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Abstract 

Background  The optimal timing of surgery after neoadjuvant chemotherapy (NAC) in patients with synchronous 
colorectal cancer liver metastases (SLM) remains controversial. We plan to analyze whether the choice of different 
surgical timings will have different effects on the perioperative and oncologic outcomes of patients.

Method  We retrospectively collected all patients who met the inclusion and exclusion criteria from 2010 to 2020 
in West China Hospital. Patients were grouped according to time interval (TI) after NAC to surgery. The perioperative 
and oncologic outcomes of the two groups were compared after propensity score matching. Univariate and multi-
variate analyzes were used to screen factors associated with prognosis.

Result  Among 255 enrolled patients, 188 were matched with comparable baseline (94 each group). Patients 
in the 6≦TI≦8 group had longer operation time, less intraoperative blood loss, and less postoperative complica-
tions than those in the 4≦TI < 6 group. However, the overall survival (OS) (p = 0.012) and disease-free survival (DFS) 
(p = 0.013) of the patients in the 4≦TI < 6 group were better than those in the 6≦TI≦8 group. Subgroup analysis found 
that the above conclusions still apply in age ≥ 60, non-anemic patients, and patients who underwent R0 resection. 
OS was inversely correlated with TI in patients without preoperative jaundice. DFS was negatively correlated with TI 
in patients with preoperative jaundice. Multivariate analysis showed that the prolongation of TI after NAC to surgery 
was an independent prognostic risk factor for OS and DFS.

Conclusions  Patients with SLM may be a better choice for surgery within 4–6 weeks after receiving NAC. Although 
patients with SLM undergoing surgery 4–6 weeks after NAC has a higher rate of postoperative complications, radical 
surgery is still recommended for a better survival benefit.
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Introduction
Due to the anatomical characteristics of the colorectal, 
the liver is the most common site of blood-borne 
metastasis [1, 2]. About 50% of patients will develop 
colorectal cancer liver metastasis (CRLM) within 3 years 
after colorectal cancer (CRC) diagnosis, and 15 ~ 25% of 
patients will develop synchronous colorectal cancer liver 
metastases (SLM) at the time of first diagnosis [3]. The 
prognosis of SLM is worse than that of metachronous 
liver metastasis (MLM) [4, 5]. Even with therapeutic 
intent of resection, the prognosis of patients cannot be 
significantly improved due to the possibility of small 
metastatic foci that may not be detected by CT/MRI.

Neoadjuvant chemotherapy (NAC) is a systemic 
treatment for malignancies given before surgery. It is 
suitable for a wide range of patients and can be used as 
a window to identify and control metastatic lesions and 
guide subsequent treatment. For SLM patients, NAC can 
eliminate small metastatic foci before surgery, thereby 
minimizing the possibility of liver metastasis recurrence 
after curative surgery, extending recurrence-free survival 
(RFS) or overall survival (OS) [6]. It can also help reduce 
the size of existing tumor lesions, increase the chance 
of R0 resection, and increase the residual liver volume 
after surgery [7]. Currently, there is clear evidence that 
surgery can be scheduled 4 weeks after the last NAC [8, 
9], but the optimal timing for surgery after 4 weeks is still 
controversial. For example, some studies have shown that 
appropriately extending the interval between NAC and 
surgery can increase the rate of tumor downstaging and 
the rate of pathological complete response (pCR) [10, 
11]; however, prolonging the interval between NAC and 
surgery may increase the difficulty of surgery and reduce 
the quality of surgery.

In this study, we include SLM patients who received 
NAC treatment in our hospital and divide them into 
groups according to the length of the chemotherapy-
surgery interval. We will use a 1:1 propensity score 
matching (PSM) analysis to minimize bias from 
nonrandom assignments [12]. We will analyze whether 
choosing different timing of surgery will have different 
effects on perioperative complications and prognosis of 
patients.

Materials and methods
Inclusion and exclusion criteria
We retrospectively collected patients with synchronous 
colorectal cancer and hepatic metastases who underwent 
simultaneous resection at West China Hospital from 
January 2010 to December 2020. All patients received 
NAC prior to surgery. This study was approved by the 
Ethics Committee of the West China Hospital of Sichuan 
University (approval No. 2022–1866).

Patients who meet the following criteria were included: 
(1) patients whose liver metastases found before or at 
the time of CRC diagnosis, (2) patients received NAC 
4–8  weeks prior to operation, (3) patients underwent 
simultaneous resection of primary tumors and 
metastases, and (4) CRLM confirmed by pathological 
examination. Patients meeting the following criteria were 
excluded: (1) history of any other primary malignancy 
except CRC, and (2) patient who has received other 
adjuvant treatment besides NAC before surgery, such as 
radiotherapy, interventional embolization.

Neoadjuvant chemotherapy program
Since the vast majority of patients underwent surgical 
resection within 8  weeks, we screened patients who 
underwent surgical treatment within 4–8  weeks after 
completing NAC for further study. For the selection of 
treatment cycles for patients receiving NAC treatment, 
it is recommended that NAC should not exceed 6 cycles 
in order to minimize the damage of chemotherapy 
drugs to the liver [13]. In our study, the choice of 
the actual treatment cycle of NAC was based on the 
clinical evidence mentioned above and was determined 
according to the clinical tolerance and treatment effect of 
the patients. Currently, the internationally recommended 
NAC regimens for preoperative CRLM include FOLFOX, 
FOLFIRI, CapeOX, or FOLFOXIRI [14]. The doctor 
would select the best chemotherapy regimen for patients 
receiving NAC treatment according to their individual 
conditions.

Date collection and follow‑up
Data on patient demographics, preoperative assessment, 
history of NAC, and operation-related variables 
were retrospectively collected. The pathological 
clinicopathological characteristics of cancer were 
determined by paraffin sections. All included iGBC 
were histopathologically confirmed by experienced 
pathologist. Various complications occurred during 
hospitalization were divided according to Clavien-Dindo 
grade [15]. Within 2  years after discharge, the patients 
will be followed up every 3 months, and every 6 months 
after 2  years. The follow-up mainly included blood 
routine, liver and kidney function, serum CEA, and 
medical whole abdomen-enhanced CT/MRI. The main 
clinical outcomes of this study were overall survival (OS) 
and disease-free survival (DFS).

Statistical analysis
Patients’ data were retrospectively collected, and 
statistical analyses were performed using SPSS version 
25.0 (SPSS Inc. Chicago, IL, USA). As we identified 
baseline characteristics mismatching between the two 
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groups after patient grouping, we applied propensity 
score matching (PSM) analysis to minimize bias caused 
by non-randomized grouping. The variables selected 
for the propensity score model are shown in Table  1. 
The quantitative variables are expressed as mean (SD) 
if they presented a normal distribution or otherwise as 
median and range. Qualitative variables are presented in 
absolute numbers and percentages. Normally distributed 
continuous data were compared by means of the 
Student’s t test and skewed-distributed by the Mann–
Whitney U test, and ordinal data were compared in a χ2 
test or Fisher’s exact test. Survival was described using 
the Kaplan–Meier method, and differences between 
subgroups were reviewed with the log-rank test. Two-
sided p values < 0.05 were considered to be statistically 
significant.

Result
Baseline characteristics
255 SLM patients who underwent NAC before surgery 
were finally included. A flow diagram of the included 
and excluded patients is provided in Fig.  1. We ranked 
patients according to the time interval (TI) after NAC to 
surgery from low to high and took the median “6 weeks” 
as the division basis and divided the patients into two 
groups (4≦TI < 6, n = 132; 6≦TI≦8; n = 123). Baseline 
characteristics in terms of toxic reactions after NAC, 
total bilirubin, primary tumor grade, liver capsule inva-
sion, and portal vein tumor thrombus showed significant 
difference before matching. After matching, 94 patients 
in 4≦TI < 6 group and 94 patients in 6≦TI≦8 group 
were matched (caliper = 0.2) with all baseline balanced. 
Tables 1 and 2 shows baseline characteristics between the 
two groups before and after PSM.

Perioperative and oncologic outcomes
The perioperative outcomes after PSM are shown in 
Table  3. Patients in 6≦TI≦8 group had significantly 
longer operative times than those who underwent 
surgery 4–6  weeks after NAC. (278  min vs. 287.5  min, 
p = 0.015). Patients in 4≦TI < 6 group had significantly 
higher rates than 6≦TI≦8 group in Clavien-Dindo grade 
(p = 0.003), overall postoperative complications (73.4% 
vs. 46.8%, p < 0.001), overall postoperative infection 
(34.0% vs. 19.1%, p = 0.021), pulmonary infection (24.5% 
vs. 11.7%, p = 0.023), pleural effusion (34.0% vs. 13.8%, 
p = 0.001), and postoperative hemorrhage (13.8% vs. 
2.1%, p = 0.003).

During the follow-up period (median duration was 
28  months), 145 (56.9%) patients experienced tumor 
recurrences, and 126 (49.4%) patients were dead. The 
median OS of patients in 6≦TI≦8 group was 25 months 
before PSM and 27  months after PSM, which was 

significantly worse than that of patients who underwent 
surgery 4–6 weeks after NAC (42 months and 44 months) 
(Fig.  2A, p = 0.002; Fig.  2B, p = 0.012). The cumulative 
overall survival rates of patients in 6≦TI≦8 group at 1, 
2, and 3  years after curative-intent resection were 76.1, 
57.5, and 39.5%, respectively, which were significantly 
lower than those of patients in 4≦TI < 6 group. The 
median DFS was better for patients who underwent sur-
gery 4–6 weeks after NAC (before matching: 27 months 
vs. 15 months; after matching: 28 months vs. 15 months) 
(Fig. 3A, p = 0.001; Fig. 3B, p = 0.003).

Subgroup analysis found that the above conclusions 
still apply in age ≥ 60, non-anemic patients and patients 
who underwent R0 resection. Both OS and DFS in 
these patients were negatively correlated with TI. OS 
was inversely correlated with TI in patients without 
preoperative jaundice. DFS was negatively correlated 
with TI in patients with preoperative jaundice (Table 4).

Univariate and multivariate analyzes
Univariate and multivariate analyzes showed that TI after 
NAC to surgery was significantly correlated with both OS 
and DFS of patients, and the longer the TI, the worse the 
prognosis. The number of primary tumors is risk factors 
for OS. Vascular tumor thrombus of liver metastases and 
gastrointestinal dysfunction were risk factors for DFS 
(Table S1).

Discussion
There is still controversy in clinical practice regarding the 
appropriate surgery interval for SLM patients after NAC, 
and different guidelines recommend different timing for 
surgery. For example, the latest version of the National 
Comprehensive Cancer Network (NCCN) updated 
guidelines for the management of metastatic colorectal 
cancer recommends that the surgical interval after NAC 
be 5–12  weeks [16], while the “ESMO Guidelines” rec-
ommends that the optimal operation time is 6–8 weeks 
after NAC [17]. Apart from the ongoing controversy, 
these guidelines have a broad coverage of CRLM patient 
population, but fail to address the differences within the 
CRLM patient population, which inevitably leads to het-
erogeneity among the groups included in the studies. 
For example, synchronous liver metastasis (SLM) and 
metachronous liver metastasis (MLM) patients have dif-
ferent prognostic characteristics [4, 5]. SLM patients 
have a worse prognosis. Therefore, the applicability of 
these guidelines for patients with SLM remains to be 
proven. Likewise, several studies have been devoted to 
the optimal timing of surgery for patients with CRLM 
after NAC. For example, Chen et al. found that patients 
with a longer time to surgery (TTS) were more likely to 
have adverse pathological responses, while those with 
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Table 1  Baseline characteristics before propensity score matching

Continuous variables with normal distribution are presented as mean value ± SD while others are presented as median (IQR). Categorical variables are presented as 
frequency(percentage) unless otherwise stated

*p<0.05

Covariates Time interval (TI) after NAC to surgery P value

4≦TI < 6 (n = 132) 6≦TI≦8 (n = 123)

Sex (M:F) 88:44 76:47 0.417

Age (years) 61.0 (53.3, 65.8) 59 (54, 67) 0.386

Over weight (BMI > 24) 34 (25.8) 28 (22.8) 0.578

Diabetes 21 (15.9) 15 (12.2) 0.395

Hypertension 34 (25.8) 28 (22.8) 0.578

Coronary heart disease 5 (3.8) 7 (5.7) 0.473

Liver cirrhosis 11 (8.3) 7 (5.7) 0.410

NAC cycles 4 (3,5) 4 (3, 5) 0.381

NAC regimes 0.261

  FOLFIRI 44 (33.3) 30 (24.4)

  CapeOX 38 (28.8) 37 (30.1)

  FOLFOX 50 (37.9) 56 (45.5)

Progressive disease during NAC 18 (13.6) 12 (9.8) 0.337

Toxic reactions after NAC 5 (3.8) 15 (12.2) 0.013*

Serum CEA (> 10 ng/mL) 113 (85.6) 105 (85.4) 0.957

Hemoglobin (g/L) 120.2 (96.2, 134.5) 123.0 (102.0, 135.0) 0.259

WBC (109/L) 5.9 (4.5, 7.3) 6.4 (4.7, 7.9) 0.109

PLT (109/L) 111.6 (76.9, 154.2) 113.4 (81.9, 155.7) 0.614

Total bilirubin (μmol/L) 17.9 (12.8, 22.3) 14.6 (11.6, 19.4) 0.004*

Albumin (g/L) 38.8 (34.4, 43.2) 38.1 (33.7, 44.2) 0.659

AST (IU/L) 38.5 (28.3, 54.8) 40.0 (28.0, 60.0) 0.513

ALT (IU/L) 33.0 (22.0, 50.8) 36.0 (23.0, 62.0) 0.317

Primary tumor

  Tumor size (cm) 3.65 (2.7, 4.7) 3.5 (2.5,4.7) 0.449

  Tumor location (left:right) 66:66 64:59 0.746

  Number of tumors 1 (1, 1) 1 (1, 1) 0.909

  Tumor grade (medium/high:low) 66:66 77:46 0.043*

  Nerve invasion 39 (29.5) 25 (20.3) 0.090

  Cancer nodule 0.5 (0, 1.75) 0 (0, 1) 0.244

  Lymph node metastasis 64 (48.5) 53 (43.1) 0.388

Liver metastases

  Tumor size (cm) 3.7 (2.2, 5.0) 3.1 (2.1, 4.2) 0.093

  Number of tumors 1 (1, 2) 1 (1, 2) 0.685

  Tumor grade (medium/high:low) 75:57 77:46 0.347

  Liver capsule invasion 58 (43.9) 37 (30.1) 0.022*

  Portal vein tumor thrombus 21 (15.9) 7 (5.7) 0.009*

  Vascular tumor thrombus 40 (30.3) 35 (28.5) 0.746

  Satellite nodules 22 (16.7) 14 (11.4) 0.226

  Extrahepatic invasion 15 (11.4) 9 (7.3) 0.269

Surgical procedure

  ASA grade ≥ 3 3 (2.3) 4 (3.3) 0.632

  R0 resection 125 (94.7) 110 (89.4) 0.118

  Major liver resection 41 (31.1) 30 (24.4) 0.235
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a shorter TTS had significantly better PFS and OS [18]. 
Thomas et al. found that compared with CRLM patients 
with time to resection (TTR) < 2  months, patients with 
TTR ≥ 2 months had shorter RFS and OS [19]. Although 
these studies indicate that different surgical timings after 
NAC can affect patient outcomes, they also do not pay 
attention to the differences in prognosis among different 
subtypes of CRLM patients. In addition, these studies do 
not address the impact of different timing of surgery on 
postoperative complications in CRLM patients. There-
fore, we conducted this study on initially resectable SLM 
patients to investigate the optimal timing of surgery and 
provide the greatest survival time for these patients.

In present study, SLM patients were divided into early 
resection subgroup (4 ≤ TTS < 6) and delayed resection 
subgroup (6 ≤ TTS ≤ 8) according to the TTS after NAC. 
Based on data from the current study, patients in the 
early surgical resection subgroup had better OS and 
DFS than the delayed surgery subgroup. In response to 
this finding, and in conjunction with previous studies 
in other malignancies, we can clarify that some of the 
following reasons may contribute to the worse prognosis 
of patients who delay underwent surgery. First of all, not 
all SLM patients receiving NAC can benefit from delayed 
surgical resection, and some patients with insignificant 

or enlarged lesions after NAC may cause further tumor 
growth and metastasis due to delayed resection [20]. 
Second, severe complications during NAC are a key 
factor in increasing TTS, and the low physical status of 
these patients may be directly related to poor prognosis 
[21]. More importantly, more studies have shown that 
more than 6  weeks after NAC leads to the regrowth of 
potentially resistant tumor cell populations while further 
reducing the efficacy of surgical treatment [22, 23]. 
The present study matched the two groups of patients 
at baseline level after propensity score (including the 
progressive disease during NAC and the incidence of 
serious complications after NAC); therefore, we believe 
that this difference in prognosis may be more related 
to the biological characteristics of the tumor itself. 
Undergoing radical surgical resection within 4–6  weeks 
after NAC may be a better option.

Notably, among SLM patients who underwent radical 
resection earlier, there may still be some patients who 
have not recovered from the post-NAC neutropenic win-
dow, and premature surgery may theoretically lead to an 
increased rate of postoperative complications, especially 
those related to postoperative infection [24]. In addition, 
the liver damage caused by NAC cannot be fully recov-
ered in a short time, and therapeutic liver resection at this 

Fig. 1  Flow diagram for the selection of patients with SLM included in the final analyses of this study
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Table 2  Baseline characteristics after propensity score matching

Continuous variables with normal distribution are presented as mean value ± SD while others are presented as median (IQR). Categorical variables are presented as 
frequency(percentage) unless otherwise stated

Covariates Time interval (TI) after NAC to surgery P value

4≦TI < 6 (n = 94) 6≦TI≦8 (n = 94)

Sex (M:F) 61:33 60:34 0.879

Age (years) 61 (54, 66) 59 (54, 67.25) 0.435

Over weight (BMI > 24) 22 (23.4) 25 (26.6) 0.613

Diabetes 17 (18.1) 13 (13.8) 0.426

Hypertension 26 (27.7) 20 (21.3) 0.309

Coronary heart disease 4 (4.3) 4 (4.3) 1.000

Liver cirrhosis 7 (7.4) 6 (6.4) 0.774

NAC cycles 4 (3,5) 4 (3,5) 0.597

NAC regimes 0.800

  FOLFIRI 24 (25.5) 28 (29.8)

  CapeOX 32 (34.0) 31 (33.0)

  FOLFOX 38 (40.4) 35 (37.2)

Progressive disease during NAC 11 (11.7) 9 (9.6) 0.636

Toxic reactions after NAC 5 (5.3) 3 (3.2) 0.470

Serum CEA (> 10 ng/mL) 79 (84.0) 78 (83.0) 0.844

Hemoglobin (g/L) 123 (100, 136.8) 121 (99.9, 134.7) 0.581

WBC (109/L) 6.0 (4.8, 7.1) 6.1 (4.6, 8.0) 0.198

PLT (109/L) 118.8 (80.1, 157.5) 117.8 (83.3, 165.3) 0.740

Total bilirubin (μmol/L) 17.3 (11.7, 20.7) 15.4 (12.2, 20.8) 0.782

Albumin (g/L) 38.8 (34.6, 43.4) 38.2 (33.7, 44.3) 0.242

AST (IU/L) 37.5 (28.0, 53.3) 42 (30, 65.3) 0.680

ALT (IU/L) 32.0 (21.8, 50.3) 39 (25, 66) 0.779

Primary tumor

  Tumor size (cm) 3.6 (2.5, 5.0) 3.4 (2.6, 4.5) 0.289

  Tumor location (left:right) 53:41 49:45 0.558

  Number of tumors 1 (1, 1) 1 (1, 1) 0.651

  Tumor grade (medium/high:low) 58:36 59:35 0.880

  Nerve invasion 21 (22.3) 19 (20.2) 0.722

  Cancer nodule 0 (0, 1) 0 (0, 1) 0.727

  Lymph node metastasis 41 (43.6) 39 (41.5) 0.768

Liver metastases

  Tumor size (cm) 3.5 (2.2, 5.0) 3.5 (2.4, 4.5) 0.439

  Number of tumors 1 (1, 2) 2 (1, 2.3) 0.095

  Tumor grade (medium/high:low) 60:34 61:33 0.879

  Liver capsule invasion 35 (37.2) 34 (36.2) 0.880

  Portal vein tumor thrombus 7 (7.4) 6 (6.4) 0.774

  Vascular tumor thrombus 26 (27.7) 20 (21.3) 0.309

  Satellite nodules 12 (12.8) 13 (13.8) 0.830

  Extrahepatic invasion 10 (10.6) 8 (8.5) 0.620

Surgical procedure

  ASA grade ≥ 3 3 (3.2) 3 (3.2) 1.000

  R0 resection 87 (92.6) 85 (90.4) 0.601

  Major liver resection 22 (23.4) 28 (29.8) 0.322
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Table 3  Short-term clinical outcomes of patients before and after propensity score matching

Continuous variables with normal distribution are presented as mean value ± SD while others are presented as median (IQR). Categorical variables are presented as 
frequency (percentage) unless otherwise stated

*p<0.05

Outcomes Before PSM P value After PSM P value

4≦TI < 6 (n = 132) 6≦TI≦8 (n = 123) 4≦TI < 6 (n = 94) 6≦TI≦8 (n = 94)

Operation time (min) 279.5 (251, 295) 287 (268, 303) 0.020* 278 (245.25, 296) 287.5 (272, 305) 0.015*

Intraoperative hemorrhage (ml) 700 (500, 1000) 650 (500, 850) 0.284 725 (500, 1000) 700 (537.5, 850) 0.703

Intraoperative transfusion 50 (37.9) 35 (28.5) 0.111 33 (35.1) 30 (31.9) 0.643

Overall postoperative complications 90 (68.2) 60 (48.8) 0.002* 69 (73.4) 44 (46.8) < 0.001*

Overall postoperative infection 41 (31.1) 23 (18.7) 0.023* 32 (34.0) 18 (19.1) 0.021*

Sepsis 4 (3.0) 0 (0.0) 0.149 3 (3.2) 0 (0.0) 0.244

Incision infection 5 (3.8) 5 (4.1) 1.000 3 (3.2) 4 (4.3) 1.000

Abdominal infection 6 (4.5) 5 (4.1) 0.850 5 (5.3) 4 (4.3) 1.000

Pulmonary infection 29 (22.0) 14 (11.4) 0.024* 23 (24.5) 11 (11.7) 0.023*

Pleural effusion 39 (29.5) 17 (13.8) 0.002* 32 (34.0) 13 (13.8) 0.001*

Gastrointestinal dysfunction 17 (12.9) 8 (6.5) 0.087 15 (16.0) 7 (7.4) 0.070

Intestinal anastomosis leak 4 (3.0) 3 (2.4) 1.000 3 (3.2) 3 (3.2) 1.000

Liver failure 5 (3.8) 2 (1.6) 0.501 3 (3.2) 2 (2.1) 1.000

Ascites 11 (8.3) 21 (17.1) 0.035* 8 (8.5) 16 (17.0) 0.080

Jaundice 13 (9.8) 3 (2.4) 0.015* 6 (6.4) 3 (3.2) 0.494

Bile leakage 8 (6.1) 14 (11.4) 0.130 5 (5.3) 11 (11.7) 0.117

Postoperative hemorrhage 15 (11.4) 7 (5.7) 0.107 13 (13.8) 2 (2.1) 0.003*

Postoperative hospital stay 7 (6,9) 7 (6,9) 0.868 7 (5.75, 8) 7 (6, 9) 0.307

Clavien-Dindo Grade 0.011* 0.003*

  I 28 (21.2) 11 (8.9) 24 (25.5) 9 (9.6)

  II 39 (29.5) 36 (29.3) 28 (29.8) 25 (26.6)

  IIIa 3 (2.3) 3 (2.4) 2 (2.1) 3 (3.2)

  IIIb 12 (9.1) 8 (6.5) 9 (9.6) 5 (5.3)

  IV 7 (5.3) 2 (1.6) 6 (6.4) 2 (2.1)

Fig. 2  Overall survival of patients before PSM (A) and after PSM (B)
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time will further increase the burden on the liver [25]. 
Therefore, this study found that the incidence of post-
operative jaundice in the 4≦TI < 6 group was higher than 
that in the 6≦TI≦8 group. Meanwhile, the increase in the 
incidence of postoperative hemorrhage in the 4≦TI < 6 

group may also be related to the transient disorder of 
coagulation function caused by liver function decline.

Due to differences in postoperative complications 
between the two groups of patients, further investigation 
was conducted to explore the impact of postoperative 
complications on the prognosis of SLM patients 

Fig. 3  Disease-free survival of patients before PSM (A) and after PSM (B)

Table 4  Subgroup analysis of OS and DFS in 255 patients with SLM after NAC

*p<0.05

Clinical indicators Time interval (TI) after NAC to 
surgery (no. of patients)

OS (mean survival time) P value DFS (mean disease-
free time)

P value

Age

  Age < 60 4≦TI < 6 (N = 61) 35.94 months 0.055 29.43 months 0.113

6≦TI≦8 (N = 64) 28.35 months 21.73 months

  Age ≥ 60 4≦TI < 6 (N = 71) 35.37 months 0.011* 27.93 months 0.002*

6≦TI≦8 (N = 59) 26.22 months 18.91 months

Chronic disease

  Yes 4≦TI < 6 (N = 52) 37.46 months 0.012* 28.64 months 0.019*

6≦TI≦8 (N = 46) 28.45 months 20.25 months

  No 4≦TI < 6 (N = 80) 34.50 months 0.045* 29.29 months 0.014*

6≦TI≦8 (N = 77) 27.74 months 20.34 months

Anemia (M:Hb < 120 g/L,F:Hb < 110 g/L)

  Yes 4≦TI < 6 (N = 64) 35.75 months 0.052 25.98 months 0.063

6≦TI≦8 (N = 45) 26.39 months 19.29 months

  No 4≦TI < 6 (N = 68) 36.16 months 0.030* 31.63 months 0.007*

6≦TI≦8 (N = 78) 27.49 months 20.32 months

Preoperative jaundice

  Yes 4≦TI < 6 (N = 73) 36.39 months 0.062 30.94 months 0.001*

6≦TI≦8 (N = 40) 27.50 months 16.92 months

  No 4≦TI < 6 (N = 59) 34.18 months 0.036* 26.63 months 0.069

6≦TI≦8 (N = 83) 27.50 months 22.92 months

  Exclude non-R0 resection 4≦TI < 6 (N = 125) 35.44 months 0.007* 29.45 months 0.002*

6≦TI≦8 (N = 110) 27.88 months 20.27 months
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undergoing simultaneous resection after NAC. Initially, 
we classified postoperative complications in both groups 
using the Clavien-Dindo grade system and found that 
the main differences were concentrated in grade I 
complications. We further analyzed the factors related 
to postoperative complications using single-factor and 
multi-factor analyses, but found no correlation between 
postoperative complications and prognosis. This result 
further confirms the viewpoint that tumor biology, 
rather than postoperative course, strongly determines 
the probability of patient survival, as reported in previous 
studies [26, 27]. In summary, patients with SLM may be a 
better choice for surgery within 4–6 weeks after receiving 
NAC. Although patients with SLM undergoing surgery 
4–6 weeks after NAC has a higher rate of postoperative 
complications, radical surgery is still recommended for a 
better survival benefit.

Our study is the first to investigate the timing of surgery 
after NAC in resectable SLM patients. In addition to 
focusing on the prognosis (OS, DFS) of patients, we also 
paid attention to the short-term clinical outcomes of 
patients after surgery. Meanwhile, this study performed 
propensity score matching on the two groups of patients, 
minimizing the impact of retrospective study bias on the 
conclusions. This study can provide new evidence for 
clinical diagnosis and treatment. However, this study still 
has the following limitations. The first point to consider 
is that this study is a retrospective cohort study, which 
unavoidably introduces bias. Next, the relatively special 
population included in this study led to a small sample 
size. Thirdly, this study is a single-center cohort study, 
and the conclusions may not necessarily represent the 
situation in other countries and regions. Therefore, 
future randomized controlled studies and large-scale 
multicenter prospective cohort studies are needed for 
further verification.

Conclusions
Based on data from the current study, patients in the 
early surgical resection subgroup had better OS and DFS 
than the delayed surgery subgroup. Patients with SLM 
may be a better choice for surgery within 4–6  weeks 
after receiving NAC. Although patients with SLM 
undergoing surgery 4–6  weeks after NAC has a higher 
rate of postoperative complications, radical surgery is 
still recommended for a better survival benefit.

Abbreviations
ALB	� Albumin
ALT	� Alanine aminotransferase
ASA	� American Society of Anesthesiologists
AST	� Aspartate aminotransferase
CapeOX	� Capecitabine plus oxaliplatin
CEA	� Carcinoembryonic antigen

CRC​	� Colorectal cancer
CRLM	� Colorectal cancer liver metastases
DFS	� Disease-free survival
FOLFIRI	� Fluorouracil, leucovorin, and irinotecan
FOLFOX	� Fluorouracil, leucovorin, oxaliplatin
FOLFOXIRI	� Fluorouracil, leucovorin, oxaliplatin, and irinotecan
Hb	� Hemoglobin
LARC​	� Locally advanced rectal cancer
MLM	� Metachronous liver metastases
NAC	� Neoadjuvant chemotherapy
NCCN	� National Comprehensive Cancer Network
OS	� Overall survival
PCR	� Pathologic complete response
PLT	� Platelets
PSM	� Propensity score matching
RFS	� Recurrence-free survival
SLM	� Synchronous liver metastases
TB	� Total bilirubin
TI	� Time interval
TTS	� Time to surgery
WBC	� Leukocyte

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12957-​023-​03162-y.

Additional file 1: Table S1. Univariate and multivariate analysis of prog-
nostic factors in 255 patients with SLM after NAC.

Acknowledgements
Not applicable.

Informed consent
The requirement for informed consent was waived by the Ethics Committee 
considering the retrospective design of the study.

Institutional review board
This study was approved by the Ethics Committee of the West China Hospital 
of Sichuan University (approval No. 2022–1866).

Authors’ contributions
(i) Conception and design: Yaoqun Wang, Ningyuan Wen, Jiong Lu, Bei Li; 
(ii) Administrative support: Bei Li, Jiong Lu, Xianze Xiong, Nansheng Cheng; 
(ii) Collection and assembly of data: Yaoqun Wang, Ningyuan Wen; (iii) Data 
analysis and interpretation: Yaoqun Wang; (iv) Manuscript writing: Yaoqun 
Wang, Ningyuan Wen; (v) Final approval of manuscript: All authors.

Funding
This work was supported by the National Natural Science Foundation of 
China (Grant No.82002578); Sichuan Science and Technology Program (Grant 
No.2022YSF0060, Grant No.2022YSF0114, Grant No.2022NSFSC0680, Grant 
No.2023YFS0094)0.1·3·5 project for disciplines of excellence–Clinical Research 
Incubation Project, West China Hospital, Sichuan University (20HXFH021); 1·3·5 
project for disciplines of excellence, West China Hospital, Sichuan University 
(ZYJC21049). All data generated or analyzed during this study are included in 
this published article.

Availability of data and materials
All data are from West China Hospital of Sichuan University, and the original 
data involved in the article can be obtained from the corresponding author.

Declarations

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

https://doi.org/10.1186/s12957-023-03162-y
https://doi.org/10.1186/s12957-023-03162-y


Page 10 of 10Wang et al. World Journal of Surgical Oncology          (2023) 21:276 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Author details
1 Division of Biliary Tract Surgery, Department of General Surgery, West 
China Hospital, Sichuan University, Chengdu 610041, Sichuan, China. 
2 Research Center for Biliary Diseases, West China Hospital, Sichuan University, 
Chengdu 610041, Sichuan, China. 

Received: 11 July 2023   Accepted: 24 August 2023

References
	1.	 Paty PB, Garcia-Aguilar J. Colorectal cancer. J Surg Oncol. 

2022;126(5):881–7.
	2.	 Hess KR, Varadhachary GR, Taylor SH, et al. Metastatic patterns in adeno-

carcinoma. Cancer. 2006;106(7):1624–33.
	3.	 Giannis D, Sideris G, Kakos CD, Katsaros I, Ziogas IA. The role of liver trans-

plantation for colorectal liver metastases: a systematic review and pooled 
analysis. Transplant Rev (Orlando). 2020;34(4):100570.

	4.	 Adam R, de Gramont A, Figueras J, et al. Managing synchronous liver 
metastases from colorectal cancer: a multidisciplinary international 
consensus. Cancer Treat Rev. 2015;41(9):729–41.

	5.	 Lillemoe HA, Vauthey JN. Surgical approach to synchronous colorectal 
liver metastases: staged, combined, or reverse strategy. Hepatobiliary 
Surg Nutr. 2020;9(1):25–34.

	6.	 Noda T, Takahashi H, Tei M, et al. Clinical outcomes of neoadjuvant 
chemotherapy for resectable colorectal liver metastasis with intermedi-
ate risk of postoperative recurrence: a multi-institutional retrospective 
study. Ann Gastroenterol Surg. 2022;00:1–12.

	7.	 Rahman S, Toogood GJ, Lodge PJ, Prasad KR. Role of neoadjuvant chemo-
therapy in the treatment of multiple colorectal metastases to the liver (Br 
J Surg 2003; 90: 963–969). Br J Surg. 2003;90(11):1453.

	8.	 Hurwitz HI, Tan BR, Reeves JA, et al. Phase II randomized trial of sequential 
or concurrent FOLFOXIRI-bevacizumab versus FOLFOX-bevacizumab for 
metastatic colorectal cancer (STEAM). Oncologist. 2019;24(7):921–32.

	9.	 Benson AB, Venook AP, Cederquist L, et al. colorectal cancer, version 
1.2017, NCCN clinical practice guidelines in oncology. J Natl Compr 
Cancer Netw. 2017;15(3):370–98.

	10.	 Sloothaak DA, Geijsen DE, van Leersum NJ, et al. Optimal time interval 
between neoadjuvant chemoradiotherapy and surgery for rectal cancer. 
Br J Surg. 2013;100(7):933–9.

	11.	 Rombouts A, Hugen N, Elferink M, Nagtegaal ID, de Wilt J. Treatment 
interval between neoadjuvant chemoradiotherapy and surgery in 
rectal cancer patients: a population-based study. Ann Surg Oncol. 
2016;23(11):3593–601.

	12.	 Wen N, Liu F, Zhang H, Lu J, Li B, Cheng N. Laparoscopic liver resection for 
hepatocellular carcinoma presents less respiratory complications com-
pared with open procedure: a propensity score analysis in the elderly. Eur 
J Surg Oncol. 2021;47(10):2675–81.

	13.	 Kishi Y, Zorzi D, Contreras CM, et al. Extended preoperative chemotherapy 
does not improve pathologic response and increases postoperative liver 
insufficiency after hepatic resection for colorectal liver metastases. Ann 
Surg Oncol. 2010;17(11):2870–6.

	14.	 Chinese College of Surgeons, Section of Gastrointestinal Surgery, Branch 
of Surgery, Association CM, et al. China guideline for diagnosis and 
comprehensive treatment of colorectal liver metastases (version 2023). 
Zhonghua Wei Chang Wai Ke Za Zhi. 2023. 26(1): 1–15.

	15.	 Dindo D, Demartines N, Clavien PA. Classifification of surgical complica-
tions: a new proposal with evaluation in a cohort of 6336 patients and 
results of a survey. Ann Surg. 2004;240(2):205e13.

	16.	 Messersmith WA. NCCN guidelines updates: management of metastatic 
colorectal cancer. J Natl Compr Canc Netw. 2019;17(5.5):599–601.

	17.	 Glynne-Jones R, Wyrwicz L, Tiret E, et al. Rectal cancer: ESMO Clinical 
Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol. 
2017;28(suppl_4):iv22–40.

	18.	 Chen Q, Mao R, Zhao J, et al. From the completion of neoadjuvant 
chemotherapy to surgery for colorectal cancer liver metastasis: what is 
the optimal timing. Cancer Med. 2020;9(21):7849–62.

	19.	 Sutton TL, Wong LH, Walker BS, et al. Surgical timing after preoperative 
chemotherapy is associated with oncologic outcomes in resectable 
colorectal liver metastases. J Surg Oncol. 2022;125(8):1260–8.

	20.	 Luo D, Yang Y, Zhang R, Li Q, Li X. Effect of interval between neoadjuvant 
chemoradiotherapy and surgery on oncological outcomes in poor 
responders with locally advanced rectal cancer: a retrospective cohort 
study. Int J Surg. 2023;109(7):1993–2000.

	21.	 Al-Hilli Z, Boughey JC. The timing of breast and axillary surgery after neo-
adjuvant chemotherapy for breast cancer. Chin Clin Oncol. 2016;5(3):37.

	22.	 Ma CX, Gao F, Luo J, et al. NeoPalAna: neoadjuvant palbociclib, a 
cyclin-dependent kinase 4/6 inhibitor, and anastrozole for clinical 
stage 2 or 3 estrogen receptor-positive breast cancer. Clin Cancer Res. 
2017;23(15):4055–65.

	23.	 Sutton TL, Schlitt A, Gardiner SK, Johnson N, Garreau JR. Time to 
surgery following neoadjuvant chemotherapy for breast cancer 
impacts residual cancer burden, recurrence, and survival. J Surg Oncol. 
2020;122(8):1761–9.

	24.	 Lai V, Hajjaj O, Le D, Shokoohi A, Chia S, Simmons C. Impact of wait time 
from neoadjuvant chemotherapy to surgery in breast cancer: does time 
to surgery affect patient outcomes? Time from Neoadjuvant Chemo-
therapy to Surgery. Breast Cancer Res Treat. 2020;184(3):755–62.

	25.	 Reissfelder C, Brand K, Sobiegalla J, et al. Chemotherapy-associated liver 
injury and its influence on outcome after resection of colorectal liver 
metastases. Surgery. 2014;155(2):245–54.

	26.	 Kamphues C, Bova R, Schricke D, et al. Postoperative complications 
deteriorate long-term outcome in pancreatic cancer patients. Ann Surg 
Oncol. 2012;19:856–63.

	27.	 Kawakatsu S, Ebata T, Watanabe N, et al. Mild prognostic impact of post-
operative complications on long-term survival of perihilar cholangiocar-
cinoma. Ann Surg. 2022;276(1):146–215.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	Timing of surgery in patients with synchronous colorectal cancer liver metastases undergoing neoadjuvant chemotherapy: a propensity score analysis
	Abstract 
	Background 
	Method 
	Result 
	Conclusions 

	Introduction
	Materials and methods
	Inclusion and exclusion criteria
	Neoadjuvant chemotherapy program
	Date collection and follow-up
	Statistical analysis

	Result
	Baseline characteristics
	Perioperative and oncologic outcomes
	Univariate and multivariate analyzes

	Discussion
	Conclusions
	Anchor 19
	Acknowledgements
	References


