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Background: It is necessary to identify valuable predictors of primary lymph node metastasis and prognosis
for patients with synchronous colorectal cancer liver metastases (CRLM) with simultaneous resection of
colorectal cancer (CRC) and liver metastases. This study constructed nomograms especially incorporating
preoperative testing markers to predict primary lymph node metastases and prognosis in CRLM patients.
Methods: By the highest Youden index (sensitivity + 1-specificity), the optimal cut-off values of testing
markers for postoperative major complications and lymph node metastasis were identified. Multivariate
regression analysis was used to reveal independent predictors for primary lymph node metastasis,
postoperative major complications and progression-free survival (PFS). Nomograms based on independent
predictors were constructed, and the discrimination and calibration were evaluated.

Results: A nomogram predicting primary lymph node metastasis was based on four risky independent
predictors: American Society of Anesthesiologists (ASA) score 3—4, preoperative albumin (ALB) <41.15 g/L,
poor differentiation and multiple liver metastases. The performance of the model was acceptable in
predicting lymph node metastasis, with an area under the receiver operating characteristic curve (AUROC)
of 0.655 (95% CI: 0.591-0.739). Calibration curves and the Hosmer-Lemeshow test revealed desirable model
calibration (chi-square: 13.26, P=0.815). In the multivariate analysis, preoperative lactate dehydrogenase
(LDH) >202.5 U/L [odds ratio (OR) =2.084, 95% confidence interval (CI): 1.039-4.181, P=0.039] and
operation time >350.5 min (OR =2.848, 95% CI: 1.418-5.723, P=0.003) were independently associated with
the presence of postoperative major complications. A nomogram predicting PFS was constructed based on
poor differentiation, positive lymph node metastasis, bilobar liver distribution and RO resection with good
discrimination (C-index: 0.656+0.021) and calibration.

Conclusions: This study established predictive nomograms specifically incorporating preoperative ALB and
LDH levels for the prediction of primary lymph node metastasis and prognosis in synchronous CRLM patients with

simultaneous resection, which have favourable discrimination and calibration to make individualized predictions.
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Introduction

Colorectal cancer (CRC) is the third most common
malignancy in the world (1). More than 50% of patients
with CRC presented with liver metastases (2). At CRC
diagnosis, synchronous liver metastases are already present
in approximately 15% of patients (3,4). Curative resection
plays an important role in the treatment of synchronous
colorectal cancer liver metastases (CRLM). For initially
resectable CRLM, the timing of colorectal and liver
surgery remains controversial (5,6). Compared with stage
resection, simultaneous resection of CRC and metastases
has the advantages of requiring a single operation, lower
cost, similar postoperative complication rates and even
more favourable overall survival (OS) (5,6). Simultaneous
resection has been advocated by increasing numbers of
clinicians.

The prognosis of patients with CRLM with simultaneous
resection of CRC and liver metastases is still not satisfactory.
Overall, 75% (7) of patients still experience recurrence after
surgery; the 5-year progression-free survival (PFS) and
OS rates are only 21.2% and 46.4%, respectively (8). The
incidence rates of postoperative complications and major
complications are approximately 47% and 12% (9). Positive
primary lymph node metastasis is a risky independent
predictor for survival in CRLM patients, which leads to
more unfavourable survival (10,11). It is urgent to identify
predictive factors of primary lymph node metastasis and
prognosis for patients with synchronous CRLM with
simultaneous resection of CRC and liver metastases. A
nomogram, a model for predicting the risk and prognosis
probability and guiding the strategies of treatment and
follow-up plans, plays an increasingly important role in
clinical practice. Tang et al. (12) established nomogram for
predicting occurrence and OS of synchronous colorectal
liver metastasis and Yan ez /. (13) constructed nomogram
to predict lymph node metastasis and liver metastasis in
patients with early colon carcinoma. However, these studies
did not consider the effect of pre-operative testing markers.
Preoperative testing marker levels from preoperative blood
routines have been investigated to predict the prognosis of
many tumors (14-17). There is still no study investigating
the role of preoperative testing markers in the prediction of
primary lymph node metastasis, post-operative complications
and prognosis in patients with synchronous CRLM with
simultaneous resection of CRC and liver metastases. The
present study firstly filled blank and constructed nomograms
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incorporating preoperative testing markers to help the
clinicians identify high-risk patients and design individualized
treatment. We presented the following article in accordance
with the TRIPOD reporting checklist (available at http://
dx.doi.org/10.21037/apm-20-2303).

Methods
Patients

From January 2008 to December 2017, a total of 241 patients
with CRLM were enrolled who underwent hepatectomy with
simultaneous primary colorectal resection at Cancer Hospital,
Chinese Academy of Medical Sciences. The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013). Ethical approval was obtained from the
Institutional Review Board of the Cancer Hospital, Chinese
Academy of Medical Sciences (ID: NCC2019C-016).
Informed consents have been obtained. The inclusion criteria
were (I) histologically confirmed liver metastases of colorectal
adenocarcinoma and (II) patients underwent hepatic resection
with simultaneous primary colorectal resection. The
exclusion criteria were (I) loss to follow-up or incomplete
clinical data and (II) other malignancies. We used peripheral
venipuncture to collect blood samples within one week
before surgery for the evaluation of serum testing markers.
Specific markers included the following: preoperative serum
alanine aminotransferase (ALT) value (normal range, 9-
50 U/L), aspartate aminotransferase (AST) value (normal
range, 15-10 U/L), albumin (ALB) value (normal range, 40—
50 g/L), lactate dehydrogenase (LDH) level (normal range,
120-250 U/L), fibrinogen (FIB) value (2-4 g/L), urea level
(normal range, 3.1-8.0 mmol/L) and creatinine level (normal
range, 57-111 pmol/L).

Treatments

Neoadjuvant chemotherapy (NAC) was recommended for
CRLM patients with high risk factors for recurrence (18).
The NAC regimen included a combination of 5-fluorouracil/
capecitabine and oxaliplatin/irinotecan with or without
targeted therapy (bevacizumab and cetuximab). Patients, after
the completion of NAC treatment, usually underwent liver
resections within 4-6 weeks. Postoperative complications
were graded according to the Clavien system, and major
complications were defined as grade III or IV complications.
The highest grade was used for patients who experienced any
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multiple postoperative complications.

Follow-up and outcomes

Patients were followed up at regular intervals after surgery.
The first follow-up date was one month after surgery, with
subsequent follow-ups every 3 months for 2 years, every
6 months between 2-5 years, and every 1 year afterwards.
PFS was defined as the interval from the date of resection
to progression or the last follow-up.

Statistical analysis

"To analyse continuous and categorical variables, the Mann-
Whitney U test and the chi-square or Fisher’s exact test
were adopted, respectively. The PFS were measured by the
Kaplan-Meier method and compared with the log-rank test.
Youden index is optimized over the entire range of values for
sensitivity and specificity, which determine the ROC space.
The optimal cut-off values were identified using the highest
Youden index (sensitivity + 1-specificity) (19). On the basis
of the highest Youden index, the optimal cut-off values of
perioperative markers for postoperative major complications
and positive lymph node metastasis were determined. To
identify the optimal segmentation threshold for survival curve
risk stratification, an X-tile analysis was carried out. The
multivariate models retained all predictors with P<0.10 in the
univariate analysis. Through the logistic regression analysis
model, multivariable analysis of the relationships between
patient characteristics and postoperative major complications
and positive lymph node metastasis was performed. Through
the Cox regression model, multivariable analysis of survival
was performed. Forward: likelihood ratio was implemented
in multivariate analysis. P<0.05 was considered statistically
significant. The construction of the nomogram employed
statistically meaningful independent predictors. To explore
the model discrimination, the C-index and area under the
receiver operating characteristic curve (AUROC) were used.
"To evaluate the model calibration, the calibration plots and the
Hosmer-Lemeshow chi-square test were performed. Statistical
analyses were performed using SPSS version 22 software
(Armonk NY, USA) and R software (http://www.r-project.org).

Results
Clinicopathological characteristics

A total of 241 patients were enrolled in our study, including
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87 females and 154 males with a mean age of 57.48+
9.55 years. Among them, 135 patients (56.0%) received
NAC treatment. Primary lymph node metastasis of the
primary tumour was observed in 177 patients (73.4%). Poor
differentiation of tumours was discovered in 59 patients
(24.5%). Bilobar distribution of liver metastases and
extrahepatic metastases were found in 96 patients (39.8%)
and 23 patients (9.5%), respectively. The median diameter of
the largest liver metastasis was 2.5 [interquartile range (IQR),
1.5-4.0] cm, and the median number of liver metastases was
2 dQR, 1-4). The median operation time was 340.0 (IQR,
272.5-420.0) min, and the median intraoperative blood loss
was 200 (IQR, 100-400) mL. The preoperative median
carcinoembryonic antigen (CEA) value was 8.88 (IQR,
3.92-32.42) ng/mL. The preoperative median AL'T and AST
values were 18.0 IQR, 12.0-24.0) U/L and 21.0 (IQR, 16.0-
26.0) U/L, respectively. The preoperative median ALB value
was 41.7 (IQR, 38.75-44.3) g/L. The preoperative median
FIB value was 3.20 (IQR, 2.69-3.78) g/L. The preoperative
median LDH level was 179.0 (IQR, 152.5-207.0) U/L.
The preoperative median urea level was 4.6 IQR, 3.9-5.6).
The preoperative median creatinine level was 67 (IQR, 58—
78) pmol/L. The demographic and clinical characteristics of
the patients are listed in 7able 1.

Predictors for lymph node metastasis

In this study, patients with positive lymph node metastasis
accounted for 73.4%. In the univariate analysis, preoperative
ALB >41.15 g/L (P=0.021), poor differentiation (P=0.027),
multiple liver metastases (P=0.007) and bilobar liver
distribution (P=0.027) were notably associated with lymph
node metastasis. In addition, BMI >24 kg/m’ (P=0.053)
and American Society of Anesthesiologists (ASA) score
3-4 (P=0.083) showed tendencies towards lymph node
metastasis. All the above-mentioned predictors (P<0.1)
were incorporated in the multivariate analysis, and ASA
score 3—4 [odds ratio (OR) =3.214, 95% confidence
interval (CI): 1.251-8.257, P=0.015], preoperative ALB
>41.15 g/L (OR =0.406, 95% CI: 0.214-0.772, P=0.006),
poor differentiation (OR =3.252, 95% CI: 1.432-7.382,
P=0.005) and multiple liver metastases (OR =2.521, 95%
CI: 1.367-4.651, P=0.003) were independently associated
with the presence of lymph node metastasis (Table 2). A
nomogram with four independent predictors from the
multivariate analysis was developed (Figure I). These factors
were assigned specific scores as follows: ASA score 3-4,
99; preoperative ALB <41.15 g/L, 76; poor differentiation,
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Table 1 Characteristics of CRLM patients after liver resection

Characteristics

Total (n=241)

Age, mean (SD)

Male, n (%)

BMI =24 kg/m®, n (%)

Comorbidity, n (%)

ASA score 3-4, n (%)

Preoperative CEA, median [IQR]
Preoperative ALT, median [IQR]
Preoperative AST, median [IQR]
Preoperative ALB, median [IQR]
Preoperative FIB, median [IQR]
Preoperative LDH, median [IQR]
Preoperative Urea, media [IQR]
Preoperative creatinine, media [IQR]
Primary site in colon, n (%)

Right hemicolon, n (%)

Diameter of metastases, media [IQR]
Number of metastases, media [IQR]
Bilobar liver distribution, n (%)
Extrahepatic metastases, n (%)

RO resection, n (%)

Poor differentiation, n (%)

T3-T4 stage, n (%)

Positive lymph node metastasis, n (%)
KRAS mutation®, n (%)
Concomitant RFA, n (%)

Operation time (min), media [IQR]
Blood loss (mL), median [IQR]
Neoadjuvant chemotherapy, n (%)
Postoperative chemotherapy, n (%)

Postoperative complications, n (%)

Postoperative major complications, n (%)

57.48 (9.55)
154 (63.9)
118 (49.0)
109 (45.2)
118 (49.0)

8.88 [3.92-32.42]
18.0 [12.0-24.0]

21.0 [16-26.0]

41.7 [38.75-44.3]
3.20 [2.69-3.78]
179.0 [152.5-207.0]

4.6 [3.9-5.6]
67 [58-78]
143 (59.3)
47 (19.5)
2.5 [1.5-4]
2 [1-4]
96 (39.8)
23 (9.5)
160 (66.4)
59 (24.5)
225 (93.4)
177 (73.4)
47 (38.2)
31 (12.9)

340.0 [272.5-420.0]

200 [100-400]
135 (56.0)
130 (53.9)
109 (45.2)

45 (18.7)

% KRAS status was available in 123 patients. CRLM,
colorectal cancer liver metastases; ASA, American Society of
Anesthesiologists; CEA, carcinoembryonic antigen; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; ALB,

albumin; FIB, fibrinogen; LDH, lactate dehydrogenase.
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100; and multiple liver metastases, 78. The performance
of the model was convincing in predicting lymph node
metastasis, with an AUROC of 0.655 (95% CI: 0.591-
0.739). Calibration curves and the Hosmer-Lemeshow test
also revealed desirable model calibration (chi-square: 13.26,

P=0.815) (Figure 2).

Predictors for postoperative major complications

In all cases, the proportion of patients who underwent
postoperative complications was 45.2%, including 45 major
complications and 64 minor complications. In the univariate
analysis (7able 2), preoperative LDH >202.5 U/L (P=0.007),
concomitant radiofrequency ablation (RFA) (P=0.042),
operation time >350.5 min (P=0.001) and intraoperative
blood loss >450 mL (P=0.040) were markedly correlated
with postoperative major complications. Whereafter, the
above predictors with statistical significance (P<0.05) were
included in the multivariate analysis, and preoperative LDH
>202.5 U/L (OR =2.084, 95% CI: 1.039-4.181, P=0.039)
and operation time >350.5 min (OR =2.848, 95% CI:
1.418-5.723, P=0.003) were independently related to the

existence of postoperative major complications (Zable 3).

Prognostic factors for PFS

Of all patients, 77.18% experienced tumour progression.
The median PFS was 10.0 (IQR, 8.7-11.3) months, and
the 1- and 3-year PFS rates were 42.7% and 21.1%,
respectively. In the univariable analysis, poor differentiation,
positive lymph node metastasis, multiple liver metastases,
bilobar liver distribution, extrahepatic metastases,
concomitant RFA, non-R0 resection and operation time
>350.5 min were relevant to decreased PFS (P<0.05). Four
independent prognostic factors for PFS were identified
in the multivariable analysis: poor differentiation [hazard
ratio (HR) =1.427, 95% CI: 1.027-1.982, P=0.034], positive
lymph node metastasis (HR =1.624, 95% CI: 1.125-2.344,
P=0.010), bilobar liver distribution (HR =1.478, 95%
CI: 1.086-2.012, P=0.013) and RO resection (HR =0.706,
95% CI: 0.515-0.967, P=0.030) (71able 4). Furthermore,
we also constructed a prognostic nomogram for PFS with
point scales via the above four independent prognostic
factors (Figure 3). These factors were allocated specific
scores as follows: poor differentiation, 74; positive lymph
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Table 2 Prognostic factors for major complications in CRLM patients after liver resection

Univariate analysis Multivariate analysis

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

Age =60 years 0.347 1.365 (0.713-2.613) - -
Male 0.266 1.493 (0.737-3.026) - -
BMI =24 kg/m® 0.991 0.996 (0.521-1.905) - -
Comorbidity 0.830 1.074 (0.561-2.057) - -
ASA score 3—4 0.187 0.368 (0.083-1.625) - -
CEA =10 ng/mL 0.242 0.672 (0.346-1.307) - -
Preoperative ALT >18 U/L 0.614 0.846 (0.442-1.618) - -
Preoperative AST =21 U/L 0.317 1.397 (0.726-2.687) - -
Preoperative ALB =41.15 g/L 0.830 0.931 (0.486-1.783) - -
Preoperative FIB =3.2 g/L 0.614 0.846 (0.442-1.618) - -
Preoperative LDH >202.5 U/L 0.007 2.536 (1.294-4.972) 0.039 2.084 (1.039-4.181)
Preoperative urea >4.6 0.404 0.758 (0.396-1.452) - -
Z;"E;r;t/ize creatinine 0.670 1.152 (0.601-2.210) - -
NAC 0.056 1.959 (0.982-3.908) - -
Right hemicolon 0.746 0.870 (0.375-2.018) - -
Poor differentiation 0.995 0.998 (0.469-2.120) - -
T3-T4 stage 0.504 0.668 (0.205-2.178) - -
Positive lymph node metastasis 0.695 0.866 (0.422-1.777) - -
S:iaa(r;nr:ter of liver metastases 0.149 1,616 (0.843-3.098) _ _
Multiple liver metastases 0.296 1.439 (0.728-2.844) - -
Bilobar liver distribution 0.171 1.577 (0.822-3.027) - -
Extrahepatic metastases 0.692 1.236 (0.433-3.527) - -
Concomitant RFA 0.042 2.381 (1.032-5.493) - -
Operation time =350.5 min 0.001 3.227 (1.629-6.391) 0.003 2.848 (1.418-5.723)
Blood loss =450 mL 0.040 2.086 (1.035-4.203) - -

CRLM, colorectal cancer liver metastases; ASA, American Society of Anesthesiologists; CEA, carcinoembryonic antigen; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; ALB, albumin; FIB, fibrinogen; LDH, lactate dehydrogenase; NAC, neoadjuvant
chemotherapy; RFA, radiofrequency ablation.

node metastasis, 100; bilobar liver distribution, 80; and RO predictions by the nomogram and the actual observations.
resection, 72. The prediction ability of this model for PFS
was satisfactory, and the C-statistic was 0.656+0.021. A
calibration plot for the probability of PES at 1, 3 and 5 years
(Figure 4) demonstrated good calibration between the This study established nomograms specifically considering

Discussion
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preoperative testing markers to predict primary lymph
node metastasis and prognosis in patients with synchronous
CRLM with simultaneous resection of CRC and liver
metastases. Each independent factor has a different risky
weight in the nomogram to quantify and specify when
clinical strategies are determined for individual management
and therapy.

Positive primary lymph node metastasis is a risky

© Annals of Palliative Medicine. All rights reserved.

independent predictor for survival in CRLM patients.
Compared with patients with CRLM without primary
lymph node metastasis, patients with CRLM with lymph
node metastasis have more unfavourable survival (10,11,20).
Nanji et a/. (20) demonstrated that OS at 5 years for
positive vs. negative nodes was 21% vs. 42% (P=0.003), and
cancer-specific survival was 10% vs. 43% (P<0.001). It is
very important to predict primary lymph node metastasis
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Table 3 Prognostic factors for positive lymph node metastasis in CRLM patients

Univariate analysis

Multivariate analysis

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

Age =60 years 0.120 0.634 (0.357-1.126) - -

Male 0.380 1.301 (0.723-2.341) - -

BMI =24 kg/m® 0.053 0.564 (0.316-1.008) - -
Comorbidity 0.371 0.770 (0.434-1.366) - -

ASA score 3—4 0.083 2.156 (0.905-5.136) 0.015 3.214 (1.251-8.257)
CEA =10 ng/mL 0.817 0.937 (0.527-1.658) - -
Preoperative ALT >18 U/L 0.459 0.805 (0.453-1.430) - -
Preoperative AST =21 U/L 0.121 0.632 (0.354-1.128) - -
Preoperative ALB >41.15g/L 0.021 0.494 (0.271-0.899) 0.006 0.406 (0.214-0.772)
Preoperative FIB =3.2 g/L 0.194 1.463 (0.824-2.599) - -
Preoperative LDH >202.5 U/L 0.946 0.978 (0.518-1.849) - -
Preoperative urea >4.6 0.459 0.805 (0.453-1.430) - -
Preoperative creatinine =67 pymol/L 0.710 0.897 (0.505-1.592) - -

NAC 0.965 0.987 (0.555-1.756) - -

Primary site in colon 0.994 0.998 (0.558-1.786) - -

Right hemicolon 0.577 0.818 (0.405-1.653) - -

Poor differentiation 0.027 2.406 (1.106-5.233) 0.005 3.252 (1.432-7.382)
T3-T4 stage 0.115 2.292 (0.816-6.437) - -
Diameter of liver metastases =3 cm 0.869 1.050 (0.587-1.878) - -

Multiple liver metastases 0.007 2.239 (1.252-4.002) 0.003 2.521 (1.367-4.651)
Bilobar liver distribution 0.027 2.013 (1.083-3.745) - -
Extrahepatic metastases 0.135 2.590 (0.743-9.032) - -

CRLM, colorectal cancer liver metastases; ASA, American Society of Anesthesiologists; CEA, carcinoembryonic antigen; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; ALB, albumin; FIB, fibrinogen; LDH, lactate dehydrogenase; NAC, neoadjuvant

chemotherapy.

status and to schedule the appropriate individual treatment
strategies before resection. This study first investigated the
independent predictors of primary lymph node metastasis
and then constructed the predictive nomogram. The
predictors, ASA score 3-4, preoperative ALB <41.15 g/L,
poor differentiation and multiple liver metastases were
independently associated with positive primary lymph
node metastasis. Poor differentiation and multiple liver
metastases represented aggressive biological behaviour and
high tumour load, respectively (21). Thus, the relationship
between two factors and primary lymph node metastasis can
be predicted. It is very interesting that this study revealed

© Annals of Palliative Medicine. All rights reserved.

that preoperative decreased ALB level was an independently
risky factor for primary lymph node metastasis. Wang
et al. (22) revealed that Early decrease in postoperative
serum ALB predicts severe complications in patients with
CRC after curative laparoscopic surgery. The mechanisms
of the association between ALB level and primary lymph
node metastasis may be as follows: inflammatory cytokines,
such as interleukin (IL)-1b, multifunctional cytokine IL-6
and tumour necrosis factor a, are released and induce a
significant decrease in the level of ALB. These inflammatory
cytokines contribute to the growth of cancer cells,
micrometastases, promotion of angiogenesis and damage
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Univariate analysis

Multivariate analysis

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

Age >60 years 0.974 0.995 (0.744-1.332) - -

Male 0.690 1.064 (0.786-1.439) - -

BMI =24 kg/m® 0.638 0.933 (0.699-1.245) - -
Comorbidity 0.300 0.857 (0.641-1.147) - -

ASA score 3-4 0.896 0.968 (0.595-1.575) - -

CEA =10 ng/mL 0.255 1.182 (0.886-1.578) - -
Preoperative ALT =18 U/L 0.739 0.952 (0.714-1.270) - -
Preoperative AST =21 U/L 0.710 1.056 (0.792-1.409) - -
Preoperative ALB >41.15 g/L 0.566 1.089 (0.815-1.455) - -
Preoperative LDH >202.5 U/L 0.499 1.117 (0.811-1.539) - -
Preoperative urea >4.6 0.506 0.907 (0.679-1.210) - -
Preoperative FIB =3.2 g/L 0.846 1.029 (0.771-1.373) - -
Preoperative creatinine =67 pmol/L 0.478 1.110 (0.832-1.481) - -

NAC 0.053 1.336 (0.996-1.793) - -
Postoperative chemotherapy 0.511 0.907 (0.679-1.212) - -
Postoperative complications 0.111 1.265 (0.948-1.689) - -

Primary site in colon 0.658 0.936 (0.698-1.255) - -

Right hemicolon 0.983 1.004 (0.695-1.451) - -

Poor differentiation 0.006 1.580 (1.143-2.186) 0.034 1.427 (1.027-1.982)
T3-T4 stage 0.056 1.921 (0.982-3.755) - -

Positive lymph node metastasis 0.000 1.894 (1.324-2.710) 0.010 1.624 (1.125-2.344)
Diameter of liver metastases >3 cm 0.072 1.306 (0.976-1.746) - -

Multiple liver metastases 0.001 1.714 (1.265-2.321) - -

Bilobar liver distribution 0.000 1.760 (1.315-2.356) 0.013 1.478 (1.086-2.012)
Extrahepatic metastases 0.019 1.707 (1.092-2.668) - -
Concomitant RFA 0.022 1.612 (1.070-2.428) - -

RO resection 0.001 0.594 (0.441-0.801) 0.030 0.706 (0.515-0.967)
Operation time >350.5 min 0.002 1.591 (1.192-2.125) - -

Blood loss =450 mL 0.074 1.348 (0.972-1.871) - -

PFS, progression-free survival; CRLM, colorectal cancer liver metastases; ASA, American Society of Anesthesiologists; CEA,
carcinoembryonic antigen; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALB, albumin; LDH, lactate dehydrogenase;

FIB, fibrinogen; NAC, neoadjuvant chemotherapy; RFA, radiofrequency ablation.
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Figure 3 Nomogram for PFS. The sum of the scores for each variable was plotted on the total points axis. PFS, progression-free survival.
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to DNA (23-25). In addition, inflammatory cytokines have
been reported to be associated with decreased cell-mediated
immunity (26). The decreased ALB level was a symbol of
the release of a large number of inflammatory factors. For
patients with malignancy, the development of inflammatory
response is closely associated with decreased ALB and total
lymphocyte count (27,28). Serum ALB is reported to act
various roles, including cell growth stabilization, DNA
replication, sex hormone homeostasis maintaining, and
systemic inflammation modulation (22). A decreased level
of ALB may reduce anticancer tolerance and cause tumour

© Annals of Palliative Medicine. All rights reserved.

progression (29). The correlation between primary lymph
node metastasis and decreased ALB level is reasonable.
This is the first study to investigate the independent
predictors for postoperative major complications in
patients with synchronous CRLM with simultaneous
resection of CRC and liver metastases. Operation time
>350.5 min and preoperative LDH >202.5 U/L were
independently associated with the presence of postoperative
major complications. The extended operation time was
associated with more intraoperative blood loss and more
difficult operational practice (30). In addition, the extended
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operation time suggested that patients would remain
under anaesthesia status for a long time and that this long
anaesthesia status could weaken their physical condition
and immune function (31). Therefore, the relationship
between the major complications and extended operation
time can be foreseen. This study was the first to reveal
that a preoperative high LDH level was an independently
risky factor for major complications. LDH is a cytoplasmic
enzyme that catalyses the final step of anaerobic glycolysis
and is released in the bloodstream when cell damage and
cell death occur (32,33). LDH serum levels are increased
in many diseases, such as haemolytic anaemia, myocardial
infarction, pulmonary embolism and rhabdomyolysis (34).
In addition, it has been revealed that LDH promotes
tumour growth, proliferation and the metastatic potential
of neoplastic cells (32). Some studies have demonstrated
that for CRC patients, serum levels of LDH were increased
in cases of T4, N2 and M1 tumours and were related to
poorer survival (35,36). Therefore, the association between
preoperative increased LDH level and postoperative major
complications was reasonable. Because there were only
two predictive factors of major complications, a nomogram
based on these two factors has not been established.

This study also established nomograms for the
prediction of PFS in patients with synchronous CRLM
with simultaneous resection of CRC and liver metastases.
Regarding the independent prognostic factors in the
nomograms, poor differentiation, positive lymph node
metastasis, bilobar liver distribution and RO resection were
consistent with the findings of previous studies. Many studies
pointed to a crucial correlation between clinical prognosis
and the factor of poor differentiation of CRLM (37),
and analogously from our study, we showed that poor
differentiation was associated with an unfavourable PFS.
The reason for the PFS reduction may be because poorly
differentiated or de-differentiated tumours are more likely
to invade neural and vascular structures and, hence, cross
histological boundaries. In addition, Hodgson ez 4/. (10) and
Nakaseko ez /. (11) similarly reported that patients with
lymph node metastasis were independently associated with
worse survival, which corresponded to our research results.
Lymph node metastasis is related to tumour heterogeneity:
the higher the level of lymph node metastasis, the higher
the tumour heterogeneity. Consequently, the outcome of
patients with CRLM can be determined by assessing the
optimal cut-off value for the number of positive lymph
nodes. Additionally, a study of CRLM following hepatic
resection suggested that bilobar liver distribution was a
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common independent and significant predictor of PFS and
OS (38). The bilobar liver distribution tends to have a heavy
tumour load and a wider range of surgical resection and,
therefore, can cause more serious damage to liver function.
Generally, the relationship between the above independent
prognostic factors and PFS was reasonable.

The present study has several limitations. First, this was
a retrospective study in a single centre; thus, multicentre
studies should be performed to provide stronger evidence.
Second, further studies should be conducted to explore
the underlying mechanisms between LDH, ALB and
cancer biology. Third, the examination of KRAS status was
expensive and is not currently covered by medical insurance
in China. Therefore, the KRAS status was only available in
51.04% patients and was not incorporated in the present
analysis.

In conclusion, this study investigated the independent
factors for lymph node metastasis, postoperative major
complications and PFS, specifically considering preoperative
testing markers in patients with synchronous CRLM with
simultaneous resection of CRC and liver metastases. Based
on these factors, nomograms were constructed and proved
to have good calibration and discrimination, which would
be helpful for clinicians to make individualized predictions
and to provide specific treatment recommendations.
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