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Abstract

Background: The efficacy of adjuvant chemotherapy for high-risk stage Il colon cancer (CC) has not been well
established. We compared the effects of surgery with and without oral uracil and tegafur plus leucovorin (UFT/LV) in
patients with high-risk stage Il CC, adjusting for potential risk factors.

Methods: We enrolled patients with histologically confirmed stage Il colon adenocarcinoma with at least one of
the following conditions: T4 disease, perforation/penetration, poorly differentiated adenocarcinoma/mucinous
carcinoma, or < 12 dissected lymph nodes. Patients chose to be non-randomized or randomized to undergo surgery
alone (NR-Group S or R-Group S) or surgery followed by 6 months of UFT/LV (NR-Group U or R-Group U). The primary
endpoint was disease-free survival (DFS) after adjusting for previously reported risk factors using propensity score
matching (1:2) and inverse probability of treatment weighting (IPTW) in the non-randomized arm.

Results: Overall, 1,902 (98%) and 36 (2%) patients were enrolled in the non-randomized and randomized arms,
respectively. There were too few patients in the randomized arm and these were therefore excluded from the analysis.
Of the 1,902 patients, 402 in NR-Group S and 804 in NR-Group U were propensity score-matched. The 3-year DFS rate
(95% confidence interval) was significantly higher in NR-Group U (80.9% [77.9%-83.4%]) than in NR-Group S (74.0%
[69.3%—78.0%)]) (hazard ratio, 0.64 [0.50-0.83]; P=0.0006). The 3-year overall survival rate was not significantly different
between NR-Group S and NR-Group U. Significantly higher 3-year DFS (P=0.0013) and overall survival (P=0.0315)
rates were observed in NR-Group U compared with NR-Group S using IPTW.
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Leucovorin, Inverse probability of treatment weighting

Conclusions: Adjuvant chemotherapy with UFT/LV showed a significant survival benefit over surgery alone in
patients with high-risk stage Il CC characterized by at least one of the following conditions: T4 disease, perforation/
penetration, poorly differentiated adenocarcinoma/mucinous carcinoma, or < 12 dissected lymph nodes.

Trial registration: Japan Registry of Clinical Trials: JRCTs031180155 (date of registration: 25/02/2019) (UMIN Clinical
Trials Registry: UMINOO0007783, date of registration: 18/04/2012).

Keywords: Adjuvant chemotherapy, Colon cancer, High-risk, Stage Il, Propensity score, Risk factor, Tegafur, Uracil,

Background

Colorectal cancer (CRC) is the most frequently diag-
nosed cancer and the second leading cause of cancer-
related death, accounting for >50,000 cases in Japan in
2018 [1]. Clinical guidelines from the Japanese Society
for Cancer of the Colon and Rectum advise against
routine administration of adjuvant chemotherapy to
all patients with stage II CRC,! but the American Soci-
ety of Clinical Oncology, the National Comprehensive
Cancer Network, and the European Society for Medi-
cal Oncology suggest that adjuvant chemotherapy is
beneficial in patients with stage II colon cancer (CC)
with high-risk factors for recurrence [2-5]. However,
unlike the proven benefits of adjuvant chemotherapy
for patients with stage III CC, the benefits for patients
with stage II CC remain unclear because of an absence
of conclusive data from randomized controlled clinical
trials [6, 7]. In addition, risk factors for stage II CC have
not been fully established [2, 5, 8-12].

Large-scale randomized comparative studies are
challenging, especially when they include a surgery-
alone arm, because risk factors for stage II CC have not
been established and effective evidence-based adjuvant
chemotherapies are lacking. To overcome these issues,
we conducted a multi-center prospective two-arm trial,
including a non-randomized arm, in which patients
chose whether to undergo surgery alone or surgery fol-
lowed by oral uracil and tegafur plus leucovorin (UFT/
LV) with propensity score (PS) matching [13, 14] to
minimize confounding biases in between-group com-
parisons, and a randomized arm, in which patients
chose to be assigned randomly to undergo either sur-
gery alone or surgery followed by UFT/LV. Oncologic
outcomes and safety were evaluated after adjusting for
previously reported clinicopathological risk factors
using PS matching and inverse probability of treatment
weighting (IPTW) in the non-randomized arm.

Methods
Details of the study protocol can be found in our previ-
ous report [15].

Patients

Eligible patients were aged 20 to 80 years with histologi-
cally confirmed stage II colon adenocarcinoma with at
least one of the following conditions: T4 disease, perfora-
tion/penetration, poorly differentiated adenocarcinoma/
mucinous carcinoma, or < 12 dissected lymph nodes. Eli-
gible patients had undergone RO resection, had an East-
ern Cooperative Oncology Group performance status of
0/1, could take the study drugs orally, and could begin the
study treatment within 8 weeks after surgery.

Allocation to treatment

This prospective observational study was based on
patients’ self-selected treatments: the non-randomized
arm comprised patients who chose to undergo surgery
alone (NR-Group S) or surgery followed by UFT/LV (NR-
Group U), while the randomized arm comprised patients
who were assigned to undergo surgery alone (R-Group S)
or surgery followed by UFT/LV (R-Group U). Patients in
the randomized arm were allocated (1:1) using the web-
based minimization method and stratified by depth of
tumor invasion, histology, number of lymph nodes exam-
ined, age, sex, and institution.

Protocol treatment
Patients in NR-Group S and R-Group S underwent a
blood test every 3 months and chest and abdominal com-
puted tomography examinations every 6 months for up
to 5 years or until confirmation of recurrence, occurrence
of other malignancies, or death. Colonoscopy was also
performed 1 and 3 years after surgery. Adverse events
(AEs) were monitored for 6 months after registration.
Patients in NR-Group U and R-Group U started treat-
ment with oral UFT (300 mg/m?*/day) and LV (75 mg/
day), three doses per day (every 8 h) within 8 weeks after
surgery under one of the following two regimens: daily
for 28 days followed by a 7-day rest or daily for 5 days fol-
lowed by a 2-day rest. One course lasted for 5 weeks, and
a total of five courses were given. If the criteria for start-
ing/continuing treatment were not fulfilled, treatment
was postponed or suspended until AEs improved suf-
ficiently to meet the criteria. Depending on AE severity,
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the UFT dose was reduced according to the protocol.
Physical examinations and blood tests were performed
during the first week of each course, and medication
compliance was monitored. Concomitant use of anti-
tumor drugs other than UFT/LV, radiation therapy, and
immunotherapy for the target disease were prohibited
until confirmation of recurrence, double cancer, or mul-
tiple primary CRC. After completion of UFT/LV therapy,
patients were followed up according to the same sched-
ule used in NR-Group S and R-Group S, except that AEs
were monitored from the start of UFT/LV therapy until
28 days after the final dose.

Endpoints

The primary endpoint of this study was disease-free
survival (DFS), which was defined as the time from the
date of registration to the date of occurrence of second-
ary cancer, recurrence, or death of any cause, whichever
occurred first. The secondary endpoints were overall sur-
vival (OS), which was defined as the time from the date
of registration to the date of death of any cause, and the
incidences of AEs by severity. Expression of carcinoem-
bryonic antigen mRNA 24 h after surgery was also meas-
ured as a secondary endpoint, and the results will be
presented in a separate report.

Statistical analysis

The target sample size in the non-randomized arm with
a sample size ratio of 1:2 between NR-Group S and NR-
Group U was estimated at 1,715, and the target sample
size in the randomized arm was 1,100 (550 patients each
in R-Group S and R-Group U) [15].

The efficacy endpoints were evaluated in the full-analy-
sis set, which included all enrolled patients, except those
with major protocol violations in the non-randomized
and randomized arms. The efficacy endpoints were also
evaluated in the PS-matched population, which excluded
patients who did not match, in the non-randomized arm.
Safety was analyzed in the safety-analysis set, which
included all non-randomized or randomized patients,
except those who did not receive UFT/LV.

For the analysis of the non-randomized population, 1:2
PS matching was used to minimize confounding biases
in comparisons between NR-Group S and NR-Group U
[13, 14]. Potential confounding factors for estimating the
PS were prespecified as follows: age (>70 or<70 years),
sex, number of dissected lymph nodes (>12 or<12), T4
disease, bowel perforation, poorly differentiated adeno-
carcinoma, mucinous carcinoma, and number of partici-
pating patients at each institution (> 5 or <5). The caliper
for PS matching was determined before the analysis so
that the standardized difference of all confounding fac-
tors was<0.1. Differences before and after matching
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were assessed using the x* test. A stratified log-rank
test accounting for matched pairs was used to compare
groups using a two-sided significance level of 5%. Haz-
ard ratios (HRs) and 95% confidence intervals (Cls) were
calculated using a stratified Cox proportional hazards
model. The Kaplan—Meier method was used to estimate
the 3-year DFS and OS rates in each group, and Green-
wood’s formula was used to calculate the 95% Cls.

Analyses were also conducted with IPTW using esti-
mated PSs [16]. For the IPTW analysis, standard errors
were estimated using the robust sandwich variance esti-
mator [17].

For the analysis of efficacy in the randomized arm, the
same analyses were performed with the same stratifica-
tion factors, except for institution. The incidence of each
AE was calculated and the severity was evaluated using
the Japanese version of the Common Terminology Crite-
ria for Adverse Events v4.0. All statistical analyses were
performed using SAS version 9.4 (SAS Institute, Cary,
NC, USA).

Results

Patient dispositions and characteristics before and after PS
matching

A total of 1,938 patients were enrolled from 321 institu-
tions in Japan from May 2012 to April 2016, including
1,902 patients (98%) in the non-randomized arm and
36 (2%) in the randomized arm (Fig. 1). The number of
patients in the randomized arm was too small and, they
were therefore excluded from the following analysis.

The baseline characteristics of the 1,880 eligible
patients in the non-randomized arm (641 patients in NR-
Group S and 1,239 patients in NR-Group U) are summa-
rized in Table 1.

After 1:2 PS matching, 402 patients in NR-Group S
and 804 patients in NR-Group U were matched, with no
significant differences in the eight confounding factors
between the groups (Table 1). The standardized differ-
ence for all confounding factors was < 0.08.

Survival outcomes in the PS-matched population

As of the data cut-off date on December 11, 2019, the
median follow-up time for DFS in NR-Groups S and
U was 59.0 months (interquartile range [IQR], 47.2—
60.6 months) in the PS-matched population. The 3-year
DEFS rate was significantly higher in NR-Group U (80.9%
[77.9%-83.4%]) than in NR-Group S (74.0% [69.3%—
78.0%]) (HR, 0.64 [0.50-0.83]; P=0.0006) (Fig. 2a and
Supplementary Table S1). The median follow-up time
for OS in NR-Group S and U was 59.8 months (IQR,
47.5-61.2 months) in the PS-matched population. No
significant difference was observed in the 3-year OS rate
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Fig. 1 Patient flow diagram. Patients in NR-Group S and R-Group S underwent surgery alone; patients in NR-Group U and R-Group U underwent
surgery followed by UFT/LV. Abbreviations: IPTW, inverse probability of treatment weighting; NR, non-randomized; PS, propensity score; R,

between NR-Group S and NR-Group U (P>0.2) (Fig. 2b
and Supplementary Table S1).

Events in the PS-matched population

The median time to recurrence was significantly longer in
NR-Group U (17.2 months; range, 1.8—59.8 months) than
in NR-Group S (8.7 months; range, 2.0-47.1 months)
(P<0.0001). There were 115 (28.6%) and 181 (22.5%)
DEFS events in NR-Group S and NR-Group U, respec-
tively. Recurrence of primary CC occurred in 73 patients

(18.2%) in NR-Group S (lung and liver were the most
common recurrence sites) and in 123 patients (15.3%)
in NR-Group U (peritoneum and liver were the most
common recurrence sites). There were 39 (9.7%) and 68
(8.5%) deaths in NR-Group S and NR-Group U, respec-
tively (Table 2).

Survival outcomes in the IPTW population
The patients’ background characteristics were well bal-
anced between NR-Group S (#=641) and NR-Group U
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Table 1 Baseline characteristics of patients before and after propensity score matching in the non-randomized arm

Non-randomized arm

Pre-PS matching Post-PS matching Standardized difference
Surgery only Surgery Total Surgery only Surgery Pre-PS matching Post-PS
(NR-Group S) plus UFT/LV (NR-Group) (NR-Group S) plus UFT/LV matching
n=641 (NR-Group U) N=1,880 n=402 (NR-Group U)
n=1,239 n=804
Age?, years
Mean £ SD 69.9+8.1 65.14+99 66.7+9.6 66.7+85 644+94 — —
Median [range] 71 [34-80] 66 [29-80] 68 [29-80] 67 [34-80] 65 [29-80] — —
<70 264 (41.2) 771 (62.2) 1,035 (55.1) 264 (65.7) 555 (69.0) 0431 0.072
>70 377 (58.8) 468 (37.8) 845 (44.9) 138 (34.3) 249 (31.0) — —
Sex?, male 369 (57.6) 654 (52.8) 1,023 (54.4) 216 (53.7) 454 (56.5) 0.096 0.055
Risk factors for recurrence®
T4 disease 302 (47.1) 720 (58.1) 1,022 (54.4) 217 (54.0) 460 (57.2) 0.222 0.065
Perforation/ 52(8.1) 148 (11.9) 200 (10.6) 49(12.2) 116 (14.4) 0.128 0.066
penetration
Poorly differenti- 46 (7.2) 127(10.3) 173(9.2) 39(9.7) 87(10.8) 0.109 0.037
ated adenocar-
cinoma
Mucinous carci- 72 (11.2) 190 (15.3) 262 (13.9) 65 (16.2) 120 (14.9) 0.121 0.034
noma
No. of lymph 298 (46.5) 403 (32.5) 701 (37.3) 149 (37.1) 269 (33.5) 0.289 0.076
nodes dis-
sected< 12
No. of patients 549 (85.6) 969 (78.2) 1,518 (80.7) 331(82.3) 653 (81.2) 0.194 0.029
atinstitution>5
Performance status
0 589(91.9) 1,175 (94.8) 1,764 (93.8) 367 (91.3) 756 (94.0) 0.119 0.105
1 52(8.1) 64 (5.2) 116 (6.2) 35(8.7) 48 (6.0) — —
Surgical approach
Laparoscopy 404 (63.0) 675 (54.5) 1,079 (574) 237 (59.0) 430 (53.5) 0.174 0.110
Laparotomy 237 (37.0) 564 (45.5) 801 (42.6) 165 (41.0) 374 (46.5) — —
Histology
Papillary and 525(81.9) 928 (74.9) 1,453 (77.3) 300 (74.6) 602 (74.9) 0171 0.006
tubular
Poorly differenti- 116 (18.1) 311 (25.0) 427 (22.7) 102 (25.4) 202 (25.1) — —

ated and other
Depth of tumor invasion (TNM classification)

T3 339 (52.9) 519 (41.9) 858 (45.6) 185 (46.0) 344 (42.8) 0.222 0.065

T4 302 (47.1) 720 (58.1) 1,022 (54.4) 217 (54.0) 460 (57.2) — —
Lymph node dissection

Mean£SD 179£133 21.0+£143 200+£14.0 199+£140 20.7+£13.7 0.228 0.055

Median [range] 13 [1-107] 18 [1-129] 17 [1-129] 16 [1-107] 18 [1-89] — —
Lymphatic invasion

LyO 285 (44.5) 501 (40.4) 786 (41.8) 170 (42.3) 321(39.9) 0.081° 0.048

> Lyl 356 (55.5) 737 (59.5) 1,093 (58.1) 232(57.7) 483 (60.1) — —

Missing 0(0.0) 1(0.7) 1(0.1) 0(0.0) 0(0.0) — —
Venous invasion

VO 235 (36.7) 400 (32.3) 635 (33.8) 149 (37.1) 256 (31.8) 0.092° 0.110

>V 406 (63.3) 838 (67.6) 1,244 (66.2) 253 (62.9) 548 (68.2) — —

Missing 0(0.0) 1(0.1) 1(0.1) 0(0.0) 0(0.0) — —
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Non-randomized arm

Pre-PS matching

Post-PS matching

Standardized difference

Surgery only Surgery Total Surgery only Surgery Pre-PS matching Post-PS
(NR-Group S) plus UFT/LV (NR-Group)  (NR-Group S) plus UFT/LV matching
n=641 (NR-Group U) N=1,880 n=402 (NR-Group U)
n=1,239 n=23804
Tumor location

Right colon (C, 253 (39.5) 550 (44.4) 803 (42.7) 167 (41.5) 355 (44.2) 0.100 0.053

AT)

Left colon (D, 388 (60.5) 689 (55.6) 1,077 (57.3) 235 (58.5) 449 (55.8) — —

S, RS)

Values presented as n (%) unless otherwise specified. NR-Group S: patients underwent surgery alone; NR-Group U: patients underwent surgery followed by UFT/LV

2 Used for PS matching
b Missing data excluded from calculation
—: Not applicable

Abbreviations: A Ascending colon, C Cecum, D Descending colon, NR Non-randomized, PS Propensity score, RS Rectosigmoid colon, S Sigmoid colon, SD Standard
deviation, T Transverse colon, TNM Tumor, node, metastasis, UFT/LV Uracil sand tegafur plus leucovorin

(a)
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(b)
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1.0
X 09
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=
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Fig. 2 Disease-free and overall survival in non-randomized patients with resected high-risk stage Il colon cancer. a Disease-free and b overall
survival in the propensity score-matched groups. ¢ Disease-free and d overall survival in the inverse probability of treatment weighting groups.
NR-Group S (blue): surgery alone; NR-Group U (green): surgery followed by UFT/LV treatment. Abbreviations: Cl, confidence interval; DFS,
disease-free survival; HR, hazard ratio; NR, non-randomized; OS, overall survival; UFT/LV, uracil and tegafur plus leucovorin. P values obtained by

(n=1,239) (Table 1). The median follow-up time for DFS
was 58.9 months (IQR, 47.2-60.6 months) and the 3-year
DES rate (95% CI) was significantly higher in NR-Group

U than in NR-Group S (P=0.0013) (Fig. 2c and Supple-
mentary Table S1). The median follow-up time for OS
was 59.8 months (IQR, 47.5-61.2 months) and the 3-year
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Table 2 Summary of disease-free survival and overall survival
events

Non-randomized arm

Surgery only
(NR-Group S)

Surgery plus UFT/
LV (NR-Group U)

n=402 n=_804
Disease-free survival 115 (28.6) 181 (22.5)
events?
Recurrence 73(18.2) 123 (15.3)
Sites (multiple selections made)
Liver 24 (6.0) 37 (4.6)
Lung 25(6.2) 29 (3.6)
Local 12 (3.0) 25(3.1)
Anastomosis 5(1.2) 13(1.6)
Regional lymph node 0 (0.0) 3(04)
Other 7(1.7) 12(1.5)
Lymph nodes otherthan ~ 5(1.2) 8(1.0)
regional lymph nodes
Peritoneum 17 (4.2) 40 (5.0)
Other 4(1.0) 11(1.4)
Uterus 0(0.0) 1(0.1)
Ovary 2(0.5) 3(04)
Other 2(05) 7(0.9)
Secondary cancer 39(9.7) 50(6.2)
Death 3(0.7) 8(1.0)
Overall survival events 39(9.7) 68 (8.5)

Values presented as n (%)

@The first disease-free survival event experienced by each patient was
exhibited. NR-Group S: patients underwent surgery alone; NR-Group U: patients
underwent surgery followed by UFT/LV

Abbreviations: NR Non-randomized, UFT/LV Uracil and tegafur plus leucovorin

OS rate was significantly higher in NR-Group U than in
NR-Group S (P=0.0315) (Fig. 2d and Supplementary
Table S1).

Treatment with UFT/LV and safety

Of 1,239 patients in NR-Group U in the IPTW popula-
tion, 890 (71.8%) completed UFT/LV treatment, 318
(25.7%) discontinued treatment, and 31 (2.5%) did not
receive treatment. Treatment discontinuation occurred
most frequently during the first course (140/1,208,
11.6%), and the most common reason for discontinua-
tion was AEs (209/318, 65.7%). Of 1,208 patients in NR-
Group U, 1,040 (86.1%) were treated without decreasing
the doses of the study drugs.

Grade >3 AEs that occurred with a frequency of >2%
in NR-Group U were diarrhea (3.9%), elevated alanine
aminotransferase (3.1%), and elevated aspartate ami-
notransferase (2.2%). No other notable AEs with respect
to incidence or severity occurred in any group (Supple-
mentary Table S2).
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Discussion

Studies involving patients with stage II/III or III CC
have shown that 5-fluorouracil with or without oxalipl-
atin or LV, UFT/LV, and capecitabine are effective adju-
vant chemotherapies. However, the efficacies of these
therapies in patients with stage II CC are inconsistent
[4, 18-22]. UFT/LV is widely used in Japan because it
can be administered orally and has shown similar effi-
cacy and safety to intravenous 5-fluorouracil/LV in
patients with stage III disease [18, 23].

Consistent with our previous study demonstrating
that 6 months of oral UFT/LV was sufficient in patients
with stage IIB/III CC [24], the current prospective
observational study demonstrated a significant 3-year
DES benefit following 6 months of oral UFT/LV com-
pared with surgery alone in patients with resected
high-risk stage II CC, adjusted using PS matching.

A previous study showed that the time to recurrence
after curative resection of CC was significantly longer
in patients treated with adjuvant chemotherapy than
in patients treated with surgery alone [25]. When the
incidence rate of DFS events was presented in 3-month
intervals, the incidence of DFS events was highest at 6
to 9 months after registration in patients who under-
went surgery alone; however, this peak level was
lower in patients treated with UFT/LV, indicating that
6 months of UFT/LV effectively suppressed the peak of
DES events (Supplementary Fig. S1).

We found no significant difference in OS between
NR-Group S and NR-Group U. However, using IPTW,
UFT/LV therapy significantly improved OS. This
improvement may have been detected because of the
higher statistical power provided by the inclusion of
all patients (n=1,880). However, patients in the PS-
matched population require long-term observation
(5-10 years) before conclusions can be drawn regard-
ing the survival benefits of UFT/LV.

This study included non-randomized and randomized
arms because of potential difficulties in obtaining suf-
ficient numbers of patients willing to participate in a
randomized study without reliable measures to esti-
mate the risk of recurrence, and because of the use of a
therapy with no evidence-based effectiveness or safety
for stage II disease. As predicted during preparation of
the study protocol, 98% of the 1,938 registered patients
self-selected their treatment. Among the patients who
chose their treatment, 34% selected surgery alone and
66% chose surgery followed by adjuvant chemother-
apy. Our results are consistent with a previous study in
which > 60% of patients with CC answered a question-
naire saying that they would undergo adjuvant chemo-
therapy if the treatment reduced the 5-year recurrence
rate by 1% to 2% [26].
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The incidence rates of AEs in the present study were
lower than those previously reported, and the comple-
tion rate of UFT/LV treatment was similar to equivalent
and similar regimens available for patients with the same
stage of and/or more-advanced CC [25, 27]. Six months
of oral UFT/LV therapy thus appeared to be safe and
well-tolerated as a postoperative adjuvant chemotherapy.

In this study, we applied PS matching to the non-rand-
omized arm to adjust for confounding variables to assess
the effects of UFT/LV. Increasing numbers of studies have
used this analysis, and we showed that it was indeed a use-
ful statistical method for achieving similar distributions of
observed baseline covariates. We therefore expect that the
data obtained from meta-analyses and non-randomized
controlled studies can be analyzed using PS matching to
provide statistically and clinically meaningful information.

This study had some limitations. The main results were
obtained from a non-randomized population. Although
PS matching and IPT'W were used to adjust for risk fac-
tors, we cannot exclude other unknown confounding
factors that might have caused a certain degree of bias.
In addition, some risk factors, such as microsatellite
instability [28, 29], were not included. We also excluded
lymphatic, vascular, or perineural invasion as a risk fac-
tor because its evaluation was likely to be inconsistent
among the participating institutions. Further studies are
therefore required to validate the present results with
respect to the risk factors used for adjustment.

Conclusions

The present results suggest that 6 months of adjuvant
chemotherapy with oral UFT/LV has significant survival
benefits in patients with stage II CC characterized by at
least one of the following conditions: T4 disease, perfora-
tion/penetration, poorly differentiated adenocarcinoma/
mucinous carcinoma, or < 12 dissected lymph nodes.
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