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Abstract 

Purpose Anastomotic leakage (AL) is one of the most pernicious complications after esophagectomy for patients 
with esophageal or esophagogastric junction cancer (EC or EJC). The application of fibrin sealant (FS) may be advanta-
geous for reducing the incidence of AL. This study aims to evaluate the safety and effectiveness of FS in preventing AL 
in patients undergoing McKeown esophagectomy.

Methods In this multicenter, prospective, randomized controlled trial, we planned to recruit 360 patients aged 18–75 
years with resectable EC or EJC and the interim analysis was performed when the number of participants reaches 180. 
Patients assigned to the FS group received McKeown esophagectomy with 2.5ml FS applied to the cervical anasto-
mosis, while patients in the control group received surgery alone. The primary endpoint was the incidence of cervical 
AL within the first 3 months postoperatively.

Result From February 2019 to November 2021, 180 patients were recruited, with 89 in the FS group and 91 
in the control group. There was no statistically difference between the incidence of AL between the two groups 
[6.7% (6/89) in the FS vs. 14.3% (13/91) in the control group, P = 0.16]. Complications was comparable (P = 0.76) 
between the FS group (42 of 89, 47.2%) and the control group (45 of 91, 49.5%). No adverse events related to FS 
or deaths occurred postoperatively.

Conclusion The application of FS intraoperatively is feasible and does not increase the risk of complications, and its 
effectiveness for the prevention of AL needs to be revalidated after the completion of patient enrollment.

Trial registration This trial was registered at ClinicalTrials.gov (NCT03847857) on February 19th, 2019.

Keywords Esophageal cancer, McKeown esophagectomy, Fibrin sealant, Anastomotic leakage, Postoperative 
complications
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1 Introduction
As the seventh most common malignancy worldwide, 
esophageal cancer (EC) yields approximately 477,900 
new cases and 375,000 deaths as estimated in 2015 [1, 
2]. Surgery remains to be the most important and effec-
tive treatment for EC. Among all surgical methods, right-
sided trans-thoracic approach, especially the McKeown 
esophagectomy, had shown superiority in radical lym-
phadenectomy as well as sufficient resection margin [3]. 
Nevertheless, compared with intrathoracic anastomosis 
[4], cervical anastomosis in the McKeown/three-hole 
esophagectomy is associated with a higher risk of anas-
tomotic leakage (AL) that would prolonged hospital stay 
and increase considerable morbidity and mortality [4, 
5]. According to past studies, the incidence of AL ranges 
from 10.6 to 26.1% [6–8]. Therefore, additional precau-
tions for AL are of great importance during periopera-
tive period, among which fibrin sealant (FS) had already 
shown potential convenience and efficacy.

Anecdotal reports have attempted to use FS to pre-
vent gastrointestinal AL after surgery which success-
fully enhances postoperative recovery [9–12]. However, 
studies about the applications of FS to prevent AL after 
esophagectomy was still of insufficient improvement [13, 
14]. Our previous phase II trial reported a significantly 
low cervical anastomotic leakage rate of 3.5% with intra-
operative application of FS during esophagectomy [15]. 
Based on this, the present study was designed to further 
assess the role of porcine FS (Bioseal) in the prevention 
of cervical AL for patients with EC undergoing Mck-
eown esophagectomy. The study has met the criteria for 
interim analysis as prespecified, and here the interim 
results are displayed.

2  Materials and methods
2.1  Study design
The PLACE030 trial was a multicenter, prospective, ran-
domized controlled trial, planning to recruit 360 patients 
in 4 years. Six centers participated in this study (Sun 
Yat-sen University Cancer Center, Zhongshan Hospital 
of Sun Yat-Sen University, Cancer Hospital of Shantou 
University Medical College, Shanghai Chest Hospital, 
People’s Hospital of Jieyang, and Sichuan Cancer Hos-
pital).The interim analysis would be performed when 
the number of participants reaches 180 (Fig. 1). Enrolled 
patients were randomized 1:1 into two groups. Two point 
five ml of FS (BioSeal; Guangzhou Bioseal Biotech Co., 
Ltd., China) was applied to cover the cervical anasto-
motic site in the treatment group. The effectiveness of the 
application of Bioseal in reducing the chance of AL was 
assessed. All included patients were supposed to provide 
written informed consent. This trial was approved by the 

institutional ethical committee (B2018-011-01) and was 
registered at ClinicalTrials.gov (NCT03847857).

2.2  Participants and randomization
Patients aged 18 to 75 who were diagnosed with histo-
logically confirmed squamous cell carcinoma or adeno-
carcinoma of the thoracic esophagus or esophagogastric 
junction staged as T1-4aN0-3M0 (according to the 8th 
AJCC edition), would be included. Other inclusion cri-
teria included: normal liver and kidney functions, WHO 
performance status (PS) of 0–1, and expected survival 
for more than 6-month. The exclusion criteria are as fol-
lows: (1) surgically contraindicated because of cardiac, 
respiratory, hepatic, renal diseases, or other uncontrolla-
ble status; (2) history of gastric surgery that precludes the 
replacement of the esophagus with gastric graft; (3) prior 
definitive chemoradiotherapy; (4) history of or concomi-
tant hemorrhagic diseases; (5) history of diabetes over 
10 years with poorly controlled blood glucose level; (6) 
concomitant peripheral neuropathy; (7) known hyper-
sensitivity to the porcine fibrin sealant products; and (8) 
pregnancy or lactation status. Enrolled patients would 
be randomized in a 1:1 ratio to receive Bioseal applica-
tion or surgery alone, using computer-generated random 
numbers provided by the Sun Yat-sen University Cancer 
Center Clinical Trial Center.

2.3  Treatment and procedures
For diagnosis and accurate staging, the following workup 
is performed: chest and abdomen contrasted computed 
tomography, esophagogastroduodenoscopy (EGD) 
with endoscopic ultrasonography, electrocardiogram, 
lung spirometry, and cervical ultrasonography for every 
patient. And bronchoscopy with endobronchial ultra-
sonography, positron emission tomography-computed 
tomography, and emission computed tomography, if 
necessary.

Consultant surgeons in each center performed the 
operations, with a McKeown esophagectomy and two-
field lymphadenectomy through thoracotomy or a mini-
mally invasive approach (MIE). Total lymphadenectomy 
includes the resection of bilateral recurrent laryngeal 
nerve nodes, peri-esophageal nodes, subcarinal nodes, 
pulmonary ligament nodes, diaphragmatic nodes, peri-
cardiac nodes, lesser curvature nodes, left gastric nodes, 
common hepatic nodes, splenic nodes, and celiac nodes. 
An end-to-side cervical esophagogastric anastomosis 
was constructed via a circular stapler, wrapped by inter-
rupted sutures for reinforcement. The gastric rema-
nent will be closed using a linear stapler and wrapped 
by seromuscular-layer interrupted sutures. For patients 
in the treatment arm, 2.5ml of Bioseal was irrigated 
over the cervical anastomotic site before would closure. 
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Afterward, a nasogastric tube, cervical drainage tube, and 
jejunum feeding tube were placed.

All patients were transferred to the intensive care unit 
for the first postoperative day and readmitted to the gen-
eral ward on the second day when appropriate. Oral feed-
ing was commenced after excluding the presence of AL 
on the seventh postoperative day.

2.4  Outcome
The incidence of cervical AL within the first 3 months 
postoperatively is the primary endpoint. Cervical AL 

is defined as a full-thickness gastrointestinal defect 
involving any of the following including the esopha-
gus, anastomosis or gastric conduit. AL was diagnosed 
by visualization of anastomotic dehiscence or fistula 
through EGD, barium leakage by esophageal barium 
X-ray, digestive juice leakage from the cervical wound 
or chest tube, and leakage of methylene blue dye from 
the cervical wound or chest tube after oral adminis-
tration. If the latter two circumstances occur, EGD or 
esophageal barium study was mandatory to confirm 
cervical AL.

Fig. 1 Study flow diagram
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Secondary endpoints include incidence of postopera-
tive anastomotic stricture (diagnosed based on dysphagia 
and the diameter of the anastomotic orifice ≤ 10  mm in 
esophageal barium study), postoperative morbidity and 
mortality, cervical wound infection rate, postoperative 
time to first oral feeding, 2-year overall survival, and dis-
ease-free survival.

2.5  Follow‑up
The patients would be followed up in outpatient clinics 
once every three months in the first year, then once every 
six months thereafter until the study ends or death. Phys-
ical examination, routine blood tests, tumor markers, 
chest x-ray, esophageal barium x-ray, and cervical and 
abdominal ultrasonography will be performed at every 
visit. Contrast-enhanced cervico-thoraco-abdominal 
computed tomography and EGD will be performed once 
per year. Patients’ information will be sent to the central 
office for formal analysis.

2.6  Statistical analysis
All patients are included in the intention-to-treat popula-
tion. Sample sizes are calculated according to a projected 
cervical anastomotic leakage rate of 15% and 5% for 
patients assigned to the treatment arm and the control 
arm, respectively. We assumed an overall two-sided sig-
nificance level of 5% and a statistical power of 80%. The 
randomization ratio between the experimental and con-
trol arms is 1:1. With 4 years’ accrual, 2 years’ follow-up, 
and one planned interim analysis, the calculated sample 
size is 324 patients. The final number of patients is 360 
with 180 per arm assuming a 10% drop-out. An interim 
analysis was prespecified after 180 patients (50%) have 
been enrolled. According to the O’Brien-Fleming algo-
rithm, the two-sided significance level will be 0.005 in 
the interim analysis and 0.048 in the final analysis. The 
postoperative cervical AL rate, anastomotic stricture 
rate, morbidity, and mortality rate are calculated by per-
centage and compared by Pearson’s chi-squared test. All 
statistical analyses were performed using SPSS 22.0 (IBM 
Corporation, USA).

3  Results
3.1  Baseline characteristics
From February 2019 to November 2021, 180 patients 
from 6 Chinese centers were randomly allocated to the 
FS group (n = 89) or control group (n = 91). Baseline 
characteristics are summarized in Table 1. Most patients 
enrolled were male gender (80.6%), with tumors located 
in the thoracic region (96.7%) and had squamous cell 
carcinoma (96.7%). As for preoperative treatment, 42 
(47.2%) of the 89 patients had received neoadjuvant 

therapy in the FS group, comparing with 47 (51.6%) of 
the 91 patients in the control group (P = 0.948) Table 2.

3.2  Surgery
All 180 patients underwent McKeown esophagectomy 
and two-field lymphadenectomy through MIE, includ-
ing robot-assisted MIE [3 of 89 (3.4%) in the FS group 
vs. 9 of 91 (9.9%) in the control group, P = 0.08]. Two 
patients (1.1%) in the FS group received R1 resection due 
to microscopically positive resection margins. The mean 
number of dissected lymph nodes was 28(IQR: 21–35)
in the FS group compared to 28 (21–34)in the control 
group (P = 0.96). The average operating time was similar 
in two groups [250 9IQR: 200–2800minutes in the FS 
group and 250 (IQR: 205–280) minutes in the control 
group, P = 0.98]. As for estimated blood loss volume, FS 
group [77 (IQR: 50–100) ml] tend to have a smaller aver-
age value than the control group [100 (IQR: 50–100) ml, 
P = 0.046].

3.3  Histopathological results
For those patients who received surgery alone, most 
patients were stage II-III [70.1% (65 of 92)], while patients 
with pathological stage I [53.4% (47 of 88)]accounted for 
the largest proportion in those who received neoadjuvant 
therapy (Table  2). The pathological complete response 
(pCR) was achieved in 14 (34.1%) of the 41 patients in the 
FS group, compared with a pCR rate of 31.9% (15 of 47) 
in the control group (P = 0.82).

3.4  Anastomotic leakage
No significant difference in the incidence of AL was 
observed between two groups, with 6.7% (6 of 89) in 
the FS group and 14.3% (13 of 91) in the control group, 
respectively (P = 0.16). Among all patients who experi-
enced AL, one patient in each group was diagnosed with 
a gastric stump fistula and underwent a second operation 
to reconstruct the gastric stump. The other 17 patients 
were all successfully managed after conservative treat-
ment, including fasting, cervical dressing, and endo-
scopic treatment.

3.5  Other morbidities
In total, 87 of the 180 (48.3%) patients suffered from 
postoperative complications and incidence of complica-
tions was comparable (P = 0.76) between the FS group 
(42 of 89, 47.2%) and the control group (45 of 91, 49.5%). 
Besides cervical AL, the most common complications 
were pneumonia [FS group: 9.0% (8 of 89) versus control 
group: 15.4% (14 of 91), P = 0.28] and anastomotic stric-
ture [14.6% (13 of 89) versus 8.8% (8 of 91), P = 0.42]. One 
patient (1.1%) in the FS group experienced intrathoracic 
gastric conduit fistula and eventually recovered through 
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endoscopic treatment 93 days after the surgery. One 
patient (1.1%) of the control group experienced surgical 
site infection. 12 (6.7%) cases of recurrent laryngeal nerve 
injury were observed, including 5 (5.6%) in the FS group 
and 7 (7.7%) in the control group (P = 0.80). There was no 
significant difference in other complications between two 
groups, including arrhythmia, heart failure, respiratory 
failure, pneumothorax, ARDS, atelectasis, and pyothorax 
(Table  3). No FS-related adverse events were observed, 

and no deaths occurred within 90 days after surgery 
either.

The average days for staying in the intensive care unit 
were significantly shorter in the FS group than in the 
control group [FS group: 2(IQR:1–2)days versus con-
trol group: 4 (IQR:1–4) days, P = 0.02], while the hospi-
talization stay was comparable[FS group: 16 (IQR:9–17) 
days versus control group: 17 (IQR:9–20) days, P = 0.64]. 
As for oral feeding initiating time postoperatively, no 

Table 1 Baseline patient characteristics

BMI Body mass index

Characteristic FS group, no.(%) (n = 89) Control group, no.(%)
(n = 91)

P‑value
‑

Age, years 0.81

 Median [range] 60.8 [54.6, 65.8] 61.0 [55.0, 65.9]

Sex 0.15

 Male 76 (85.4) 69 (75.8)

 Female 13 (14.6) 22 (24.2)

BMI 0.80

 BMI < 24 64 (71.9) 68 (74.7)

 BMI ≥ 24 25 (28.1) 23 (25.3)

Location of tumor 0.50

 Upper 9 (10.1) 7 ( 7.7)

 Middle 37 (41.6) 38 (41.8)

 Lower 40 (44.9) 43 (47.3)

 Esophagogastric junction 1 ( 1.1) 3 ( 3.3)

 Multiple primary tumor 2 ( 2.2) 0 ( 0.0)

Histology 0.37

 Squamous cell carcinoma 87(97.8) 87(95.6)

 Adenocarcinoma 2(2.2) 2(2.2)

 Adenosquamous carcinoma 0 2(2.2)

Clinical T stage 0.78

 cT1 8 ( 9.0) 6 ( 6.6)

 cT2 20 (22.5) 25 (27.5)

 cT3 52 (58.4) 49 (53.8)

 cT4 9 (10.1) 11 (12.1)

Clinical N stage 0.36

 N0 40 (44.9) 32 (35.2)

 N1 27 (30.3) 28 (30.8)

 N2 18 (20.2) 22 (24.2)

 N3 4 ( 4.5) 9 ( 9.9)

Clinical stage 0.60

 I 8 ( 9.3) 5 ( 5.6)

 II 35 (40.7) 31 (34.8)

 III 29 (33.7) 35 (39.3)

 IVA 14 (16.3) 18 (20.2)

Neoadjuvant therapy 0.83

 None 47 (52.8) 44 (48.4)

 Chemoradiation 28 (31.5) 32 (35.2)

 Chemotherapy 14 ( 15.7) 15( 16.5)
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significant difference was observed between two groups. 
[FS group: 14 (IQR:8–13) days vs. control group: 15 
(IQR:8–14) days, P = 0.43].

4  Discussion
To the best of our knowledge, this is the first prospec-
tive, phase III, randomized controlled study focusing 
on the efficacy and safety of FS in the prevention of AL 
after McKeown esophagectomy. In this interim analysis, 
180 patients were enrolled, with 89 in the FS group and 
91 in the control group. The incidence of AL in the FS 
group (6.7%) was numerically lower than that in the con-
trol group(14.3%), but the difference was not statistically 

significant (P = 0.16) and will be tested after the comple-
tion of patient enrollment. The incidence of other com-
plications was comparable between two groups.

Prophylactic application of FS in esophageal surgery 
to prevent AL has been reported in previous studies. 
Upadhyaya et  al. [13] carried out a prospective clinical 
trial, in which 45 infants were enrolled and underwent 
esophagectomy for congenital esophageal atresia with 
tracheoesophageal fistula. In the study arm, end-to-
end esophagogastric anastomosis was performed with 
the application of FS. The AL rate was 9.1% in the study 
group, significantly lower than 43% in the control group. 
Additionally, a lower risk of anastomotic stenosis and 

Table 2 Pathological stage

pCR pathological complete response

Pathological stage FS group,
(n = 89)

Control group, (n = 91) P‑value
‑

Surgery alone, no. (%) n = 48 n = 44 0.74

Tis 1(2.1) 2(4.5)

I 13(27.1) 7(15.9)

II 16(33.3) 17(38.6)

III 16(33.3) 16(36.4)

IVa 2(4.2) 2(4.5)

Neoadjuvant therapy, no. (%) n = 41 n = 47 0.33

I 24(58.5) 23(48.9)

II 4(19.8) 10(21.3)

III 13(31.7) 14(29.8)

IVa 0 0

*pCR 14(34.1) 15(31.9)

Table 3 Postoperative complications

Anastomotic stricture was defined as an anastomotic orifice diameter B 10 mm on esophageal barium study

ARDS Acute respiratory distress syndrome

Complications FS group, no.(%)
(n = 89)

Control group, no.(%)
(n = 91)

P‑value
‑

Cervical anastomotic leakage 6(6.7%) 13(14.3%) 0.16

Anastomotic stricture 13(14.6%) 8(8.8%) 0.35

Thoracic gastric fistula 1(1.1%) 0 0.99

Pneumonia 8(9.0%) 14(15.4%) 0.28

Arrhythmia 5(5.6%) 2(2.2%) 0.42

Heart failure 4(4.5%) 5(5.5%) 1.00

Respiratory failure 2(2.2%) 5(5.5%) 0.46

Pneumothorax 1(1.1%) 1(1.1%) 1.00

Laryngeal nerve injury 5(5.6%) 7(7.7%) 0.80

ARDS 0 5(5.5%) 0.07

Atelectasis 0 1(1.1%) 1.00

Pyothorax 1(1.1%) 2(2.2%) 1.00

Chylothorax 0 0
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perioperative mortality was also observed in the study 
arm. Saldana-Cortes et  al. [14] conducted a study that 
focused on puerile esophagectomy for caustic injury in 
38 patients. In their study, colon interposition was used 
as the reconstruction conduit. The result showed that 
the incidence of cervical AL was 28.5% in the patients 
who received FS, lower than that 50% in the control 
group. Both studies conclude that the application of FS 
can reduce the risk of AL and is feasible in the clinical 
practice. Another pilot study was reported by Haverkamp 
et  al [16], evaluating the feasibility of fibrin-coated col-
lagen patches (Tachosil) on cervical esophageal anas-
tomosis in 11 adult patients who successfully received 
esophagogastrostomy with the application of Tachosil. 
As the result showed, 18.2% (2 of the 11) patients were 
diagnosed with AL. The study’s conclusion confirmed 
the technical feasibility of applying Tachosil to esopha-
geal anastomosis. In 2021, Yan Huang et al. [17] carried 
out a single-center retrospective study that consisted of 
227 patients with esophageal or esophagogastric junc-
tion cancer undergoing McKeown esophagectomy. As 
a consequence, the cervical AL rate was lower in the FS 
group (FS group: 4.7% [4 of 82] vs. control group: 19.9% 
[28 of 141], P = 0.01). Multivariate logistic regression 
was performed in the study, identifying that the intraop-
erative application of FS was an independent protective 
factor for the reduction of AL (odds ratio: 0.17, 95% con-
fidence interval: 0.06–0.52). Additionally, the study also 
indicated that rates of most postoperative complications 
were comparable between two groups. However, as the 
fact that these studies are either retrospective studies or 
prospective studies with insufficient sample size, their 
significance of them needs to be further confirmed. Thus, 
more evidence is needed for the role of FS in prevent-
ing AL after esophagectomy. Unlike all previous studies, 
this is the first prospective, phase III, randomized con-
trolled study, with a large predicted sample size of 360. 
The result of interim analysis demonstrated the safety of 
FS, with no statistical differences observed between two 
groups when the incidence of postoperative complica-
tions was compared.

As a swine-derived agent, Bioseal is manufactured 
from porcine-derived thrombin and fibrinogen, with the 
function to generate a stable cross-linked fibrin clot by 
stimulating the common pathway of the coagulation cas-
cade. A gel-like material will be formed after the applica-
tion of the fibrin clot on the surface of surgical wounds. 
Thereafter, the gel-like material will promote the healing 
of wounds by repairing tissue defects as well as forming 
a fibrin matrix where fibroblasts and capillary endothe-
lial cell proliferation happen, which is favorable for the 
formation of granulation tissue. Furthermore, during the 
early phase of postoperative period, FS can promote the 

maturation process of granulation tissue, which is critical 
for anastomotic healing [18, 19]. Additionally, FS could 
provide a watertight esophageal anastomosis by addi-
tional sealing, which will result in lower occurrence of 
AL after the surgery owing to the avoidance of preceding 
microleakage [19].

This current study has its limitations. First, most 
enrolled tumors were squamous cell carcinoma located 
at the thoracic esophagus, hence the applicability in 
adenocarcinoma warrants further study. Second, the 
healing process of intrathoracic anastomosis may have a 
different physiologic pattern than the cervical one, thus 
the conclusion from this study may not be generaliz-
able to intrathoracic anastomsis such as an Ivor-Lewis 
procedure.

In conclusion, our interim analysis suggested that the 
application of Bioseal intraoperatively is feasible and does 
not increase the risk of complications.
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