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Purpose. After curative resection followed by adjuvant chemotherapy, pa-
tients with stage III colon cancer presented with a spectrum of risk for re-
currence. We believe that identifying these risk factors will help to stratify
the patients for optimal treatment.

Methods. Patients with stage III colorectal cancer who underwent cura-
tive resection and adjuvant chemotherapy were identified from a prospec-
tively constructed database at Taipei Veterans General Hospital between
January 2006 and March 2015. Disease-free survival (DFS) was deter-
mined from the date of surgery to the date of recurrence. Covariates that
were potentially related to five-year DFS were identified and analyzed us-
ing the Cox proportional hazard model.

Results. A total of 197 patients were included in the study. The median
follow-up time of the study was 6.1 years (range, 0.6-13). A total of 56
(28.4%) and 17 (8.6%) patients experienced recurrence and death, respec-
tively. Recurrence and death were observed in 53 (26.9%) and 11 (5.6%)
patients within 5 years of surgery, five-year DFS and overall survival (OS)
were 73.1% and 94.4%. In the multivariable Cox regression model, the
number of metastatic lymph nodes equal to or more than 15 (p =0.02), ob-
struction at initial presentation (p = 0.03), and duration of mFOLFOX6
greater than 38 weeks (p <0.01) were significantly associated with recur-
rence within five years following surgery.

Conclusions. For patients with stage 111 colon cancer receiving curative resec-
tion, the number of metastatic lymph nodes equal to or more than 15, obstruc-
tion at initial presentation, and duration of chemotherapy greater than 38 weeks
were identified as independent risk factors for decreased five-year disease-free
survival after 12 cycles of adjuvant mFOLFOX®6. Strategies should be for-
mulated to avoid postponing the schedule of chemotherapy. Modification of
adjuvant treatment is warranted in patients with the non-modifiable risk factors.
[J Soc Colon Rectal Surgeon (Taiwan) 2021,;32:139-149]

Stage III colorectal cancer accounts for 22-38% of
all cases, based on the 8" edition of the American
Joint Committee on Cancer (AJCC) staging system,’'
with a five-year disease-specific survival rate of 66-

78%.** Recurrence in stage III colon cancer after po-
tentially curative resection is believed to be secondary
to the presence of micrometastases at the time of sur-
gery. The purpose of adjuvant chemotherapy is to era-
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dicate micrometastases, thereby increasing the possi-
bility of cure. Six months of mMFOLFOX6 and CAPOX
are both considered as standard adjuvant therapies for
stage III colon cancer.’

Much effort has been made to identify stage II co-
lorectal cancer patients with a greater risk of recur-
rence and to ensure that adjuvant chemotherapy is
beneficial for them. The risk factors for recurrence
that have been endorsed by the National Comprehen-
sive Cancer Network (NCCN) and the European Soci-
ety for Medical Oncology (ESMO) include T4 dis-
ease, poorly differentiated histologic features, bowel
obstruction or perforation, lymphovascular invasion,
perineural invasion, and inadequate lymph node sam-
pling (< 12 lymph nodes).>® However, there is no
clear evidence suggesting that these high-risk factors
for poor prognosis also play a role in predicting the ef-
fects of adjuvant treatment. As for stage III colon can-
cer, the NCCN guidelines consider T4 and N2 dis-
eases as risk factors for recurrence.’ The role of the
widely established and used risk factors for stage 11
colon cancer remains controversial, while molecular
biomarkers for prediction are still under investigation.

In stage III colorectal cancer patients, 50% are cured
by surgery alone, 20% are cured by additional adju-
vant chemotherapy with either mFOLFOX6 or CAPOX,
and 30% experienced recurrence.” Therefore, there is
a clear need to establish prognostic markers that can
identify patients who are at an increased risk for recur-
rence to individualize adjuvant treatment for patients
with high-risk stage I1I disease. Numerous studies have
attempted to identify the risk factors for both stage I1
and III colon cancer, but few have focused exclusively
on stage Il disease. Moreover, most of these studies
have discussed only a single factor. Our aim, there-
fore, was to investigate the risk factors for recurrence
in patients with stage I1I colon cancer after surgical re-
section and adjuvant treatment with mFOLFOXe6.

Materials and Methods
Patients

We reviewed the clinical and pathologic records

of 1035 patients with stage III colorectal cancer, sur-
gically resected between January 2006 and March
2015, at the Taipei Veterans General Hospital. The ex-
clusion criteria were patients with appendiceal cancer,
rectal cancer; synchronous or metachronous colon can-
cer; and other malignancies, such as lung cancer, lym-
phoma, and prostate cancer, and those with colon can-
cer other than adenocarcinoma. We also excluded pa-
tients who did not receive adjuvant chemotherapy,
who received adjuvant chemotherapy at another insti-
tute, who received adjuvant chemotherapy other than
mFOLFOX6, who received less than 12 cycles of
mFOLFOX6, and who received oral chemotherapy
after 12 cycles of mFOLFOX6. Finally, a total of 197
patients were eligible for this study (Fig. 1).

Clinical and pathologic features

We obtained data on sex, age at diagnosis, tumor
location, tumor stage (based on AJCC TNM staging
system'), total number of lymph nodes examined, tu-
mor histology, tumor differentiation, lymphovascular
and perineural invasion, isolated cancer nodule in the
mesentery, lymphocytic reaction, tumor invasion pat-
tern, preoperative carcinoembryonic antigen (CEA)
and carbohydrate antigen 19-9 (CA 19-9), and obst-
ruction and perforation at diagnosis.

A two-tiered grading system was used for colon
cancer based on the recommendations of the AJCC.
Distal third of transverse colon was used as the dis-
tinction between right- and left-sided colon cancer.?
Mucinous adenocarcinoma, by definition, is a subtype
of colorectal cancer in which more than 50% of the tu-
mor consists of extracellular mucinous components.’
Lymphocytic reaction was interpreted by pathologists.
It included peritumoral lymphocytic reaction, Crohn’s-
like reaction, and tumor-infiltrating lymphocytes. The
normal range of CEA was defined as 0-4.9 ng/mL and
that of CA 19-9 was defined as 0-37 U/mL.

Chemotherapy
All patients initially received mFOLFOX6 as the

standard adjuvant chemotherapy, which consisted of
oxaliplatin 85 mg/m? and leucovorin 400 mg/m? de-
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Fig. 1. Flow diagram of the study. Abbreviations: CRC, colorectal cancer; TPEVGH, Taipei Veterans General Hospital.

livered as a 2-hour intravenous infusion, followed by
5-fluorouracil 400 mg/m? as a bolus and 2400 mg/m?
as a 46-hour intravenous infusion every two weeks for
a total of 12 cycles. The treating physicians adjusted
the dose and interval of 5-fluorouracil, leucovorin,
and oxaliplatin as and if patients developed intoler-
ance to the standard regimen. The type and degree of
adverse events and the range of dosage modifications
were determined by the treating physicians.

Follow-up

The patients were followed up until March 2020.
The standard follow-up was scheduled once every
three months for the first two years after surgery, fol-
lowed by once every six months for three years, and
then it was scheduled annually. The interval and me-
thods of examination, including CEA, CA 19-9, colo-
noscopy, abdominal and chest computed tomography
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(CT), abdominal ultrasound, and chest radiography,
depended on the clinician’s judgment and preference.
All recurrences at both local (anastomotic and re-
gional) and distant metastases were included. The pri-
mary outcome was disease-free survival (DFS), which
was determined from the date of surgery to the date of
recurrence. Deaths attributed to other causes, survival
without recurrence, and loss of follow-up were treated
by censoring. Overall survival (OS) was calculated
and determined from the date of surgery to the date of
death from any causes.

Statistics

Continuous variables were summarized as mean +
standard deviation (SD) or median (range). Categori-
cal variables were summarized as numbers and per-
centages. We used univariable Cox proportional haz-
ard model to identify covariates that were potentially
related to five-year DFS. The covariates that displayed
a p value of < 0.2 were entered into a multivariable
Cox model. Statistical significance was set at p <0.05.
All analyses were performed using SPSS software
(IBM SPSS Statistics, version 23).

Results

The median age of the patients was 61 years (range,
27-88). The median interval between surgery and the
initiation of mFOLFOX6 was 3.9 weeks (range, 1.7-
17.3). The median duration of the 12 cycles of
mFOLFOX6 was 30 weeks (range, 24-58 weeks). The
median follow-up time of the study was 6.1 years
(range, 0.6-13). The median follow-up time for 141
patients without recurrence was 7 years (range, 0.8-
13). During the last follow-up, 56 (28.4%) patients
had experienced recurrence at a median time of 1.5
years (range, 0.6-6.9) after surgery. Three patients ex-
perienced recurrence after more than 5 years (6.1, 6.8,
and 6.9 years) of surgery, with sites of recurrence in-
volving the liver (n = 1), bone (n = 1), and distant
lymph nodes (n = 2). Five-year DFS of the study po-
pulation was 73.1%, with sites of recurrence includ-
ing local recurrence (n = 4), liver (n = 18), lung (n =

8), distant lymph nodes (n = 10), peritoneum (n = 14),
bone (n =4), ovary (n = 6), and spleen (n = 1). Eleven
patients had recurrence at more than one site. Five-
year OS was 94.4%.

Patients with pT4, pN2, the number of metastatic
lymph nodes equal or more than 15, perineural inva-
sion, obstruction, or duration of mFOLFOX6 more
than 38 weeks had a higher risk of recurrence within
five years after surgery in the univariable analysis (p <
0.05) (Table 1). In addition to the aforementioned fac-
tors, isolated cancer nodules in the mesentery, lym-
phocytic reaction, and interval between surgery and
mFOLFOX6 more than 7 weeks were identified as
potential risk factors by univariable analysis (p <0.2).
Overall, eight factors were included in the multiva-
riable Cox proportional hazards model (Table 2). Mul-
tivariable analysis identified the number of metastatic
lymph nodes equal to or more than 15 (hazard ratio
[HR], 4.23; 95% confidence interval [CI], 1.25-14.32;
p = 0.02), obstruction at initial presentation (HR,
2.53; 95% CI, 1.10-5.83; p = 0.03), and duration of
mFOLFOX6 more than 38 weeks (HR, 3.02, 95% CI,
1.45-6.31; p < 0.01) as independent risk factors (Fig.
2).

The hazard ratio of patients with each-metastatic
lymph node increase was shown in Table 3. The me-
dian number of metastatic lymph nodes was 3 (range,
0-21). Two patients had N1c without positive lymph
nodes. The median number of harvested lymph nodes
was 21 (range, 6-121). The patient who had 121 lymph
nodes in the specimen underwent total colectomy. The
cut off number of metastatic lymph nodes was deter-
mined to be 15 because it was the only value that
showed significant difference in hazard ratio (p <
0.05) after entering all the numbers of metastatic
lymph nodes with p <0.2 into multivariable Cox model.

Discussion

To the best of our knowledge, the present study is
the first to examine the risk factors for recurrence in
stage III colon cancer following surgical resection and
administration of 12 cycles of adjuvant mFOLFOX6.
The five-year DFS of the study population was 73.1%,
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Table 1. Univariable Cox proportional hazard model for factors associated with recurrence

Variable HR (95% CI) p value
Age at surgery (10-year increase) 1.02 (0.99-1.04) 0.21
Gender

Male 1.0 (reference)

Female 1.10 (0.64-1.89) 0.73
Location

Right 1.0 (reference)

Left 0.73 (0.42-1.26) 0.26
pT

pT1 1.0 (reference)

pT2 1.65 (0.15-18.24) 0.68

pT3 2.25(0.31-16.47) 0.42

pT4 4.61 (0.61-34.82) 0.14
pT

pT1-3 1.0 (reference)

pT4 2.16 (1.20-3.88) 0.01
pN

pN1 1.0 (reference)

pN2 2.04 (1.19-3.50) 0.01
Metastatic lymph nodes

<15 1.0 (reference)

>15 4.98 (1.55-16.0) 0.01
Sampled lymph nodes

<12 1.0 (reference)

>12 0.81 (0.38-1.72) 0.59
Histologic differentiation *

Low grade 1.0 (reference)

Hight grade 1.42 (0.76-2.65) 0.27
Mucinous carcinoma

No 1.0 (reference)

Yes 1.06 (0.33-3.38) 0.93
Lymphovascular invasion

No 1.0 (reference)

Yes 1.33 (0.79-2.28) 0.3
Perineural invasion

No 1.0 (reference)

Yes 2.54 (1.36-4.76) <0.01
Isolated cancer nodule in mesentery

No 1.0 (reference)

Yes 2.15(0.77-5.97) 0.14
Lymphocytic reaction

No 1.0 (reference)

Yes 0.54 (0.25-1.14) 0.10
Infiltrative invasion pattern

No 1.0 (reference)

Yes 0.95 (0.38-2.38) 0.91
Pre-OP CEA *

<5 1.0 (reference)

25 1.28 (0.69-2.37) 0.44
Pre-OP CA-199 *

<37 1.0 (reference)

> 37 1.17 (0.58-2.39) 0.66
Obstruction

No 1.0 (reference)

Yes 2.42 (1.09-5.36) 0.03
Interval between surgery and mFOLFOX6 (week) *

<7 1.0 (reference)

>17 1.95 (0.7-5.41) 0.19
Adjuvant mFOLFOX6 duration (week) *

<38 1.0 (reference)

> 38 3.19 (1.63-6.22) <0.01

DFS, disease free survival.

* Sample size for histologic differentiation (n = 194), pre-OP CEA (n = 180), pre-OP CA 19-9 (n = 176), interval between surgery
and mFOLFOX6 (n = 196), and mFOLFOX6 duration (n = 195).
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Table 2. Multivariable Cox proportional hazard model for factors associated with recurrence

Variable HR (95% CI) p value
pT

pT1-3 1.0 (reference)

pT4 1.54 (0.82-2.87) 0.18
Metastatic lymph nodes

<15 1.0 (reference)

>15 4.23 (1.25-14.32) 0.02
Perineural invasion

No 1.0 (reference)

Yes 1.69 (0.86-3.33) 0.13
Isolated cancer nodule in mesentery

No 1.0 (reference)

Yes 2.45(0.83-7.23) 0.10
Lymphocytic reaction

No 1.0 (reference)

Yes 0.65 (0.30-1.39) 0.27
Obstruction

No 1.0 (reference)

Yes 2.53(1.10-5.83) 0.03
Interval between surgery and mFOLFOX6 (week)

<7 1.0 (reference)

>17 1.59 (0.54-4.67) 0.40
Adjuvant mFOLFOX6 duration (week)

<38 1.0 (reference)

> 38 3.02 (1.45-6.31) <0.01

HR, hazard ratio.
Sample size: 195 patients.

which is similar with the results of previous studies.*?
Most recurrences developed within the first two years
after surgery. The multivariable Cox proportional haz-
ard model showed that the number of metastatic lymph
nodes equal to or greater than 15, obstruction at initial
presentation, and duration of mFOLFOX6 more than
38 weeks were associated with a higher recurrence
rate.

The number of metastatic lymph nodes is gener-
ally regarded as a high-risk factor in stage 111 colon
cancer, and six months of adjuvant CAPOX or
mFOLFOX6 is suggested for pN2 as a category 1
recommendation in the NCCN guideline.’ The cut
off value of metastatic lymph nodes between N1 and
N2 is 4. Although variable numbers of metastatic
lymph nodes showed increased recurrence risk in the
univariable analysis in our study, only the number 15
and 16 were independent risk factors when construct-
ing multivariable Cox model. It has been shown that

higher number of metastatic lymph nodes was a stron-
ger predictor for higher risk of recurrence in stage 111
patients after adjusting for chemotherapy. Each one-
node increase in the number of positive lymph nodes
was associated with 24% increased risk of 5-year
DFS.!% Our results suggest that greater number of me-
tastatic lymph nodes increase the risk of recurrence
even after chemotherapy, especially when metastatic
lymph nodes are equal to or more than 15.

On the other hand, the number of harvested lymph
nodes was not significantly associated with the risk of
recurrence in the present study population. Many stu-
dies have found that the total number of lymph nodes
in the specimen influences survival in both stage 11
and III diseases,''"!* while several other studies have
not demonstrated such an association.'*!* The mecha-
nism of potentially improved survival in patients with
higher retrieved total lymph nodes remains to be fully
elucidated. It has been postulated that improved sur-
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- 15 2(1.0)  4.98(1.55-16.0) 0.01
;: 16 1(0.5) 40.49 (8.06-203.55) <0.01
, 1 21 1(0.5) NA NA
é NA, not applicable.
E d # Two patients had N1¢ without metastatic lymph nodes.
=]
— vival may be derived from stage migration, such that a
more accurate pN stage could subsequently guide ap-
o P=003 propriate adjuvant treatment. However, extensive
o 10 20 0 40 ' lymph node dissection is also correlated with im-
SR proved survival in stage III patients.''"'> This associa-
© tion may reflect that a higher number of harvested
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Fig. 2. Disease-free survival curve using multivariate Cox
proportional hazard model. (A) Survival curve of
patients with less and more than 15 metastatic
lymph nodes. (B) Survival curve of patients with
and without obstruction. (C) Survival curve of pa-
tients receiving 12 cycles of mFOLFOX6 with du-
ration less and more than 38 weeks.

lymph nodes act as a marker of other factors, such as
the quality of surgical resection, pathologic evalua-
tion, patient comorbidities, and tumor biologic vari-
ability.'>!* Such differences could contribute towards
the lack of association between the total lymph node
count and survival in our study.

Obstruction at initial presentation is also an inde-
pendent risk factor for recurrence in stage 111 patients
who have received 12 cycles of mFOLFOX6. The
sites of recurrence within five years included the
lungs (n = 2), distant lymph nodes (n = 2), peritoneum
(n=2),bone (n=1), ovary (n= 1), and spleen (n = 1).
Obstruction has been previously demonstrated to be a
prognostic factor for stage II and III patients in multi-
ple studies, while there were mixed results when dis-
cussing stage II and III populations individually.'®13
Mixed data were obtained on the risk for recurrent
sites, including local, peritoneal, and distant meta-
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stases. The mechanism of recurrence of obstructive
colon cancer remains unclear. It was postulated that
these patients may have micrometastases at initial pre-
sentation and decreased quality of surgery due to em-
ergent operation, thus leading to a higher risk of both
local and distant metastases. The increased risk per-
sisted even after 12 cycles of mMFOLFOXG6 in this study,
and all patients presented with distant metastases when
recurrence was identified. There was no pT4b disease
in patients with obstruction who subsequently devel-
oped recurrence, which implied that all these colon tu-
mors were resectable, contributing to the lack of local
recurrence.

Duration of mFOLFOX6 was suggested to be 12
cycles in 24 weeks for stage III patients.’ Our study
revealed that delivering 12 cycles of mFOLFOX6
within a duration greater than 38 weeks was associ-
ated with decreased 5-year DFS. The reasons of the 19
patients (9.6%) who had prolonged duration of che-
motherapy included neutropenia (n = 4), wedge resec-
tion of a lung nodule (n = 1), and unknown causes
based on the medical records and laboratory tests (n =
14). Relative dose intensity (RDI), defined as the
amount of a drug actually administered to the amount
planned for a fixed time period, had been demonst-
rated to be associated with survival across different
types and stages of solid organ cancers,'”? including
stage I1I colon cancer.”! Because the dose of each cy-
cle of the chemotherapy drugs cannot be fully ob-
tained in our study, the duration of a fixed number of
chemotherapy cycles was used as an indicator for com-
pliance. As a result, management for toxicities is im-
portant to improve the risk of recurrence. For dose-
limiting neutropenia, early initiation of granulocyte
colony-stimulating factor (G-CSF) may be an option.
The rate of FOLFOX-related neutropenia, defined as
< 1500 neutrophils/mcL, was reported to be 39-49%
in the patients with stage III colon cancer.?> Although
there was no data for the impact of G-CSF on RDI or
survival in stage III colon cancer, all-cause mortality
is reduced in a meta-analysis of randomized con-
trolled trials including solid organ cancers and lym-
phomas at all stages.?® It is also important to explain
the adjuvant mFOLFOX6 with the patients thoroughly
to keep them adhered to chemotherapy as scheduled.

Beyond pN staging and obstruction, other prog-
nostic features were known to influence the risk of re-
currence for stage III patients in some studies, such as
pT4, histologic differentiation, lymphovascular inva-
sion, perineural invasion, lymphocytic reaction, pre-
operative CEA, and interval between surgery and che-
motherapy.?*3* Our study showed a trend for higher
recurrence risk in patients with pT4 or perineural in-
vasion in univariable analysis; however, these fea-
tures were not independent factors in the multivari-
able model. Overall, our findings suggest that 12 cy-
cles of mMFOLFOX6 may be sufficient to diminish the
effects of these risk factors.

Although the survival benefits of mFOLFOX6
have been well documented previously, the adverse
effects of cumulative dose-dependent neurotoxicity
could limit the cycles and prolong the duration of che-
motherapy delivered to the patients. Among 625 pati-
ents with stage Il colon cancer who received adjuvant
chemotherapy at the Taipei Veterans General Hospital
between January 2006 and March 2015, only 197 pa-
tients completed 12 cycles of mFOLFOXG6. Several
patients received CAPOX (n = 23), while some pati-
ents received oral tegafur/uracil or capecitabine alone
(n = 87), owing to the patient’s decision, old age, or
comorbidities after thorough explanation. Others re-
ceived sSLVS5FU?2 (n = 76) because oxaliplatin was not
covered by the National Health Insurance in Taiwan
until February 2009. Some patients received regimens
such as FOLFIRI, FOLFIRI combined with target the-
rapy, mFOLFOX6 combined with target therapy, and
12 cycles of mFOLFOX6 followed by oral chemother-
apy (n=19) between 2006 and 2010. Of the remaining
420 patients who initially received mFOLFOX®6, 78
patients had chemotherapy adjusted as sLVSFU2 due
to patient intolerance, 134 patients did not complete
the 12 cycles of mFOLFOXG6 either due to patient’s
intolerance or based on the physician’s judgment, and
11 patients had chemotherapy adjusted for CAPOX
based on patient discomfort or consideration. These
findings suggested that the toxicities associated with
mFOLFOX6 could compromise compliance with ad-
juvant treatment, which is in accordance with previ-
ous observations,3*36

There are several limitations. Our study did not in-
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clude molecular markers, such as microsatellite insta-
bility, BRAF, and KRAS. Although BRAF and KRAS
mutations have been found to be associated with a
poor prognosis in patients with preserved mismatch
repair in previous studies,’’® these factors were not
evaluated for every patient in our institute until 2014,
In addition, the sample size in our study was small.
The number of variables included in the multivariable
Cox proportional hazard model was eight, which was
greater than 10% of the events, i.e., recurrence within
five years after surgery. It has been suggested that at
least 10 events need to be observed per covariate to be
included in the model.** Thus, the power of our multi-
variable analysis was limited.

Conclusion

For patients with stage III colon adenocarcinoma
receiving curative resection, the number of metastatic
lymph nodes equal to or more than 15, obstruction at
initial presentation, and duration of chemotherapy
more than 38 weeks, were identified as independent
risk factors for decreased five-year DFS after 12 cy-
cles of mFOLFOX6. Strategies should be formulated
to avoid postponing the schedule of chemotherapy.
Modification of adjuvant treatment is warranted in pa-
tients with the non-modifiable risk factors.
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