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Abstract 

Purpose: Infected pancreatic necrosis (IPN) is a highly morbid complication of acute necrotising pancreatitis (ANP). 
Since there is evidence of early-onset immunosuppression in acute pancreatitis, immune enhancement may be a 
therapeutic option. This trial aimed to evaluate whether early immune-enhancing Thymosin alpha 1 (Tα1) treatment 
reduces the incidence of IPN in patients with predicted severe ANP.

Methods: We conducted a multicentre, double-blind, randomised, placebo-controlled trial involving ANP patients 
with an Acute Physiology and Chronic Health Evaluation II (APACHE II) score ≥ 8 and a computed tomography (CT) 
severity score ≥ 5 admitted within 7 days of the advent of symptoms. Enrolled patients were assigned to receive a 
subcutaneous injection of Tα1 1.6 mg every 12 h for the first 7 days and 1.6 mg once a day for the subsequent 7 days 
or matching placebos (normal saline). The primary outcome was the development of IPN during the index admission.

Results: A total of 508 patients were randomised, of whom 254 were assigned to receive Tα1 and 254 placebo. The 
vast majority of the participants required admission to the intensive care unit (ICU) (479/508, 94.3%). During the 
index admission, 40/254(15.7%) patients in the Tα1 group developed IPN compared with 46/254 patients (18.1%) in 
the placebo group (difference -2.4% [95% CI − 7.4 to 5.1%]; p = 0.48). The results were similar across four predefined 
subgroups. There was no difference in other major complications, including new-onset organ failure (10.6% vs. 15%), 
bleeding (6.3% vs. 3.5%), and gastrointestinal fistula (2% vs. 2.4%).
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Introduction

The annual global incidence of acute pancreatitis (AP) is 
estimated to be 34 per 100,000 individuals [1]. A smaller 
subgroup of patients with AP (5–10%) develop acute 
necrotising pancreatitis (ANP) [2] and can experience a 
more prolonged disease course that commonly requires 
intensive care unit (ICU) admission, especially if infected 
pancreatic necrosis (IPN) develops [3, 4]. The bacteria 
responsible for IPN are often translocated from the gas-
trointestinal tract and reach the pancreas through several 
different transmission routes, including haematogenous, 
lymphatic, and transcoelomic [5, 6].

Attempts to reduce the risk of infection in ANP have 
included the use of prophylactic antibiotics [7] and 
enteral probiotics [8]. The former is no longer recom-
mended because of issues like antibiotic resistance, 
methodological quality in previous studies, and fun-
gal superinfection [9, 10]. The latter is controversial, 
as a prominent randomised controlled trial found an 
increased risk of gastrointestinal necrosis associated 
with probiotic treatment [8]. Given that there is evi-
dence of immunosuppression in the early phase of AP 
and it is associated with infectious complications [11–
14], a theoretical strategy to reduce the risk of IPN is to 
boost the host defence (immune enhancement) against 
bacterial infection [15].

Thymosin alpha 1 (Tα1), a polypeptide hormone iso-
lated from the thymus, stimulates both innate and adap-
tive immunity [16]. In a pilot study of patients with AP, 
Tα1 was effective in reducing the risk of developing IPN 
[17]. Based on this preliminary data, we conducted a mul-
ticentre randomised clinical trial to determine the effect 
of Tα1 treatment. We hypothesised that early immune 
enhancement with Tα1 may reduce the incidence of IPN 
in predicted severe ANP. The main results of this trial were 
presented at American Pancreatic Association (APA) 2021 
Annual Meeting and published as an abstract [18].

Methods
Trial design and oversight
This is a multicentre, double-blind, randomised, placebo-
controlled, parallel-group trial to assess the efficacy 
of Tα1 in addition to standard care on the develop-
ment of IPN in patients with predicted severe ANP. The 
trial was approved by the local hospital ethics commit-
tees of all the participating sites and registered on the 

ClinicalTrials.gov Registry (NCT02473406) before enrol-
ment commenced. The trial protocol was published in 
2020 [19], and the full protocol and statistical analysis 
plan are available in the Supplementary Protocol. This 
study was funded by the Science and Technology Pro-
ject of Jiangsu Province of China (no. SBE2016750187) 
and partly supported by SciClone Pharmaceuticals Hold-
ing Limited, which provided trial drugs and support for 
meetings during the study period. The funders were not 
involved in the trial’s design, data collection, interpreta-
tion, or manuscript preparation.

Study population
Patients diagnosed with AP aged 18 to 70 years and with 
an Acute Physiology and Chronic Health Evaluation II 
(APACHE II) score ≥ 8 and computed tomography (CT) 
severity score [20] ≥ 5 admitted to any of the participat-
ing sites within seven days of the onset of abdominal pain 
were eligible for inclusion. The diagnosis of AP was based 
on the Revised Atlanta Classification (RAC) criteria [2]. 
Patients were excluded if they were pregnant, had a his-
tory of chronic pancreatitis, had underlying malignancy, 
received intervention for pancreatic necrosis prior to 
enrolment, had a known history of severe cardiovascular, 
respiratory, renal, or hepatic diseases, or had pre-existing 
immune disorders such as acquired immune deficiency 
syndrome (AIDS). Detailed inclusion and exclusion crite-
ria are provided in the Supplementary Protocol.

At each site, informed consent was obtained from 
the patients or their next of kin before randomisation. 
Patients were enrolled from March 18, 2017, to Decem-
ber 10, 2020. Follow-up was completed on March 10, 
2021.

Randomisation, masking and interventions
Each eligible participant was assigned randomly from a 
computer-generated sequence to either the Tα1 or pla-
cebo group in a 1:1 ratio, using a block size of 4 stratified 
by site. The random allocation sequence was generated 

Conclusion: The immune-enhancing Tα1 treatment of patients with predicted severe ANP did not reduce the inci-
dence of IPN during the index admission.
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Take‑home message 

Compared with placebo, immune-enhancing Thymosin α1 treat-
ment did not reduce the incidence of infected pancreatic necrosis 
in patients with predicted severe acute necrotising pancreatitis. 
However, it might be effective in specific subgroups of acute necro-
tising pancreatitis, like patients with extended pancreatic necrosis.
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by an independent statistician at the Jinling Hospital. 
Allocation concealment was achieved using blinded 
medication packs. Patients were assigned to receive a 
subcutaneous injection of Tα1 (SciClone Pharmaceuti-
cal Co., Ltd, Hong Kong) 1.6 mg every 12 h for the first 
7  days and 1.6  mg once a day for the following 7  days 
or a matching placebo (normal saline, Chengdu Tongde 
Pharmaceutical  Co., Ltd, Chengdu) during the same 
period. The trial drug was administered for a maximum 
of 14 days, or until hospital discharge or death, whichever 
occurred first.

Participants, treating physicians, and investigators were 
blinded to the treatment allocation to minimise potential 
bias. The trial statistician was also blinded when devel-
oping the statistical programmes. Tα1 and placebo were 
supplied in identically labelled individual vials. All other 
aspects of the patients’ care were provided based on the 
international guidelines [21]. Prophylactic antibiotics 
were not recommended accordingly. For the manage-
ment of IPN, intervention was indicated when the col-
lection was suspected or confirmed to be infected, and 
preferably after four weeks from the onset of the disease, 
per the guidelines [21]. Technically, either a surgical or 
endoscopic step-up approach was applied based on the 
location and morphology of the collection and the tech-
nical expertise available at each participating site. The 
decision for a fine-needle aspiration or invasive therapeu-
tic intervention was made by the senior treating clinician. 
The details for the management of AP are described in 
the published protocol [19] and in the Supplementary 
Protocol.

Data collection
A web-based database (Unimed Scientific Inc., Wuxi, 
China) was developed for data collection (accessed at 
capctg.medbit.cn). Before enrolment, a start-up meeting 
for data entry and storage training was organised at each 
participating site to ensure high-quality data collection.

Trial outcomes
The primary outcome was the development of IPN dur-
ing the index admission. We define the term "index 
admission" as the first admission in a series of hospital 
admissions. The diagnosis of IPN was made when one 
or more of the following criteria were present: gas bub-
bles within pancreatic and/or peripancreatic necrosis 
on CT; a positive culture from pancreatic and/or peri-
pancreatic necrosis obtained by fine-needle aspiration, 
drainage, or necrosectomy [2]. All the reported positive 
cases were reviewed by a remote adjudication commit-
tee. Decisions of the remote adjudicating committee 

took precedence over the treating clinicians. Secondary 
clinical outcomes include IPN at 90 days after randomi-
sation and new-onset organ failure as defined by the 
Revised Atlanta Classification [2], mortality, bleeding 
requiring intervention, gastrointestinal fistula requiring 
intervention, positive blood culture, and pancreatic fis-
tula during the index admission. Secondary laboratory 
outcomes include C-reactive protein (CRP), monocyte 
human leukocyte antigen-DR (mHLA-DR), and lym-
phocyte count on day 7 and day 14 after randomisation 
and positive blood cultures. The details and definitions 
of all outcomes are provided in the Supplementary 
Protocol.

Statistical analysis
The incidence of IPN during the index admission in 
our study population was approximately 25%, accord-
ing to our previous studies [22, 23]. A sample size of 520 
patients was estimated to provide 80% power at a 2-sided 
alpha of 5% to demonstrate an absolute risk reduction of 
10% in IPN during the index admission (25% in the pla-
cebo group vs 15% in the Tα1 group) after accounting 
for 4% dropouts (PASS V.11, NCSS software, Kaysville, 
USA). The treatment effect was estimated based on our 
pilot study, which demonstrated an 80% relative reduc-
tion in the incidence of IPN (42 to 8%) [17].

Primary analyses were based on the intention-to-treat 
(ITT) population, and secondary sensitivity analyses 
were done on the per-protocol (PP) population for the 
primary outcome and key secondary outcomes. Continu-
ous data are reported as means and standard deviations 
or as medians and interquartile ranges as appropri-
ate, depending on their normality. Categorical data are 
expressed as numbers and percentages.

The generalised linear model (GLM) was employed 
to compare group differences and calculate the risk dif-
ference for the primary outcome, together with its 95% 
confidence intervals. The GLM was also employed to 
analyse secondary outcomes with treatment as the pre-
dictor. Kaplan–Meier curves were used to compare the 
cumulative incidence of IPN to 90  days after randomi-
sation tested by log-rank test. Detailed descriptions 
for the analyses could be found in the Supplementary 
statistical analysis plan. Four subgroups were prede-
fined for the evaluation of the incidence of IPN during 
the index admission and 90  days after randomisation: 
the severity of AP (severe and non-severe [2]), age (> 60 
and ≤ 60 years old), etiologies of AP (biliary and non-bil-
iary) and extent of pancreatic necrosis (> 50% and ≤ 50%).

Analyses were conducted using SAS 9.4®. Statistical 
tests will be two sided, and p values < 0.05 will be deemed 
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as significant. All authors had access to the study data 
and had reviewed and approved the final manuscript.

Results
Results of recruitment and baseline characteristics
During the study period, 3569 AP patients were assessed 
for eligibility, of whom 508 were enrolled in the trial at 16 
hospitals across China. The numbers of cases from each 
site are shown in online supplemental Table S1. Among 
those 508 randomised patients, 254 were assigned to 
receive Tα1 and 254 placebo. The most common reasons 
for exclusion were admission > 7  days before evaluation 
and APACHE score < 8. Ten patients (2%) received the 
study drug on the randomisation day, while the others did 
so on the following day. Eleven patients in the Tα1 group 
and eight patients in the placebo group withdrew con-
sent during treatment but did not refuse follow-up and 
data usage (Fig.  1). Three patients in the placebo group 
stopped research intervention midway due to adverse 
reactions.

Baseline demographics and characteristics were not 
significantly different between the Tα1 and placebo 
groups (Table  1). Hypertriglyceridemia was the leading 
cause of AP in both groups, accounting for approximately 
half of the cases (48.8% vs. 50%). The vast majority of 
the trial participants required ICU admission(479/508, 
94.3%). The numbers of patients who received the trial 
agent on each trial day are shown in online supplemental 
Table S2.
Primary outcome and secondary outcomes
During the index admission, 40/254 (15.7%) patients in 
the Tα1 group developed IPN compared with 46/254 
patients (18.1%) patients in the placebo group (difference 
− 2.4% [95% CI − 7.4 to 5.1%]; p = 0.48). Of the 86 IPN 
patients, 74 were diagnosed according to microbiological 
results(66 obtained during catheter drainage procedures, 
8 during open surgery), and 12 were based on radiologi-
cal findings alone. No fine-needle aspiration procedure 
was performed during the TRACE trial. At 90 days after 
randomisation, 57/254 (22.4%) patients in the Tα1 group 
developed IPN compared with 65/254 patients (25.6%) 
in the placebo group (difference − 3.3% [95% CI − 9.2 to 
4.8%]; p = 0.39). For the 74 microbiologically confirmed 
IPN patients, the microorganisms we found are shown 
in online supplemental Table  S3. There was no differ-
ence in mortality between groups either within the index 
admission or at 90  days after randomisation (Table  2). 
The Kaplan–Meier curves for the cumulative incidence of 
IPN until 90 days after randomisation are shown in Fig. 2. 
There was no significant difference in the probability of 
developing IPN between the Tα1 and placebo groups 
(Log-Rank p = 0.39). The results of the per-protocol 

analysis of the primary outcome and key secondary out-
comes are shown in online supplemental Table S4.

There was no difference in other major complications, 
including new-onset organ failure (10.6% vs. 15%; dif-
ference − 4.3% [95% CI − 8.2 to 1.9%]; p = 0.15), bleed-
ing (6.3% vs. 3.5%; difference 2.8 [95% CI − 0.7 to 10.5]; 
p = 0.15), and gastrointestinal fistula (2% vs. 2.4%; dif-
ference − 0.4% [95% CI − 1.8 to 3.9%]; p = 0.75) during 
the index admission. Moreover, there were no signifi-
cant differences in length of ICU or hospital stay, the 
requirement for catheter drainage, minimally invasive 
debridement, or open surgery (Table 2). For mHLA-DR, 
no difference was detected on day7 and day14 between 
groups (online supplemental Table  S5). The additional 
secondary endpoints regarding organ failure and labora-
tory parameters are shown in online supplemental Tables 
S5–6.

Subgroup analyses
There was no significant heterogeneity in the effect of 
Tα1 on the incidence of IPN during the index admission 
and 90  days after randomisation in any of the four pre-
defined subgroups (Fig.  3, online supplemental Tables 
S7–8). In a post hoc subgroup analysis, the effect of Tα1 
did not differ in patients caused by hypertriglyceridemia 
or other etiologies (online supplemental Tables S7–8).

Adverse events
Adverse events occurred in 21 patients in the Tα1 group 
and 19 in the placebo group (8.3% vs. 7.5%, p = 0.742) 
(online supplemental Table  S9). The most common 
adverse event was venous thrombosis which occurred in 
6 patients (2.4%) in the Tα1 group vs. 5 (2%) in the pla-
cebo group. All adverse events are listed in online sup-
plemental Table S9.

Discussion
In this multicentre, double-blind, randomised, placebo-
controlled trial, immune enhancement using Tα1 did 
not significantly reduce the incidence of IPN during the 
index admission or within 90  days of randomisation in 
patients with ANP. Given the varied range of severity 
of AP [2], this study was designed to select more severe 
patients based on the APACHE II score at enrolment 
[24]. However, we failed to show a difference in the pri-
mary outcome.

Our results are not consistent with the results from 
an experimental animal study [17] and the pilot clinical 
study [25]. There are several possible explanations. First, 
current animal models cannot recapitulate all aspects 
of human AP, especially for a complication like IPN, 
which often occurs several weeks after admission [26, 
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27]. Second, the pilot study recruited only 24 patients 
from a single centre, making its findings vulnerable to 
type I error. Third, the dose regimen in this trial is dif-
ferent from the pilot one with a longer duration of drug 
administration (one week in the pilot vs. two weeks in 
the present) and a lower initial dose (6.4  mg per day in 
the pilot vs. 3.2  mg per day in the present). There were 
two time-course considerations in designing the dose 
regimen: (1) infection mainly occurs beyond the second 
week after disease onset [3, 28], and a 2-week regimen 
should be able to cover the period interval better when 
prevention is possible; (2) immunosuppression typi-
cally develops early in the first week and usually slowly 

recovers during the second week [12], which is the reason 
for prescribing half the dose during the second week of 
treatment. A similar step-wise dose reduction was used 
in a previous study testing Tα1 in sepsis [29], showing 
that Tα1 could reduce 28-day mortality. Moreover, since 
Tα1 has a short elimination half-life ranging from 1.7 to 
2.1 h [30], an expanded drug administration period may 
exert better effects. Besides, the incidence of IPN during 
the index admission is lower than expected in the placebo 
group (18.1% vs. 25% for sample size estimation), which 
might make our trial underpowered. Before initiation of 
recruitment, we changed the time interval of the primary 
outcome from “28  days” to time until “index hospital 

Fig. 1 Enrolment, randomisation, and follow-up of patients in the TRACE trial. TRACE denotes thymosin α1 in prevention of infected pancreatic 
necrosis following acute necrotising pancreatitis. APACHE II denotes acute physiology and chronic health evaluation II. CTSI denotes computed 
tomography severity index. ITT denotes intention to treat. Tα1 denotes Thymosin α1
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discharge” due to concerns regarding loss of follow-ups 
and the possibility of incomplete data. During the trial, 
we followed up with all the participants for 90 days after 
randomisation, and the incidence of IPN was 25.6% in 
the placebo group by then. Still, the Tα1 treatment did 
not result in a reduction of IPN by 90 days after randomi-
sation. Last, since we chose either microbiologically or 
radiologically confirmed IPN as our primary outcome, 
underestimating the number of infections is highly 
likely. Patients with IPN that resolved without invasive 

intervention and did not present with CT evidence of 
air within the collection were not diagnosed as IPN in 
the TRACE trial. Moreover, fine-needle aspiration was 
not used in the TRACE trial, since the guidelines do not 
recommend this procedure considering substantial false-
negative results [21, 31]. However, this may also contrib-
ute to an underestimation of IPN patients.

There is evidence to support a shifting balance between 
the systemic pro-inflammatory response and the com-
pensatory anti-inflammatory response over the early 

Table 1 Baseline characteristics of the study subjects

p > 0.05 for the comparison between the groups for all characteristics. SD denotes standard deviation. BMI denotes body mass index. ICU denotes intensive care unit. 
IQR denotes interquartile range. CTSI denotes computed tomography severity index. APACHE II denotes acute physiology and chronic health evaluation II, which 
ranges from 0 to 71, with higher scores indicating more severe disease. BISAP denotes bedside index for severity in acute pancreatitis. PASS denotes pancreatitis 
activity scoring system. CRP denotes C-reactive protein. SOFA denotes sequential organ failure assessment, which ranges from 0 to 24, with higher scores indicating 
more severe organ failure. Tα1 denotes thymosin α1

Characteristics Tα1 group (N = 254) Placebo group (N = 254)

Age, mean (SD), y 44.3 (13.2) 45.4 (13.4)

Gender
 Women, (n, %) 92 (36.2) 97 (38.2)

 Men, (n, %) 162 (63.8) 157 (61.8)

BMI, mean (SD), kg/m2 26.4 (3.9) 26.8 (4.2)

Etiologies
 Alcoholic, (n, %) 17 (6.7) 15 (5.9)

 Biliary, (n, %) 101 (39.8) 100 (39.4)

 Idiopathic, (n, %) 12 (4.7) 12 (4.7)

 Hypertriglyceridemia, (n, %) 124 (48.8) 127 (50)

Charlson score, mean (SD) 0.6 (0.7) 0.5 (0.8)

Interval between onset and hospital admission, mean (SD),d 2.9 (2.5) 3.0 (1.9)

Interval between onset and ICU admission, mean (SD),d 3.2 (2.7) 3.2 (1.9)

Interval between onset and randomisation, mean (SD),d 4.2 (2.6) 4.1 (2)

Extent of pancreatic necrosis
  < 30%, (n, %) 165 (65) 151 (59.4)

 30–50%, (n, %) 55 (21.7) 72 (28.3)

  > 50%, (n, %) 34 (13.4) 31 (12.2)

Disease severity
CTSI score, median (IQR) 6 (5–8) 6 (5–8)

APACHE II score, median (IQR) 10 (8–13) 10 (8–13)

BISAP score, median (IQR) 2 (1–2) 2 (1–2)

PASS score, median (IQR) 235 (190–523) 235 (190–550)

CRP, median (IQR), mg/L 172.1 (95.4–236.2) 160.6 (105.5–236.4)

Lymphocyte count, median (IQR), ×  109/L 0.9 (0.6–1.2) 0.9 (0.7–1.2)

SOFA score, median (IQR) 4 (2–6) 4 (2–6)

 Respiration, median (IQR) 2 (1–2) 2 (1–2)

 Cardiovascular, median (IQR) 0 (0–0) 0 (0–0)

 Renal, mean median (IQR) 0 (0–1) 0 (0–1)

Requirement of organ support at randomisation
 Mechanical ventilation, (n, %) 63 (24.8) 69 (27.2)

 Renal replacement therapy, (n, %) 63 (24.8) 63 (24.8)

 Vasoactive agents, (n, %) 30 (11.8) 26 (10.2)
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course of AP [13, 32]. It was considered that the pro-
inflammatory response occurs in the first few days to 
weeks and that the compensatory anti-inflammatory 
response occurs later. However, analyses in patients with 
sepsis and AP suggest that these responses can also run 
in parallel and that there is an association between early-
onset immunosuppression and poor outcomes in AP, 
including increased risk of infectious complications [33, 
34]. In sepsis patients, immune-enhancing therapies had 
been evaluated with agents like Tα1 [29] and nivolumab 
[35]. In AP patients, previous trials investigating immu-
nomodulatory therapy to block the early pro-inflamma-
tory response have not been convincing[36], and this 
includes drugs like lexipafant [37, 38] and octreotide [39]. 
In patients with severe COVID-19, observational studies 
showed that Tα1 attenuated lung injury and decreased 
mortality [40, 41]. Despite the theoretical benefits of 

immune enhancement with Tα1 and the encouraging 
results from the pilot study [17], Tα1 did not reduce the 
incidence of IPN or improve any of the clinical outcomes 
in this trial.

In the subgroup analyses, larger treatment effects 
were seen in patients with a greater extent of pancreatic 
necrosis (> 50%) and those aged more than 60 years old, 
although not statistically significant. We should interpret 
all the subgroup results with caution. First, the power 
was not enough to detect the differences among treat-
ments. Second, the definition of necrosis is relatively 
subject based on a single CT scan. Third, we excluded 
patients with advanced age because age ≥ 70  years is an 
independent risk factor for mortality in severe AP [42], 
and the immune system becomes slower and less respon-
sive over age [43], thereby limiting the chance to observe 

Table 2 Primary and secondary endpoints

CI denotes confidential interval. IPN denotes infected pancreatic necrosis. ICU denotes intensive care unit. MI denotes minimally invasive. *All secondary endpoints 
were registered during the index admission unless otherwise specified; # both percutaneous and transluminal drainage included; **27 patients underwent exclusive 
percutaneous surgical MI debridement, one patient underwent exclusive endoscopic transluminal debridement, and one combined; + only patients undergoing 
catheter drainage procedures are included; ++ only patients undergoing MI debridement procedures are included

Tα1 group
(N = 254)

Placebo group
(N = 254)

Risk difference
(95% CI)

p value

Primary endpoint
IPN during the index admission, (n, %) 40 (15.7) 46 (18.1) − 2.36 (− 7.41, 5.07) 0.48

Secondary endpoints*
New-onset organ failure 27 (10.6) 38 (15) − 4.26 (− 8.18, 1.93) 0.15

Respiratory, (n, %) 9 (3.5) 17 (6.7) − 3.15 (− 5.08, 1.08) 0.11

Renal, (n, %) 10 (3.9) 7 (2.8) 1.25 (− 1.19, 7.48) 0.43

Cardiovascular, (n, %) 14 (5.5) 20 (7.9) − 2.33 (− 5.00, 2.82) 0.30

Mortality (n, %) 18 (7.1) 22 (8.7) − 1.55 (− 4.73, 4.21) 0.52

90-Day mortality (n, %) 23 (9.1) 23 (9.1) 0.03 (− 3.79, 6.63) 0.99

IPN within 90 days after randomisation (n, %) 57 (22.4) 65 (25.6) − 3.25 (− 9.18, 4.83) 0.39

Bleeding, (n, %) 16 (6.3) 9 (3.5) 2.80 (− 0.69, 10.53) 0.15

Positive blood culture (n, %) 18 (7.1) 25 (9.8) − 2.73 (− 5.85, 2.83) 0.27

Gastrointestinal fistula, (n, %) 5 (2) 6 (2.4) − 0.41 (− 1.76, 3.91) 0.75

Length of ICU stay, mean (SD), d 14.4 (16.2) 13.6 (16.4) 0.75 (− 2.07, 3.57) 0.60

Length of hospital stay, mean (SD), d 21.0 (21.3) 20.5 (20) 0.46 (− 3.12, 4.03) 0.80

In-hospital cost, mean (SD), Kyuan 143 (177) 138 (206) 5 (− 28, 38) 0.77

Use of invasive interventions
Requiring catheter drainage (n, %)# 36 (14.2) 39 (15.4) − 1.27 (− 6.08, 6.02) 0.69

Requiring MI debridement (n, %)** 17 (6.7) 12 (4.7) 1.96 (− 1.44, 8.91) 0.34

Requiring open surgery (n, %) 8 (3.1) 5 (2) 1.14 (− 0.93, 7.37) 0.41

Number of procedures in patients requiring invasive interventions during the index admission
Number of catheter drainage procedures, median (IQR)+ 2.5 (1–4) 2 (1–3) 0.14 (− 0.58, 0.85) 0.71

Number of MI debridement procedures, median (IQR)++ 3 (2–6) 4 (3–5) − 0.52 (− 1.95, 0.91) 0.48
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the treatment effect. However, excluding these patients 
makes the study subgroup for elderly patients even 
smaller.

In line with the excellent safety profile reported in 
previous studies, Tα1 showed satisfactory safety perfor-
mance in this trial. Three patients discontinued treat-
ment due to adverse reactions (one erythema and two 
unexplainable fever) but received the placebo. For the 
other secondary outcomes, although the incidence of 
bleeding  did not differ from previous reports [44] and 
was not significantly higher in the intervention group, we 
strongly recommend future studies regarding necrotising 
pancreatitis monitor this potentially lethal complication.

The study has several limitations. The first is that the 
incidence of IPN may have been affected by the use 
of antibiotics and the criterion for repeating a CT scan 
because they were not mandatory standardised but left 
to the clinical team to decide. The second is that there 
were problems (failed multisite lab standardisation) with 
the measurement of mHLA-DR, a validated cell-surface 
signature for risk stratification in critically ill patients 
[45]. We obtained mHLA-DR data from less than half 

of the study subjects, which may be underpowered to 
detect the difference between groups. The third is that 
APACHE II misclassifies the severity of AP in almost a 
third of patients, which could also have contributed to 
the negative results [46]. Moreover, the timing of treat-
ment might have been too late. The current trial included 
patients up to one week after the advent of symptoms, 
which may increase the heterogeneity of the study popu-
lation. Apart from the timing, the appropriate duration of 
therapy is unclear. Last, nearly 50% of the study patients 
had hypertriglyceridemia as etiology, significantly higher 
than results from an international registry [47]. The 
increase of hypertriglyceridemia-induced AP in Chinese 
cohorts might be attributed to changes in dietary habits 
[48] and genetic factors [49]. Although the effect of Tα1 
did not vary across patients caused by hypertriglyceri-
demia or other etiologies, the distinct etiological distri-
bution leaves the generalisability of the observed results 
in doubt.

In conclusion, the immune-enhancing Tα1 treatment 
of patients with predicted severe ANP (APACHE II ≥ 8 
at enrolment) did not significantly reduce the incidence 

Fig. 2 Time- to-infection by day 90. The Kaplan–Meier curves for the cumulative incidence of infected pancreatic necrosis from randomisation to 
day 90 in the intention-to-treat population
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of IPN during the index admission compared with pla-
cebo. Future trials seeking to investigate this approach 
will need to determine the best way to select patients and 
decide on the most effective dose and duration of Tα1 
treatment.
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