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Background: Simultaneous resections have been increasingly performed for colorectal liver metastasis
patients. However, studies explored risk stratification for these patients are scarce. Among which, a clear
definition of early recurrence remains controversial and models for predicting early recurrence in these
patients are lacking.

Methods: Colorectal liver metastasis patients who developed recurrence followed by simultaneous
resection were enrolled. Early recurrence was determined by the minimum P value method, and patients
were divided into an early recurrence group and late recurrence group. Standard clinical data were collected
from each patient including demographics features, preoperative laboratory tests and postoperative regular
follow-up results. All the data were accessed by clinicians and recorded accordingly. The nomogram for early
recurrence was constructed in the training cohort and validated externally in the test cohort.

Results: The optimal value of early recurrence by the minimum P value method was 13 months. A total
of 323 patients were included in the training cohort, of which 241 (74.6%) experienced early recurrence.
Seventy-one patients were included in the test cohort, of which 49 (69.0%) experienced early recurrence.
Significantly worse post-recurrence survival (median 27.0 vs. 52.8 months, P=0.00083) and overall survival
(median 33.8 vs. 70.9 months, P<0.0001) were observed in patients with early recurrence in the training
cohort. Positive lymph node metastases (P=0.003), tumour burden scores >4.09 (P=0.001), preoperative
neutrophil-to-lymphocyte ratios >1.44 (P=0.006), preoperative blood urea nitrogen levels >3.55 pmol/L
(P=0.017) and postoperative complications (P=0.042) were independently associated with early recurrence,
and all these predictors were included in the nomogram. The nomogram for predicting early recurrence had
a receiver operating characteristic curve of 0.720 in the training cohort and a receiver operating characteristic
curve of 0.740 in the test cohort. The Hosmer-Lemeshow test and calibration curves showed acceptable
model calibration in the training set (P=0.7612) and in the test set (P=0.8671). The decision curve analysis
results for the training cohort and test cohort also indicated that the nomogram showed good clinical

applicability.
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Conclusions: Our findings provide clinicians with new insights into accurate risk stratification for

colorectal liver metastasis patients receiving simultaneous resection and contributing to the management of

patients.
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Introduction

Colorectal cancer (CRC) has become a predominant cancer
and ranks as the second most common cause of death due
to cancer worldwide (1). Liver metastases represent the
major cause of CRC-related mortality (2), and synchronous
liver metastases occur in up to 25% (3) of CRC patients at
diagnosis.

Compared with systemic therapies, complete resection
of both the primary tumour and liver metastases was
associated with favourable oncological outcomes in
colorectal cancer liver metastases (CRLM) patients (4,5).
For resectable CRLM, a traditional staged procedure in
which CRC resection was performed before or after liver

Highlight box

Key findings

* The predictive nomogram for early recurrence of CRLM patients
who received simultaneous resection demonstrated high specificity
and accuracy in the training cohort and achieved good verification
results in the test cohort.

What is known and what is new?

* Early recurrence in CRLM patients was associated with
unfavourable prognoses in comparison with late recurrence,
but previous studies mainly focused on patients who received
hepatectomy alone or hepatectomy followed by neoadjuvant
chemotherapy.

* Early recurrence in CRLM patients who received simultaneous
resections was also associated with unfavourable clinical outcomes
and the interval was defined as <13 months after surgery.
Preoperative NLR levels, preoperative BUN levels and TBS scores
were first proven to be useful in prognosis predictions for these
patients.

What is the implication, and what should change now?

* It should be vigilant about the early recurrence in CRLM patients
who received simultaneous resections, and preoperative NLR
levels, BUN levels and TBS scores should be included in the risk

stratification.
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metastasis resection increased the risk of liver metastasis
progression and dissemination to other distant sites in the
interval between the two operations (6), while simultaneous
resections of both lesions could reduce the abovementioned
risks, provide the benefit of short hospital stays, reduce
hospital costs and improve patient experiences (6,7). As
previous studies suggested, simultaneous resections of
primary lesions and liver metastases exhibit comparable
short-term outcomes and have a tendency to improve
long-term outcomes such as progression-free survival and
overall survival (OS) in comparison with traditional staged
procedures (6-8). Although simultaneous resections have
been increasingly (8) performed for resectable CRLM
patients, only a handful of studies have aimed to investigate
the risk stratification of these patients following the
simultaneous operation.

Mounting evidence indicates that compared with late
recurrences that occur a long period after surgery, early
recurrences usually indicate a significantly worse survival
expectancy for multiple cancers, including hepatocellular
carcinoma, gastric cancer, and renal cell carcinoma (9-11).
Previous studies have identified multiple factors that
may predict early recurrence, including demographics
characteristics such as male gender (12), clinical/pathological
information such as the size of liver metastasis (13),
features of the intervention like resection margin (14), and
cancer-specific biomarkers like carcinoembryonic antigen
(CEA) (15). In addition, early recurrence in CRLM patients
(15,16) was also associated with unfavourable prognoses
in comparison with late recurrence, but previous studies
mainly focused on patients who received hepatectomy alone
or hepatectomy followed by neoadjuvant chemotherapy
(NACQ). Patients who received simultaneous resections
were ignored. Identifying risk factors and categorizing
patients based on those factors is vital to effective treatment
planning for CRLM patients (17). By doing so, customized
treatment and the most appropriate care for patients’
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individual situation could be achieved to meet the unique
needs of each patient. Since simultaneous resections have
been performed more often in recent years, investigating
the relationship between early recurrence and these patients
would provide clinicians with new insights into selecting
patients for receiving simultaneous resection decisions, and
fill the gap of the prognostic stratification for these patients.
A clear definition of early recurrence remains controversial,
and recurrence-free survival (RFS) times varying arbitrarily
from 6 months to 1 year (15,16) were previously recognized
as the cut-off value for early recurrence. In the current
study, we performed the minimum P value approach
(18,19) to explore the evidence-based cut-off value of early
recurrence.

A nomogram is a reliable, convenient tool for predicting
risk and is helpful for clinical decision-making in the
management of cancer patients. Given the abovementioned
evidence, this study aimed to statistically define early
recurrence, construct a nomogram for predicting early
recurrence in CRLM patients receiving simultaneous
resections of the primary tumour and liver metastases, and
validate the model in an external test cohort. We present
this article in accordance with the TRIPOD reporting
checklist (available at https://jgo.amegroups.com/article/
view/10.21037/jgo-22-934/rc).

Methods
Study population

We retrospectively conducted the collection and analysis
of the medical records of CRLM patients who received
simultaneous resection from December 2008 to August
2020. The training cohort enrolled patients from Cancer
Hospital, Chinese Academy of Medical Sciences while the
test cohort enrolled patients from Sun Yat-sen University
Cancer Center, the enrollment were performed complying
with same criteria as described below. Patients with all of the
following criteria were enrolled: (I) clinical or histological
evidence of CRLM; (II) simultaneous resection of primary
tumour and liver metastases with curative purpose; and (I1I)
developed recurrence. Patients with either of the following
criteria were excluded: (I) loss to follow-up; (II) incomplete
clinical information; and (III) synchronous other malignant
disease or infectious disease or other related diseases of
liver and kidney. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013). The
study was approved by the Institutional Review Board of
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the Cancer Hospital, Chinese Academy of Medical Sciences
and Sun Yat-sen University Cancer Center (No. 81972311)
and informed consent was taken from all the patients.

Data collection and study varviables

Detailed data were retrieved from medical records of
each patient, including demographics characteristics,
clinicopathologic features [preoperative cholesterol level,
lymphocyte counts, neutrophil counts, platelet counts,
albumin (ALB), blood urea nitrogen (BUN), creatine,
serum CEA], medical treatment and survival results.
Abovementioned preoperative markers were included in the
current study as they were routinely tested and supposed
to be correlated with the prognosis of CRLM patients.
Besides, since there were no verified biomarkers associated
with the early recurrence in CRLM patients who received
simultaneous resection, we included as many predictors as
possible. All the included information were determined to
be collected before the study began. Peripheral samples
of each patient were collected by venous punctures within
1-3 weeks before the surgery.

To better predict the prognosis of early recurrence in
CRLM patients, we made some combination of preoperative
biomarkers and tumor morphology characteristics. Tumor
burden scores (TBS) was calculated from the distance from
the origin on a Cartesian plane combining the maximum
tumor size (x-axis) and number of lesions (y-axis) [TBS’ =
(maximum tumor diameter)’ + (number of liver lesions)’],
and the predictive utility of this index in CRLM patients
was proved to be of higher specialty and sensitivity than
that of tumor size or liver lesion number alone (20,21),
so we here included the combined biomarker instead of
singular characteristics of tumor morphology, to predict the
early recurrence. Neutrophil-to-lymphocyte ratio (NLR)
and platelet-to-lymphocyte ratio (PLR) was calculated as
neutrophil counts/lymphocyte counts and platelet counts/
lymphocyte counts, separately.

All postoperative complications were accessed by
the Clavien-Dindo classification system, and minor
complications were recognized as Clavien-Dindo I-II while
major complications were defined as Clavien-Dindo III-V.

Treatment

For complete treatment procedure, a routinely discussion
was performed by a multidisciplinary team (MDT) including
surgeons, oncologists and radiologists, and a consensus
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was reached before determining the appropriate treatment
for each CRLM patients. Surgical margin (RO resection or
not), extent of liver resection (major resection, or not), and
hepatic portal occlusion were the surgical data taken into
analysis. Resections >three segments of liver metastases
were defined as major resection (22). Preoperative
chemotherapy regimens, with or without bevacizumab
and cetuximab, mainly including 5-flfluorouracil or
capecitabine, and oxaliplatin or irinotecan, the regimens
were recommended to CRLM patients with one or more
risk factors of recurrence as previously defined (17,23).

Follow-up and outcomes

Postoperative complications consisted of incision
dehiscence, postoperative infection, anastomotic leakage,
hemorrhage, pleural and peritoneal effusion, and so on,
and were previously accessed by clinicians and recorded
accordingly.

Regular follow-up examinations were performed
for patients after surgery. The first follow-up interval
period was one month from the date of surgery. Then,
the interval periods were every 3 months for 5 years and
thereafter every 1 year. The period of time from the date of
simultaneous resection to recurrence or latest follow-up if
recurrence did not occur, was defined as RFS. The period
of time from the date of simultaneous resection to death
or latest follow-up was defined as OS. The period time
from the first recurrence to either death or latest follow-
up was defined as post-recurrence survival (PRS). The
recurrence of each patient was comprehensively evaluated
by experienced clinicians via monitoring level of CEA and
computed tomography (CT)/magnetic resonance imaging
(MRI), then judgement of the results was made complying
with the European Society for Medical Oncology (ESMO)
guideline (5).

Statistical analysis

CRLM patients were divided into potential early recurrence
group and late recurrence group by different cut-off values
of RFS which was assessed by minimum P value method to
determine its optimal threshold. And the log-rank test was
conducted to compare the according PRS of different cut-
off value of RFS to find the minimum P value, and cut-off
value with the minimum P value was defined as the value of
early recurrence in our study. The Kaplan-Meier method
was performed to analyse RFS and OS, and the log-rank
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test was conducted to do the statistically comparison.

For continuous variables, the Mann-Whitney U test was
used to do the comparison, and the categorical variables
were compared via the Chi-squared test or the Fisher’s exact
test. The receiver operating characteristic (ROC) curves
for early recurrence were constructed to determine the
optimal threshold of TBS, NLR, PLR, creatine and BUN.
"To determine the optimal cut-off value of above factors, the
highest Youden’s index (sensitivity + 1 - specificity) which
presented graphically as the distance between the 45° line
and the ROC graph was calculated for each factor.

In the multivariate logistic regression model, all
predictors with a P value of less than 0.10 in the univariate
analysis were retained to determine the relationship
between the variables and early recurrence. Only those
predictors with a P value less than 0.05 were defined as
significant and then included in the final model. The
resulting multivariate logistic regression model incorporated
all significant risk factors to develop the nomogram in the
training set, and the nomogram was validated externally
in the test cohort. The discrimination performance of the
nomogram was estimated by C-index, and the area under
ROC curves (AUROC:Ss). The ROC curve generated the
values of sensitivity and specificity for the predictive model.
The sensitivity, specificity, C-index or area under the curve
(AUC) values range from 0.5 to 1.0, with 0.5 indicating
random chance and 1.0 signifying the ideal capability to
correctly predict the outcome. We considered a value of
0.6 to be an acceptable threshold and a value of 0.7 to be a
good threshold for these measures. The calibration of the
models was assessed by calibration plots and the Hosmer-
Lemeshow chi-square test. Besides, the decision curve
analysis was performed to test the clinical effectiveness of
the model.

A two-sided P value <0.05 was defined as of statistically
significance. All the statistical analysis were performed
by SPSS version 25 software (Armonk NY, USA) and R
software (http://www.r-project.org).

Results

Clinicopathological characteristics of CRLM patients with
recurrence

A total of 323 CRLM patients from the Cancer Hospital,
Chinese Academy of Medical Sciences, were enrolled in the
training cohort and had a median age of 58.0 [interquartile
range (IQR), 51.0-65.0] years. Thirty-eight (11.8%)
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patients who had American Society of Anesthesiologists
(ASA) scores of 3-4, and 153 (47.4%) patients who had
body mass index (BMI) >24 kg/m’. In the training set,
209 (64.7%) were male, and 114 (35.3%) were female. In
addition, 137 (42.4%) patients who had comorbidities,
20.1% (65/323) of primary tumours were located in the
right hemicolon, 79.6% (257/323) of positive lymph node
metastases were observed at diagnosis, and 145 patients in
the training cohort (44.9%) had bilobular distributions of
liver lesions. And there were 204 (63.2%) patients who had
multiple liver metastases and 39 (12.1%) patients who had
highest diameter of liver metastases >5 cm. One hundred
seventy-two (172/323, 53.3%) patients underwent major
liver resection. The median operation time was 345.0
(IQR, 275.0-720.0) min, and the median blood loss volume
during the operations was 200.0 (IQR, 150.0-500.0) mL.
Extrahepatic metastases occurred in 39 (12.1%) patients in
this cohort. In total, 56.0% (181/323) and 65.9% (213/323)
of patients received preoperative chemotherapy and
postoperative chemotherapy, respectively.

For the preoperative laboratory indicators, the median
level of preoperative cholesterol was 178.65 (IQR, 155.45-
207.66) mg/dL. The median lymphocyte counts, neutrophil
counts, and platelet counts were 1.67 (IQR, 1.34-2.08)
«10%/L, 3.10 (IQR, 2.41-4.35) x10°/L, and 200.0 (IQR,
157.0-248.0) x10°/L, respectively. The median levels of
BUN and creatine were 4.70 (IQR, 4.20-5.40) pmol/L
and 67.0 IQR, 58.0-77.0) pmol/L, respectively. Seventeen
(17/323, 5.3%) patients who had CEAs >200 ng/mL. And
the median TBS scores was 4.24 (2.79-6.10) in the training
cohort. The optimal cut-off values for early recurrence were
calculated by using the highest Youden’s index values for
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TBS, NLR, PLR, creatine and BUN, which were 4.09, 1.44,
133.97,70.5, and 3.55 pmol/L, respectively.

From December 2008 to August 2020, we included 71
patients from Sun Yat-sen University Cancer Center in
this research, as the test cohort followed the same inclusion
and exclusion criteria as the training cohort. Detailed
information on the demographics and clinicopathological
features is described in Table 1.

Defining early and late recurrence

The various cut-off values that were examined to define
early recurrence and the corresponding survival outcomes
are shown in Table 2. Among the 323 CRLM patients in
the training cohort with recurrence, the optimal RFS value,
which could yield the optimal discrimination efficiency for
early and late recurrence based on subsequent PRS, was
13 months (P=0.00083). For patients with early recurrence
(<13 months, n=241, 74.6%), the median RFS was 4.7 [95%
confidence interval (CI): 3.7-5.7] months, and the median
PRS was 27.0 (95% CI: 24.6-29.5) months. Patients with
late (>13 months) recurrence (n=82, 25.4%) had a median
PRS of 19.0 (95% CI: 17.4-20.6) months and median PRS
of 52.8 (95% CI: 38.8-66.8) months. The median OS of
patients with early recurrence was 33.8 (95% CI: 30.7-36.9)
months, and the median OS of patients with late recurrence
was 70.9 (95% CI: 64.6-77.2) months. CRLM patients
with early recurrence had significantly unfavourable
survival outcomes, including RFS (P<0.0001), PRS
(P=0.00083), and OS (P<0.0001) (Figure I). Patients with
early recurrence were more likely to have longer operation

times [350.0 IQR, 281.0-435.0) vs. 302.0 (IQR, 238.5-

Table 1 Clinicopathological characteristics in CRLM patients receiving simultaneous resection with recurrence

Training cohort Test cohort
Item All patients Early recurrence Late recurrence All patients Early recurrence Late recurrence
(n=323) (<13 m) (n=241) (=13 m) (n=82) (n=71) (<13 m) (n=49) (=13 m) (=22)
Demographics and clinicopathological features
Age =60 years 146 (45.2) 109 (45.2) 37 (45.1) 0.987 26 (36.6) 20 (40.8) 6 (27.3) 0.273
Male 209 (64.7) 161 (66.8) 48 (58.5) 0.176 47 (66.2) 32 (65.3) 15 (68.2) 0.813
BMI =24 kg/m® 153 (47.4) 119 (49.4) 34 (41.5) 0.215 25 (35.2) 18 (36.7) 7 (31.8) 0.688
Comorbidity 137 (42.4) 106 (44.0) 31(37.8) 0.328 22 (31.0) 16 (32.7) 6 (27.3) 0.650
ASA score 3-4 38 (11.8) 27 (11.2) 11 (13.4) 0.591 2(2.8) 24.1) 0(0) 0.336
Primary site in colon 181 (56.0) 133 (55.2) 48 (58.5) 0.598 42 (59.2) 29 (59.2) 13 (59.1) 0.994

Table 1 (continued)
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ltem

Training cohort

Test cohort

All patients Early recurrence  Late recurrence All patients Early recurrence Late recurrence
(n=323) (<13 m) (n=241) (=13 m) (n=82) (n=71) (<13 m) (n=49) (=13 m) (n=22)
Right hemicolon 65 (20.1) 51(21.2) 14 (17.1) 0.425 12 (16.9) 10 (20.4) 2(9.1) 0.239
Diameter of liver metastases 39 (12.1) 33 (13.7) 6 (7.3) 0.126 15 (21.1) 14 (28.6) 1(4.5) 0.022
=5cm
Multiple liver metastases 204 (63.2) 161 (66.8) 43 (52.4) 0.02 39 (54.9) 31 (63.3) 8 (36.4) 0.035
Bilobar liver distribution 145 (44.9) 115 (47.7) 30 (36.6) 0.08 25 (35.2) 20 (40.8) 5(22.7) 0.140
Preoperative TBS levels 4.24 (2.79-6.10) 4.47 (3.16-6.40) 3.31 (2.24-5.07) <0.001 3.20 (2.06-5.83) 4.39 (2.24-7.18) 2.50 (1.72-3.17) 0.004
Poor differentiation 104 (32.2) 84 (34.9) 20 (24.4) 0.08 13 (18.3) 10 (20.4) 3(13.6) 0.495
T3-T4 stage 303 (93.8) 227 (94.2) 76 (92.7) 0.625 66 (93.0) 46 (93.9) 20 (90.9) 0.651
Positive lymph node 257 (79.6) 200 (83.0) 57 (69.5) 0.009 49 (69.0) 34 (69.4) 15 (68.2) 0.919
metastasis
Extrahepatic metastases 39 (12.1) 34 (14.1) 5(6.1) 0.054 6 (8.5) 5(10.2) 1(4.5) 0.428
Preoperative laboratory testing levels
CEA =200, ng/mL 17 (5.3) 12 (5.0) 5(6.1) 0.695 4 (5.6) 4(8.2) 0(0.0) 0.168
Cholesterol, mg/dL 178.65 178.27 182.13 0.223 190.67 192.14 175.71 0.271
(155.45-207.66) (154.10-206.69) (164.06-211.04) (173.58-215.72) (177.26-217.07) (169.72-210.31)
Lymphocyte counts, x10%/L 1.67 (1.34-2.08) 1.64 (1.30-2.05) 1.76(1.44-2.27) 0.053 1.60(1.20-2.10) 1.60 (1.20-2.05) 1.80(1.20-2.20) 0.558
Neutrophil counts, x10%/L 3.10 (2.41-4.35) 3.10(2.43-4.36) 3.14 (2.32-4.30) 0.737 3.60 (2.60-4.80) 3.60 (2.78-4.85) 3.39 (2.53-4.43) 0.422
Platelet counts, x10%L 200.0 196.0 206.0 0.415 227.0 221.0 242.5 0.052
(157.0-248.0)  (156.5-246.5) (158.3-266.5) (185.0-284.0)  (174.9-278.0) (203.1-314.3)
Blood urea nitrogen, pmol/L  4.70 (4.20-5.40) 4.70 (4.25-5.40) 4.70 (4.10-5.70) 0.706 4.41(3.63-5.80) 4.65 (3.70-5.94) 4.40 (3.20-5.18) 0.323
Creatine, umol/L 67.0 (58.0-77.0) 68.0(58.5-78.5) 65.5(58.0-74.0) 0.078 67.0 (54.0-80.7) 67.1(55.3-80.1) 64.9(51.1-81.4) 0.663
Treatment details
RO resection 229 (70.9) 162 (67.2) 67 (81.7) 0.013 60 (84.5) 41 (83.7) 19 (86.4) 0.772
Major liver resection 172 (53.3) 139 (57.7) 33 (40.2) 0.006 22 (31.0) 14 (28.6) 8 (36.4) 0.511
Pretreatment chemotherapy 181 (56.0) 135 (56.0) 46 (56.1) 0.99 34 (47.9) 27 (55.1) 7 (31.8) 0.069
Postoperative chemotherapy 213 (65.9) 152 (63.1) 61 (74.4) 0.062 60 (84.5) 43 (87.8) 17 (77.3) 0.259
Hepatic portal occlusion 222 (68.7) 177 (73.4) 45 (54.9) 0.002 27 (38.0) 16 (32.7) 11 (50.0) 0.164
All laparoscopic operation 56 (17.3) 38 (15.8) 18 (22.0) 0.201 1(1.4) 1(2.0) 0(0.0) 0.500
Operation time, min 345.0 350.0 302.0 0.019 330.0 360.0 300.0 0.141
(275.0-720.0) (281.0-435.0) (238.5-401.3) (240.0-450.0) (270.0-465.0) (240.0-397.5)
Blood loss, mL 200.0 200.0 200.0 0.181 100.0 100.0 100.0 0.452
(150.0-500.0) (150.0-500.0) (100.0-400.0) (50.0-100.0) (50.0-100.0) (50.0-162.5)
Blood transfusion 81 (25.1) 56 (23.2) 25 (30.5) 0.191 8(11.3) 5(10.2) 3(13.6) 0.672
Postoperative complications 162 (50.2) 130 (53.9) 32 (39.0) 0.02 18 (25.4) 13 (26.5) 5(22.7) 0.733
ICU 20 (6.2) 15 (6.2) 5(6.1) 0.967 17 (23.9) 12 (24.5) 5(22.7) 0.872
Postoperative hospital stay, 10.0 (9.0-14.0) 11.0(9.0-14.0)  10.0 (9.0-12.3) 0.2 10.0 (8.0-12.0) 10.0 (8.5-13.0) 10.0 (8.0-11.0) 0.221

days

Data are presented as n (%) or median (IQR). CRLM, colorectal liver metastases; m, months; BMI, body mass index; ASA, American Society of
Anesthesiology; IQR, interquartile range; TBS, tumour burden scores; CEA, carcinoembryonic antigen; ICU, intensive care unit.
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Table 2 Evaluated cut-off thresholds for defining early and late recurrence based on the prognosis after recurrence

Potential early recurrence cohort

Potential late recurrence cohort

Evaluated cut-off P
N RFS(m) PRS(m) OS (m) N RFS (m) PRS (m) OS (m)

2 0.4337436 79 11 28.0 30.0 244 10.0 31.8 441
3 0.1717507 95 1.3 26.9 28.0 228 10.2 32.4 46.0
4 0.1086597 112 1.43 27.0 28.0 211 11.0 32.8 46.9
5 0.1326299 125 1.6 28.0 30.0 198 1.2 32.4 52.7
6 0.02438825 144 1.9 27.0 30.1 179 12.5 35.7 57.7
7 0.007911529 158 2.0 27.0 30.0 165 13.0 35.7 58.3
8 0.04603317 178 2.8 28.3 32.0 145 14.0 35.7 58.3
9 0.02406499 187 3.0 28.0 31.1 136 14.5 37.5 58.8
10 0.004676895 207 3.5 28.0 32.0 116 15.7 41.8 70.2
11 0.00483053 219 4.0 28.0 32.1 104 17.0 42.7 70.2
12 0.002170195 230 4.2 28.0 32.6 93 17.9 47.9 70.9
13 0.0008316524 241 4.7 27.0 33.8 82 19.0 52.8 70.9
14 0.01058733 252 5.1 28.0 34.1 71 19.9 47.9 70.9
15 0.05074251 259 5.3 28.7 34.6 64 211 42.7 70.9
16 0.09058815 267 5.4 28.8 35.2 56 23.0 47.9 70.9
17 0.1104402 273 5.6 29.3 35.2 50 23.3 47.9 75.9
18 0.104548 277 5.7 29.3 35.7 46 23.4 47.9 75.9

m, months; OS, overall survival; PRS, post-recurrence survival; RFS, recurrence-free survival.
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Figure 1 Survival analysis of early recurrence (<13 m) vs. late recurrence (=13 m). (A) RFS analysis. (B) PRS analysis. (C) OS analysis. m,

months; RES, recurrence-free survival; PRS, post-recurrence survival; OS, overall survival.
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401.3) min, P=0.019], multiple liver metastases (P=0.02),
positive lymph node metastases (P=0.009), postoperative
complications (P=0.02), major resection (P=0.006) and
hepatic portal occlusion (P=0.002) than patients with late
recurrence. Patients with late recurrence were likely to
have RO resection (P=0.013) and had a tendency to receive
postoperative chemotherapy (P=0.062), while they had a
tendency to not have bilobar liver distributions (P=0.08),
poor differentiation (P=0.08) or extrahepatic metastases
(P=0.054) in comparison with patients with early recurrence
(Table 1). Nevertheless, the validation of the early
recurrence value was conducted in the test cohort, and this
cut-off value exhibited the ability to remarkably distinguish
the RFS probability as well as the OS probability among
these CRC patients (Figure S1). To further validate this
cut-off value, we retrieved relevant clinical data from two
colorectal cancer Gene Expression Omnibus (GEO) cohorts
including GSE103479 and GSE106584. In both cohorts,
this cut-off value could also significantly differentiate the
RES probability as well as the OS probability among these
CRC patients (Figures S2,S3).

Factors associated with early recurrence

In the univariate analysis (Table 3), RO resection (P=0.014),
positive lymph node metastases (P=0.010), postoperative
complications (P=0.020), major resection (P=0.007), hepatic
portal occlusion (P=0.002), NLR >1.44 (P=0.005), PLR
>133.97 (P=0.041), BUN >3.55 pmol/L (P=0.039), creatine
>70.5 pmol/L (P=0.014), and TBS >4.09 (P<0.001) were
significantly correlated with early recurrence in the training
cohort. In addition, extrahepatic metastases (P=0.062), poor
differentiation (P=0.082) and postoperative chemotherapy
(P=0.063) exhibited tendencies towards early recurrence. A
multivariate logistic regression analysis was performed to
identify those factors that were independently associated
with early recurrence. The above predictors (P<0.10) were
included in the multivariate analysis, and positive lymph
node metastases [odds ratio (OR) =2.549, 95% CI: 1.366—
4.756, P=0.003); postoperative complications (OR =1.763,
95% CI: 1.021-3.046, P=0.042); NLR >1.44 (OR =2.192,
95% CI: 1.254-3.830, P=0.006); BUN >3.55 pmol/L (OR
=2.593, 95% CI: 1.189-5.652, P=0.017); and TBS >4.09
(OR =2.545,95% CI: 1.473-4.398, P=0.001) were identified
as independently correlated with early recurrence (Table 3).

© Journal of Gastrointestinal Oncology. All rights reserved.
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Construction and validation of the nomogram for early
recurrence

All five independent risk factors for early recurrence that
were identified by the multivariate regression analysis were
included to establish the predictive nomogram. The specific
scores of the independent factors were as follows: positive
lymph node metastases, 99; postoperative complications,
60; NLR >1.44, 82; BUN >3.55 pmol/L, 100 and TBS
>4.09, 99. For each patient, the total risk scores were
calculated based on the nomogram, and the total number
of points ranged from 0 to 440 (Figure 2). According to
the ROC curve, the cut-off value of risk scores for early
recurrence was set at 289.5 with a sensitivity of 0.618 and
specificity of 0.707 in the training cohort. In the validation
cohort, the sensitivity of the nomogram was 0.735, and the
specificity was 0.682. The nomogram for predicting early
recurrence had an AUROC of 0.720 (95% CI: 0.660-0.781)
(Figure 34), indicated acceptable model calibration
(P=0.7612) (Figure 3B) and showed good clinical
applicability (Figure 3C) in the training cohort. And
in the test cohort, the nomogram for predicting early
recurrence had an AUROC of 0.740 (95% CI: 0.625-0.854)
(Figure 4A), exhibited acceptable consistency between the
predicted and observed survival probability (P=0.8671)
(Figure 4B) and could generate net benefits (Figure 4C).

Discussion

In this study, we first verified the prognostic role of early
recurrence in CRLM patients who received simultaneous
resections of the primary lesion and liver metastases. A
nomogram was constructed and externally validated for
predicting early recurrence in these patients. The main
findings were as follows: (I) early recurrence in CRLM
patients who received simultaneous resections of the primary
lesion and liver metastases was 13 months; (II) positive lymph
node metastases, preoperative TBS >4.09, preoperative NLR
>1.44, preoperative BUN >3.55 pmol/L and postoperative
complications were independently associated with early
recurrence; and (III) the predictive nomogram for early
recurrence demonstrated high specificity and accuracy in
the training cohort and achieved good verification results in
the test cohort.

Early recurrence usually exerts a significant negative
impact on postoperative survival for cancer patients,
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Table 3 Univariable and multivariable logistic regression for associations between risk factors and early recurrence (<13 m) of CRLM after

simultaneous resection

Univariate analysis

Multivariate analysis

Factor
P OR (95% Cl) P OR (95% CI)

Demographics and clinicopathological features

Age =60 years 0.987 1.004 (0.607-1.662 - -

Male 0.177 1.426 (0.852-2.385) - -

BMI =24 kg/m® 0.216 1.377 (0.830-2.286) - -

Comorbidity 0.329 1.292 (0.773-2.159) - -

ASA score 3-4 0.592 0.814 (0.384-1.725) - -

CEA >200 ng/mL 0.696 0.807 (0.275-2.364) - -

Primary site in colon 0.598 0.872 (0.525-1.449) - -

Right hemicolon 0.426 1.304 (0.679-2.505) - -

T3-T4 stage 0.625 1.280 (0.475-3.448) - -

Positive lymph node metastasis 0.010 2.139 (1.200-3.813) 0.003 2.549 (1.366-4.756)

Bilobar liver distribution 0.081 1.582 (0.945-2.649) - -

Extrahepatic metastases 0.062 2.529 (0.955-6.703) - -

Poor differentiation 0.082 1.659 (0.939-2.931) - -
Preoperative laboratory indicators

TBS >4.09 <0.001 2.760 (1.639-4.648) 0.001 2.545 (1.473-4.398)

NLR >1.44 0.005 2.104 (1.247-3.551) 0.006 2.192 (1.254-3.830)

PLR >133.97 0.041 1.794 (1.025-3.139) - -

BUN =3.55 pmol/L 0.039 2.157 (1.041-4.471) 0.017 2.593 (1.189-5.652)

Creatine =70.5 pmol/L 0.014 1.962 (1.144-3.365) - -
Treatment details

RO resection 0.014 0.014 (0.247-0.854) - -

Major liver resection 0.007 2.023 (1.215-3.370) - -

Pretreatment chemotherapy 0.990 0.997 (0.602-1.651) - -

Postoperative chemotherapy 0.063 0.588 (0.336-1.030) - -

Hepatic portal occlusion 0.002 2.274 (1.351-3.827) - -

Operation time =345 min 0.351 1.270 (0.769-2.098) - -

Intraoperative blood loss =200 mL 0.483 1.221 (0.699-2.132) - -

Blood transfusion 0.192 0.690 (0.395-1.205) - -

Postoperative complications 0.020 1.830 (1.098-3.050) 0.042 1.763 (1.021-3.046)

CRLM, colorectal liver metastases; OR, odds ratio; Cl, confidence interval; BMI, body mass index; ASA, American Society of
Anesthesiology; CEA, carcinoembryonic antigen; TBS, tumour burden scores; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-
lymphocyte ratio; BUN, blood urea nitrogen.
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(B) The calibration curves for predicting early recurrence presence. (C) The DCA analysis. AUROC, area under the receiver operating

characteristic curve; ROC, receiver operating characteristic; DCA, decision curve analysis.

including CRLM patients who receive hepatectomy alone
or hepatectomy followed by NAC (15,16,24). In our study,
we statistically calculated the optimal cut-off value for
early recurrence and verified that early recurrence was
associated with unfavourable survival outcomes in CRLM
patients who received simultaneous resections. For improve
postoperative surveillance, it is very important to perform
risk stratification of patients and recognize those who are
more likely to experience early recurrence. In addition,

© Journal of Gastrointestinal Oncology. All rights reserved.

it was reported that the same or different therapies with
curative intent after initial treatment for CRLM patients
who suffered from early recurrence, such as repeated local
treatments (25), might improve survival outcomes, so the
early recognition of these patients would help to guide
personalized medical management. Also, the proportion of
early recurrence among CRLM patients with recurrence
in the current study was consistent with previous studies
(26-28). TBS is a prognostic index that combines the
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impacts of tumour size and number, and many previous
studies have explored its utility in discriminating the survival
of CRLM patients. A recent study (20) combined DNA
ploidy and TBS to stratify patients into different recurrence
risk groups. TBS showed high discriminatory value in
predicting conversion outcomes in patients with initially
unresectable CRLM (21). Nevertheless, determining
the relationship between TBS and early recurrence in
CRLM patients is elusive. In our study, a higher TBS
was first verified as being independently associated with
early recurrence, and accumulated evidence that TBS
was a reliable tool to comprehensively represent tumour
morphology and could accurately predict the survival of
CRLM patients.

In this study, we identified the NLR and BUN levels
as independent risk factors for early recurrence in CRLM
patients who received simultaneous resections. Since these
factors could be routinely calculated from laboratory test
results before surgery, it was convenient and easy to repeat
these measurements to perform risk stratification of patients
by considering these indices. A dysfunctional inflammatory
response, such as a chronic inflammatory status, plays an
essential role in the initiation, development, and progression
of cancer cells (29); thus, inflammation-based prognostic
indices, such as NLR and PLR, have been developed and
explored for their predictive value in many cancers (30,31).
Among them, NLR was presumed to be more frequently
used to predict prognoses than other indices, and elevated
NLR was reported to be associated with poor prognoses in
CRLM patients (30). However, the role of NLR in the early

recurrence of CRLM remains unknown. In our research, an

© Journal of Gastrointestinal Oncology. All rights reserved.

elevated NLR was proven to be independently associated
with early recurrence. Elevated NLR means relative
lymphocytopenia in patients, and depletion of lymphocytes
usually indicates a deficiency of potent cytotoxins, such
as perforin (31), which play an important role in anti-
tumour immunity, thus promoting the protection of cancer
cells from immune surveillance and attack. In addition,
the relatively increased amounts of neutrophil cells could
upregulate the vascular endothelial growth factor and aid
the development and progression of cancer (31). BUN and
creatinine are generally considered to be biomarkers of
catabolism, and both have been reported to be correlated
with poor diagnoses in many cancers (32-34); however,
evidence in CRLM patients is lacking. A previous study (17)
demonstrated that higher creatine levels were associated
with early recurrence in CRLM patients. However, in
our study, BUN rather than creatine was recognized as an
independent predictive factor for early recurrence, which
could be ascribed to the discrepancies in the different
treatments used for patients between the two studies. The
CRLM patients in Chen’s research all received NAC, while
only a portion of patients in our study did, and the surgical
procedures performed for patients in the two studies were
different. Cancer cachexia is a devastating syndrome that
might be responsible for 20% of cancer-related deaths
and is likely to be orchestrated by inflammation-related
hypoanabolism or hypercatabolism (35). Therefore, it was
reasonable to postulate that elevated BUN levels indicated
potential cancer-related cachexia, thus leading to poor
survival in CRLM patients. In addition, BUN is an easy-
to-obtain, frequently retested, fast and simple laboratory
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index, and using BUN levels to predict the conditions and
prognoses of CRLM patients could yield significant clinical
value.

Besides, in the current study, the TBS score for
individuals was calculated during preoperative evaluation,
and NLR level, BUN level was collected by venous
punctures within 1 to 3 weeks before the surgery.
Therefore, during the period before operation in our study,
the indexes were less likely to variate a lot. Together with
the abovementioned studies in which TBS score, NLR
level or BUN level was widely considered as independent
risk factors for cancer patients, we could conclude that the
stability of these indexes was guaranteed.

As simultaneous resections have been performed more
frequently, the increased incidence rate of postoperative
complications (36,37) compared with traditional staged
resection has raised concern among clinicians. In the
current study, the presence of postoperative complications
was independently associated with early recurrence.
To decrease the risk of postoperative complications,
perioperative care should be improved. A recent study (38)
reported that multimodal prehabilitation in the preoperative
period could decrease the incidence of postoperative
complications by improving the functional capacity of
CRC patients. Regular postoperative intensive care
units (39) were reported to be cost-effective in reducing
the risk of postoperative complications in elderly CRC
patients. A nomogram is a convenient tool for guiding the
management of patients, and many studies have constructed
models to predict recurrence and survival in CRLM patients
(40,41), but these studies neglected CRLM patients who
received simultaneous resections of the primary tumour
and liver metastases. As simultaneous resections were
performed more frequently, we filled the gap in this field
and added more evidence for the personalized management
of CRLM patients. CRLM patients with higher nomogram
scores should receive more frequent monitoring and better
perioperative care than those with low scores, which would
achieve a more efficient distribution of medical resources.

There are several limitations in our study. First, the
retrospective nature and relatively small number of
patients in our design limited our efforts, and further
prospective, large-scale research needs to be conducted
to verify our findings. Second, although we collected as
many preoperative laboratory indicators as we could,
there was still the risk of ignoring some factors related to
early recurrence, so in future studies, we would include
more clinical indicators to more accurately predict early

© Journal of Gastrointestinal Oncology. All rights reserved.
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recurrence. Third, information on gene signatures, such
as KRAS mutations, was lacking due to the retrospective
design, and we also included this information in our further
prospective cohort.

Conclusions

To the best of our knowledge, this is the first study to
explore the relationship between early recurrence and
CRLM patients who received simultaneous resections of
the primary tumour and liver metastases. We statistically
determined the optimal cut-off value for early recurrence
and constructed and externally validated a predictive
nomogram for early recurrence in these patients. The
models exhibited high specificity and accuracy in the
training set and achieved good verification results in the
test set. Preoperative NLR levels, preoperative BUN levels
and TBS scores were first proven to be useful in prognosis
predictions for CRLM patients who received simultaneous
resections. Our findings will be helpful for accurate risk
stratification and improving the management of CRLM
patients.
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Figure S1 Survival analysis of early recurrence (<13 m) vs. late recurrence (>13m) in the test sample. (A) RFS analysis. (B) OS analysis. m,

months; RES, recurrence-free survival; OS, overall survival.
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Figure S2 Survival analysis of early recurrence (<13 m) vs. late recurrence (213 m) in GSE103479 cohort. (A) RFS analysis. (B) OS analysis. m,

months; RFS, recurrence-free survival; OS, overall survival.
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Figure S3 Survival analysis of early recurrence (<13 m) vs. late recurrence (>13 m) in GSE106584 cohort. (A) RFS analysis. (B) OS analysis. m,

months; RFS, recurrence-free survival; OS, overall survival.
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