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INTRODUCTION
Colorectal cancer (CRC) is the third most commonly 

diagnosed cancer worldwide, accounting for 11% of all cancer 
diagnoses [1]. Approximately 50% of patients with CRC develop 
liver metastases at some point in their lives, and about 25% of 
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Purpose: We investigated the factors that affect the occurrence of sinusoidal obstruction syndrome (SOS) and the effect of 
SOS on the patient’s perioperative outcomes through histological review of liver resection specimens from patients who 
underwent chemotherapy.
Methods: From December 2007 to December 2020, liver specimens from patients who underwent liver resection for 
colorectal liver metastasis after neoadjuvant chemotherapy were analyzed regarding liver damage in the nontumorous 
lesion. Through pathological review, patients with grade 1–3 sinusoidal dilatation were categorized into the SOS (+) group, 
compared to a control group (grade 0, SOS [–]).
Results: Of 286 patients, 175 were included. Preoperative factors were similar between the groups. Although not 
statistically significant, the SOS (+) group had a shorter chemotherapy-free interval before resection (7.96 weeks vs. 10.0 
weeks, P = 0.069). The SOS (+) group had higher intraoperative blood loss (889.1 ± 1,126.6 mL vs. 555.3 ± 566.7 mL, P = 0.012) 
and transfusion rates (46.6% vs. 25.3%, P = 0.003). SOS correlated with increased liver surgery-specific complications (40.9% 
vs. 26.4, P = 0.043). Patients with SOS experienced adverse effects on intrahepatic recurrent-free survival and overall 
survival (5-year survival, 46.0% vs. 33.9%; P = 0.014).
Conclusion: SOS development during liver surgery is associated with increased intraoperative blood loss, transfusion 
volume, and liver surgery-specific complications and has a higher risk of early recurrence and decreased overall survival. 
Thus, it is crucial to exercise caution during liver surgery in these patients.
[Ann Surg Treat Res 2024;107(6):346-353]
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them have liver metastases at the time of diagnosis.
Although liver resection is the best treatment for colorectal 

liver metastasis (CRLM), it is considered an option for hepatic 
resection in only 10%–30% of patients [2]. The 5-year survival 
of CRLM without treatment was 11% or less, while after 
hepatic resection, the 5-year survival was 25%–40%. Initially, 
patients with unresectable CRLM were treated with systemic 
chemotherapy, and later, if surgery is to be performed, these 
patients have similar survival rates to those undergoing liver 
resection, initially. The introduction of neoadjuvant systemic 
chemotherapy has resulted in downstaging liver metastases, 
potentially enabling future hepatic resection and prolonged 
survival [3-5]. In a previously published systematic review of 
neoadjuvant chemotherapy in locally advanced colon cancer, the 
R0 resection rate in the patient group who received neoadjuvant 
chemotherapy was 96.1%, which was higher than that of the 
control group (85.4%) [6].

For decades, 5-fluorouracil (FU) has been used as the primary 
treatment for CRLM. With the development of cytotoxic 
agents such as oxaliplatin and irinotecan, these regimens are 
now considered standard therapy (FOLFOX, 5-FU/leucovorin/
oxaliplatin; FOLFIRI, 5-FU/leucovorin/irinotecan). Although 
chemotherapy can help with oncological outcomes, concerns 
about its toxicity persist. Previous studies have reported that 
chemotherapy-associated liver injury (CALI) is linked with an 
increase in postoperative morbidity and mortality and liver 
dysfunction after hepatic resection [5]. These hepatic toxicities 
are often reported in patients with CRLM, and it was thought 
to be regimen-specific. For instance, 5-FU is associated with 
an increase in hepatocyte steatosis, and irinotecan appears 
to be related to steatohepatitis. Oxaliplatin is associated with 
sinusoidal obstruction syndrome (SOS) [2,7].

The most common type of CALI, SOS, was also known as 
hepatic veno-occlusive disease. It is characterized by pathologic 
features such as sinusoidal dilatation, centrilobular fibrosis, 
and hepatocellular necrosis [8]. Reports on the perioperative 
outcome after liver resection of SOS are still controversial, 
but it is known to have negative consequences. Therefore, 
attempts have been made to predict SOS before surgery due to 
these concerns. However, it is difficult to predict compared to 
steatosis or steatohepatitis, and its effect on the perioperative 
outcome may also be greater than other types of CALI.

Previous studies have introduced factors to predict the 
occurrence of SOS, such as splenomegaly, platelet (PLT) 
count, and the aspartate AST/PLT ratio, etc. However, there 
are currently no dependable tools that can be used routinely 
[9,10]. Therefore, in this study, we investigated the factors 
that affect the occurrence of SOS and the effect of SOS on the 
patient’s perioperative outcomes through histological review 
of liver resection specimens from patients who underwent 
chemotherapy.

METHODS

Ethics statements
This study protocol was approved by the Institutional 

Review Board of The Catholic University of Korea, Seoul St. 
Mary’s Hospital (No. KC22RISI0282). This study was performed 
in accordance with the Declaration of Helsinki and written 
informed consent was waived due to its retrospective nature.

Patient selection
From December 1, 2007, to December 30, 2020, among the 

patients who had undergone liver resection in The Catholic 
University of Korea, Seoul St. Mary’s Hospital, patients who met 
the following criteria were included; (1) Diagnosed with CRC 
and liver metastasis, (2) received chemotherapy before liver 
resection, (3) could be evaluated via the histopathologic findings 
of non-tumor lesion from the liver specimen. In 286 patients 
who underwent liver resection for CLRM in our institution, 
184 patients (64.3%) underwent systemic chemotherapy before 
hepatectomy. Among these patients, 4 patients whose histologic 
results could not be confirmed in the liver specimen were 
excluded. Also, 5 patients were excluded who underwent other 
regimens for chemotherapy except FOLFOX and FOLFIRI. A 
total of 175 patients were included (Fig. 1).

All patients were assessed prior to liver resection, using pre-
chemotherapy abdominal CT scan as well as post-chemotherapy 
CT. Hepatectomy was considered after identifying the response 
of neoadjuvant chemotherapy. Data for all recruited cases are 
retrospectively reviewed.

It has been reported that the effects of thrombocytopenia 
and liver dysfunction induced by chemotherapy last up to 1–2 
years after oxaliplatin-based chemotherapy [11]. Therefore, 
when several regimens were serially used as neoadjuvant 
chemotherapy in some patients, only the regimen used within 
1-year prior to hepatectomy was considered. Also, some patients 
received irinotecan and oxaliplatin sequentially because of the 
therapy failure of the other respective drugs. In these cases, 
analysis was based on the regimen used immediately before 
liver resection.

Spleen size was measured in CT studies and expressed as a 
splenic index (SI). SI was defined as splenic length (maximum 
longitudinal image) × splenic width (transversely across the 
hilum image) × splenic height (cephalocaudal image) [12].

Postoperative complications were classified by the Clavien-
Dindo classification. Also, post-hepatectomy liver failure 
(PHLF) was defined according to the ‘50-50 criteria.’ A negative 
resection margin was defined as a surgical margin of more than 
1 mm. This was confirmed to have absent tumor cells on the 
margin from pathologic results.

Yoonkyung Woo, et al: Perioperative outcomes of sinusoidal obstruction syndrome
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Histopathology
The pathologic assessment of the liver injury pattern was 

rereviewed by 1 pathologist; and it was performed in the 
representative non-tumor tissues which are at least 1.0 cm away 
from the tumor lesions to minimize the tissue effect caused 
by the inflammatory reaction shown at the invasive fronts. 
The degrees of steatosis were estimated using a nonalcoholic 
fatty liver disease activity scoring system: 0, absent; 1, minimal 
(steatosis in <5% of the hepatocytes); 2, mild (5%–33%); 3, 
moderate (34%–66%); 4, severe (>66%) [13]. Sinusoidal dilatation 
was graded semi-quantitatively as proposed by Rubbia-Brandt et 
al. [14]. The details of the tissue analysis process are as follows: 
0, absent; 1, mild (centrilobular involvement limited to 1/3 of 
the lobular surface); 2, moderate (centrilobular involvement 
extending in 2/3 of the lobular surface); and 3, severe (complete 
lobular involvement). SOS was defined as grade 1 to grade 3 
sinusoidal dilatation; and these patients were classified as SOS 
(+) group. The other, grade 0 patients were classified as the SOS 
(–) group [14] (Fig. 2).

Statistical analysis
Data analyses were performed with IBM SPSS Statistics ver. 

25.0 (IBM Corp.). For categorical variables, the Pearson chi-
square test with continuity correction was applied, or the Fisher 
exact test when any of the expected values was smaller than 
5; and those were expressed as frequency distribution and 
percentages. Continuous variables were compared using the 
Student t-test and analysis of variance t-test, the Mann-Whitney 
U-test and were expressed as the average standard ± deviation.

Overall and recurrence-free survival probabilities were 
estimated using the Kaplan-Meier method. Recurrent-free 
survival was calculated from the date of liver resection to the 
first intrahepatic recurrence diagnosed or the last follow-up 
contact. Overall survival (OS) was estimated from the date of 
hepatectomy to the last follow-up date. The 95% confidence 
interval of the difference in proportions was calculated. A 
P-value of <0.05 was considered statistically significant.

Liver resection for CRLM
(n = 286)

Neoadjuvant chemotherapy
performed (n = 184)

SOS ( ) group
(n = 87)

SOS (+) group
(n = 88)

Exclusion

No histologic result (n = 4)
Other regimen* (n = 5)

Exclusion

No adjuvant chemotherapy
(n = 102)

Fig.  1.  The summary of the 
study selection process. CRLM, 
colorectal liver metastasis; SOS, 
sinusoidal obstruction syndrome. 
*5-fluorouracil only, 5-fluorouracil 
and leucovorin only.

A B
Fig. 2. Histological staining of 
liver tissue in sinusoidal obstruc
tion syndrome (H&E). (A) Micro
scopic finding reveals a focal area 
of hepatocellular plate atrophy 
associated with mild sinusoidal 
dilation (×40). (B) Hemorrhage 
into markedly dilated sinusoids 
with hepatocyte necrosis is shown 
(×100).
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RESULTS
The mean age of all patients who underwent curative surgery 

was 60.8 years, and there were 120 male (68.6%) and 55 female 
patients (31.4%). SOS and steatosis developed in 88 and 118 of 
175 enrolled patients (50.3% and 67.4%, respectively). There were 
no statistically significant differences between the 2 groups 
in the distributions of patients’ sex and age, the blood test 
results such as bilirubin and PLT, AST/PLT ratio as well as the 
underlying diseases of the patients before surgery. Concerning 
the stage at the time of diagnosis of primary tumor, there 
was no difference including M stage status or the number of 
metastases.

The number of applied cycles of chemotherapy was 7.85 in 
total patients. Also, there were no differences between the 2 

groups. The mean chemotherapy-free interval prior to resection 
was found to be 9.00 weeks in all patients. In the SOS (+) 
group, the interval was shorter, but there was no statistical 
significance (10.0 weeks vs. 7.96 weeks, P = 0.069). In terms 
of the type of chemotherapy regimen, 103 (58.9%) received 
oxaliplatin-based chemotherapy including FOLFOX (n = 97) 
and XELOX (capecitabine/oxaliplatin; n = 7), 72 (41.1%) received 
irinotecan-based chemotherapy including FOLFIRI. There was 
no difference in the effect of the chemotherapy regimen on 
the incidence of SOS. Also, the degree of increase in SI, before 
and after neoadjuvant chemotherapy of the SOS (–)and SOS (+) 
groups, was 16.5 ± 22.0, 24.2 ± 43.2, respectively. It was found 
to be increased in the SOS (+) group, but there was no statistical 
significance (P = 0.173) (Table 1).

In intraoperative factors, the SOS (+) group had a larger 

Yoonkyung Woo, et al: Perioperative outcomes of sinusoidal obstruction syndrome

Table 1. Patient characteristics and preoperative factors

Characteristic Total SOS (–) group SOS (+) group P-value

No. of patients 175 87 88
Age (yr) 60.8 (33–83) 60 (33–83) 62 (37–83) 0.147
Sex

Male 120 (68.6) 57 (65.5) 63 (71.6) 0.387
Female 55 (31.4) 30 (34.5) 25 (28.4)

Diabetes mellitus 35 (20.0) 17 (19.5) 18 (20.5) 0.880
Hypertension 71 (40.6) 33 (37.9) 38 (43.2) 0.479
Body mass index (kg/m2) 24.4 (14.8–33.0) 24.5 (14.8–33.0) 24.4 (17.9–32.9) 0.875
Preoperative TB (mg/dL) 0.57 ± 0.3 0.59 ± 0.3 0.55 ± 0.3 0.304
Preoperative platelet (×109/L) 209 ± 814 213 ± 85 205 ± 79 0.532
Preoperative albumin 4.03 ± 2.36 4.01 ± 0.41 4.05 ± 3.32 0.899
Preoperative PT (%) 96.1 ± 11.8 97.2 ± 10.5 95.0 ± 12.9 0.214
AST/PLT ratio 0.47 ± 0.34 0.46 ± 0.25 0.49 ± 0.41 0.461
Increased SI 20.5 ± 34.7 16.5 ± 22.0 24.2 ± 43.2 0.173
Steatosis (pathology) 118 (67.4) 72 (82.8) 46 (52.3) >0.999
Primary tumor

N status 0.466
N (–) 34 (19.4) 15 (17.6) 19 (22.1)
N (+) 137 (78.3) 70 (82.4) 67 (77.9)
NA 4 (2.3) 2 (2.3) 2 (2.3)

M status
M0 57 (32.6) 32 (36.8) 25 (28.4) 0.237
M1 118 (67.4) 55 (63.2) 63 (71.6)

No. of metastasis 0.83 ± 0.72 0.79 ± 0.79 0.83 ± 0.65 0.281
Tumor distribution

Bilobar 64 (36.6) 30 (34.5) 34 (38.6) 0.568
Unilobar 111 (63.4) 57 (65.5) 54 (61.4)

Size of largest metastases (cm) 2.71 ± 1.85 2.55 ± 1.71 2.87 ± 1.98 0.555
Neoadjuvant chemo cyclea) 7.85 ± 3.30 7.97 ± 3.57 7.79 ± 3.08 0.997
Chemotherapy-free intervala) (wk) 9.00 ± 9.67 10.0 ± 11.2 7.96 ± 9.46 0.069
Type of chemotherapy

FOLFOXb) 103 (58.9) 50 (48.5) 53 (51.5) 0.711
FOLFIRI 72 (41.1) 37 (51.4) 35 (48.6)

Values are presented as median (range), number (%), or mean ± standard deviation.
SOS, sinusoidal obstructive syndrome; TB, total bilirubin; AST, aspartate aminotransferase; PLT, platelet; SI, splenic index; NA, not 
available; XELOX, capecitabine/oxaliplatin; FOLFOX, 5-FU/leucovorin/oxaliplatin; FOLFIRI, 5-FU/leucovorin/irinotecan.
a )Except for more than 1 year. b )Including XELOX.
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amount of intraoperative blood loss than the SOS (–) group 
(889.1 ± 1,126.6 mL vs. 555.3 ± 566.7 mL, P = 0.012). Also, the 
former group had more packed RBC transfusion (1.50 ± 2.71 
units vs. 0.59 ± 1.23 units, P = 0.002) and the transfusion rate 
was higher than the latter group (46.6% vs. 25.3%, P = 0.003). 
The SOS (+) group had a longer operation time; however, there 
was no significant difference.

During postoperative care, the prevalence of complications 
was similar between the 2 groups (40.2% vs. 45.5% cases, 
respectively; P = 0.485) overall or regardless of classification. 

However, the incidence of liver surgery-specific complications 
such as ascites, pleural effusion, bile leakage, and hepatic 
failure was higher in the SOS (+) group than in the SOS (–) 
group (40.9% vs. 26.4%, P = 0.043). Frequencies of microscopic 
negative hepatic resection margin and post-hepatectomy liver 
failure, postoperative day (POD) 5 total bilirubin or PT were 
not significantly different. Intrahepatic recurrence of CRLM 
occurred earlier in the SOS (+) group, and the survival rate of 
this group was lower than that of the SOS (–) group (33.9 vs. 
46.0%, P = 0.014) (Table 2, Fig. 3).

Table 2. Comparison of perioperative factors

Factor SOS (–) group (n = 87) SOS (+) group (n = 88) P-value

Operation type
PSH 48 (55.2) 44 (50.0) 0.493
Major 39 (44.8) 44 (50.0)
Laparoscopy 21 (24.1) 16 (18.2) 0.335
Laparotomy 66 (75.9) 72 (81.8)
Synchronous 31 (35.6) 39 (44.3) 0.241

Blood loss (mL) 555.3 ± 566.7 889.1 ± 1,126.6 0.012
Blood transfusion 22 (25.3) 41 (46.6) 0.003
pRBC transfusion volume (unit) 0.59 ± 1.23 1.50 ± 2.71 0.002
Operation time (min) 219.5 ± 125.7 249.3 ± 142.1 0.144
Complication

Overall 35 (40.2) 40 (45.5) 0.485
Grade I, IIa) 18 (20.7) 15 (17.0) 0.538
Grade III, IVa) 17 (19.5) 25 (28.4) 0.170
Liver-specific 23 (26.4) 36 (40.9) 0.043
PHLF 1 (1.2) 5 (5.7) 0.211
Mortality 1 (1.2) 1 (1.1) >0.999

Microscopic resection margin (–) 68 (78.2) 67 (76.1) 0.750
Postoperative laboratory tests, POD 5

TB (mg/dL) 1.20 ± 0.98 1.41 ± 1.00 0.189
PT (%) 76.1 ± 14.9 73.4 ± 17.7 0.280

Values are presented as number (%) or mean ± standard deviation.
SOS, sinusoidal obstructive syndrome; PSH, parenchymal sparing hepatectomy; pRBC, packed RBC; PHLF, post-hepatectomy liver 
failure, POD, postoperative day; TB, total bilirubin.
a)Clavien-Dindo classification.

120

R
e
c
u
rr

e
n
c
e
-f

re
e

s
u
rv

iv
a
l

(%
o
f
p
a
ti
e
n
ts

)

Time (mo)

1.0

0.8

0.6

0.4

0.2

0

A

20 40 60 80 100

SOS ( )
SOS (+)
SOS ( ) censored
SOS (+) censored

P = 0.050

120

O
v
e
ra

ll
s
u
rv

iv
a
l
(%

o
f
p
a
ti
e
n
ts

)

Time (mo)

1.0

0.8

0.6

0.4

0.2

0

B

20 40 60 80 100

SOS ( )
SOS (+)
SOS ( ) censored
SOS (+) censored

P = 0.014

44.5

29.429.4

50.5

56.7

66.3

46.0

60.3

87.4

47.4

33.9

93.0

Fig. 3. Kaplan-Mayer curve. (A) 
Proportional recurrence-free 
survival and (B) overall survival. 
SOS, sinusoidal obstruction syn
drome.



 Annals of Surgical Treatment and Research 351

According to the severity of SOS, patients with SOS were 
divided into 2 groups: moderate SOS (grade 0, 1) and severe 
SOS (grades 2, 3), and subgroup analyses were performed. 
In the results, there were no significant differences among 
preoperative factors including primary tumor characters or 
preoperative lab results. However, in the perioperative factors, 
there were significant differences in intraoperative blood loss 
and blood transfusion volume. With severe SOS, more blood 
loss occurred and, accordingly, more transfusion was performed 
(Table 3).

There were 2 mortality cases during hospitalization after 
liver resection; 1 patient with SOS and the other without SOS. 
One was the patient who previously underwent colectomy 
for colon cancer. Neoadjuvant chemotherapy was performed 
by FOLFOX regimen for 7 cycles. Three weeks following, as a 
staged approach to advanced metastasis, he underwent a right 
hepatectomy and left partial hepatectomy with splenectomy, 
and distal pancreatectomy. It was confirmed as a sinusoidal 
injury by a pathologic review of non-tumor lesion from the 
liver specimen. During postoperative care, PHLF occurred. It 
progressed to multiorgan failure accompanied by respiratory 
failure and renal failure. Eventually, he expired after POD 45. 

The other underwent synchronous surgery for colon cancer 
and liver metastasis 3 weeks after neoadjuvant chemotherapy. 
For liver metastasis, he underwent a right hepatectomy. 
Chemotherapy was performed for 4 cycles using the FOLFOX 
regimen.

There was no sinusoidal injury on the pathologic review. 
On the second day after surgery, bleeding occurred in the 
colon anastomosis site; thus, bleeding control was performed 
through angiography. However, he could not recover his general 
condition. Renal failure occurred and progressed to multiorgan 
failure. He expired after POD 23.

DISCUSSION
Liver injury induced by chemotherapy regimens for CRLM 

typically includes SOS and steatosis. The occurrence of steatosis 
is known to be influenced by patient characteristics such 
as obesity, diabetes, and metabolic syndrome in addition to 
chemotherapy. In contrast, SOS is mainly related to the drugs 
used in chemotherapy regimens. SOS induced by chemotherapy 
in CRLM has been reported to have negative effects on post-
hepatectomy outcomes. However, the exact mechanism of this 

Table 3. Perioperative outcomes according to the grade of sinusoidal obstructive syndrome

Variable Grade 1 (n = 68) Grade 2, 3 (n = 20) P-value

Operation type
PSH 37 (54.4) 7 (35.0) 0.127
Major 31 (45.6) 13 (65.0)
Laparoscopy 15 (22.1) 1 (5.0) 0.082
Laparotomy 53 (77.9) 19 (95.0)
Synchronous 30 (44.1) 9 (45.0) 0.944

Blood loss (mL) 756.7 ± 751.8 1,332.5 ± 1,874.2 0.044
Blood transfusion 30 (44.1) 11 (55.0) 0.391
pRBC transfusion volume (unit) 1.18 ± 1.74 2.60 ± 4.62 0.038
Operation time (min) 250.2 ± 147.2 246.3 ± 126.7 0.914
Complication

Overall 29 (42.6) 11 (55.0) 0.329
Grade I, IIa) 10 (14.7) 5 (25.0) 0.306
Grade III, IVa) 19 (27.9) 6 (30.0)
Liver-specific 27 39.7) 9 (45) 0.672
PHLF 2 (2.9) 3 (15.0) 0.075
Mortality 0 (0) 1 (5.0) >0.999

Microscopic resection margin (–) 52 (76.5) 15 (75.0) 0.553
Postoperative laboratory tests, POD 5

TB (mg/dL) 1.33 ± 0.83 1.72 ± 1.44 0.127
PT (%) 74.2 ± 16.1 70.6 ± 22.9 0.434

Regimen
FOLFOX (n = 53) 38 (71.7) 15 (28.3) 0.125
FOLFIRI (n = 35) 30 (85.7) 5 (14.3)

Values are presented as number (%) or mean ± standard deviation.
PSH, parenchymal sparing hepatectomy; pRBC, packed RBC; PHLF, post-hepatectomy liver failure, POD, postoperative day; TB, total 
bilirubin; FOLFOX, 5-FU/leucovorin/oxaliplatin; FOLFIRI, 5-FU/leucovorin/irinotecan.
a)Clavien-Dindo classification

Yoonkyung Woo, et al: Perioperative outcomes of sinusoidal obstruction syndrome



352

Annals of Surgical Treatment and Research 2024;107(6):346-353

process is still poorly understood, and the perioperative factors 
that contribute to SOS are still controversial.

When severe SOS occurs, there is an increased risk of blood 
loss during liver resection, and transfusion requirements also 
increase accordingly [5,15]. These results can be explained 
by the pathophysiology of SOS. Through in vivo studies 
performed in rats, it has been found that drugs administered 
for chemotherapy or radiotherapy, as well as other factors, 
can activate and damage sinusoidal endothelial cells. The 
destruction of this endothelial cell lining creates gaps in the 
sinusoidal barrier, allowing RBCs, leukocytes, and other cellular 
debris to penetrate the space of Disse. The slowed sinusoidal 
lining cells obstruct the sinusoidal flow, leading to post-
sinusoidal hypertension [16,17]. As a result, patients with SOS 
are at increased risk of bleeding during hepatectomy. Although 
there is some debate regarding the contribution of SOS to 
increased postoperative complications and perioperative blood 
loss, many studies have reported that SOS can increase blood 
loss during hepatectomy, and our study also observed this 
phenomenon.

As mentioned earlier, as seen in most papers, regimen 
specificity has been observed in liver toxicity. In our study, 
however, this was not confirmed. It is speculated that this 
discrepancy may be due to the high prevalence of patients in 
our study who were exposed to multiple regimens repetitively 
and in combination.

It’s difficult to predict the development of SOS before surgery. 
Previous studies have suggested that factors such as female 
sex, the number of chemotherapy cycles, the interval between 
the end of chemotherapy and liver resection, and preoperative 
abnormal liver function tests may be associated with the 
incidence of SOS. However, the exact cause of SOS has not yet 
been revealed. Therefore, a definitive predictive model has yet 
to be established. Pathological confirmation remains the most 
reliable way to diagnose SOS. In this study, we investigated the 
risk factors for SOS, but we found no significant differences 
in the aforementioned factors between the SOS (+) and SOS 
(–) groups. However, some factors in the SOS (+) group were 
slightly higher than in the SOS (–) group. The chemotherapy-
free interval was shorter by about 2 weeks in the SOS (+) group 
(P = 0.069). The increase in spleen volume, as indicated by the 
splenic index, was greater in the SOS (+) group (P = 0.173). 
These findings may be limited by the small number of objects, 
and additional studies on a larger scale will be necessary to 
confirm these results.

Zhao et al. [5] published that SOS was associated with an 
increase in the incidence of postoperative complications. 
Similar results were obtained in this study as well. There 
was no significant difference observed when comparing the 
occurrence of SOS and all complications. However, it appears 
that the occurrence of liver surgery-specific complications, such 

as ascites, pleural effusion, and bile leakage, were associated 
with SOS. PHLF was more common in patients with SOS, 
but the difference was statistically insignificant, possibly 
due to the small sample size. Therefore, a larger study with a 
greater number of patients may yield results with significant 
differences.

The occurrence of SOS seems to be linked to early 
recurrence, particularly intrahepatic recurrence, but it has 
been controversial as to whether it can negatively impact OS. 
However, there have been reports suggesting that SOS may 
reduce the chemotherapy response, thereby having a negative 
impact on OS [8,18]. In our study, patients with SOS also had a 
higher incidence of intrahepatic recurrences and demonstrated 
lower survival rates.

There are a few limitations in our study. First, this study 
was a retrospective analysis, which means that there was 
variability in the chemotherapy and perioperative procedures 
for all patients. Therefore, the results we obtained may not fully 
reflect the degree of CALI, due to the diversity in the timing 
of hepatectomy after the end of chemotherapy, perioperative 
CT scans, and laboratory tests performed. Secondly, this study 
was conducted in a single center; therefore, further large-scale 
studies are necessary to confirm our findings. Thirdly, patients 
who did not undergo liver resection after chemotherapy could 
not be analyzed because there was no pathologic data. However, 
the pathologic data of all patients who underwent surgery at our 
hospital was reviewed by a single pathologist, and consistent 
classification was possible, which helped to decrease selection 
bias.

The occurrence of SOS resulting from neoadjuvant 
chemotherapy has a negative impact on peri-operative and 
postoperative outcomes. SOS results in significant bleeding 
during hepatectomy, requiring frequent blood transfusion. 
Moreover, it leads to rapid intrahepatic recurrence and poor OS. 
It should be noted that the possibility of SOS may be higher 
if the interval from chemotherapy to surgery is short or the 
increase in SI is large. This requires further research through 
large-scale and randomized controlled trial studies in the 
future.
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