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BACKGROUND: Patients undergoing gastrointestinal cancer surgery are often immunocompromised and susceptible to infectious
complications. Recombinant Interleukin 2 activates effector immune cells and stimulates the expansion of regulatory T-cells,
making it a promising intervention for prevention of inflammatory complications.

OBJECTIVE: Our objective was to investigate effects of different preoperative rlL2 dosages on postoperative outcome parameters.
METHODS: We conducted a systematic literature review and meta-analysis and included RCTs that recruited adult patients undergoing
gastrointestinal cancer surgery who received preoperative subcutaneous rlL2. We performed a systematic search of MEDLINE (via
PubMed), Web of Science and the Cochrane Central Register of Controlled Trials (CENTRAL) from 1989 up to April 18th, 2024.
RESULTS: Out of 2324 screened studies, we included 13 RCTs with a total of 504 patients. Lymphocyte counts [cells/mm?] at 1 week
postoperative were higher in the intervention compared to the control group (MD 865 (95%Cl: 26, 1705)). Surgical site infections and
systemic infections were less likely to occur in the intervention group (OR 0.13 (95%Cl: 0.03, 0.50); OR 0.25 (95%Cl: 0.10, 0.66)). Severe

side effects of rIL2 were not reported.

CONCLUSION: Preoperative riL2-based immunomodulation prevents postoperative immunosuppression while the occurrence of

severe side effects does not seem to be relevant.

British Journal of Cancer; https://doi.org/10.1038/541416-025-03304-x

INTRODUCTION
Postoperative complications are frequent and a major cause of
death following surgery [1]. Patients with gastrointestinal cancer,
who are often immunocompromised, are particularly susceptible
to perioperative complications [2, 3]. Common complications
include SSI, anastomotic leakage and systemic infections following
surgical complications or associated with urinary tract infections or
pneumonia [4-7]. Those complications do not just seem relevant
for surgical outcome but may also impact patients’ postoperative
clinical progress on the ICU floor developing severe infections
with possible life-threatening complications such as sepsis. At the
latest in the ICU setting the optimisation of perioperative
management becomes highly relevant. According to the WHO
postoperative complications also highly influence patients’ quality
of life and seem to be a major global health care burden [8].
Many studies have focused on improving surgical techniques but
research on identifying and optimising further modifiable risk factors
in the perioperative setting is ongoing. Lately, immunomodulating
concepts have been investigated not only for protection against

cancer progression but also for prevention of perioperative
complications [9-11].

Interleukin 2 (IL2) is a pleiotropic human cytokine that has
several immunomodaulating effects and is seen as a promising
agent in cancer therapies [12-15].

Our objective was to investigate effects of different preopera-
tive subcutaneous recombinant Interleukin 2 (rlL2) dosages on
postoperative outcome parameters including surgery-induced
immunosuppression, SSI, systemic infections, survival and side
effects of rlL2 in patients undergoing gastrointestinal cancer
surgery.

METHODS

This review follows the recommendations of the Cochrane Handbook for
Systematic Reviews and Interventions [16]. It is in line with the preferred
reporting items for systematic reviews and meta-analyses (PRISMA-
statement) [17]. A review protocol was developed a priori and was
submitted for registration to PROSPERO (CRD42022331437).
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Eligibility criteria

Participants. We included trials that recruited adult patients (age =18
years) undergoing gastrointestinal cancer surgery including colorectal,
gastric, liver, oesophageal and pancreatic cancers, cancers affecting the
anus, appendix, bile duct, gallbladder and small intestine, gastrointestinal
neuroendocrine tumours and stromal tumours. Patients who only under-
went metastatic resections or received surgical treatment of other than
gastrointestinal tumours such as urological or gynaecological cancers were
excluded from the study.

Intervention and comparator treatment. Studies were included if patients
in the intervention group received preoperative rlL2. During our screening
process we did not include studies in which rlL2 was primarily
administered for cancer therapy. We included all dosages and lengths of
application if rlL2 was applied subcutaneously. We excluded studies with
intravenous or local application of rIL2.

Studies were not considered eligible if patients received additional
perioperative chemoimmunotherapy simultaneously but we included
studies with adjuvant chemotherapy administration. We did not specify
whether studies needed to be placebo controlled or blinded. Patients in
the control group needed to undergo gastrointestinal cancer surgery and
did not receive rlL2.

Outcomes. Concerning the surgery-induced immunosuppression, we
calculated the difference of lymphocyte counts [cells/mm?] between
baseline counts and the first, second and fourth postoperative week.

We analysed postoperative complications such as systemic infections
(pulmonary or urinary tract infections) and SSI following the NICE guidelines
[18]. Furthermore, we evaluated anastomotic leakages (Grade A-C) or other
complications such as pancreatic fistulas and digestive haemorrhages.

We also assessed oncological long-term outcomes including overall
survival, progression and relapse free survival and mortality. Additional
outcomes were side effects of rlL2. Based on the ‘Common Terminology
Criteria for Adverse Events (CTCAE)' of the U.S. Department of Health and
Human Services we subdivided side effects which occurred after rlL2
administration in 4 categories (1: local dermal reaction; 2: mild; 3: moderate;
4: severe) [19].

Study types. Randomised controlled trials (RCTs) were eligible for the
systematic review and meta-analysis. We excluded publications, letters or
abstracts that were not peer-reviewed. We did not apply any exclusion
criteria regarding study duration or study setting.

Search strategy. We conducted a systematic search of MEDLINE (via
PubMed), Web of Science and Cochrane Central Register of Controlled Trials
(CENTRAL) up to April, 18 2024 with no language restrictions. As rlL2 was
officially approved as a drug in Europe in 1989 and in the United States in
1992, we searched for studies conducted since then. The search strategy was
built using a combination of the following key search terms and synonyms as
index or free text words and MeSH terms: Interleukin 2 (including synonyms:
Interleukin II, Aldesleukin, Proleukin), gastrointestinal cancer surgery, RCT.

Study selection. The standard methodological procedures recommended
by Cochrane were used: Two authors (AH and NB) independently and in
duplicate assessed the titles and abstracts for inclusion criteria using the
predetermined eligibility criteria [20]. After the first stage, both reviewers
evaluated full texts and decided if the inclusion criteria were met.

Included studies were assessed for cohort overlap. Patient duplication
could be excluded for most studies based on reported recruitment periods,
in- and exclusion criteria (i.e. inclusion of different tumour entities) or
because of differing rIL2 dosing regiments.

Any disagreement regarding inclusion was resolved by discussion with a
third member of the review team (JL). Detailed information on the
screening process is illustrated in the PRISMA flow diagram (Fig. 1).

Data extraction. Data were extracted using a predesigned data extraction
excel sheet by two review authors (AH and NB) independently and in
duplicate. Inconsistencies were discussed and if necessary, a third party was
consulted to reach a consensus.

In case of missing data concerning relevant information not available in
the article, we contacted authors twice via email.

Data items. The required information included the author’s name,
publication year and country, mean age and gender distribution of trial

participants, type of gastrointestinal tumours of participants, riL2 dosage,
riL2 side effects and information regarding the above-mentioned
outcomes.

Risk of bias assessment. The methodological quality of included RCTs was
assessed independently by two review authors (AH, NB) using the
Cochrane Collaboration tool for assessing risk of bias 2.0 (ROB2) [21].
The tool includes five standard domains of bias: bias arising from the
randomisation process, bias due to deviations from intended interventions,
bias due to missing outcome data, bias in measurement of the outcome
and bias in selecting of the reported results. The domains were rated as (i)
high or (ii) low risk of bias, (iii) some concerns or (iv) unclear. Finally, an
overall risk of bias judgement was determined which is defined as domain
six in the ROB2 tool.

Certainty of evidence. Certainty of evidence was assessed independently
by two reviewers using the ‘Grading of Recommendations, Assessment,
Development and Evaluation (GRADE) approach’ [22] and divided into
high, moderate, low and very low quality of evidence.

We downgraded each parameter by one level for serious concerns and
by two levels for very serious concerns about risk of bias, inconsistency,
indirectness, imprecision or publication bias. In the assessment of quality
we included the following outcomes: lymphocyte count 1 week post-
operatively, lymphocyte count 2nd week postoperatively, SSI, systemic
infection, anastomotic leakage, other complications and mortality.

Statistical analysis. A random-effects model for pairwise meta-analysis
was conducted for all outcomes where enough data was available. Petos
correction method was employed which is preferable in sparse data
situations like this one [23]. Since low event rates were mostly expected,
Petos approach should provide relatively unbiased estimates which suffice
in this exploratory setting, despite situations like these being rather
challenging in general [24]. Nonetheless it should be noted that no
currently available method is without drawbacks for small exploratory
meta-analyses like this one.

RESULTS

Following removal of duplicates (n=889), our database search
identified 2324 records. Of these, 2289 were excluded due to
ineligibility after title- and abstract screening. A total of 35 full
texts were assessed. Of these, 22 were excluded because of wrong
study type (n=8), wrong study outcome (n=6), no full-text
available (n=4), wrong study population (metastatic resection
and no resection of the primary tumour, n=2) or wrong
intervention (additional chemoimmunotherapy given in the
immediate perioperative period, n=2) (see Fig. 1). In total, we
included 13 RCTs [25-37].

Key characteristics of the identified trials are listed in Table 1.

As Lissoni et al. allocated patients to 3 groups (rlL2 group, rlL2 +
melatonin group, surgery only group) and did not give informa-
tion about the age and gender separately for all three groups we
could not identify the exact age and gender for the rIL2 and the
control group. Data were only given for all three groups in total
and we did not include the riL2+melatonin group in our meta-
analysis [33].

Uggeri et al. compared different treatment durations of rlL2
dividing the study population in three groups receiving either one,
two or three days administration of rlL2. For better comparison
purposes we separately looked at these groups in Table 1 [37].

Studies for which patient overlap could not be fully excluded
are marked with an asterix in Table 1. However, potential overlap
did not affect the results of the meta-analysis, because for all
outcomes reported, a maximum of one of the respective studies
contributed to the results. For the other studies in question the
weight was 0%.

Interleukin dosage

Dosage and length of application of rIL2 differed between the
trials: a low dosage of 3 million IU/d was applied in one trial [34], 9
million 1U/d was applied in four trials [32, 35-37]. In all other trials
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Fig.1 PRISMA flow diagram: Identification of studies via databases and registers. Adapted From: Page MJ et al.: The PRISMA 2020 statement:
an updated guideline for reporting systematic reviews [17] n number, RCT randomised controlled trial.

a high dosage of rlL2 was applied with either 12 million 1U/d
[26, 28, 30, 37] or 18 million 1U/d [25, 29, 31, 33]. In Nichols 1992,
rIL2 was applied for 5 consecutive days preoperatively whereas in
all other trials rIL2 was administered for 3 consecutive days
preoperatively.

In all trials surgery was performed at least 36 h after the last rIL2
application which is the time when rebound lymphocytosis occurs
after s.c. rlL2 injection [29, 38].

Risk of bias within studies

Risk of bias was assessed for ‘lymphocyte counts’, ‘long-term
survival' and ‘postoperative complications’ as those were
the outcomes for which sufficient data to perform a meta-analysis
was available. Postoperative complications include SSI, systemic
infections, anastomotic leakages and other complications. As less
than 10 studies were included in this analysis, publication bias was
not feasible to be assessed with funnel plots [20].

None of the studies received a low risk of bias score on all
assessed items. Consensus between the assessor’s and algorithm'’s
judgement was met in almost all studies assessed. However, for
eight trials the algorithm’s overall judgement was high, while the
assessors judged only seven studies as having a high overall risk of
bias. For Angelini 2006 there was a difference in algorithm’s and
assessor’'s assessment regarding ‘postoperative complications’.
The assessment for the outcomes ‘lymphocyte counts’ and
‘postoperative complications’ showed a difference for Brivio
2000, Brivio 2001, Brivio 1992 and Romano 2006.
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Particularly the domains ‘measurement of outcome’ and
‘selection of the reported results’ resulted in ‘high risk of bias’
and ‘bias of some concerns’ for nearly all studies. Regarding the
‘randomisation process’, ‘deviations from intended interventions’
and ‘missing outcome data’ the biases were mainly assessed as
‘bias of some concerns’ and ‘low’.

None of the trials were reported to be industry funded.
However, for three trials the authors report that the study drug
(Aldesleukin®) was supplied by the respective manufacturers
[27, 29, 301. Also, four of the included studies are authored by a co-
author affiliated with the respective manufacturer of the study
drug [27, 28, 30, 33].

Certainty of evidence

We downgraded each outcome parameter for at least two levels
which means none of them was rated for high or moderate
quality of evidence. Downgrading of outcome parameters of
each study was especially due to high imprecision, high risk of
bias and high inconsistency. For many outcome parameters we
did not obtain sufficient data to detect a precise effect
estimation. All outcomes are presented in Supplemental
Table S1.

Outcome parameters

Due to sparsity in the available data not every outcome
parameter could be accounted for methodological and clinical
differences.
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RIL2 Control
Study Total Mean SD Total Mean SD
Angelini, C. 2006 9 -381 242 10 -370 453
Brivio, F. 2006 42 400 44 -350
Brivio, F. 2000 6 667 177 8 -621 114
Nichols, Paul H. 1992 12 1130 306 13 -160 150
Random effects model 69 75

Heterogeneity: /2 = 96.3%, t® = 536159, p < 0.01
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Mean Difference MD 95%-Cl Weight
-11 [-333; 311] 32.6%

750 0.0%

1288 [1126;1450] 33.8%

1290 [1099; 1481] 33.6%

—==— ==—— 865 [ 26;1705] 100.0%

-1500
favours control

T T I T T 1
-500 0 5001000

favours RIL2

Fig.2 Lymphocyte count 1 week postoperatively. rIL2 recombinant Interleukin 2, SD standard deviation, MD mean difference, Cl confidence

interval.

Lymphocyte counts
Lymphocyte count [cells/mm?] at 1 week postoperatively was
significantly higher in the rlL2 group compared to the control
group (MD 865 (95%Cl: 26, 1705)) (Fig. 2). Heterogeneity was high
with I =96%. Certainty of evidence was downgraded by three
points (risk of bias, inconsistency and imprecision) until very low.

Two studies with 88 patients reported data on the lymphocyte
count in the 2nd week. Lymphocyte count [cells/mm?] at 2 weeks
postoperatively was significantly higher in the rlL2 group
compared to the control group (MD 658 (95%Cl: 652, 1968))
(Fig. S1).

Because of missing data, we were not able to perform a meta-
analysis of the mean difference of lymphocyte count after 4 weeks
compared to baseline.

Surgical site infection (SSI)

A total of 301 patients were included of which none showed an
event in the rIL2 group versus nine events that occurred in nine
patients in the control group (OR 0.13 (0.03, 0.50)) (Fig. 3).
Certainty of evidence was downgraded by two points (one in the
category ‘risk of bias’ and one in ‘imprecision’) and assessed to
be low.

Systemic infections
Seven studies were included in the data analysis for systemic
infection (such as pulmonary or urinary tract infections). Three out
of seven studies reported events. There was a significant
difference between the rlL2 and the control group (OR 0.25
(0.10, 0.66)) (Fig. S2).

Anastomotic leakage

Data on anastomotic leakage was reported in seven studies
comprising 301 patients. In total 10 anastomotic leakage events
were documented in two studies (OR 0.68 (0.19, 2.48)). Brivio 2006
reported four anastomotic leakages occurring in the rlL2 group
and five in the control group. Certainty of evidence was
downgraded for one point in ‘risk of bias’ and for one point in
‘imprecision” and assessed as low. The Forest Plot of Anastomotic
leakage is exposed in Supplemental Fig. S3.

Other complications

Only one of seven included studies reported occurrence of other
complications such as pancreatic fistula and digestive haemor-
rhage with two events in the rlL2 group and one event in the
control group [25] (see Supplemental Table S2 (Study Endpoints),
OR 2 (0, 26)). We assessed very low certainty of evidence by
downgrading in the following categories (each one point): risk of
bias, inconsistency and imprecision. The Forest Plot of Other
complications is exposed in Supplemental Fig. S4.

Mortality

Five studies were included and pooled with a total of 281 patients
(Control group: 141, rIL2: 140) (Fig. 4). The follow up time differed
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among the trials from a median of 2 years in Romano 2004 and
Romano 2006 [35, 36], 3 years in Angelini 2006 [25], 4.5 years in
Brivio 2006 [26] and 6 years in Cesana 2007 [31]. No significant
differences in mortality were found between the two groups (OR
1.0 (0, 2)). However, the evidence is limited due to high
heterogeneity (: 46%), and the certainty of the evidence is very
low because of concerns regarding risk of bias, inconsistency and
imprecision.

Only four studies reported data on long-term survival. Supple-
mental Table S3 shows the overall survival rates after 1, 3 and 5
years in detail. No studies reported data on progression and
relapse free survival.

Side effects of riL2

In total, 11 studies reported side effects. These were mainly
category 1 and 2 side effects following the ‘Common Terminology
Criteria for Adverse Events (CTCAE)' [19] which include local
dermal reactions, fever (<39°C) and flu-like symptoms. Two
studies reported moderate (category 3) side effects (fever > 39 °C).
Less side effects appeared in the control group. Overall, no severe
side effects were reported (Table 2).

DISCUSSION

This systematic review and meta-analysis of 13 RCTs demon-
strated that patients who received preoperative rlL2 had increased
postoperative lymphocyte counts, fewer SSIs and less systemic
infections. Though the available evidence for beneficial effects is
heterogenous and risk of bias is high.

Our results suggest that preoperative rlL2 promotes immuno-
modulation and may counteract postoperative immunosuppres-
sion. To the best of our knowledge this is the first systematic
review and meta-analysis on perioperative immunomodulation
with rIL2. RIL2 is an established agent which is known to have
pleiotropic effects on numerous cell lines [39]. While there was
considerable interest in its use for immunomodulation in
oncology, only few groups advanced the field of rlL2-based
perioperative immunomodulation.

There are various reasons for postoperative immunosuppres-
sion. Surgery-induced trauma results in high levels of post-
operative damage-associated molecular patterns (DAMPs)
which can cause dysfunction and dysregulation in immunomo-
dulatory cells. Certain individuals such as cancer patients are
particularly susceptible to postoperative immunosuppression
[40]. In an animal model Tai et al. could prove that extreme
surgical stress even entails the development of metastases
after surgery [41]. Our findings are in line with data from
experimental studies [42-44] which show that patients’ post-
operative immunosuppression is associated with downregula-
tion of immune cells, SSls, systemic infections like sepsis [45] and
other complications. Importantly, both gastrointestinal cancer
and the impact of surgery increase risk of immunosuppression
[46, 471].
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RIL2 Control
Study Events Total Events Total
Angelini, C. 2006 0 9 1 10
Brivio, F. 2006 0 42 0 44
Brivio, F. 1996 0 24 4 26
Brivio, F. 2000 0 6 (0] 8
Brivio, F. 2001 0 12 0 21
Brivio, F. 1992 0 12 0 18
Romano, Fabrizio 2004 0 34 4 35
Random effects model 139 162
Heterogeneity: /2 = 0.0%, ©° = 0, p = 0.997

Fig. 3 SSI (surgical site infections). rlL2 recombinant Interleukin 2, OR odds ratio, Cl confidence interval.

RIL2 Control
Study Events Total Events Total
Angelini, C. 2006 7 9 10 10
Brivio, F. 2006 8 42 14 44
Romano, Fabrizio 2004 16 34 21 35
Cesana, C:. G. 2007 15 36 12 32
Romano, Fabrizio 2006 18 19 15 20
Random effects model 140 141
Heterogeneity: /? = 46.5%, 1 = 0.167, p=0.113

Odds Ratio OR 95%—-Cl Weight
0.15 [0.00;7.58] 11.6%
0.0%
0.13 [0.02;0.98] 43.8%
0.0%
0.0%
0.0%
0.13 [0.02;0.94] 44.6%
0 0.13 [0.03;0.50] 100.0%
[ I I 1
0.01 041 1 10 100
favours RIL2  favours control
Odds Ratio OR 95%-Cl Weight
i 0 [0;2]  49%
jl 1 [0; 11 27.5%
i 1 [0; 2] 28.3%
: 1 [0; 8] 27.4%
] 4 [1:24] 12.0%
<L 1 [0; 2] 100.0%
[ I I I 1
0.01 0.1 1 10 100

favours RIL2 favours control

Fig. 4 Mortality. rlL2 recombinant Interleukin 2, OR odds ratio, Cl confidence interval.

Immunomodulation may be a promising tool to improve
perioperative care in high-risk surgery patients. Indeed, the
evidence of the investigated studies shows that patients who
received rlL2 had fewer postoperative infectious complications
and SSIs which may result in better long-term survival rates even
though - primarily due to lack of data—our work does not show
any impact. As anticipated, subcutaneous rlL2 application resulted
in higher lymphocyte levels in the treatment in comparison to the
control group 1 week postoperatively. However, only four studies
reported data on this outcome parameter. It remains unclear, why
Angelini et al. did not observe any effect [25, 26, 28, 341.

Klapper et al. showed that intravenous application of rIL2 in
renal cell carcinoma patients effectively modulates perioperative
immune dysfunction but causes only short-term toxicity [48].
Taking into account that Klapper et al. applied rIL2 intravenously
with a different dosage (720,000 IU/kg) compared to the included
studies there is a lack of data on rlL2 subcutaneous application
and the optimal dosing in particular.

We did not find severe side effects even in studies
administering medium or high doses of rIL2 (up to 18 million
IU/day). Taking into consideration our results of the certainty of
evidence (GRADE) and the overall rather high risk of bias there
are limitations to our meta-analysis but in only two studies
[26, 33] moderate side effects were reported. Patients appeared
to have local dermal reactions regularly or mild systemic
reactions such as fever. In these studies high doses of rlL2 were
applied. In all other studies which applied low or even a medium
dosage of rIL2 only mild side effects were reported. One could
conclude that a low or medium dosage of rIL2 (up to 9 million
IU/day) might be the ideal dosage to receive the desired effect
but have less side effects.

Postoperative complications after major abdominal cancer
surgeries are common [49], yet surprisingly, they did not often
occur in the included studies of our meta-analysis. It also remains
unclear why almost half of the studies do not report any

complications at all. The relevant expenses associated with major
complications further underline the importance of minimising
perioperative complications by anaesthesiologists [50].

Only a few studies reported long-term survival with different
follow-up periods (range from 2 until 6 years) [25, 26, 31, 35, 36].
Even though data are sparse and we did not consider neoadjuvant
chemotherapy or potential differences in adjuvant chemotherapy
our meta-analysis showed no significant difference in long-term
survival. In comparison to other studies where rlL2 was applied for
an extended period in patients with renal cell carcinoma survival
was prolonged [51]. It seems plausible for rIL2 to have a positive
impact beyond the perioperative period. It might influence cancer
cell proliferation and therefore the status of metastasis or cancer
recurrence rates. Overall, our findings suggest that rlL2 has
beneficial immunomodulating properties making it a promising
agent for perioperative patient care.

Interestingly, RIL2 may also have the potential to prevent
inflammatory complications such as cardio-vascular events. In an
animal model IL2 mediated Regulatory T cells (Treg) expansion
and prevented surgery induced progression of atherosclerotic
plaques [52]. In clinical studies high Treg levels are associated with
reduced perioperative cardiovascular complications [53]. As rIL2
modulates different immune cells its preoperative application may
not only minimise surgical induced complications but can also
have a positive impact on perioperative cardiovascular outcome
which provides an outlook to the future of perioperative
immunomodulation.

Limitations
This systematic review and meta-analysis has several limitations
which warrant caution interpreting the results.

First, the methodological quality of our primary studies was low.
All studies were rated with a bias of some concerns or high-risk of
bias. In many studies, incomplete reporting on randomisation
processes and their implementation hampers an evaluation of
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Table 2. Interleukin dosages and side effects.

Study, Publication IL2 dosage Local dermal
year (million 1U/day) reaction (n)
Angelini et al. [25] 18 9

Brivio et al. [29] 18° 0

Brivio et al. [27] 18 0

Brivio et al. [28] 12 0

Brivio et al. [30] 12 0

Brivio et al. [26] 12 1

Cesana et al. [31] 18 36

Deehan et al. [32] 9 2

Lissoni et al. [33] 18 0

Nichols et al. [34] 9 n.i

Romano et al. [36] 9 34

Romano et al. [35] 9 0

Uggeri et al. [37] 9 13

Uggeri et al. [37] 12 n.i

Studies in alphabetical order.
U international units, n number, et al. et alia, n.i. no information.

Mild reaction Moderate reaction Severe reaction P value
(n) (n) (n)

2 0 <0.05
10 0 0 n.i

13 0 0 <0.05
0 0 0 n.i

0 0 0 n.i

30 12 0 n.i

25 0 0 n.i

8 0 0 n.i

4 7 0 n.i

n.i n.i n.i n.i

25 0 0 <0.05
14 0 0 <0.05
2,8 0 0 n.i

n.i n.i n.i n.i

A p <0.05 states that there is a significant difference between the rIL2 and the control group in favour of the riL2 group.

@18 million 1U/day/m2.

reliability and validity. In particular, in many studies it remains
unclear if the control groups were given placebos which would
presumingly result in a conduction of unblinded trials.

Concerning the certainty of evidence which is, after critical
appraisal, in most cases low and very low, downgrading of
outcome parameters of each study is especially due to low
imprecision, high risk of bias and high inconsistency. For many
outcome parameters we could not withdraw sufficient patient
data to detect a precise estimate of the effect. Some parameters
showed a high heterogeneity and as mentioned above none of
the studies received a low risk of bias score on all assessed items
[54]. The high heterogeneity especially of the outcome parameter
lymphocyte count at 1 week in our meta-analysis complicates the
process of drawing general conclusions. Most likely this is due to
the difference in study design of the included RCTs [54]. The
missing and quality of blinding in these studies appeared to be
poor and therefore smallers the effect size of the meta-analysis.

We could only pool three out of four studies for lymphocyte
count at week one due to missing confidence intervals of Brivio,
2006. It is possible that if the confidence interval was given the 12
value and reliability would improve.

Another limitation of the systematic review is that most of the
included studies took place only in Italy, some were even
conducted in the same centre [55].

Despite our efforts to contact the authors, there was often
limited data concerning our predefined outcome parameters. We
could only pool some of the studies in our random effects models.
Further, due to partial sparseness of the available data classic
diagnostic tools like I or tau® cannot be relied on to make any
statements about the solidity of our fitted models. This applies for
the lymphocyte count at week 1 and overall mortality. The pooled
estimates should therefore be treated as summary of the current
body of evidence and not be used to draw treatment decisions.

CONCLUSION

This systematic review and meta-analysis suggests that preopera-
tive administration of subcutaneous rlL2 promotes immunomodu-
lation in gastrointestinal surgery patients without severe side
effects. However, most studies were of low methodological quality,
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showed a high risk of bias and high heterogeneity. Further research
is needed to investigate the potential of preoperative riL2 to
improve individualised perioperative patient care. To clarify the role
of rlL2 for immunomodulation in gastrointestinal cancer surgery,
several clinical studies that build on each other would be necessary:
(i) a dose-escalating study to identify the minimum dose necessary
to rapidly expand lymphocyte and regulatory T-cell counts prior to
surgery, (ii) a pilot-trial with a clinical endpoint such as surgical site
infections or systemic infections to assess feasibility (i.e. to evaluate
exclusion and inclusion criteria, to assess drop-out rate etc.) (iii) a
small explorative multicenter trial to gain preliminary data on
efficacy for different clinically relevant endpoints for planning (iv) a
confirmative international multicenter randomised double-blinded
controlled trial powered to test the hypothesis, that riL2 affects a
clinically relevant outcome. This strategy would advance the field
and close the existing knowledge gap.
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