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Abstract
Aim: Surgical treatment of splenic flexure cancer (SFC) still presents some debated issues, 
including the role of laparoscopic surgery. The literature is based on small single-centre 
series, while randomized controlled studies comparing open and laparoscopic treatment 
for colon cancer exclude SFC. This study aimed to determine the role of laparoscopic 
surgery in the treatment of SFC, comparing short- and long-term outcomes with open 
surgery.
Method: This was an international multicentre retrospective cohort study that analysed 
patients from 10 tertiary referral centres. From a cohort of 641 cases, 484 patients with 
Stage I–III SFC submitted to elective surgery with curative intent were selected. After 
1:1 propensity score matching, 130 patients in the laparoscopic group (LapGroup) were 
compared with 130 patients in the open surgery group (OpenGroup).
Results: After propensity score matching, the two groups were comparable for demo-
graphic and clinical parameters. OpenGroup presented a higher incidence of overall 
(P = 0.02) and surgery-related complications (P = 0.05) but a similar rate of severe com-
plications (P = 0.75). Length of stay was notably shorter in the LapGroup (P = 0.001). 
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INTRODUC TION

Colorectal cancer (CRC) is one of the most frequent solid tumours 
worldwide but seldom arises at the splenic flexure [1]. Most com-
monly, cancers of the splenic flexure (SFCs) are defined as those lo-
cated within the last third of the transverse colon, the splenic flexure 
itself, and the first 10 cm of the descending colon [2,3]. As described 
in a previous work from our group [1] and historical literature [3–6], 
SFCs are associated with negative prognostic factors such as higher 
risk of presentation with obstruction [6,7], advanced stage [8] and 
unfavourable mucinous histology [1,3,5]. Nonetheless, our data 
contradict the widely held dogma that SFC is associated with worse 
prognosis compared to other cancer sites [1].

Several randomized controlled trials demonstrated the non-
inferiority of laparoscopy for colon cancer in terms of oncological 
outcome and its association with better short-term results [9–12]. 
SFCs were excluded from these trials due to their unfavourable 
clinical characteristics and lack of standardized surgical technique. 
Few data on the feasibility and outcomes of laparoscopy for SFC are 
currently available in the literature, mainly from single-centre series 
with a small number of patients [13–22].

The purpose of the study was to evaluate short- and long-term 
results of SFCs treated with laparoscopy compared to open surgery. 
Data from a large multicentre cohort were analysed after controlling 
for preoperative variables through propensity score matching (PSM).

MATERIAL S AND METHODS

The study protocol was approved by the institutional review board 
and ethics committee of each of the 10 centres involved. From 21 
338 patients, 641 consecutive patients (3%) with SFC were identi-
fied as previously described in detail [1]. Briefly, SFCs were retro-
spectively identified through review of preoperative colonoscopies, 
CT scans, operative reports and histopathology reports at each 
participating centre as those tumours located between the distal 
third of the transverse colon and the first 10 cm of the descending 
colon. All consecutive cases were included. To evaluate outcomes of 
laparoscopy compared to open surgery, we conducted a subgroup 
analysis of the global cohort considering patients who had surgery 

between January 2005 and December 2017. Patients were included 
if they underwent elective, potentially curative (R0–1) resection for 
Stage I–III SFC.

Outcome measures

Each centre retrieved relevant information from their institutional 
database. Clinical-pathological data, intra-operative data, postoper-
ative mortality and morbidity, and oncological outcomes were com-
pared between patients who underwent laparoscopic (LapGroup) 
and open surgery (OpenGroup). Analysis was performed on an 
intention-to-treat basis considering patients needing conversion to 
open surgery as laparoscopic cases. Completion of laparoscopic dis-
section was judged necessary to classify a procedure as laparoscopic. 
Conversion was defined as an inability to complete all intended 
laparoscopic steps laparoscopically. Anastomosis in the LapGroup 
was performed intracorporeally or extracorporeally depending on 
the surgeon's choice. All patients completed a documented follow-
up of at least 24  months. Outcome measures were postoperative 
course, postoperative length of stay (LOS), overall survival (OS), 
cancer-specific survival (CSS) and recurrence pattern. Disease recur-
rence was defined as systemic, locoregional or peritoneal and was 
proved by radiological and/or pathological methods when available. 
Complications were graded according to the Clavien–Dindo classi-
fication [23] and divided into minor (Grade I–II) and major (Grade 
III–V). When several adverse events occurred in the same patient, 
the highest grade was considered.

Overall (P = 0.793) as well as cancer-specific survival (P = 0.63) did not differ between 
the two groups.
Conclusions: Elective laparoscopic surgery for Stage I–III SFC is feasible and associated 
with improved short-term postoperative outcomes compared to open surgery. Moreover, 
laparoscopic surgery appears to provide excellent long-term cancer outcomes.

K E Y W O R D S
colon cancer, laparoscopy, left flexure, prognosis, splenic flexure

What does this paper add to the literature?

Laparoscopy for colon cancer is widely accepted, although 
little evidence supports its use in the case of tumours lo-
cated at the splenic flexure. This is the largest multicentre 
study confirming the feasibility of laparoscopy compared 
to open surgery for this location in terms of improved 
short-term outcomes and comparable long-term prognosis.
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Surgical technique

Over the study period, patients underwent laparoscopic or open re-
section according to surgeons' preference and experience. None of the 
surgeons at the participating centres was in their learning curve phase. 
Surgical interventions were classified based on the extent of colonic 
resection and vessel ligation level as previously described [1]. Common 
definitions were shared among participating centres to standardize 
surgical reports. Subtotal colectomy was defined as the resection of 
the terminal ileum, caecum, ascending and transverse colon, left flex-
ure and descending colon, in which ileocolic, right colic, middle colic 
and left colic vessels were ligated. Left hemicolectomy entailed the 
resection of part of the transverse colon, descending colon and sig-
moid colon with ligation of the inferior mesenteric vessels and the left 
branch of the middle colic vessels. Left high colectomy was defined as 
the resection of the distal transverse colon, left flexure and descend-
ing colon, with ligation of the left colic and the left branch of the mid-
dle colic vessels. For study purposes, left hemicolectomy and left high 
colectomy were considered together and named left colonic resection. 
Partial resection was defined as removing a portion of the colon with-
out ligation of the primary vascular pedicles [24].

Statistical analysis

Continuous data were reported as mean (±SD) or median (interquartile 
range, IQR) as appropriate according to distribution, while categorical data 
were reported as frequencies and percentages. The ANOVA or Kruskal–
Wallis test for continuous variables and chi-squared or Fisher's exact test 
for categorical variables were made by comparison between groups.

Adjusting potential confounding factors influencing the alloca-
tion of cases to the LapGroup rather than the OpenGroup, the PSM 
technique was applied. Multivariate logistic regression generated 
propensity scores, predicting the probability of undergoing laparo-
scopic surgery based on the variables which could influence surgical 
approach: centre (east vs. west), year of surgery (2005–2008 vs. 2009–
2012 vs. 2013–2017), gender, age, body mass index, Charlson comor-
bidity index, previous abdominal surgery (yes vs. no), extra parietal 
tumour invasion (pT < 4 vs. pT4) and extent of surgery (subtotal colec-
tomy vs. left colectomy vs. partial resection). Patients in the LapGroup 
were matched 1:1 with patients in the OpenGroup using the nearest 
neighbour method considering a caliper <0.2. After PSM was per-
formed, differences between the two groups were assessed. Absolute 
standardized mean differences were estimated to evaluate post-match 
imbalance, and a standardized mean difference <0.15 was considered a 
negligible difference in the mean or prevalence of a covariate between 
treatment groups. Table S1 reports standardized mean differences for 
matching variables before and after matching. The PSM adequacy was 
visually assessed by the frequency of propensity scores in each group 
before and after matching (Figure S1), and the overall balance test re-
sult was reported as a quantitative measure of balance. The overall bal-
ance test for the model used gave d2 = 7.527 on 13 degrees of freedom 
(P = 0.873) confirming good balancing after PSM.

Overall survival and CSS were computed using the Kaplan–Meier 
method and compared using the log-rank test. Time of survival was cal-
culated from the date of surgery to the most recent follow-up examina-
tion or death. CSS was measured from the date of surgery to the date 
of death from colon cancer, whilst patients who died from causes other 
than cancer were considered censored at the time of death. Multivariate 
analysis for OS and CSS was performed using the Cox regression model 
considering surgical approach (LapGroup vs. OpenGroup) and adjust-
ing for the following risk factors: age (≥70 years old vs. <70 years old), 
gender (male vs. female), grading (G1–2 vs. G3), extent of surgery (sub-
total colectomy and partial resection vs. left colonic resection), TNM 
stage (Stage I and Stage II vs. Stage III) and administration of adjuvant 
chemotherapy (yes vs. no). All statistical tests were two-sided, and a P 
value lower than 0.05 was considered statistically significant. Statistical 
analysis was performed using SPSS 23.0 software (IBM Corporation, 
Armonk, New York, USA).

RESULTS

Patient selection

A minimally invasive approach was adopted in 341 patients (53.2%), 
while an open approach was preferred in 300 (46.8%). After apply-
ing exclusion criteria, 194 patients in the OpenGroup (64.7%) and 
290 in the LapGroup (85%) were included for analysis. The selec-
tion process and the causes for exclusion are detailed in Figure 1. 
Following PSM, the final study population consisted of 260 patients, 
130 patients who underwent laparoscopic resection and 130 pa-
tients who underwent open surgery.

Study population

Before PSM (Table S2), patients in the OpenGroup were significantly 
older (mean age ± SD 69.8 ± 12.8 years old vs. 66.9 ± 11.4 years old; 
P = 0.002), presented a higher median Charlson comorbidity index 
score (3 [IQR 2–5] vs. 2 [IQR 2–3]; P  =  0.01) and a higher rate of 
previous abdominal surgeries (33.5% vs. 23.4%; P = 0.02). Finally, tu-
mours in the OpenGroup were more frequently obstructing (30.4% 
vs. 18.6%, P  <  0.001) and locally advanced (pT4, 21.6% vs. 8.6%, 
P < 0.001). After PSM, the two groups were comparable as for de-
mographic and clinical parameters (Table 1). From here on, the analy-
sis will refer only to the matched cohort. Analysis of the operative 
data and short-term outcomes of the unmatched groups are avail-
able in Tables S3 and S4).

Operative data

Operative data and specimen characteristics are reported in Table 2. 
Eleven patients (8.5%) in the LapGroup needed conversion to open 
surgery. The most performed procedure was left colonic resection 
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in both groups (83 cases in the LapGroup vs. 84 in the OpenGroup; 
P  =  0.68), followed by partial resection of the splenic flexure (32 
cases in the LapGroup vs. 35 in the OpenGroup). A similar propor-
tion of patients in both groups needed resection of adjacent organs 
due to suspected tumour infiltration (seven patients in the LapGroup 
and 12 in the OpenGroup; P  =  0.34). No patient in either group 
presented microscopic residual (R1) tumour on surgical resection 
margins. Specimen characteristics were comparable except for the 
median number of retrieved lymph nodes, which was lower in the 
OpenGroup (15 [IQR 11–21] vs. 17.5 [IQR 12–25]; P = 0.01). Similarly, 
a higher percentage of cases with less than 12 nodes was found in 
the OpenGroup (28.9% vs. 15%; P = 0.03).

Short-term outcomes

Patients in the OpenGroup (Table 3) presented a higher incidence 
of overall (33.1% vs. 17.7%; P = 0.02) and surgery-related compli-
cations (24.6% vs. 14.6%; P  =  0.05), with a similar rate of severe 
complications (6.9% vs. 5.4%; P = 0.75). Regarding surgical complica-
tions, no difference was highlighted for anastomotic leak (2.3% vs. 

1.5%; P = 1). Prolonged postoperative ileus (10% vs. 3.8%; P = 0.08) 
and surgical site infections (6.2% vs. 1.5%; P = 0.10) occurred more 
frequently after open surgery, but the difference did not reach sta-
tistical significance. As expected, LOS of the LapGroup was nota-
bly shorter than for the OpenGroup (median 7 days [IQR 5–10] vs. 
9 days [IQR 7–15]; P = 0.001). Thirty-day mortality, redo surgery and 
readmission rates were similar between the two groups. The rate 
of administration of adjuvant chemotherapy was comparable in the 
two groups (22.2% in the LapGroup vs. 20.5% in the OpenGroup; 
P = 0.87).

Overall and cancer-specific survival

At the time of analysis, 135 patients (51.9%) completed 5 years of 
follow-up, with 57  suffering mortality (21.9%). The median length 
(IQR) of follow-up was 59.9 (37–98) months (61.3 [45–97.7] months 
for surviving patients) in the LapGroup and 60 (38–98) months 
(64.1 [47–107.3] months for surviving patients) in the OpenGroup 
(P = 0.239). As illustrated in Figure 2, OS in the whole cohort did not 
differ between open and laparoscopic surgery (5 years OS 81.4% vs. 

F I G U R E  1  CONSORT flow diagram with patients' selection process, according to the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) Statement guidelines 

Surgery for colonic tumors
n = 21338

n = 641 (3%)
Left flexure tumors

Open surgery

106 excluded 51 excluded
n = 39   Emergency surgery
n = 61   Stage IV/M+
n = 3     Palliative or R2 surgery
n = 3     Benign tumor

Open surgery included Laparoscopic surgery included

n = 290

Propensity score matching: Center, Year of Surgery, Gender, Age, BMI, Charlson comorbidity
index, previous abdominal surgery, pT, extent of surgery

Open surgery analysed
n = 130 n = 130

Laparoscopic surgery analysed

n = 194

n = 10   Emergency surgery
n = 35   Stage IV/M+
n = 0     Palliative or R2 surgery
n = 6     Benign tumor

n = 300

Laparoscopic surgery
n = 341



    | 181PEDRAZZANI et al.

85%, respectively; P = 0.793) although it was slightly better in the 
latter. Subgroup analysis according to stage showed similar results 
(P = 0.263 for Stage I, P = 0.428 for Stage II, P = 0.439 for Stage III). 
Considering CSS, patients showed comparable survival rates after 
open and laparoscopic surgery (P = 0.63, Figure 3), and the result 
was confirmed at subgroup analysis for stage. Multivariate analyses 
for OS and CSS were conducted considering surgical approach and 
adjusting for other relevant risk factors (Table 4). Laparoscopy did 
not prove to be an independent prognostic factor for OS or CSS 
(P = 0.72).

Disease recurrence

Recurrence developed with similar rates in the two groups, 19 
patients (14.6%) in the LapGroup and 18 patients (13.8%) in the 
OpenGroup (P = 1). Systemic recurrence in the form of hepatic re-
lapse was found in 13 patients (10%) in the OpenGroup and eight pa-
tients (6.2%) in the LapGroup (P = 0.36). Patients in the laparoscopic 
cohort developed peritoneal and locoregional recurrence more fre-
quently than after open surgery (3.1% vs. 0%, and 2.3% vs. 0.8%, re-
spectively), but the difference did not reach statistical significance.

DISCUSSION

Splenic flexure is an uncommon site for CRC, and, historically, SFC 
has been regarded as an entity with poor prognosis. The optimal sur-
gical procedure is still debated (extended vs. limited resections), as 
demonstrated by two surveys amongst surgeons [25,26] and current 
literature [27,28]. The laparoscopic approach to the splenic flexure 
poses different challenges related to its embryology, the relation-
ship with adjacent organs and intrinsic technical steps that are con-
sidered demanding even by experienced colorectal surgeons [29]. 
Furthermore, SFC has been excluded from large randomized con-
trolled trials [11,30,31] assessing the safety and oncological results 
of laparoscopy for CRC, leading to a lack of standardization for its 
treatment. Small series from high-volume centres demonstrated 
that minimally invasive resection of the splenic flexure is feasible 
[13,15,18,32–34]. However, population-based studies, including 
our previous publication [1] and two recent large-scale studies by 
de’Angelis et al. [27] and Degiuli et al. [28] reported that laparos-
copy was adopted in just about 60% of SFCs with conversion rates 
ranging from 6.2% to 9.9%. To the best of our knowledge, this is 
the largest surgical cohort of SFCs comparing short- and long-term 
outcomes of laparoscopy versus open surgery after controlling for 

LapGroup (n = 130) OpenGroup (n = 130) P

Age, years, mean (SD) 67 (12.3) 69.5 (12.2) 0.09

Gender, men 68 (52.3) 73 (56.2) 0.62

BMI, kg/m2, median (IQR) 23.9 (21.2–26.8) 23.7 (20.7–27.2) 0.45

Charlson comorbidity index, 
median (IQR)

2 (2–3) 2 (2–3) 1

Previous surgery 37 (28.5) 36 (27.7) 1

Presence of stenosis 27 (20.8) 34 (26.3) 0.09

Missing 7 (5.7) 15 (10.9)

Depth of tumour invasion (pT) 0.91

pT1–2 34 (26.8) 36 (27.6)

pT3 77 (60.6) 77 (60.6)

pT4 16 (12.6) 14 (11)

Missing 3 (2.3) 3 (2.3)

Nodal involvement (pN) 0.84

pN0 93 (71.5) 97 (74.6)

pN1 25 (19.2) 23 (17.7)

pN2 12 (9.2) 10 (7.7)

AJCC TNM stage 0.77

Stage I 31 (23.8) 32 (24.6)

Stage II 63 (48.5) 67 (51.5)

Stage III 36 (27.7) 31 (23.8)

Mucinous histology 11 (8.5) 9 (6.9) 0.69

Poorly differentiated grading 
(G3)

21 (16.9) 19 (15.3) 0.86

Note:: Values in parentheses are percentages unless differently specified.
Abbreviations: AJCC, American Joint Committee on Cancer; BMI, body mass index; IQR, 
interquartile range.

TA B L E  1  Patients' demographic 
and clinical data according to surgical 
approach after propensity score matching
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relevant confounding factors. The significant findings of our study 
are (i) that laparoscopic surgery is confirmed to be safe and feasible 
for elective resection of Stages I–III SFC; (ii) compared to open sur-
gery, it is associated with better short-term outcomes; and (iii) that it 
allows comparable long-term oncological outcomes.

Several single-centre studies based on small numbers of patients 
showed the feasibility of laparoscopy for SFC [13–22]. Looking at 
studies comparing laparoscopic and open surgery, Nakashima and 
colleagues [20] compared 33 patients who underwent laparo-
scopic surgery for SFC to 22 patients who underwent open surgery, 
demonstrating improved postoperative outcomes in the LapGroup. 
Following this publication, Okuda and colleagues [22] retrospectively 
compared 61  laparoscopic surgeries for SFC with 34 conventional 
open surgeries, and they demonstrated better recovery outcomes 
in the laparoscopic group and a similar prognosis. Similarly, Kim and 
colleagues [19] analysed 18 open and 33 laparoscopic surgeries for 
SFC concluding that laparoscopy allows better short-term outcomes 
with comparable long-term results. Nevertheless, none of these pa-
pers considered possible biases influencing the allocation of patients 
to laparoscopic or open surgery, which could, in turn, affect out-
comes. More recently, Chi and colleagues [35] compared open and 
laparoscopic colectomy for SFC after matching through PSM. They 
retrospectively analysed 62 patients submitted to laparoscopy and 
62 patients to open surgery and found no differences in short-term 

outcomes and long-term prognosis. Finally, Beghdadi et al. [36] eval-
uated the results of laparoscopic surgery for SFC in a multicentric 
European setting. Although the study population was quite large 
(399 patients with SFC), after application of PSM only 64 patients 
treated by laparotomy and 64 with laparoscopy were analysed. They 
also reported improved postoperative outcomes in the laparoscopic 
group and no differences in terms of OS and disease-free survival.

In our study, a clear benefit in terms of postoperative compli-
cations was observed after laparoscopic surgery (17.7% vs. 33.1%; 
P = 0.02). This difference was mostly related to the decrease in sur-
gical complications (14.6% vs. 24.6%; P = 0.05) and mild complica-
tions (10.8% vs. 27.7%; P  =  0.03). The improvement in short-term 
outcomes is reflected by the decrease in LOS, which was 2 days 
shorter in the LapGroup (7 days [IQR 5–10] vs. 9 days [IQR 7–15]; 
P = 0.001). The results follow the known advantages of laparoscopy 
for other colon cancer locations in terms of early bowel function res-
toration and faster recovery [12,20,37].

Although the laparoscopic approach to the splenic flexure is techni-
cally challenging, our results confirmed the data published in previous 
reports [19,34,38] with a conversion rate of 8.5%, almost comparable 
to other colon cancer locations in experienced hands [38].

Furthermore, our paper demonstrated that laparoscopy did not 
interfere with the quality of surgical resection. No differences were 
found for specimen length and resection margins. Moreover, the me-
dian number of retrieved nodes was higher in the LapGroup (17.5 [IQR 

TA B L E  2  Comparison of surgical procedures and pathological 
data in the matched population

LapGroup 
(n = 130)

OpenGroup 
(n = 130) P

Extent of surgery 0.68

Subtotal colectomy 15 (11.5) 11 (8.5)

Left colonic resection 83 (63.8) 84 (64.6)

Partial resection 32 (24.6) 35 (26.9)

Conversion 11 (8.5) – –

Anastomosis, stapled 89 (68.5) 67 (51.5) 0.002

Stoma formation 2 (1.5) 4 (3.1) 0.68

Cancer-related 
resections

7 (5.4) 12 (9.2) 0.34

Specimen characteristics, 
cm

Total length, median 
(IQR)

23 
(17.5–34.5)

22 (16–29) 0.44

Proximal margin, 
median (IQR)

10 (6–15) 10 (7–13.5) 0.82

Distal margin, median 
(IQR)

8.2 
(5.5–13.3)

7.8 (5–11) 0.13

Total no. retrieved 
LNs, median (IQR)

17.5 
(12–25)

15 (11–21) 0.01

No. of cases with <12 
LNs

19 (15) 37 (28.9) 0.03

Note:: Values in parentheses are percentages unless differently 
specified.
Abbreviations: IQR, interquartile range; LN, lymph node.

TA B L E  3  Comparison of short-term outcomes in the matched 
population

LapGroup 
(n = 130)

OpenGroup 
(n = 130) P

Hospital stay, days, 
median (IQR)

7 (5–10) 9 (7–15) 0.001

Postoperative 30-day 
complications

23 (17.7) 43 (33.1) 0.02

Low grade 14 (10.8) 36 (27.7) 0.03

High grade 9 (6.9) 7 (5.4) 0.75

Medical complications 7 (5.4) 15 (11.5) 0.12

Surgical complications 19 (14.6) 32 (24.6) 0.05

Anastomotic leak 2 (1.5) 3 (2.3) 1

Postoperative 
prolonged ileus

5 (3.8) 13 (10) 0.08

Surgical site infection 2 (1.5) 8 (6.2) 0.10

Redo surgery 6 (4.6) 6 (4.6) 1

30-day unplanned 
readmission

3 (2.3) 3 (2.3) 1

30-day postoperative 
mortality

1 (0.8) 2 (1.5) 1

Adjuvant 
chemotherapy

26 (22.2) 24 (20.5) 0.87

Missing 13 (10) 13 (10)

Note:: Values in parentheses are percentages unless differently 
specified.
Abbreviation: IQR, interquartile range.
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12–25] vs. 15 [IQR 11–21]; P = 0.01) as well as the percentage of pa-
tients with more than 12 retrieved nodes (85% vs. 71.1%; P = 0.03). 
This result is in line with previous reports, which associated minimally 
invasive surgery with a more extensive lymphadenectomy [13,20].

Looking at long-term outcomes, 5-year OS was similar to pre-
vious reports [16,17,19,21,22]. Previous studies on SFC [19,33] de-
scribed similar rates in Stage I–III tumours. Although 5-year OS was 
slightly better in the LapGroup (85% vs. 81.4%), the difference was 

not statistically significant (P = 0.79). Similarly, CSS was compara-
ble between open and laparoscopic groups (P = 0.63). These results 
were confirmed even when considering Stages I, II and III separately, 
as well as at multivariate analysis (P = 0.72).

The present study has some limitations, mainly related to its 
retrospective nature. First, due to the length of the inclusion pe-
riod, a higher proportion of older cases underwent open surgery. 
However, this critical issue has been addressed through inclusion 

F I G U R E  2  Kaplan–Meier estimates of overall survival probability for patients undergoing laparoscopic and open resection for SFC. (A) 
OS in the whole population (P = 0.79); (B) Stage I (P = 0.26); (C) Stage II (P = 0.43); (D) Stage III (P = 0.44) 

1.0

All stages Stage I

Stage II Stage III

Laparoscopic
Open

0.8

0.6

Su
rv

iv
al

 p
ro

ba
bi

lit
y 

(%
)

0.4

0.2

0.0
0 20 40 60

Time after surgery (months)
No at risk

Laparoscopic130
130

121
125

87
92

64
70

37
45

22
31

15
15

31
32

30
30

15
21

14
15

9
12

3
9

1
3Open

No at risk
Laparoscopic 63

67
57
65

45
49

30
37

15
21

11
14

8
5

36
31

34
29

27
23

20
18

13
11

9
8

5
5Open

No at risk
Laparoscopic
Open

No at risk
Laparoscopic
Open

80 100 120

1.0

0.8

0.6

Su
rv

iv
al

 p
ro

ba
bi

lit
y 

(%
)

0.4

0.2

0.0

1.0

0.8

0.6

Su
rv

iv
al

 p
ro

ba
bi

lit
y 

(%
)

0.4

0.2

0.0
0 20 40 60

Time after surgery (months)
80 100 120 0 20 40 60

Time after surgery (months)
80 100 120

1.0

0.8

0.6

Su
rv

iv
al

 p
ro

ba
bi

lit
y 

(%
)

0.4

0.2

0.0
0 20 40 60

Time after surgery (months)
80 100 120

(A) (B)

(C) (D)



184  |    PEDRAZZANI et al.

of the period of surgery in the computation of the propensity score. 
Consequently, the length of follow-up was similar in the laparo-
scopic and open group, with a median of 5 years. Second, it was not 
possible to retrieve accurate data on the extent of lymphadenec-
tomy and lymph node involvement level. This drawback was ac-
knowledged and, consequently, the extent of surgery was included 
among PSM variables. Third, lack of information on intra-operative 

data, such as operation time and blood loss, and postoperative re-
covery items did not permit any inference on these outcomes.

Conversely, our study has the strength to analyse a large and 
homogeneous cohort of patients with SFC undergoing elective sur-
gery. The application of strict inclusion criteria and the adoption of 
PSM allowed us to obtain two comparable groups that represent the 
largest cohort in the current literature.

F I G U R E  3  Kaplan–Meier estimates of cancer-specific survival probability for patients undergoing laparoscopic and open resection for 
SFC. (A) CSS in the whole population (P = 0.63); (B) Stage I (P = 0.45); (C) Stage II (P = 0.19); (D) Stage III (P = 0.77) 
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CONCLUSION

Laparoscopy is safe and effective for the curative treatment of 
Stages I–III SFC. It is associated with better short-term results with 
reduced complication rates and postoperative LOS. Moreover, lapa-
roscopic surgery appears to provide excellent long-term cancer 
outcomes.
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