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Background and Objectives. Current guidelines recommend adjuvant
chemotherapy for high-risk stage-II colorectal cancer, but to date, its ther-
apeutic benefit has been minor. Therefore, identifying other indicators to
help select appropriate patients for adjuvant treatment is necessary. We
aimed to identify all the possible high-risk factors in stage-II colorectal
cancer patients.

Methods. Between January 2004 and December 2011, we evaluated 1563
patients with well-documented clinicopathological characteristics who
underwent curative resection for stage-1I primary colorectal adenocar-
cinoma at a single institution.

Results. After a median follow-up of 5.9 years, the overall recurrence rate
was 14.3%. Independent predictors, such as rectal cancer, T4-stage tumor,
bowel obstruction, perineural invasion, and carcinoembryonic antigen
(CEA) and albumin levels were significantly related to a high tumor recur-
rence risk. Patients with combined neutrophil and monocyte-to-lympho-
cyte count ratio (NM-L ratio) of > 4.3 had a relatively high rate of recur-
rence (> 4.3 vs. <4.3,21.3% vs. 11.6%, p <0.001); this was confirmed by
multivariate analysis (hazard ratio, 1.653; p = 0.004). The median dis-
ease-free and overall survival rates of the high NM-L ratio group were
both inferior to those of the low NM-L ratio group. Combining the afore-
mentioned pathological and blood test-related risk factors, the overall risk
of recurrence increased to 24.7% (odds ratio, 3.5).

Conclusion. In addition to the well-known clinicopathological character-
istics, some simple blood tests can determine a patient’s CEA and albumin
levels and NM-L ratio. These data can be used to generate a prognostic
prediction. Further research on the effects of adjuvant chemotherapy on
patients with stage-II colorectal cancer is warranted.

[J Soc Colon Rectal Surgeon (Taiwan) 2020,31:276-285]

Colorectal cancer (CRC) is a common and fatal
disease worldwide. In Taiwan, it is the most
commonly diagnosed cancer annually and the third
leading cause of cancer death. According to the na-
tional cancer registry, approximately 5600 patients in

Taiwan die of CRC each year. Its prognosis and thera-
peutic strategies depend on TNM staging.' Adjuvant
chemotherapy has become a standard treatment for
stage-1II CRC because it reduces disease recurrence
and mortality.> The benefits of adjuvant chemother-
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apy for stage-II patients are controversial because ad-
juvant chemotherapy does not improve the survival
rate of stage-II patients by > 5%.%7

Stage-II CRC is defined by a more advanced T
stage (T3-T4) without locoregional lymph node me-
tastasis.! Most guidelines divide patients with stage-IT
CRC into low- and high-risk groups. High-risk pa-
tients have relatively poor oncological outcomes and
high recurrence risk that do low-risk patients. Some
high-risk patients with stage-II CRC have benefited
from chemotherapy, but no data set has correlated the
risk factors and chemotherapy selection.®'* Accord-
ing to the current guidelines, adjuvant chemotherapy
should be considered for patients who present with
one of the several risk factors, such as CRC at the T4
stage, poor prognostic features (e.g., poorly differenti-
ated histology, lymphatic and vascular invasion, bowel
obstruction, localized perforation, and perineural in-
vasion), or analysis of < 12 lymph nodes after sur-
gery.">"!7 Although these risk factors are associated
with a relatively high disease recurrence rate, no
strong evidence that adjuvant chemotherapy can im-
prove cancer-specific survival in patients with stage-
II CRC with poor prognostic features has been re-
ported.®!* Therefore, other indicators must be used to
select appropriate patients to receive adjuvant treatment.

All risk factors in the current guidelines depend
on pathology reports not completed until 1 week after
surgery. Some preoperative examinations, such as CT,
PET, and MRI, are associated with the prognostic sta-
tus, but they are not as precise as a pathological report.
In addition to pathological reports and imaging data,
simple preoperative blood tests for carcinoembryonic
antigen (CEA),'®!" platelet count,?' nutrition status,
CRP, and neutrophil-to-lymphocyte ratio®*** as well
as nomography?’ may yield pertinent information re-
garding recurrence risk. The main analysis of high-
risk factors in a simple blood test usually includes the
assessment of the patient’s immune status, namely
nutritional status and inflammatory response.

The present study identified all possible high-risk
factors in both the pathological report and blood tests
in patients with stage-II CRC. Thereafter, we evalu-
ated whether these subgroups of risk factors benefited
from adjuvant chemotherapy.

Materials and Methods
Patients and variables

Detailed information regarding clinicopathologi-
cal variables was retrieved from the Colorectal Sec-
tion Tumor Registry at Chang Gung Memorial Hospi-
tal. This study was approved by the Institutional Re-
view Board of the hospital. The patient-related vari-
ables included age, sex, body weight and height, body
mass index (BMI), and illness status. Health informa-
tion for each patient, such as incidence of hyperten-
sion, coronary artery disease, cerebrovascular disease,
asthma, diabetes mellitus, peptic ulcer disease, hepati-
tis B or C, and liver cirrhosis, was also collected. The
tumor-related variables included tumor location (right
and left colon and rectum), tumor size (< 4 and > 4
cm), histological grade (good, moderate, and poor dif-
ferentiation), histological subtype, tumor obstruction,
tumor invasion depth, sampled lymph node number,
lymphovascular invasion, and perineural invasion.
Blood analysis, including CEA (> 5 and < 5 ng/mL),
hemoglobin (< 10 and > 10 g/dL), albumin (> 3 and <
3 g/dL), and blood cell counts, was performed before
surgery. Because the neutrophil-to-lymphocyte and
monocyte-to-lymphocyte ratios are both regarded as
potential prognostic factors for CRC,**?® we used the
ratio from combining neutrophil and monocyte counts
and dividing them by the lymphocyte count (i.e., (N+
M)/L) and regarded it as NM-L ratio in further evalua-
tion.

Between January 2004 and December 2011, a to-
tal of 1744 patients underwent curative resection for
stage-1I primary colorectal adenocarcinoma. Of them,
25 were excluded from further analysis because of un-
dergoing R1 or R2 resection; moreover, 156 patients
with rectal cancer were excluded because they recei-
ved neoadjuvant chemoradiation. The remaining 1563
patients were enrolled in this study.

Follow-up and end points
All physicians in the same department at this hos-

pital adopt similar follow-up routines and adjuvant
treatment protocols. All patients were treated as sub-
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jects of weekly multidisciplinary team meetings that
aimed to clarify the actual stage of the disease accord-
ing to clinical information and the pathology report.
However, the final decision to proceed to adjuvant
chemotherapy depended on each physician’s opinion
and patient’s choice. All patients participated in a fol-
low-up program that included outpatient visits for
physical examination and CEA testing every 3-6 months
postoperatively and chest X-ray, abdominal sonogra-
phy or abdominal computed tomography, and colono-
scopy examination every 1-3 years postoperatively.
The endpoint was an event of recurrence. Disease re-
currence was confirmed using the histology of biopsy
specimens, reoperation, or radiological studies. The
time to recurrence was defined as the duration be-
tween the dates of initial surgery and recurrence con-
firmation. Prognosis was evaluated on the basis of
disease-free and overall survival. The overall survival
was defined as the duration between the dates of ini-
tial surgery and death.

Statistics

All analyses were performed using IBM SPSS
Statistics (version 24.0; IBM Corp., Armonk, NY,
USA). Clinicopathological characteristics were com-
pared using the chi-square test. The cutoff value for
the NM-L ratio was determined using a receiver oper-
ating characteristic (ROC) curve analysis. Disease-
free survival and time-to-event probabilities were com-
puted using univariate analysis employing the Kaplan-
Meier method. Differences were estimated using the
log-rank test. To control for confounding and interac-
tion, the time-dependent Cox proportional hazards
model was fitted with computed hazard ratios (HRs)
and p values. Multivariate analysis was performed on
the variables with a p value of <0.1 in the univariate
analysis. Statistical significance was set at p < 0.05.

Results

We enrolled and analyzed the data of 1563 pa-
tients from the Colorectal Section Tumor Registry at
Chang Gung Memorial Hospital between January 2004

and December 2011. The mean patient age was 67.0
years. After a median follow-up of 5.9 years, tumors
recurred in 223 patients (overall recurrence rate, 14.3%).

Risk factors for recurrence

Multiple variables were analyzed and paired to
compare recurrence rates; these are presented in Table
1. Patients who had perforated tumors and underwent
emergency operations had a higher recurrence rate
than those who did not (33.3% vs. 13.7%, p <0.001);
patients with bowel obstruction also had a higher re-
currence rate than those who did not (20.3% vs. 13.3%,
p = 0.006). Patients with rectal cancer had a signifi-
cantly higher recurrence rate than patients with colon
cancer (right colon vs. left colon vs. rectum, 12.4% vs.
12.2% vs. 18.8%; p = 0.004). Patients with advanced
T-stage cancer (T4 vs. T3, 33.3% vs. 13.7%; p < 0.001),
lymphovascular invasion (22.9% vs. 13.4%, p = 0.000),
perineural invasion (22.7% vs. 12.0%, p <0.001), and
< 12 sampled lymph nodes (23.7% vs. 13.6%, p =
0.007), all had significantly high recurrence rates ac-
cording to the univariate analysis. Abnormal labora-
tory results, such as hypoalbuminemia (< 3 g/dL) and
elevated CEA levels (> 5 ng/mL) before surgery, were
significantly associated with high rates of recurrence
(albumin < 3.0 vs. > 3.0 g/dL, 24.3% vs. 13.5%; p =
0.005; CEA>5.0vs.<5.0ng/mL, 19.2% vs. 11.5%; p
< 0.001). No statistical difference in recurrence rate
was evident when sex, advanced age (> 70 years),
BMLI, presence of comorbidities, tumor size (= 4 cm),
histological grade, presence of mucinous adenocar-
cinoma, or hemoglobin levels (< 10.0 g/dL) of pa-
tients with stage-II CRC were considered.

All the variables associated with tumor recurrence
in patients with stage-II CRC in the univariate analy-
ses were entered into a multiple logistic regression
analysis (Table 2). Independent predictors of high re-
currence were rectal cancer (HR = 1.77, p < 0.001),
T4-stage tumor (HR = 1.97, p < 0.001), bowel obst-
ruction (HR = 1.71, p = 0.004), an inadequate number
of sampled lymph nodes from surgery (HR =1.65, p=
0.057), perineural invasion (HR = 1.92, p <0.001),
preoperative serum albumin level < 3.0 g/dL (HR =
1.78, p = 0.015), and high CEA level (HR = 1.55, p =
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Table 1. Univariate analysis of risk factors for recurrence of stage II CRC

Number (%) Recurrence rate (%) p value
Gender 0.463
Male 904 (57.8) 135 (14.9)
Female 659 (42.2) 88 (13.4)
Age 0.390
<70 931 (59.6) 135 (14.5)
>70 632 (40.4) 88 (13.9)
BMI 0.942
<185 96 (6.3) 14 (14.6)
18.5~27 1164 (76.1) 164 (14.1)
>27 269 (17.6) 36 (13.4)
Comorbidities
Hypertension 0.589
Yes 579 (37.0) 79 (13.6)
No 984 (63.0) 144 (14.6)
Coronary artery disease 0.820
Yes 134 (8.6) 20 (14.9)
No 1429 (91.4) 203 (14.2)
Cerebral vascular disease 0.318
Yes 93 (6.0) 10 (10.8)
No 1470 (94.0) 213 (14.5)
Asthma 0.722
Yes 50 (3.2) 8 (16)
No 1513 (96.8) 215 (14.2)
Diabetes mellitus 0.162
Yes 276 (17.7) 32 (11.6)
No 1287 (82.3) 191 (14.8)
Peptic ulcer disease 0.431
Yes 146 (9.3) 24 (16.4)
No 1417 (90.7) 199 (14.0)
Hepatitis B or C
Yes 74 (4.7) 11 (14.9) 0.880
No 1489 (95.3) 212 (14.2)
Liver cirrhosis 0.886
Yes 23 (1.5) 3(13.0)
No 1540 (98.5) 220 (14.3)
Maximal tumor length 0.504
>4 cm 1165 (74.7) 161 (13.8)
<4cm 394 (25.3) 60 (15.2)
T stage 0.000
T4 224 (14.3) 51(22.8)
T3 1339 (85.7) 172 (12.8)
Tumor perforation 0.000
Yes 48 (3.1) 16 (33.3)
No 1515 (96.9) 207 (13.7)
Bowel obstruction 0.006
Yes 222 (14.2) 45 (20.3)
No 1341 (85.8) 178 (13.3)
Tumor location 0.004
Left side colon 483 (31.0) 60 (12.4)
Right side colon 629 (40.3) 77 (12.2)
Rectum 447 (28.7) 84 (18.8)
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Table 1. Continued

Number (%) Recurrence rate (%) p value
Histology grade 0.778
Poorly differentiated 119 (7.6) 18 (15.1)
Well or moderately differentiated 1438 (92.4) 204 (14.2)
Sampled lymph nodes 0.007
No. of lymph nodes < 12 93 (6.0) 22 (23.7)
No. > 12 1468 (94.0) 200 (13.6)
Lymphovascular invasion 0.006
Yes 109 (7.1) 25 (22.9)
No 1429 (92.9) 191 (13.4)
Perineural invasion 0.000
Yes 291 (18.9) 66 (22.7)
No 1246 (81.1) 150 (12.0)
Mucinous adenocarcinoma 0.292
Yes 120 (7.7) 21 (17.5)
No 1443 (92.3) 202 (14.0)
Albumin level (g/dl) 0.005
<3.0 103 (6.8) 25(24.3)
>3.0 1404 (93.2) 189 (13.5)
Hemoglobin level (g/dl) 0.930
<10.0 332 (21.3) 48 (14.5)
>10.0 1229 (78.7) 175 (14.2)
CEA level (ng/ml) 0.000
>5.0 563 (36) 108 (19.2)
<5.0 999 (64) 115 (11.5)
NM-L ratio 0.000
>43 338 (25.2) 72 (21.3)
<43 1004 (74.8) 116 (11.6)

CEA, carcinoembryonic antigen; NM-L ratio, (Neutrophil + Monocyte)/Lymphocyte.

Table 2. Multivariate Cox regression analysis

HR 95% CI p value
Rectal cancer 1.765 1.282-2.430 0.000
T4 tumor 1.969 1.372-2.826 0.000
Tumor perforation 1.436 0.707-2.917 0.317
Bowel obstruction 1.708 1.183-2.465 0.004
Inadequately sampled lymph nodes (No. of lymph nodes < 12) 1.653 0.986-2.772 0.057
Lymphovascular invasion 1.228 0.748-2.019 0.417
Perineural invasion 1.919 1.377-2.675 0.000
Albumin level < 3.0 g/dl 1.778 1.118-2.828 0.015
CEA level > 5.0 ng/ml 1.545 1.142-2.091 0.005
NM-L ratio 1.653 1.180-2.317 0.004

All variables with a p value of < 0.1 in the univariate analysis were entered into the multivariate analysis.
CEA, carcinoembryonic antigen; NM-L ratio, (Neutrophil + Monocyte)/Lymphocyte.

0.005). The presence of neither tumor perforation nor ~NM-L ratio analysis

lymphovascular tumor invasion yielded significant

differences in recurrence rates in the multiple logistic The ROC curve analysis of the NM-L ratio is pre-
regression analysis. sented in Fig. 1. The cutoff value for these patients
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was 4.3 with the largest area under the ROC curve
(0.556). Patients with a preoperative NM-L ratio of >
4.3 had a higher recurrence rate (> 4.3 vs. <4.3,21.3%
vs. 11.6%; p <0.001; Table 1). The multivariate anal-
ysis also indicated that a higher NM-L ratio (> 4.3)
was significantly related to tumor recurrence (HR,
1.653; 95% confidence interval, 1.180-2.317; p =
0.004; Table 2).

The median disease-free survival time was 71 and
55 months in the low and high NM-L ratio groups, re-
spectively (Fig. 2). The result of the log-rank test that
compared the long-term survival curves stratified by
NM-L ratio was statistically significant (p < 0.001).
The median overall survival time of the low NM-L ra-
tio group was also significantly higher than the high
NM-L ratio group (> 4.3 vs. <4.3, 72 vs. 60 months, p
<0.001; Fig. 3).

Combination of blood test-related and
pathological risk factors

To best render our study results applicable to daily
practice, we divided the risk factors into two groups:
pathological (T4, bowel obstruction, and perineural
invasion) and blood test related (low albumin level
and high CEA level and NM-L ratio). The Venn dia-
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Fig. 1. ROC curve of the NM-L ratio.

gram in Fig. 4 illustrates the recurrence rates and odds
ratios (ORs) of the pathological risk group, blood test
risk group, combination of the pathological and blood
test groups, and no high-risk group. The relationship
between the pathological and blood test risk groups
entailed overlapping and independent events. Patients
who had a pathological and blood test risk had 20.4%
(OR, 2.8), and 18.4% (OR, 2.4) recurrence rates, re-
spectively. If a patient had overlapping risk factors in
both groups, the recurrence rate was as high as 24.7%
(OR, 3.5). In patients with no risks factors, the recur-
rence rate was only 8.5%.
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Pathologic Blood test
risk group: risk group:
20.4% (126/618)  18.4% (142/770)
OR=2.8 OR=24

Pathologic risk (+)
Blood test risk (-)

- Blood test risk (+)
Pathologic risk (+) Pathologic risk (-)
Blood test risk (+)

14.1% 24.7% 12.7%
(35/249) (91/369) (51/401)
OR=1.8 OR=3.5 OR=16

No high risk group: 8.5% (43/506)

Fig. 4. Recurrence rates and ORs of the pathological risk
group, blood test risk group, combination of patho-
logical and blood test group, and no high-risk group.

Discussion

According to current guidelines, several factors
occurring postoperatively and related to pathology
militate for treating patients with stage-II CRC using
adjuvant chemotherapy after surgery to lower the re-
currence rate and cure the disease. Because these fac-
tors are revealed only after surgery, doctors are unable
to make a precise prognosis before an operation. More-
over, despite recognizing the condition of these pa-
tients and appreciating the merit of administering fur-
ther adjuvant chemotherapy, chemotherapy did not
guarantee lower incidence of recurrence. The biased
selection of high-risk patients may account for unfa-
vorable results from treatment with adjuvant chemo-
therapy. Therefore, we searched for more clinical fea-
tures potentially associated with prognosis to achieve
greater precision with respect to predicting a patient’s
prognosis.

CEA has long been used as a recurrence surveil-
lance marker during the posttreatment period.?” How-
ever, its role as a prognostic predictor is now being
recognized. Some studies have advocated for incorpo-
rating CEA into the TNM staging system as the bio-
chemical aspect of the disease.”® In our study, a high
preoperative CEA level (> 5 ng/mL) was a strong pre-
dictor of tumor recurrence in patients with stage-II

CRC, a finding which is consistent with other stud-
ies.!®2%28 Although classified as having stage-II CRC,
these patients may exhibit lymph-node or distant me-
tastasis in the future. The CEA level is primarily viewed
as a tumor marker, but it may also be elevated as a re-
sult of several other conditions such as liver cirrhosis,
chronic obstructive pulmonary diseases, and cardio-
metabolic diseases. However, according to the results
of our study, a high preoperative CEA level may be a
poor prognostic factor for patients with stage-II CRC.
Among our study population, the threshold for an ab-
normal CEA level seemed to be the same as the glob-
ally accepted value.

Patients with hypoalbuminemia, particularly those
with advanced cancer, are typically malnourished.
Stage-1I cancers might not present with lymph node
metastasis, but a large primary tumor may create a sig-
nificant metabolic burden and cause malnutrition. The
recurrence rate is high in these patients,” not only be-
cause of a high likelihood of tumor metastasis but also
because the tumor acts as a biological stressor, which
weakens host immunity, thus compromising the abil-
ity of the patients’ immune system to effectively com-
bat the tumor.

To the best of our knowledge, no other study has
described the role of the NM-L ratio with respect to
the recurrence of stage-II CRC. The results of this
study are the first to demonstrate that the NM-L ratio
is a useful marker for predicting stage-II CRC recur-
rence risk and survival outcome. Serum inflammation
markers, namely the neutrophil-to-lymphocyte, lym-
phocyte-to-monocyte, and platelet-to-lymphocyte ra-
tios, and their roles in CRC prognosis at various sta-
ges have been investigated extensively. Each marker,
alone or in combination, has been demonstrated to
have statistical significance.?*****3! Neutrophil count
is typically high in many advanced cancers. Neutro-
phils are recruited and deregulated by tumor cells and
thus support tumor growth and angiogenesis.**** Cir-
culating monocytes can differentiate into macropha-
ges or dendritic cells. Another study proved that mo-
nocytes can contribute to tumor development when
conditions are favorable.’* Additionally, tumor-asso-
ciated neutrophils and tumor-associated macrophages
are both thought to encourage tumor development;
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cause tumor proliferation, invasion, and angiogenesis;
and inhibit immune surveillance.** Lymphocytes, how-
ever, represent the host’s immune reaction to specific
antigens and even tumor cells. Lymphocytic infiltra-
tion of a tumor improves the CRC prognosis. In addi-
tion, lymphopenia in advanced cancer is typically as-
sociated with disease severity and prognosis.***® The
NM-L ratio integrates these markers and is a strong
prognostic predictor of recurrence and disease-free
survival. An NM-L ratio of > 4.3 is associated with a
1.6-fold risk of shortened disease-free and overall
survival.

In the present study, the preoperative CEA and
albumin levels and NM-L ratio were proven to be
prognostic markers of CRC recurrence. Some may
argue that other markers, such as defective DNA mis-
match repair, BRAF and KRAS mutations, or even
genomic signature tools, could act as superior prog-
nostic factors; however, the advantage of the afore-
mentioned prognostic markers is that they are effi-
cient, economical, and most importantly, preopera-
tively available. Thus, these data can give physicians
and patients a preliminary indication of how future
therapy might proceed, obviating the need to wait for
the final pathological report to determine whether
adjuvant chemotherapy should be administered. Fur-
thermore, incorporating these blood test-related risk
factors with current pathological risk factors can
considerably improve the prediction of recurrence
rates, clearly indicating that the blood test-related
risk factors are strongly associated with recurrence
in the stage-II patients.

The present study has some limitations. First,
this was a retrospective study, conducted at a single
institute by using prospectively collected data; thus, it
is subject to various biases. Second, some data con-
cerning clinicopathological characteristics were
missing from this study, which might have influ-
enced the outcome. However, the effect of missing
data should have been insignificant because the
missing data for each factor constituted less than
5% of the data in this study. Third, microsatellite in-
stability was not measured during the study period,
but it is now known to be an essential factor in stage-
IT CRC.

Conclusion

Multiple factors play essential roles in stage-II
CRC recurrence. In addition to well-known clinico-
pathological characteristics, such as tumor location,
T4-stage tumor, tumor obstruction, and perineural in-
vasion, blood tests that determine CEA and albumin
levels and NM-L ratio could provide prognostic pre-
diction. A gap remains between having high-risk fac-
tors for recurrence and the need to receive adjuvant
chemotherapy. Further analysis of these clinicopatho-
logical characteristics should be undertaken using
large randomized trials not only to better understand
their exact roles in the recurrence of stage-1I CRC but
also to evaluate the effect of adjuvant chemotherapy
for these patients with high-risk factors.
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