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Colon cancer (CC) has one of the highest preva-
lence in the world, while remaining a preventable 
malignancy [1]. According to the Ukrainian Can-
cer Register, one in 20 people will be diagnosed 

with CC throughout life [2]. Approximately half 
of CC patients die from metastatic disease; ho
wever, there are reports on cancer-specific morta
lity decrease in screening groups [3]. Roughly 
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Simultaneous vs Staged Resections in Colon 
Cancer Patients with Synchronous Liver 
Metastases: Prognostic Impact of Lymph  
Node Ratio and Tumor Burden Score

Background. Synchronous metastatic liver disease (SLM) in colon cancer (CC) patients is an extremely unfavorable 
prognostic factor. The impact of lymph node ratio (LNR) and tumor burden score (TBS) on prognosis in this subset of 
patients remains incompletely understood. Aim. To assess the impact of LNR and TBS on survival in CC patients with 
synchronous LM who underwent staged or simultaneous surgery. Materials and Methods. A retrospective analysis of 
365 patients with CC and SLM who underwent either staged or simultaneous surgical resection at the National Cancer 
Institute (Kyiv, Ukraine) between 2010 and 2024 was conducted. The demographic, clinicopathological, and survival 
data were analyzed. LNR was defined as the proportion of metastatic lymph nodes to total harvested lymph nodes, with 
a cutoff of 0.25. TBS was calculated using the Sasaki formula and categorized into three risk groups. Results. A math-
ematical model identified TBS clusters (p < 0.04, HR = 1.8, 95% CI 1.1—2.3), the number of LM (p = 0.02, HR = 0.8, 95% 
CI 0.3—1.4), pN stage (p = 0.03, HR = 0.6, 95% CI 0.3—0.9), LNR (p = 0.005, HR = 3.1, 95% CI 2.2—4.2), and KRAS gene 
status (p = 0.01, HR = 1.1, 95% CI 1.1—1.3) as independent risk factors for overall survival. Conclusion. Lymph node 
ratio and tumor burden score allow us to argue the surgical strategy choice for CC patients with synchronous liver me-
tastases who are candidates for surgical resection. The staged surgical strategy provided better oncological outcomes in 
CC patients with both high LNR and TBS.
Keywords: colon cancer, synchronous liver metastases, lymph node ratio, tumor burden score, staged and simultaneous 
resections.
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20% of CC patients are diagnosed with synchro-
nous liver metastases (SLM). Among them, 70% 
survive beyond 1 year and less than 30% beyond 
5 years after initial diagnosis, and up to 50% de-
velop metachronous liver lesions and 33% dem-
onstrate peritoneal involvement [4]. 

Complete resection of the primary tumor and 
regional lymph nodes (LN) has a higher impact on 
survival improvements and is accepted as the lea
ding strategy in the treatment of CC [5]. At the 
same time, routine management of CC with SLM 
involves induction chemotherapy with two surgical 
strategies implementation options: simultaneous 
and two-stage resections [6]. Until recently, the tra-
ditional surgical approach to CC or CC with SLM 
encompassed a two-stage surgical strategy (the first 
stage was the removal of the primary colon tumor, 
the second one— resection of liver metastases or 
reverse) [7]. Over the last two decades, we have 
seen a series of publications on the successful rea
lization of simultaneous resections, including min-
imally invasive surgical access [8—11]. However, 
the randomized trials and meta-analysis did not fa-
vor one or another surgical strategy of treating CC 
with SLM, due to the absence of long-term out-
come differences [6, 12].

Nowadays, the shifted technical limits of liver sur-
gery have made it possible to offer surgical treatment 
to patients with a significant metastatic spread (tu-
mor burden) [13, 14]. However, we must question 
ourselves about the biological rationale for surgical 
treatment in CC patients with high tumor burden of 
SLM [15]. The resectability of the primary tumor 
and metastases must be assessed both from a techni-
cal point of view [16] and from the perspective of 

tumor biology [17]. However, what period or per-
centage of improvement in cancer prognosis should 
be considered the cut-off point? That is why we must 
justify our decisions at a multidisciplinary commis-
sion applying prognostic scales [18]. 

Various prognostic factors have been proposed 
to predict survival following the resection of CC 
with SLM [19]. Among them, lymph node ratio 
(LNR), which is defined as the proportion of meta-
static lymph nodes identified on pathological ex-
amination to the total number of harvested lymph 
nodes [20, 21]. However, a standardized reference 
value for LNR as a prognostic indicator for CC pa-
tients with SLM has not yet been established. As 
well, the tumor burden score (TBS) is another 
widely accepted prognostic model that converts the 
size and number of liver lesions into one variable 
by using the Pythagorean theorem and demon-
strates more precise prognostic power than tradi-
tional tumor morphologic categorization [19, 22].

The aim of this study was to assess the impact of 
LNR and TBS on survival in CC patients with syn-
chronous LM who underwent staged or simultane-
ous surgery.

Materials and Methods
1329 consecutive patients who underwent liver re-
sections for CC with SLM between January 2010 
and January 2024 were identified from the Nation-
al Cancer Institute (Kyiv, Ukraine) prospective da-
tabase. Of these, 365 patients with CC and SLM 
who underwent staged or simultaneous surgery 
were included in the retrospective analysis (Fig. 1). 
The demographic and clinicopathological data 
were collected, including age, gender, comorbidi-
ties, chemotherapy (CTx), primary tumor location, 
KRAS gene mutation status, surgery characteristics, 
the number of lesions, and the maximum diameter 
of the largest lesion (Table 1). 

Inclusion criteria: patients with CC and SLM, 
and morphologically confirmed adenocarcinoma 
who completed simultaneous or staged surgery. 

Exclusion criteria: primary rectal cancer, absence 
of liver metastases, less than 12 harvested lymph 
nodes in the surgical sample, disease progression 
under the induction or neoadjuvant CTx, R2 surgi-
cal margin resection status of LM or primary tu-
mor, radiofrequency ablation of LM, unresectable 
intra/extra-abdominal metastases, and patients 
with missing data on treatment outcomes. 

Fig. 1. Schematic representation of the study design.
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The LNR was defined as a proportion of the num-
ber of positive lymph nodes to the total harvested 
lymph nodes. We used a cutoff of ≤ 0.25 to define 
patients with a low LNR (l-LNR), and > 0.25 — with 
a high LNR (h-LNR), as previously reported [23]. 
The TBS was calculated according to the K. Sasaki 
et al. formula, which takes into account the maxi-
mum diameter of liver metastases and the number 
of LM (TBS2 = (maximum lesion diameter)2 +  

+ (number of liver lesions) 2). Using the TBS score, 
all patients were divided into three clusters: TBS < 3, 
≥ 3 to < 9 and ≥ 9 [24]. TBS was calculated based on 
pathological and/or radiological data. The liver re-
sections were classified as ‘major’ and ‘minor’ (resec-
tion of ≥ 3 and ≤ 2 segments, respectively) [25]. The 
local Ethical Committee of the National Cancer In-
stitute (Kyiv) approved the study (Project ID 
2011/25). The primary outcome was measured by 

Table 1. Baseline demographic, clinical, and morphological characteristics of the patients

Variables
Groups

pSimultaneous, 
n = 164

Staged, 
n = 201

Total, 
n = 365

Age, mean (min-max) 60.4 (37—75) 63.9 (34—81) 61.5 (34—81) 0.85

Gender (female) 75 (45.7) 88 (43.8) 163 (44.6) 0.69

Left-sided primary tumor localization 133 (81.2) 146 (72.6) 279(76.4) 0.86

Bilobar SLM 69 (42.2) 94 (46.7) 163 (44.6) 0.68

Primary tumor stage: 

pT1-pT3 107 (65.3) 118 (58.7) 225 (61.6) 0.72

pT4 57 (34.7) 83 (41.3) 140 (38.4) 0.44

Lymph node status:

pN0 45 (27.4) 74 (36.8) 119 (32.6) 0.45

pN1 83 (50.6) 89 (44.3) 172 (47.2) 0.54

pN2 36 (22) 38 (18.9) 74 (20.3) 0.65

Conducted CTx:

Neoadjuvant 130 (79.3) 176 (87.6) 306 (83.8) 0.87

Adjuvant 155 (94.5) 194 (96.5) 349 (95.6) 1.1

CTx cycles (overall)* 2.6 (0—19) 5 (0—30) 4 (0—28) 1.0

Resected SLM 3.7 ± 3.3 3.3 ± 2.9 3.5 ± 3.1 0.32

Size of largest SLM* 3 (2—4) 4.4 (1—12) 4.2 (1—10) 0.51

TBS*,§ 4.4 (3.2—6.5) 5.3 (2.0—8.5) 4.6 (2.6—8.0) 0.31

TBS <3 27 (16.5) 33 (16.4) 60 (16.4) 0.94

TBS ≥3 to <9 122 (74.4) 143 (71.2) 265 (72.6) 0.87

TBS ≥ 9 15 (9.2) 25 (12.4) 40 (11) 0.67

LNs harvested 14.3 ± 2.6 14.4 ± 3.24 14.4 ± 3.06 0.32

LNR 0.24 ± 0.17 0.21 ± 0.15 0.22 ± 0.16 0.06

h-LNR 49 (29.8) 72 (35.8) 121 (33.2) 0.29

KRAS gene status, mutated 49 (29.9) 67 (33.3) 116 (31.7) 0.56

Resection of ≥3 anatomical liver segments 21 (12.8) 63 (31.3) 74 (23.1) <0.0001

Liver-first strategy - 26 (12.9) 26 (7.1) <0.0001

CEA level (ng/mL)* 17.4 (2.1—63.5) 24 (1.8—75) 19.2 (2.0—68) 0.78

Notes: * median, (interquartile range). § — TBS <3 — cluster-1; TBS ≥3 to <9 — cluster-2; TBS ≥ 9, cluster-3.
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analyzing the overall survival (OS) after the first cu-
rative surgery. The liver surgical techniques included 
an anatomical-oriented parenchymal-sparing liver 
resection. The colon surgery was performed in ac-
cordance with the international and local protocols 
[26]. Afollow-up was done every 4 months for the 
first 3 years, every 6 months for the following 2 years, 
and then every 12 months. Laparoscopic liver inter-
ventions were performed by two surgeons who had 
completed a laparoscopic and open HPB training 
program and performed more than 25 laparoscopic 
liver resections.

The data were analyzed using the statistical 
package Prism 10.0. Statistics. The normality of the 
distribution was analyzed by the Shapiro — Wilk 
test. Summary statistics were presented as whole 
numbers and percentages for categorical variables, 
medians with interquartile ranges for continuous 
variables, and means with deviations from the stan-
dard error for interval data with a normal distribu-
tion. OS was assessed using the Kaplan — Meier 
method and calculated from the day of liver sur-
gery. The Cox proportional hazards regression 
model was used to assess the association of relevant 
clinical and pathological factors with prognosis. 

Results
A total of 365 CC patients with SLM who underwent 
curative simultaneous (n = 164) or staged (n = 201) 
surgery were included in the retrospective cohort 
analysis. Both groups exhibited a relatively balanced 
distribution of demographic, clinical, and morpho-
logical parameters (Table 1). The average age of pa-
tients was 61.5 years, with no difference between the 
comparison groups. The female gender was regis-
tered less frequently than the male. In both groups, 
the left-sided primary tumor localization was pre-
dominant. A bilobar LM was diagnosed in less than 
half cases in both groups. The regional lymph node 
status was mostly pN1. In the same comparison 
groups, primary tumors had grown through the vis-
ceral peritoneum or other adjacent organs in 34.7% 
and 41.3% of CC patients, respectively. The majority 
of patients (n = 306) received neoadjuvant and ad-
juvant CTx (n = 349) with no statistical difference 
between the groups. The oxaliplatin and irinotecan-
based ‘doublets’ with anti-EGFR therapy were the 
predominant treatment regimens in the wild-type 
KRAS gene cohort in both groups. About 15% of pa-
tients received a combined cytotoxic regimen with 

anti-VEGF antibodies. The median of received CTx 
cycles was 2.6 (0—19) and 5 (0–30) in simultaneous 
and staged strategies, respectively. The groups were 
homogeneous in the amount of surgically removed 
SLM, 3.7 ± 3.3 and 3.3 ± 2.9 in simultaneous and 
staged groups, respectively (p = 0.32). In the staged 
group, the estimated median size of the largest SLM 
tended to be larger in diameter, 4.4 cm vs 3 cm in the 
simultaneous surgery group, p = 0.51. Median of 
TBS was similar in the staged group (5.3) and the 
simultaneous group (4.4), p = 0.31. In particular, the 
comparison groups were homogeneous in TBS clus-
ters: <3, ≥3 to <9, and TBS ≥ 9.

CC patients were stratified by the number of 
harvested LNs and LNR in simultaneous vs staged 
groups. The cohorts of 49 and 72 patients in simul-
taneous and staged groups, respectively, demon-
strated h-LNR, p = 0.29.

There was no difference in KRAS gene mutation 
between the groups, p = 0.56. Major liver resections 
were frequently performed in the staged group 
(31.3%), in contrast to the simultaneous strategy 
(12.8%), p < 0.0001. In the group of staged resec-
tion, the liver-first strategy was adopted in 12.9% 
cases. The median CEA levels did not differ sig-
nificantly between the groups, p = 0.78. 

Median follow-up for enrolled 365 CC patients 
with SLM was 30.5 months (range, 12—129 
months). Survival distributions were similar ac-
cording to simultaneous (45.3%) and staged 
(42.8%) groups, p = 0.33. The median of survival 
was 56.4 and 53.9 months in simultaneous and 
staged groups, respectively, p = 0.33 (Fig. 2, a). 

The OS median in the cohorts with high-LNR 
and low-LNR who underwent simultaneous sur-
gery was 31.9 and 83.9 months, respectively, p < 
0.001, whereas the staged surgery group with high-
LNR and low-LNR demonstrated median OS of 
45.6 and 51.05 months, respectively, p = 0.2 (Fig. 2, 
b ). In the cohorts with h-LNR and TBS cluster ≥2, 
OS median was 24.2 and 54 months for simultane-
ous and staged strategies, respectively, p = 0.03 
(Fig. 2, c). Note that in the same cohort, liver-first 
strategy was implemented in 18 (78.3%) patients. 

Univariate and multivariate logistic regression 
analyses were used to find out independent predic-
tors for OS (Table 2). A mathematical model iden-
tified TBS clusters (p < 0.04, HR = 1.8, 95% CI 1.1—
2.3), the number of LM (p = 0.02, HR = 0.8, 95% CI 
0.3—1.4), pN stage (p = 0.03, HR = 0.6, 95% CI 



ISSN 1812-9269. Experimental Oncology 47 (3). 2025 351

Simultaneous vs Staged Resections in Colon Cancer Patients with Synchronous Liver Metastases

Fig. 2. The Kaplan — Meier curves with comparison 
of OS for 365 CC patients in: (a) cohorts of simul-
taneous (n = 164) and staged (n = 201) surgery; (b) 
cohorts with h-LNR (n = 49) and l-LNR (n = 115) 
who underwent simultaneous surgery compared to 
cohorts with h-LNR (n = 72) and l-LNR (n = 129) 
who underwent staged surgery; (c) cohorts with 
h‑LNR and TBS cluster ≥2 who underwent staged 
(n = 23) and simultaneous (n = 14) surgery 

Table 2. Risk factors associated with overall survival 

Variables

Univariate and Multivariate logistic regression analyses of OS

Univariate analysis Multivariate analysis

HR (95% CI) p HR (95% CI) p 

TBS (clusters 1, 2, 3) 2.1 (1.4—2.6) 0.01 1.8 (1.1—2.3) 0.04

Bilobar LM (yes, no) ns ns ns ns

Number of LM (mean) 0.7 (0.2—1.2) 0.04 0.8 (0.3—1.4) 0.02

SLM size (mean) ns ns ns ns

CTx courses number (<6, ≥6) 0.9 (0.5—1.4) 0.02 ns ns

pN stage (0, 1, 2) 1.5 (0.8—2.1) 0.01 0.6 (0.3—0.9) 0.03

LNR (low, high) 3.4 (2.1—4.5) <0.001 3.1 (2.2—4.2) 0.005

pT stage (1, 2, 3, 4) ns ns ns ns

Liver re-resection (yes, no) 0,55 (0.31—0.90) 0,03 ns ns

Liver major resection (yes, no) 1,3 (0.75—2.2) 0,04 ns ns

KRAS gene status (wild type, mutation) 0.8 (0.7—1.1) 0.03 1.1 (1.1—1.3) 0.01

Surgical strategy (simultaneous, staged) ns ns ns ns

Note: ns — statistically insignificant. 
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0.3—0.9), LNR (p = 0.005, HR = 3.1, 95% CI 2.2—
4.2), and KRAS gene status (p = 0.01, HR = 1.1, 95% 
CI 1.1—1.3) as independent risk factors for OS. 
The other factors, including bilobar LM, LM size, 
CTx courses number, pT stage, liver re-resection, 
liver major resection, or surgical strategy had no 
predictive value for OS.

Discussion
SLM in CC is an extremely unfavorable prognostic 
factor, since the median overall survival in such pa-
tients without surgical treatment is 6—12 months 
[27]. The role of chemotherapy (with or without 
biologic agents) has been evaluated in large ran-
domized trials, and still surgical treatment remains 
the most effective method that significantly pro-
longs the life of such patients [28, 29]. A complete 
resection of the primary tumor and metastatic 
burden is the golden standard in the current man-
agement of CC patients with SLM [30]. At the 
same time, preserving adequate liver function and 
safe colon surgery are equally important for R0 re-
section [31]. The traditional surgical strategy to 
CC with SLM involves two-stage or staged resec-
tions [32—34]. However, the modern paradigm of 
surgical tactics for CC with SLM is changing. The 
evolution of surgical and anesthesiologic technol-
ogies and the development of more effective bio-
logic agents are contributing to a revision of the 
treatment standards. Nowadays, most authors be-
lieve that simultaneous resection offers several po-
tential advantages, including the complete remov-
al of tumor burden in a single stage, a shorter over-
all procedure time, and a reduced hospital stay [6, 
35]. These factors may also contribute to quality of 
life and are expected to decrease the reliance on 
healthcare resources compared to staged proce-
dures [36]. At the same time, it was shown that 
synchronous resections that include major hepa-
tectomies are associated with a higher rate of post-
operative morbidity [37]. At the same time, LN 
dissection at the primary tumor area is still being 
debated [38]. The significance of regional LN me-
tastases is still studied, especially in the context of 
hematogenous metastases [39]. Randomized trials 
have not proven the benefit of D3 lymph node dis-
section in synchronous LM; however, in the set-
tings of pT2 stage, D3 LN dissection has shown a 
significant survival advantage [40]. Furthermore, 

the latest publications demonstrate a significant 
impact of LNR on cancer prognosis rather than 
TBS in this cohort of CC patients with SLM [41]. 
Molecular research reports that in 65% of cases, 
lymphatic and distant metastases originate from 
independent subclones within the primary tumor, 
while in 35% of cases, they share a common sub-
clonal origin [42]. The latest molecular and immu-
nological studies summarize that tumor cell inva-
sion leads to immune dysfunction in tumor-
draining LN, with further reciprocal inhibition of 
the antitumor immune function at the primary 
tumor site and alteration of the growth pattern of 
liver metastases [43]. 

In this analysis, we looked for the answers to 
rather controversial decisions of treatment plan-
ning in CC patients with SLM, since the heteroge-
neity of scientific literature and changes in interna-
tional guidelines had initiated the problem of 
choosing the optimal surgical strategy.

As a result, in univariate and multivariate analy-
ses, we found no differences in OS between the two 
surgical strategies, which is consistent with the 
global data. Nevertheless, this study demonstrates 
the tendency of better oncological outcome of 
staged surgical strategy in the cohort with h-LNR 
and TBS cluster 2 and higher. We believe that liver-
first strategies provide better oncological outcomes 
in such patients due to better control of the liver 
disease and an assessment of the tumor response to 
neoadjuvant chemotherapy. Moreover, we were 
able to confirm the prognostic significance of LNR, 
which demonstrated at least the same impact on 
OS compared to the standard pN status. At the 
same time, a simultaneous surgical strategy was 
significantly more efficient in patients with low-
LNR and TBS cluster 1. This study included pa-
tients who underwent simultaneous resections us-
ing a laparoscopic surgical access, which requires 
additional analysis. However, it is important to note 
the poor OS in patients undergoing simultaneous 
resection with major morbidity. Otherwise, simul-
taneous resections should be recommended for pa-
tients with low-LNR and limited TBS. At the same 
time, a staged strategy is a better approach to un-
cover the tumor biology and allow a better system-
ic control with CTx [44]. 

To sum up, LNR and TBS allow us to argue the 
surgical strategy choice for CC patients with SLM 
who are candidates for surgical resection. The staged 
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surgical strategy provided better oncological out-
comes in CC patients with both high LNR and TBS.
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Одночасні та двоетапні резекції при раку ободової  
кишки із синхронним ураженням печінки:  
прогностичне значення коефіцієнта лімфатичних  
вузлів та індексу пухлинного навантаження

Стан питання. Синхронне метастатичне ураження печінки у хворих на рак ободової кишки є вкрай несприят-
ливим прогностичним фактором. Вплив показника частки уражених лімфатичних вузлів та індексу пухлинного 
навантаження на прогноз у таких хворих вивчений недостатньо. Мета роботи полягала у визначенні залежнос-
ті виживаності хворих на рак ободової кишки із синхронним метастатичним ураженням печінки від показника 
частки уражених лімфатичних вузлів та індексу пухлинного навантаження в разі одночасної або двоетапної 
резекції. Матеріали та методи. Проведено ретроспективний аналіз 365 хворих на рак ободової кишки із синх-
ронним метастатичним ураженням печінки, яким було виконано одночасну або двоетапну резекцію в період 
з 2010 по 2024 рр. Проаналізовано демографічні, клініко-патологічні дані та виживаність. Визначаючи відно-
шення між метастатично ураженими лімфовузлами та всіма видаленими лімфовузлами, порогове значення 
приймали за 0,25. Індекс пухлинного навантаження визначали за формулою Сасакі, і дані відносили до трьох 
груп ризику. Результати. Математична модель виявила такі незалежні фактори ризику загальної виживаності: 
кластер за індексом пухлинного навантаження (p < 0.04, HR = 1.8, 95% CI 1.1—2.3), кількість уражених лімфо-
вузлів (p = 0.02, HR = 0.8, 95% CI 0.3—1.4), стадія за pN (p = 0.03, HR = 0.6, 95% CI 0.3—0.9), частка уражених лім-
фовузлів (p = 0.005, HR = 3.1, 95% CI 2.2—4.2) та статус гена KRAS (p = 0.01, HR = 1.1, 95% CI 1.1—1.3). Висновки. 
Показники коефіцієнта лімфатичних вузлів та індексу пухлинного навантаження дозволяють аргументувати 
вибір хірургічної стратегії для хворих на рак ободової кишки із синхронним метастатичним ураженням печін-
ки. Двоетапна резекція демонструє кращі показники ефективності в онкологічному контексті. 
Ключові слова: рак ободової кишки, синхронне метастатичне ураження печінки, коефіцієнт лімфатичних вуз-
лів, індекс пухлинного навантаження, одночасна або двоетапна резекція.




