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involved two or more organs in 14, 9, and 25 patients, respectively. Patients with

Compared to other organ metastasis, liver metastasis was associated with an earlier
recurrence (P = .0026) and shorter OS after recurrence (hazard ratio [HR]: 2.216;
95% confidence interval [Cl]: 1.052-4.459; P = .0370). Lung metastasis was associ-
ated with a more favorable prognosis as compared to other organ recurrences (HR:
0.338; 95% Cl: 0.135-0.741; P = .0057). One-organ recurrence and oligometastasis
were observed in 78.4% and 49.1% of the patients, respectively. The 5-y OS rates of
patients with one-organ recurrence and oligometastasis were 47.5% and 71.7%, re-
spectively. Invasive treatment was associated with a favorable prognosis (P < .0001).
Conclusions: Liver metastasis and dissemination were associated with a shorter OS
after recurrence. Approximately 50% of the patients experienced oligometastasis,
which was associated with a favorable prognosis. Hence, to improve patient progno-

sis it is better to perform invasive treatments when possible.
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1 | INTRODUCTION

Colorectal cancer (CRC) is the second and third most commonly di-
agnosed malignancy in women and men worldwide, respectively.’
Recurrence has been observed in 18.7% of the patients with stage
I-111 CRC; the recurrence organ was reportedly associated with the
primary lesion in accordance with the Japanese Society for Cancer
of the Colon and Rectum guidelines. Patients with colon cancer
(CC) reportedly experienced peritoneal metastasis more frequently
as compared to those with rectal cancer (RC). Conversely, patients
with RC reportedly experienced lung metastasis and local recur-
rence more frequently as compared to those with CC. Patients with
stage Il-Ill CRC experienced an earlier recurrence as compared to
those with stage | CRC. The cumulative incidence of recurrence,
accordance to the recurrence site, was demonstrated in a previous
studyz; however, there was no evidence of an association between
the recurrence organ site and pattern and the overall survival (OS)
after recurrence.’

In a previous study, the OS of patients with stage IV CRC was
difficult to estimate based on the metastatic lesions, because the de-
gree of progression of CRC differed in each patient. Various triggers
were diagnosed as CRC with distant metastasis, such as stenosis of
the primary lesion, bleeding, and detection of fecal occult blood. The
metastatic organ sites and number of metastases are known to vary,
and the treatment strategy for metastatic lesions differs according
to the status of distant metastasis. In our study, patients with stage
I-1Il CRC who underwent surgery were followed up in accordance
with the treatment guidelines.? Recurrence was diagnosed during
the early phase of widespread metastasis. The metastatic organ site
and the number of metastases can be estimated with precision using
diagnostic imaging.

The concept of oligometastasis was reported by Hellman and
Weichselbaum.* Sentinel lymph nodes (LN) may be the first site of
recurrence from the primary lesion. Metastatic lesions are initially
detected in a limited area of a distant organ; they then metasta-
size to involve multiple organs. Oligometastasis is an intermediate
state between localized disease and widespread metastases. There
have been a few reports on oligometastasis in CRC.’ The aim of
this retrospective study was to investigate the prognosis of CRC
patients with recurrence, in terms of the recurrence organs, recur-
rence patterns, number of recurrence organs, and treatment for the

recurrence sites.

2 | MATERIALS AND METHODS
2.1 | Patients

In this study we included 763 patients with stage I-11l CRC who un-
derwent primary resection at the Kumamoto University Hospital
between April 2005 and March 2019. These patients were ana-

lyzed for the recurrence organ, recurrence pattern, and number of

recurrences. The clinical and pathological characteristics of the pa-
tients were retrieved from the medical record database to analyze
the association between the prognosis and recurrence organs and
patterns. Recurrence occurred in 116 of the 763 patients. Hence,
116 patients were available for the analysis of first organ recur-
rence and survival after recurrence. In this study surgical resec-
tion (n = 44), radiofrequency ablation (n = 2), and radiation therapy
(n = 5) were considered invasive treatments, while palliative surgery
and palliative radiation therapy (n = 6) were not. Therefore, 51 pa-
tients underwent invasive treatments. Of the remaining 65 patients,
29 underwent chemotherapy after recurrence in our hospital, 11 un-
derwent neither chemotherapy nor invasive treatment, and 25 were
not followed up for chemotherapy in detail. Further, we defined both
one-organ recurrence and the presence of fewer than five lesions in
the organ as oligometastasis, in accordance with previous studies.®
Data on the number of lesions in a recurrent organ and on invasive
treatment were unavailable for 10 patients with one-organ recur-
rence and 8 patients, respectively. Hence, these patients were ex-
cluded from the analysis of oligometastasis and invasive treatment.
Written informed consent was obtained from all patients.

2.2 | Clinicopathological
characteristics of the patients

We observed that right-sided CC was proximal to the splenic flex-
ure and left-sided CC was distal to the splenic flexure, without
the involvement of the rectum; this was in accordance with recent
reports.” Tumor location was classified in accordance with the
Japanese classification of colorectal, appendiceal, and anal carci-
noma.® Therefore, the rectal sigmoid (defined as the segment from
the height of the sacral promontory to the inferior border of the
second sacral vertebra) was considered the rectum. Clinical data,
including age, sex, body mass index, TNM stage, preoperative car-
cinoembryonic antigen titer, and preoperative carbohydrate antigen
19-9 titer, were retrospectively available for 116 patients. The cutoff
value for each was based on the recommendations of the measuring
kits adopted by our institute.

2.3 | Treatment strategy and follow-up evaluation

The treatment strategy and follow-up evaluation were in accordance
with the Japanese colorectal cancer guidelines. Primary resection
with LN dissection was recommended for Stage I-1lIl CRC. Of the
116 patients, 3 (2.6%), 17 (14.6%), and 96 (82.8%) patients under-
went D1, D2, and D3 LN dissection, respectively. After the surgery,
the patients were followed up at 3-mo intervals. Recurrence was
confirmed by clinical examinations including computed tomography
(CT). Tumor marker levels were measured every 3 mo, and CT scan-
ning studies from the neck to the pelvis were performed at least

twice a year for 5 y after the surgery.



SAWAYAMA ET AL.

2.4 | Adjuvant chemotherapy

For adjuvant chemotherapy, stage Il and high-risk stage Il patients
received monotherapy (UFT/UZEL, Capecitabine or S-1) or doublet
therapy (CAPOX or SOX regimen) for 3-6 mo. None of the 10 stage
| patients received adjuvant chemotherapy. Of the 40 stage Il pa-
tients, four (10%) and one (2.5%) patients received monotherapy
and doublet therapy, respectively. Furthermore, of the 66 stage Il
patients, 20 (30.3%) and 19 (28.8%) patients received monotherapy
and doublet therapy, respectively. In the case of eight patients, it

was unclear whether they received adjuvant chemotherapy or not.

2.5 | Statistical analyses

The relationship between primary lesions and the clinicopathologi-
cal characteristics of the patients was determined using the chi-
squared test. Mortality was estimated using the recurrence rate and
the OS after recurrence. The Wilcoxon signed-rank test was used
to evaluate early recurrence. The log-rank test and univariate Cox
proportional hazard regression analysis were used to analyze the OS,
and the Kaplan-Meier estimator was used to assess the distribution
of survival time. All P values were two-sided, and statistical signifi-
cance was set at P < .05. The results are presented as hazard ratios
(HRs) and 95% confidence intervals (Cls). All data were processed
and analyzed using the JMP 11 software (SAS Institute, Cary, NC).

3 | RESULTS
3.1 | Incidence of recurrence and overall survival

A total of 763 patients underwent surgery for stage I-Ill CRC. Over
a median follow-up of 36.4 mo, 116 (15.2%) cases experienced re-
currence. The incidence of recurrence varied according to the site
of the primary lesion. Recurrence was detected in 11.0% (26/236),
13.3% (33/248), and 20.4% (57/279) of the patients with right-sided
primary lesions, left-sided primary lesions, and primary lesions in the
rectum, respectively. The recurrence rates in stage I, stage Il, and
stage Ill patients were 3.7% (10/267), 14.9% (40/268), and 28.9%
(66/228), respectively. The 5-y OS rate in all 763 patients was 81.9%.

3.2 | Association between tumor
location and prognosis

A total of 488 patients (64.0%) had CC (right-sided: 247 [32.4%], left-
sided: 241 [31.6%]), while 275 patients (36.0%) had RC. Univariate
analysis revealed that RC was significantly associated with a younger
age (P <.0001), advanced tumor stage (P = .0031), and the presence
of LN metastasis (P = .0007) (Table S1). The 5-y recurrence rate was
higher in patients with RC (23.3%) than in patients with CC (14.1%)
(P =.0018; Figure S1A and Table S2). However, the 5-y OS tended to
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be longer in patients with RC (84.3%) than in those with CC (80.6%)
(P = .0652; Figure S1B and Table S3). Multivariate analysis also re-
vealed that the recurrence rate was higher in patients with RC than
in those with CC (Table S2); however, no significant differences in
the OS rate were noted between patients with RC and CC (Table S3).

3.3 | Recurrence organs and survival according
to the primary tumor location

The 116 patients with recurrence were evaluated on the basis of the
primary tumor location and recurrence organ sites. Patients with re-
current RC were significantly younger than those with recurrent right-
or left-sided CC (P = .0245). Other clinicopathological characteristics
were not associated with the primary lesion location (Table 1). Patients
with right- or left-sided CC had an earlier recurrence (Wilcoxon test,
P =.0489) and a shorter OS after recurrence (P = .0103) as compared
to those with RC (Figure 1). The first recurrence occurred at one site
in 91 cases (78.4%), two sites in 20 cases (17.2%), three sites in three
cases (2.6%), and four sites in two cases (1.7%) (Table 2). The recur-
rence organ site was more frequently localized in RC (P = .0408) as
compared to in right- or left-sided CC, and tended to accompany lung
recurrence when the patients had two or more organ recurrences
(P =.0618). The liver was the more frequent recurrence organ site in
right- or left-sided CC (P = .0313) as compared to in RC, and was ac-
companied by dissemination when the patients had two or more organ
recurrences (P = .0073; Table 3 and Table S4).

3.4 | Evaluation of the association between
recurrence organ site and survival

Liver, as the first recurrence site, was associated with an earlier recurrence
after surgery as compared to other organ recurrences (P = .0026); local
recurrence was detected later than other organ recurrences (P = .0536;
Figure 2). Compared to the absence of liver metastasis, the presence of
liver metastasis as the first recurrence was associated with a shorter OS
after recurrence (HR: 2.216; 95% Cl: 1.052-4.459; P = .0370). Compared
to the absence of lung metastasis, the presence of lung metastasis as the
first recurrence was associated with a longer OS after recurrence (HR:
0.338; 95% Cl: 0.135-0.741; P = .0057; Figure 3). Of the 17 dissemina-
tions noted, eight (47.1%) were accompanied by other organ recurrences,
and recurrences with accompanying dissemination were associated with
a shorter OS after recurrence as compared to those without dissemina-
tion (HR: 2.962; 95% Cl: 1.381-5.805; P = .0069; Figure S2).

3.5 | Prognosis according to the recurrence
patterns, invasive treatments, and adjuvant
chemotherapy after primary resection

The difference in the number of recurrence organ sites between
right- or left-sided CC and RC was not determined (P = .5853), but
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TABLE 1 Association between the primary lesion and clinicopathological factors
Total Colon Rectum

Factors N N =59 [R/L] N =57 P-value

Age
<70 61 25 [13/12] (42.4%) 36 (63.2%) .0245?
>70 55 34 [22/12] (57.6%) 21 (36.8%)

Gender
Male 56 27 [13/14] (45.8%) 29 (50.9%) .5815
Female 60 32 [22/10] (54.2%) 28 (49.1%)

Body mass index
<18.5 18 11 [8/3] (18.6%) 7 (12.3%) .6326
18.5-25 74 36 [19/17] (61.0%) 38 (66.7%)
>25 24 12 [8/4] (20.3%) 12 (21.1%)

CEA
<3.4 47 21 [13/8] (35.6%) 26 (45.6%) 2714
>3.4 69 38 [22/16] (64.4%) 31 (54.4%)

CA19-9
<37 92 44 [24/20] (74.6%) 48 (84.2%) 1982
>37 24 15 [11/4] (25.4%) 9 (15.8%)

Stage
| 10 6 [3/3] (10.2%) 4 (7.0%) .5055
Il 40 18 [5/13] (30.5%) 22 (38.6%)
1l 66 35 [25/10] (59.3%) 31 (54.4%)

ASA performance status
1-2 86 42 [23/19] (71.2%) 44 (77.2%) .5107
3- 19 11 [8/3] (18.6%) 8 (14.0%)
Unknown 11 6 [2/4] (59.3%) 5 (8.8%)

Adjuvant chemotherapy
None 64 34 [16/18] (57.6%) 30 (52.6%) .5899
Monotherapy 24 12 [8/4] (20.3%) 12 (21.1%)
Doublet therapy 20 8 [6/2] (13.6%) 12 (21.1%)
Unknown 8 5 [3/2] (8.5%) & (5.3%)

Palliative chemotherapy
None 32 19 [9/10] (32.2%) 13 (22.8%) 0.2076
Done 53 21 [13/8] (35.6%) 32 (56.1%)
Unknown 31 19 [11/8] (32.2%) 12 (21.1%)

Abbreviations: ASA, American Society of Anesthetists; CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; L, left-sided colon; R,

right-sided colon.
Significant difference.

oligometastasis was observed more frequently in cases of RC than in
those of right-or left-sided CC (P = .0513; Figure 4A,B). Patients with
recurrence in multiple-organ sites were associated with a shorter OS
after recurrence as compared to those with recurrence in one-organ
sites (HR: 3.084; 95% Cl: 1.597-5.707; P =.0012). Further, compared
to those with oligometastasis, patients with multiple-organ site me-
tastasis were also associated with a shorter OS after recurrence (HR:
7.373;95% Cl: 3.608-16.360; P < .0001). The 5-y OS rates of the pa-
tients with one recurrent organ site and oligometastasis were 47.5%
and 71.7%, respectively (Figure 5A,B).

Invasive treatments tended to be performed more fre-
quently for metastatic lesions in RC than for those in right-or
left-sided CC (P = .0658), (Figure 4C). Patients who underwent
invasive treatment for metastatic lesions had a longer OS after
recurrence as compared to those who did not (HR: 0.184; 95%
Cl: 0.090-0.353; P < .0001; Figure 5C). A significant relation-
ship between surgical procedures and prognosis was shown
(P <.0001; Figure 5D).

The 5-y OS after recurrence in patients who underwent inva-

sive treatment was 71.9%. The median survival time in patients who
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TABLE 2 Number of recurrence organ sites in accordance with primary lesion

Number of

recurrence organ Total Colon Rectum

sites N =116 N =59 [R/L] N =57 P-value
One 91 (78.4%) 44 [24/20] (74.6%) 47 (82.5%)

Two 20 (17.2%) 12 [8/4] (20.3%) 8 (14.0%) 5401
Three or more 5 (4.3%) 3 [3/0] (5.1%) 2 (3.5%)

Abbreviations: L, left-sided colon; R, right-sided colon.

TABLE 3 Association between primary lesion and recurrence organ site

Total Colon Rectum
Recurrence organ N=91 N =44 [R/L] N =47 P-value
Lung
Present 32 13 [7/6] (29.5%) 19 (40.4%) .2763
Absent 59 31 [17/14] (70.5%) 28 (59.6%)
Liver
Present 22 15 [8/7] (34.1%) 7 (14.9%) .0313?
Absent 69 29 [16/13] (65.9%) 40 (85.1%)
Local recurrence
Present 14 3 [0/3] (6.8%) 11 (23.4%) .0408°
Absent 77 41 [24/17] (93.2%) 36 (76.6%)
Lymph node
Present 12 6 [4/2] (13.6%) 6 (12.8%) .9024
Absent 79 38 [20/18] (86.4%) 41 (87.2%)
Dissemination
Present 9 7 [5/2] (15.9%) 2 (4.3%) .0838°
Absent 82 37 [19/18] (84.1%) 45 (95.7%)
Other organ
Present 2 0 [0/0] (0.0%) 2 (4.3%) 4950°
Absent 89 44 [24/20] (100.0%) 45 (95.7%)

Abbreviations: L, left-sided colon; R, right-sided colon.
Statistically significant.
PFisher's exact test.
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underwent chemotherapy without invasive treatment was 24.3 mo

and in patients who underwent neither invasive treatment nor che-

motherapy was 8.6 mo (Figure S3).

The relationship between survival after recurrence and adjuvant
chemotherapy after primary lesion resection was analyzed. Stage

Il patients who received adjuvant chemotherapy had a longer OS
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Invasive treatment for recurrence in accordance with recurrence organ site

TABLE 4

Initial

Third treatment

Secondary treatment

treatment

Total

Lung Local LN Diss. Other

Liver

Lung Local LN Diss. Other N

Liver

N

Rec. Organ

LS

-

0
0

2(6.3%
1(4.5%
1(7.1%
0(0.0%
0(0.0%
0(0.0%

0
3

31.3%
22.7%)

0
0
0
0

0]

1
0
0

0

32
22

Lung
Liver

14
12

Local
LN

Diss.

25

Site 2 2

Note: Two patients were other site recurrence.

AGSurg AnnalsokG;mmcmcmloguill1ry

Abbreviations: diss., dissemination; LN, lymph node.
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after recurrence as compared to stage Il patients who did not re-
ceive adjuvant chemotherapy (P = .0053; Figure 6A). Survival after
recurrence in Stage Il patients did not differ with respect to adjuvant

chemotherapy administration (Figure 6B).

3.6 | Invasive treatments according to the
recurrence organ

Invasive treatments for recurrence sites and the recurrence patterns
after invasive treatment were evaluated according to the recur-
rence organ. Of the 14 patients with local recurrence, nine (64.3%)
underwent an initial invasive treatment; one of these underwent a
secondary invasive treatment for the lungs. Of the 32 patients with
lung recurrence, 20 (62.5%) underwent invasive treatment and 10
(31.3%) underwent secondary treatment for re-recurrence. Of these
10 patients, nine were treated for lung metastasis. Lung recurrence
can be managed using several invasive treatments (Table 4), but
recurrence accompanied by dissemination is difficult to treat, and
only one patient underwent invasive treatment for this in our study
(Table S5).

4 | DISCUSSION

In this study the OS after recurrence in stage I-1ll CRC was evalu-
ated with respect to the recurrence sites and patterns. Patients with
recurrent RC had a longer OS after recurrence as compared to those
with recurrent CC. The first recurrence of CC was more frequent in
the liver as compared to that of RC and was accompanied by dissemi-
nation. However, liver metastasis and dissemination were associated
with a poor prognosis after recurrence, and hence, treatment for re-
current lesions may focus on controlling tumor progression in the or-
gans. On appropriate follow-up, 50% of the recurrences were found
to be oligometastases, which had favorable prognoses. Hence, for
patients with oligometastasis, it is better to perform an aggressive
treatment when possible.

The prognosis after recurrence of CRC was reported with respect
to the primary lesions, stage at the primary surgery, and organ recur-
rence. O'Connell et al’ reported that the OS after recurrence was
shorterin stage Il CRC than in stage Il CRC and that early recurrence
was associated with a more unfavorable prognosis as compared to
late recurrence. With respect to the primary lesion, the interval until
recurrence was longer in cases of RC (26.0 + 24.2 mo) as compared
toin cases of CC (17.1 + 11.0 mo; P =.03).1° Pugh et al® also reported
the prognosis after recurrence with respect to the stage of primary
lesion, site of primary lesion, and site of recurrence; they found that
an initial stage (P = .005) and the site of primary lesion influenced
post-recurrence survival. The results of our study were similar to
those of previous studies with respect to the prognosis after recur-
rence and the primary location; however, the association between
OS after recurrence and the first recurrence organ observed in our

study offers a new insight. Local recurrence and lung metastasis
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are usually associated with RC. These recurrence patterns are likely
due to the invasive and secondary treatments administered for re-
recurrence. Invasive treatments for local recurrence and lung metas-
tasis may lead to a favorable prognosis for recurrent RC.

The prognosis after treatment of a recurrent organ, with re-
spect to a metastatic lesion, has been reported previously. In pre-
vious meta-analyses, the 5-y OS rate following liver resection was
approximately 38% (median survival: 3.6 y)*%: it was 27%-68% after
complete resection of lung metastasis'? and 36.4% after RO resec-
tion for metachronous peritoneal metastasis.'® The risk factors as-
sociated with organ recurrence were also reported in these articles;
however, the prognosis in relation to the first recurrence organ was
not clear. We demonstrated that the OS after recurrence differed
with the first organ recurrence. The prognosis of lung metastasis re-
currence was favorable, and that of liver metastasis recurrence and
accompanying dissemination was unfavorable. These data indicate
that liver metastasis and dissemination may require the develop-
ment of a more effective novel treatment strategy. Twelve patients
experienced distant LN recurrence, 10 and 8 of which underwent D3
LN dissection and adjuvant chemotherapy, respectively. Biomarkers
for predicting distant LN recurrence and a novel treatment strategy
may be required for reducing LN recurrence. In a previous study, out
of 119 recurrences, 93 (78%) involved a single organ and 26 (22%)
involved multiple organs.** These data were also similar to the data
in our study with respect to the number of first recurrence organs.
The interval from surgery to recurrence may be associated with first
organ recurrence. In our study, liver metastasis occurred at an earlier

stage as compared to other metastases. Roth et al*®

reported that
none of the patients had bone metastasis as the first metastatic le-
sion. Metastasis of CRC may occur in a limited area of an organ and
then progress to various other organs.

We also evaluated the number of recurrences and the status of
oligometastasis. Oligometastasis was a state of limited metastatic
lesions. Treatment for all known metastatic lesions may lead to a
cure, and further distant progression could be avoided.® The im-
pact of invasive treatment for oligometastasis was reported in sev-
eral randomized controlled trails (RCTs). In one RCT, compared to
conventional treatment, stereotactic ablative radiotherapy (SABR)
improved the prognosis for solid tumors (median OS [control group
vs. SABR group]: 28 mo [95% Cl: 19-33 mo] vs. 41 mo [95% Cl: 26—
not reached); hazard ratio: 0.57, 95% Cl: 0.30-1.10; P = .090)."” The
inclusion criteria in this RCT were the presence of controlled primary
tumors and up to five metastases. In our study, the primary lesion
was resected and we defined both one-organ recurrence and the
presence of fewer than five lesions in the organ as oligometastasis.
It has been reported that metastasis-directed therapy also improves
prognosis of oligometastasis in prostate cancer.!® In that study, the
number of patients with one recurrence organ site and oligome-
tastasis was 91/116 (78.4%) and 52/106 (49.1%), respectively. Half
of the patients who experienced recurrence were diagnosed with
oligometastasis based on the follow-up guidelines in the study.
Furthermore, the 5-y OS rates of the patients with one recurrence

organ site and oligometastasis were 47.5% and 71.7%, respectively.
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The survival curve of patients with oligometastasis was closer to the
survival curve of patients with stage Ill CRC than to the curve of
those with stage IV CRC. These data support the use of aggressive
treatments in patients with oligometastasis when possible.

This study has some limitations. First, it was a retrospective
study, and the treatment strategy employed for the recurrence
site was at the personal discretion of our medical team. Second,
although we noted treatments performed in accordance with the
treatment guidelines, the treatment outcomes differed between the
institutions.

In conclusion, we found that with respect to the first recurrence
site, liver metastasis was associated with an earlier recurrence in
patients with stage I-Ill CRC. Patients with recurrence in the liver
and accompanying dissemination had a shorter OS after recurrence
as compared to those with other organ recurrences. Patients with
recurrences in the lung had a more favorable prognosis as compared
to those with other organ recurrences. The number of metastatic
organs and invasive treatments were associated with patient prog-
nosis. Future investigation into treatment strategies with respect to
the number and organ of first recurrence may be useful in improving

the prognosis of CRC patients after recurrence.
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