus A was 0.74 (95% CI 0.61– 0.89), and for cohort C versus B was 0.92 
(0.81– 1.03). The median number of administered drugs  (range) was 3  (1– 5)  in 
cohort A, 4 (1– 7) in cohort B, and 4 (1– 7) in cohort C. The increase in drug avail-
ability extended the MST from 15.5 months in patients treated with ≤3 drugs to 
36.0– 37.3 months in patients treated with six to seven drugs.
Conclusion: The development of chemotherapy including late- line treatments 
could improve the prognosis of mCRC patients.
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1   |   BACKGROUND

Colorectal cancer  is  the third most common cancer, and 
1.9 million cases were newly diagnosed in 2020. Colorectal 
cancer is the second leading cause of cancer death world-
wide.1 In Japan, colorectal cancer was the most common 
cancer in 2017 and was the second most prevalent cause of 
death in 2019.2 The prognosis of metastatic colorectal can-
cer (mCRC) is poor: the overall survival (OS) of patients 
without any treatment is 4– 6 months.3 After 5- fluorouracil 
(5- FU)/leucovorin  (LV)  showed  a  survival  benefit  for 
mCRC against the best supportive care in the late 1980s,4– 6 
irinotecan or oxaliplatin- based combination therapy was 
introduced in the late 1990s.7– 9 Furthermore, combination 
therapy  with  molecular  targeting  agents  such  as  bevaci-
zumab  or  anti- EGFR  antibody  with  cytotoxic  drugs  was 
introduced  in  the  2000s.10– 14  These  intensive  combina-
tion therapies not only prolong survival, but also enhance 
tumor shrinkage and increase the chances of conversion 
surgery. Additionally, treatment with regorafenib or triflu-
ridine/tipiracil (FTD/TPI) focusing on late- line treatment, 
which  is  a  clinical  unmet  need,  was  developed  in  the 
2010s.15,16  Recently,  personalized  treatments  for  mCRC 
have progressed with the spread of biomarker testing for 
genes such as RAS, BRAF V600E mutation, and microsatel-
lite instability.

While  recent  clinical  trials  of  first- line  treatment  for 
mCRC have been able to extend the OS to over 30 months,17 
the median progression- free survival in most clinical trials 
has consistently been around 10 months.13,18,19 Therefore, 
subsequent  treatments  after  first- line  chemotherapy  in-
cluding  regorafenib  or  FTD/TPI  as  a  late- line  treatment 
may  prolong  OS. There  are  few  studies  on  the  extent  to 
which these subsequent treatments improve survival over 
the entire treatment period. In the present study, we inves-
tigated the impact of the increase in drug availability on 
the OS of mCRC from the initiation of first- line treatment 
using real- world data.

2   |   PATIENTS AND METHODS

mCRC  patients  who  received  first- line  treatment  be-
tween January 2005 and November 2016 at  three  insti-
tutions  (Shizuoka  Cancer  Center,  Aichi  Cancer  Center 
Hospital,  and  Hokkaido  University  Hospital)  were 
selected.  Inclusion  criteria  were  as  follows:  (1)  patho-
logically confirmed adenocarcinoma of the colon or rec-
tum,  (2)  age  over  20  years  at  the  initiation  of  first- line 
chemotherapy, (3) Eastern Cooperative Oncology Group 
performance  status  (ECOG  PS)  0– 2,  and  (4)  adequate 
organ  function.  The  following  patients  were  excluded: 
(1)  those  that  received  adjuvant  chemotherapy  and  (2) 

had  other  active  cancers.  We  divided  the  patients  into 
three groups according to the dates of approval of novel 
anticancer drugs that improve survival at the initiation 
of  first- line  treatment;  patients  who  initiated  first- line 
treatment  from Jan 2005  to Dec 2006 were  included  in 
cohort A (only cytotoxic drugs available), patients from 
Jan  2007  to  Dec  2011  were  included  in  cohort  B  (mo-
lecular targeting drugs available), and those who began 
treatment  from  Jan  2012  to  Sep  2016  were  included  in 
cohort  C  (regorafenib  or  FTD/TPI  as  a  late- line  treat-
ment).  In  Japan,  bevacizumab  was  approved  in  2007, 
cetuximab  in  2008,  panitumumab  in  2010,  regorafenib 
in 2012, and FTD/TPI in 2014. As for RAS testing, KRAS 
testing was approved in 2010 (late cohort B) and all RAS 
testing  began  in  2015  (late  cohort  C).  The  tumor  loca-
tions  were  defined  as  the  right  side  of  the  colon  from 
the cecum to the splenic flexure and the left side of the 
colon  from  the  splenic  flexure  to  the  rectum.  All  data 
were retrospectively collected from medical records, and 
the cutoff date was December 31, 2019.

The objective of  this  study  is  to  investigate  the  im-
pact  of  drug  availability  on  OS  since  the  initiation  of 
first- line  treatment  between  cohorts  A,  B,  and  C.  In 
addition,  we  evaluated  the  impact  of  primary  tumor 
location,  the  number  of  drugs  administered,  and  con-
version  surgery  on  OS,  as  well  as  the  proportion  of 
drugs administered.

All  procedures  were  performed  in  accordance  with 
institutional  and  national  standards  on  human  ex-
perimentation,  as  confirmed  by  the  ethics  commit-
tee  of  Shizuoka  Cancer  Center  (IRB  number  2161), 
Aichi  Cancer  Center  (IRB  number  2019– 1- 201),  and 
Hokkaido University Hospital (IRB number 019– 0176) 
as well as with the Declaration of Helsinki of 1964 and 
later versions.

2.1  |  Statistical analyses

OS was defined as the duration between start date of first- 
line treatment and date of death, date of last follow- up, or 
the cutoff date of this study (December 31, 2019). Survival 
rates were estimated using the Kaplan– Meier method and 
were compared using the log- rank test. To simultaneously 
evaluate the effect of several factors on survival, multivari-
able  Cox  regression  analyses  were  performed.  The  asso-
ciation between categorical parameters was analyzed with 
a Chi- squared or Fisher's exact test. Continuous variables 
were  analyzed  with  Student's  t  test.  The  analyses  were 
performed using the statistical software R (R Foundation 
for Statistical Computing, v. 4.0.3). All reported p- values 
were two- sided, and a p- value <0.05 was considered sta-
tistically significant.
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3   |   RESULTS

3.1  |  Patient characteristics

Between  January  2005  and  November  2016,  1409  con-
secutive  patients  initiated  systemic  first- line  treatment 
for  mCRC.  The  patient  characteristics  were  similar 
among the three groups, excluding age and resection of 
primary  tumor,  as  shown  in  Table  1.  The  median  age 
(interquartile range, IQR) was 62.0 (54.0– 69.0) years in 
cohort  A,  63.0  (56.0– 70.0)  years  in  cohort  B,  and  65.0 
(55.0– 72.0) years in cohort C. Resection of the primary 
tumor was performed significantly more often in cohort 
C  compared  with  cohorts  A  and  B.  Many  patients  in 
cohorts A and B had unknown KRAS status since test-
ing for mutations in this gene was approved in 2010 in 
Japan.

3.2  |  Treatment

Drugs  administered  throughout  the  treatment  course 
are shown in Table 2. All patients received fluoropyrimi-
dines, and oxaliplatin was more often used than irinote-
can  in  all  cohorts.  More  patients  in  cohort  C  received 
anti- angiogenesis  drugs  (84.1%)  compared  with  cohorts 
A (21.2%) and B (72.5%). The proportion of patients who 
were treated with anti- EGFR therapy was comparable in 
cohorts B (33.0%) and C (37.9%). More patients in cohort 
C  (49.2%)  received  regorafenib  or  FTD/TPI  than  cohort 
B (17.1%). The percentage of patients who could receive 
regorafenib  or  FTD/TPI  was  1.7%  in  cohort  A,  17.1%  in 
cohort B, and 49.2% in cohort C; those who received both 
regorafenib  and  FTD/TPI  were  0%,  3.1%,  and  16.0%,  re-
spectively (Table S1).

3.3  |  Overall survival

While  the median  follow- up  time  (IQR) was 17.7  (11.2– 
32.7)  months  in  cohort  A,  23.2  (11.6– 38.9)  months  in 
cohort  B,  and  23.3  (11.6– 38.2)  months  in  cohort  C,  the 
median survival time (MST) was 18.6 (95% CI 16.4– 23.5) 
months,  25.4  (95%  CI  23.2– 27.1)  months,  and  26.4  (95% 
CI 23.3– 29.5) months, respectively (Figure 1). The 2- year 
OS rate in each cohort was 40.8%, 52.5%, and 52.5%, and 
the  3- year  OS  rate  was  22.4%,  30.9%,  and  34.0%,  respec-
tively. The hazard  ratio  (HR)  for cohort B versus A was 
0.81  (95%  CI  0.68– 0.97),  for  cohort  C  versus  A  was  0.74 
(95%  CI  0.61– 0.89),  and  for  cohort  C  versus  B  was  0.91 
(95% CI 0.81– 1.03). The adjusted HR for cohort B versus 
A was 0.78 (95% CI 0.65– 0.94), for cohort C versus A was 

0.74 (95% CI 0.62– 0.90), and for cohort C versus B was 0.95 
(95% CI 0.84– 1.07).

Drug  availability  gradually  increased  from  cohorts  A 
to  B  and  C:  the  median  number  of  administered  drugs 
(range) was 3 (1– 5) in cohort A, 4 (1– 7) in cohort B, and 4 
(1– 7) in cohort C (Figure 3A). The proportion of patients 
treated with ≤3 drugs decreased  from 71.5%  in cohort A 
to 32.6% in cohort C, while, on the other hand, treatment 
with ≥6 drugs increased from 6.6% in cohort B to 19.7% in 
cohort  C. The  increase  of  drug  availability  extended  the 
MST from 15.5 months in patients treated with ≤3 drugs 
to  36.0– 37.3  months  in  patients  treated  with  6– 7  drugs 
(Figure 3B).

As  for  the  primary  tumor  location,  the  MST  of  left- 
sided tumors was significantly longer than for right- sided 
tumors  (27.6  months  vs.  18.3  months;  HR  0.71;  95%  CI 
0.62– 0.80)  (Figure  2A).  For  patients  with  left- sided  tu-
mors,  the prognosis  tended  to be better with period:  the 
HR for cohort B versus A was 0.77 (95% CI 0.62– 0.95), for 
cohort  C  versus  A  was  0.68  (95%  CI  0.55– 0.85),  and  for 
cohort C versus B was 0.89 (95% CI 0.77– 1.04) (Figure 2B). 
On the other hand, for patients with right- sided tumors, 
the prognosis of cohort B tended to be better than that of 
cohort A and the prognosis of cohort B was comparable 
with cohort C: the HR for cohort B versus A was 0.89 (95% 
CI  0.63– 1.26),  and  for  cohort  C  versus  B  was  0.95  (95% 
CI 0.76– 1.18; Figure 2C). There was no difference in the 
number of drugs administered between the left-  and right- 
sided (Table S2).

Among the patient factors, a Cox proportional hazard 
model  revealed  that  ECOG  PS  2– 3,  right- sided  tumors, 
≥2 metastatic sites, a white blood cell count ≥10,000/μL, 
ALP ≥ 300 IU/L, and LDH ≥ 400 IU/L were independent 
poor prognostic factors (Table 3). After adjusting for these 
prognostic factors, the adjusted HR for cohort B versus A 
was  0.78  (95%  CI  0.65– 0.94),  for  cohort  C  versus  A  was 
0.74 (95% CI 0.62– 0.90), and for cohort C versus B was 0.95 
(95% CI 0.84– 1.07) (Figure 1).

3.4  |  Conversion surgery

The  proportion  of  patients  who  underwent  conversion 
surgery  in cohorts B and C were higher  than  that  in co-
hort A, and that in cohort B was comparable with cohort 
C  (3.6%  in  cohort  A,  10.0%  in  cohort  B,  and  8.5%  in  co-
hort C; Table 2). The MST of patients who underwent con-
version  surgery  was  significantly  longer  than  those  who 
did  not  (62.0  months  vs.  22.6  months;  HR  0.30;  95%  CI 
0.23– 0.38)  (Figure  S1).  The  conversion  surgery  rate  was 
approximately 5– 10% every year (Figure S2). The HR for 
death was comparable regardless of cohort, at 0.39 (95% CI 
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T A B L E  1   Patients' characteristics

Cohort A (N = 165) cohort B (N = 622) cohort C (N = 622)
p 
value

Age (years)

Median (IQR) 62 (54, 69) 63 (56, 70) 65 (55, 72) 0.019

Sex

Male 97 (58.8%) 388 (62.4%) 354 (56.9%) 0.142

Female 68 (41.2%) 234 (37.6%) 268 (43.1%)

ECOG PS

0– 1 151 (91.5%) 571 (91.8%) 579 (93.1%) 0.636

2 14 (8.5%) 51 (8.2%) 43 (6.9%)

Location

Right 43 (26.1%) 181 (29.3%) 184 (29.7%) 0.654

Left 122 (73.9%) 437 (70.7%) 436 (70.3%)

Unknown 0 4 2

Resection of the primary tumor

+ 100 (60.6%) 386 (62.1%) 335 (53.9%) 0.011

− 65 (39.4%) 236 (37.9%) 287 (46.1%)

Pathology

wel/mod 125 (89.9%) 511 (87.2%) 533 (88.0%) 0.671

por/muc 14 (10.1%) 75 (12.8%) 73 (12.0%)

Unknown 26 36 16

KRAS status

Wild 15 (71.4%) 265 (61.8%) 354 (59.1%) 0.401

Mutation 6 (28.6%) 164 (38.2%) 245 (40.9%)

Unknown 144 193 23

Liver met.

− 61 (37.0%) 191 (30.7%) 222 (35.7%) 0.111

+ 104 (63.0%) 431 (69.3%) 400 (64.3%)

Peritoneum met.

− 134 (81.2%) 470 (75.6%) 450 (72.3%) 0.056

+ 31 (18.8%) 152 (24.4%) 172 (27.7%)

Number of metastatic sites

<2 60 (36.4%) 240 (38.6%) 261 (42.0%) 0.3

≥2 105 (63.6%) 382 (61.4%) 361 (58.0%)

WBC

<10,000/μL 144 (87.3%) 541 (87.0%) 544 (87.5%) 0.968

≥10,000/μL 21 (12.7%) 81 (13.0%) 78 (12.5%)

ALP

<300 IU/L 74 (45.7%) 254 (41.2%) 301 (48.4%) 0.037

≥300 IU/L 88 (54.3%) 363 (58.8%) 321 (51.6%)

Unknown 3 5 0

LDH

<400 U/L 111 (67.3%) 418 (67.3%) 445 (72.0%) 0.165

≥400 U/L 54 (32.7%) 203 (32.7%) 173 (28.0%)

Unknown 0 1 4
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0.16– 0.94) in cohort A, 0.33 (95% CI 0.24– 0.45) in cohort B, 
and 0.25 (95% CI 0.16– 0.38) in cohort C (Figure S3).

4   |   DISCUSSION

This  study  demonstrates  that  patients  with  mCRC  who 
initiated first- line therapy treatment after the date when 
molecular  targeting  agents  became  available  (cohort  B) 
and  when  late- line  treatment  with  regorafenib  or  FTD/
TPI (cohort C) were available had significantly longer OS 
than previously, when only cytotoxic chemotherapy was 

available (cohort A), after adjustment for prognostic fac-
tors.  Cohort  C  showed  a  trend  toward  a  longer  survival 
time  compared  to  cohort  B,  but  the  difference  was  not 
significant.

The strength of  this  study  is  that  these results  reflect 
the  development  of  survival  benefits  in  chemotherapy 
treatments  for  mCRC  in  clinical  practice  using  a  large 
number  of  cases  at  oncology  facilities.  Compared  with 
other countries, both FTD/TPI and regorafenib were used 
more frequently in Japanese clinical practice because the 
both drugs were approved and could be administered as 
sequential  therapies.  Hence,  the  results  of  the  present 

Treatment
Cohort A 
(N = 165)

Cohort B 
(N = 622)

Cohort C 
(N = 622) p- value

Chemotherapy

Fluoropyrimidine 165 (100%) 622 (100%) 622 (100%)

Oxaliplatin 147 (89.1%) 571 (91.8%) 536 (86.2%) 0.007

Irinotecan 124 (75.2%) 432 (69.5%) 425 (68.3%) 0.236

Anti- angiogenesis 35 (21.2%) 451 (72.5%) 523 (84.1%) <0.001

Anti- EGFR therapy 24 (14.5%) 205 (33.0%) 236 (37.9%) <0.001

Regorafenib 1 (0.6%) 42 (6.8%) 111 (17.8%) <0.001

FTD/TPI 1 (0.6%) 43 (6.9%) 168 (27.0%) <0.001

Conversion surgery 6 (3.6%) 62 (10.0%) 53 (8.5%) 0.036

Abbreviations: EGFR, epidermal growth factor receptor; FTD/TPI, trifluridine/tipiracil.

T A B L E  2   Contents of treatment 
during whole treatment period

F I G U R E  1  Overall survival 
according to the date of the initiation of 
first- line treatment
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study could reflect close to the true survival benefit of de-
velopment of chemotherapy for mCRC.

The  number  of  drugs  administered  increased  over 
time. All the approved drugs are well established in clin-
ical practice. As  for molecular  targeting agents,  the pro-
portion  of  anti- angiogenesis  agents  used  increased  with 
each  cohort,  but  the  use  of  anti- EGFR  antibodies  was 
similar between cohorts B and C. Anti- EGFR antibodies 
were  initially  intended  for  patients  with  positive  EGFR 
expression by immunohistochemistry. However, their use 
was  later  narrowed  to  KRAS  wild- type  patients,  all  RAS 
wild- type patients, and RAS wild- type patients with  left- 
sided tumors, who were more likely to receive a survival 
benefit  from the drug. Therefore,  the proportion of anti- 
EGFR therapy administered was likely to be comparable 
between cohorts B and C. In cohort C, FTD/TPI or rego-
rafenib could be administered as late- line treatment at the 
initiation of first- line treatment; however, the proportion 
of FTD/TPI or regorafenib was low. This  is probably be-
cause of the short observation period in cohort C and the 
inability to move to late- line treatment due to poor disease 
status.

The survival impact of combination therapy with mo-
lecular targeting agents in first-  and second- line treatment 
was far greater than that of late- line treatment with FTD/
TPI  or  regorafenib,  and  the  survival  impact  of  late- line 
treatment on whole treatment course was not clear in this 
study.  Possible  reasons  are  as  follows:  first,  as  described 
above, the proportion of FTD/TPI or regorafenib admin-
istered in cohort C was lower than that of the molecular- 
targeted  drugs  in  cohort  B.  Second,  a  learning  curve  is 
also  thought  to affect survival benefit.  In  the early cases 

of cohort C, physicians may not have been sufficiently fa-
miliar with the management of FTD/TPI and regorafenib, 
and the effects of these drugs may not have been fully real-
ized. In addition, these cases included patients who were 
heavily treated, and it is possible that FTD/TPI and rego-
rafenib  were  administered  in  cases  with  more  advanced 
disease states.

Consistent with a previous report,20 the OS of patients 
who underwent conversion surgery was significantly lon-
ger  than  those who did not. Although  the proportion of 
patients who underwent conversion surgery in cohorts B 
and C was higher than that of cohort A, the impact of con-
version surgery on OS was comparable in each cohort.

As  for  tumor  location,  the  increase  of  drug  availabil-
ity  contributed  to  prolonging  the  OS  of  patients  with 
left- sided tumors; however,  the effect was only slight  for 
patients with right- sided tumors. There was no significant 
difference in the number of drugs administered between 
the  left- sided  and  right- sided  tumor  groups.  Right- sided 
tumors  are  known  to  have  worse  prognosis  compared 
with  left- sided  tumors,21  and  the  survival  benefit  of 
each regimen may be poor. Although some studies have 
demonstrated  that  the  OS  of  regorafenib  or  FTD/TPI  in 
right- sided tumors was similar with that of left- sided tu-
mors,22,23  the survival benefit was poor. Hence, this may 
reflect a difference in the efficacy of the initial treatment, 
especially in the antitumor effects of anti- EGFR therapy. 
The  poor  survival  benefit  of  anti- EGFR  therapy  in  the 
right- sided tumor group may result in a small prognostic 
benefit, and as a result, the antitumor effect of the increase 
in the number of drugs administered on the OS of patients 
with right- sided tumors was poor.

F I G U R E  2  (A) The frequency of administered drugs and overall survival (OS). (B) OS according to the number of administered 
available drugs*

(A) (B)
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This study has some limitations. First, because of the 
nature of this retrospective study, a bias in the background 
of  the patients  is  inevitable. Although age and resection 
of the primary tumor were significantly different between 
cohorts  A,  B,  and  C,  even  after  adjusting  for  prognostic 
factors, the adjusted HR for OS tended to be the same as 
before  adjustment.  Hence,  this  supports  the  robustness 
of the results of this study. Second, patients who received 

adjuvant chemotherapy after curative  resection were ex-
cluded. Usually,  recurrence within 6 months of comple-
tion of adjuvant chemotherapy is considered refractory to 
the drug. In such cases, the date of initiation of first- line 
treatment  can  be  ambiguous.  Therefore,  only  patients 
with synchronous metastases were included in this study, 
and the prognosis  in  this study  tended to be worse  than 
that of previous reports.

F I G U R E  3  (A) Overall survival (OS) from the date of the initiation of first- line treatment (tumor location). (B) OS of left- sided 
tumors from the initiation of first- line treatment. (C) OS of right- sided tumors from the initiation of first- line treatment. *Re- challenge 
or investigational drugs were not included. Cetuximab and panitumumab counts it with one drug as anti- EGFR antibody. Bevacizumab, 
ramucirumab, and ziv- aflibercept counts it with one drug as anti- angiogenesis drug

(A) (B)

(C)
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In  conclusion,  the  increase  in  the  administration 
drugs  prolonged  OS,  and  in  particular,  the  MST  of  pa-
tients  treated with all available drugs  including  late- line 
treatment  with  regorafenib  and/or  FTD/TPI  was  over 
35 months. The development of chemotherapy including 
late- line treatment therefore could contribute to improve-
ments in the prognosis of mCRC patients.
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