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Abstract 

Background  Except in a few retrospective studies mainly including patients under chemotherapy, information 
regarding the impact of immunosuppressive therapy on the prognosis of patients admitted to the intensive care unit 
(ICU) for septic shock is scarce. Accordingly, the PACIFIC study aimed to asses if immunosuppressive therapy is associ‑
ated with an increased mortality in patients admitted to the ICU for septic shock.

Methods  This was a retrospective epidemiological multicentre study. Eight high enroller centres in septic shock 
randomised controlled trials (RCTs) participated in the study. Patients in the “exposed” group were selected 
from the screen failure logs of seven recent RCTs and excluded because of immunosuppressive treatment. The “non-
exposed” patients were those included in the placebo arm of the same RCTs. A multivariate logistic regression model 
was used to estimate the risk of death.

Results  Among the 433 patients enrolled, 103 were included in the “exposed” group and 330 in the “non-exposed” 
group. Reason for immunosuppressive therapy included organ transplantation (n = 45 [44%]) or systemic disease 
(n = 58 [56%]). ICU mortality rate was 24% in the “exposed” group and 25% in the “non-exposed” group (p = 0.9). Nei‑
ther in univariate nor in multivariate analysis immunosuppressive therapy was associated with a higher ICU mortality 
(OR: 0.95; [95% CI 0.56–1.58]: p =  0.86 and 1.13 [95% CI 0.61–2.05]: p =  0.69, respectively) or 3-month mortality (OR: 
1.13; [95% CI 0.69–1.82]: p =  0.62 and OR: 1.36 [95% CI 0.78–2.37]: p =  0.28, respectively).

Conclusions  In this study, long-term immunosuppressive therapy excluding chemotherapy was not associated 
with significantly higher or lower ICU and 3-month mortality in patients admitted to the ICU for septic shock.
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Background
Despite better knowledge of the pathophysiology and a 
more homogenous and standardized management [1, 
2], the mortality of patients with septic shock admitted 
in the intensive care unit (ICU) remains high around 
35% [3]. Immunosuppression is increasingly present in 
severely ill patients hospitalized in the ICU for sepsis or 
septic shock and large epidemiological studies have esti-
mated a prevalence between 20 and 25% [4–6]. Immu-
nosuppressed population is highly heterogeneous due 
to different levels of immunosuppression depending on 
the underlying pathology and therapeutic class used. In 
patients without HIV or primary immunodeficiency, 
pre-admission immunosuppression is mostly related to 
chemotherapy for haematological malignancies or a solid 
tumour, and long-term immunosuppressive treatment 
for an organ transplantation or an autoimmune disease 
(e.g., long-term steroid therapy, calcineurin, mTOR, 
TNF inhibitors, or immunosuppressive monoclonal 
antibodies).

Immunosuppression might modulate the host response 
to infection and may participate in higher mortality [7], 
reaching up to 70% six months after ICU admission for 
septic shock especially in patients with cancer [8–10]. 
Large retrospective studies showed an association 
between systemic disease and decreased 30-day mor-
tality among ICU patients with septic shock [11], or a 
decreased in-hospital mortality in solid organ transplant 
patients hospitalized for sepsis [12, 13]. Apart from these 
exceptions, information regarding the impact of long-
term immunosuppressive treatment on the prognosis of 
patients admitted to the ICU for septic shock is scarce 
and only a few retrospective studies have been published, 
mainly including patients under chemotherapy [7, 14, 
15], especially because this specific population is usually 
excluded from most clinical studies and therapeutic trials 
on sepsis.

Accordingly, the PACIFIC study aimed to assess if 
long-term immunosuppressive therapy, excluding chem-
otherapy, was associated with a significantly increased 
mortality in patients admitted to the ICU for septic 
shock.

Methods
This retrospective epidemiological multicentre study 
involved 8 centres in France and Belgium. They all partic-
ipated in randomized controlled trials (RCTs) assessing 
new drugs to treat septic shock, according to the Sepsis-3 
definition [16], between 2015 and 2022 [ADRENOSS 
(NCT03085758), Sepsis-Act (NCT02508649), ART-123 
(NCT01598831), REVIVAL (NCT04411472), IRIS7a 
(NCT02797431), MOT-C 201 (NCT03158948), MOT-C 

203 (NCT04055909)]. These sites were selected as 
high enrollers in the above-mentioned trials, which all 
excluded immunocompromised patients. We used an 
original patient selection approach. Patients who were 
screened but excluded due to a long-term immunosup-
pressive therapy constituted our “exposed” group, and 
were identified from the screening failure logs of each 
trial. Immunosuppressive therapy included one or more 
of the following treatments for at least one month before 
the septic shock: steroids (at least 10  mg/day of pred-
nisone or equivalent), calcineurin inhibitors, mTOR 
inhibitors, unspecific immunosuppressors, TNF inhibi-
tors or immunosuppressive monoclonal antibodies (e.g., 
rituximab or infliximab). Patients with HIV or who had 
received chemotherapy within 6 months before ICU 
admission, an hematopoietic stem cell transplantation, 
or alemtuzumab (anti-CD52 mAb) were not included in 
our study, because of the depth of immunosuppression 
related to these drugs and the known poorer prognosis of 
these immunocompromised patients.

Patients allocated to the placebo arm (i.e., standards of 
care according to Surviving Sepsis Campaign) in one of 
the selected sepsis trials constituted the “non-exposed” 
group.

The ethics committee of the Limoges university hospi-
tal approved the study (N°532-2022-188) and waived the 
need for written informed consent. A written informa-
tion was sent to patients included in the “exposed” group. 
Patients from the “non-exposed” group already agreed 
to the use of their personal data in their initial informed 
consent from the selected RCTs.

Data has been collected directly from patients’ medi-
cal charts in each centre. The following parameters were 
recorded: demographic characteristics (age, gender, 
comorbidities), infection site, organ support, Sequential 
Organ Failure Assessment (SOFA) score on ICU admis-
sion and Simplified Acute Physiology Score (SAPS) II at 
the time of RCT screening, ICU and 3–month all-cause 
mortality.

To increase the study power, we used a ratio of three 
"non-exposed" patients for one "exposed" with the aim 
to obtain 100 patients in the “exposed” group. In each 
group, patients were included consecutively and chrono-
logically until predetermined group size was reached.

Qualitative variables are expressed as numbers and 
percentages and were compared using the Chi2 test. 
Quantitative variables are expressed as median and their 
interquartile range (IQR) and were compared using the 
Mann–Whitney test. A logistic regression model was 
used to estimate the risk of ICU death. The parameters 
known to be independent mortality factors were forced 
into the multivariate analysis (age, SOFA score on admis-
sion, SAPS II at the time of screening for participation in 
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RCTs). Results are expressed as odds ratio (OR) with the 
95% confidence intervals (CI).

Results
Four hundred and thirty-three patients were enrolled 
in the PACIFIC study. In the seven selected RCTs, 3022 
patients were previously enrolled. Among them, 330 
patients were selected to compose the “non-exposed” 
group with patients initially included in the placebo 
arms. One hundred and three patients were selected 
from the screen failure log to compose the “exposed” 
group (Fig. 1). In the "exposed" group, reason for immu-
nosuppressive treatment was organ transplantation 
(n = 45 [44%]) or systemic disease (n = 58 [56%]). Patients 
with long-term immunosuppressive therapy were mainly 

men, had a lower SOFA score on ICU admission and the 
incidence of chronic renal failure was higher compared to 
the "non-exposed" patients (Table 1 and Additional file 1: 
Table S1).

In the univariate analysis, long-term immunosup-
pressive treatment was not associated with a higher risk 
of ICU death (OR: 0.95; 95% CI 0.56–1.58; p = 0.86). In 
contrast, age (OR: 1.29 per 10 years; 95% CI 1.09–1.54; 
p = 0.003), SOFA score (OR: 1.14 per additional point; 
95% CI 1.06–1.23; p < 0.001) and SAPS II score at the time 
of RCT screening (OR: 1.05 per additional point; 95% CI 
1.04–1.07; p < 0.001) were significantly associated with 
an increased risk of ICU mortality. Invasive mechani-
cal ventilation and dialysis were also associated with an 
increased risk of death (Additional file  1: Table  S2). In 

Fig. 1  Flow chart
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the multivariate analysis, long-term immunosuppres-
sive treatment was not associated with an increased risk 
of ICU mortality (OR: 1.13; 95% CI 0.61–2.05; p = 0.69). 
In contrast, SAPS II and invasive mechanical ventilation 
or dialysis remained associated with a higher risk of ICU 
mortality (Fig. 2).

In the multivariate analysis, long-term immunosup-
pressive treatment was not associated with increased 
three-month mortality, with an OR at 1.36 (95% CI 0.78–
2.37; p = 0.28). In contrast, SAPS II remained associated 
with an increased three-month mortality risk (Fig. 2).

In the multivariate subgroup analysis, the underlying 
immunosuppression, namely systemic disease or solid 
organ transplant, was not associated with ICU (OR at 
1.81 [95% CI 0.85–3.77] and 0.59 [95% CI 0.22–1.43] 

respectively; p = 0.13) and three-month mortality (OR 
at 1.74 [95% CI 0.86–3.48] and 0.98 [95% CI 0.96–1.41] 
respectively; p = 0.29) (Additional file  1: Table  S2 and 
Figs. S1 and S2).

ICU length of stay was similar in the “exposed” and 
“non-exposed” groups (8 ± 4 vs. 9 ± 5 days: p = 0.2) as 
was the number of vasopressor-free days within 30 days 
(27 ± 2 days vs. 26 ± 3 days: p = 0.11). In contrast, a higher 
proportion of patients required mechanical ventilation 
in the "non-exposed" group compared to the "exposed" 
group (259/330 [78%] vs. 70/103 [68%]; p = 0.029), but the 
duration of ventilation was similar between groups (4 ± 2 
vs. 4 ± 2 days: p = 0.7). A significantly higher proportion 
of "exposed" patients required dialysis (90/330 [27%] vs. 
43/103 [42%]; p = 0.005) (Table 1).

Table 1  Patients characteristics

SOFA Sequential Organ Failure Assessment, ICU Intensive care unit

Characteristics Total Non-exposed (no 
immunosuppressive 
treatment)

Exposed 
(immunosuppressive 
treatment)

p value

n = 433 n = 330 n = 103

Age (years) 68 (59–76) 69 (60–77) 67 (58–76) 0.2

Men 277 (64%) 222 (67%) 55 (53%) 0.01

SOFA score at admission 10 (8–12) 10 (8–12) 9 (7–11) 0.01

SAPS II at screening 59 (47–71) 60 (47–71) 56 (48–66) 0.14

Comorbidities

 High blood pressure 230 (53%) 172 (52%) 58 (56%) 0.5

 Diabetes 126 (29%) 95 (29%) 31 (30%) 0.8

 Chronic heart failure 66 (15%) 50 (15%) 16 (16%)  > 0.9

 Chronic respiratory failure 52 (12%) 40 (12%) 12 (12%) 0.9

 Chronic renal failure 89 (21%) 48 (15%) 41 (40%)  < 0.001

Infection site

 Lungs 157 (36%) 118 (36%) 39 (38%)

 Abdomen 106 (24%) 85 (26%) 21 (20%)

 Urine 90 (21%) 66 (20%) 24 (23%)

 Skin 26 (6%) 22 (6.7%) 4 (3.9%)

 Central nervous system 9 (2.1%) 8 (2.4%) 1 (1%)

 Joints and bones 12 (2.8%) 6 (1.8%) 6 (5.8%)

 Bacteraemia 33 (7.6%) 25 (7.6%) 8 (7.8%)

Cause of immunosuppression

 Organ transplantation – – 45 (44%)

 Systemic disease – – 58 (56%)

Organ support and outcome

 ICU stay duration (days) 9 (5–15) 9 (5–15) 8 (4–14) 0.2

 Number of days with vasopressor support 4 (2–9) 4 (2–10) 3 (1–7) 0.11

 Number of mechanically ventilated patients 329 (76%) 259 (78%) 70 (68%) 0.029

 Number of days with mechanical ventilation 4 (2–6) 4 (2–6) 4 (2–6) 0.7

 Patients with dialysis during hospital stay 133 (31%) 90 (27%) 43  (42%) 0.005

 ICU death 108 (25%) 83 (25%) 25 (24%) 0.9

 Three-month mortality 126 (29%) 94 (28%) 32 (31%) 0.6
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Fig. 2  Multivariate analysis. SOFA = Sequential Organ Failure Assessment; SAPS II = Simplified Acute Physiology Score II
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Discussion
The present study mainly shows that patients receiving 
long-term immunosuppressive drugs who were hospi-
talized in the ICU for septic shock did not have a higher 
mortality when compared to non-immunosuppressed 
patients. Not surprisingly, age and severity score on ICU 
admission were independently associated with ICU and 
three-month mortality.

To our knowledge, the PACIFIC study is the first that 
specifically targeted patients with septic shock who were 
exposed to long-term immunosuppressive treatment and 
hospitalized in ICU. To better identify the potential effect 
of immunosuppressive treatment on outcome, we used 
an original selection approach to reduce biases inher-
ent to classical study design such as retrospective cohort 
or case control studies. Namely, we selected patients 
with homogenously defined septic shock (according 
to Sepsis-3 definition) who fulfilled the same eligibil-
ity criteria to participate in RCTs assessing the effects 
of newly developed agents during a given time period. 
To limit selection bias, patients were consecutively and 
chronologically enrolled in the present study, whether 
they had been enrolled in the placebo arm of selected 
RCTs or excluded due to long-term immunosuppres-
sive treatment. To follow the same approach as in studies 
in patients with cancer (regardless of the type, stage or 
therapeutic class), we highlighted the effect of the immu-
nosuppressive treatment by including a heterogeneous 
population, thus limiting the effect of each underlying 
condition and each therapeutic class.

In the “non-exposed” group, ICU and three-month 
mortality only reached 25% and 28% respectively, while a 
recent meta-analysis reported, between 2009 and 2019, a 
one-month and three-month mortality at 34.7% et 38.5% 
respectively in septic shock [3]. The relatively lower mor-
tality observed in the present study may be related to the 
enrolment approach, i.e. from recent RCTs conducted in 
septic shock. It might have created a selection bias since 
the most severe patients (i.e., life expectancy shorter than 
48h and moribund status) are most of the time excluded 
from these trials. In the “exposed” group, ICU mortal-
ity reached 24%. No reliable estimation correspond-
ing to our specific study population has been published 
yet. Publications related to immunosuppressed patients 
mostly included patients receiving chemotherapy for 
malignancies, with sepsis or septic shock, without taking 
into account specifically the Sepsis-3 definition. Never-
theless, subgroup analyses from these studies reported a 
mortality rate between 31 and 51% in immunocompro-
mised patients without chemotherapy [7, 14, 15]. Even 
though the mortality rate is similar between the two 
groups, it does not reflect the percentage and absolute 
mortality in the general population, in particular in the 

“exposed” group known to be more susceptible to infec-
tion and sepsis.

Although the study population and inclusion crite-
ria differed from the PACIFIC study as previously men-
tioned, our results are in contrast with other studies 
which showed a decreased mortality rate in patients 
under long-term immunosuppressive treatment hospi-
talized for sepsis. Sheth et al. [11] showed a statistically 
significant decrease of 30-day mortality in patients with 
autoimmune diseases under long-term immunosup-
pressive treatment who were hospitalized for sepsis or 
septic shock, when compared to the general population 
(OR: 0.73; 95% CI 0.57–0.93). Colbert et al. [17] studied 
patients with inflammatory bowel disease and reported 
a decreased risk of hospital mortality in patients with 
Crohn’s disease admitted for sepsis or septic shock (OR: 
0.78; 95% CI 0.63–0.97). In solid organ transplant recipi-
ents hospitalized for sepsis, Donelly et al. [12] reported a 
decreased in-hospital mortality (OR: 0.83; 95% CI 0.79–
0.87) in a large retrospective study, and so did Kalil et al. 
[18] at day 28 and day 90 in sepsis with bacteremia (HR: 
0.22; 95% CI 0 0.09–0.54 and 0.43; 95% CI 0.20–0.89, 
respectively) or, more recently, Ackermann et  al. [13]. 
Finally, in line with our results, the single-centre ret-
rospective study by Jamme et  al. [7], conducted in 309 
immunocompromised patients admitted in the ICU for 
septic shock, reported an increased risk of hospital mor-
tality in patients with solid tumour, but not in the sub-
group of patients without malignancies (OR: 1.35; 95% 
CI 0.92–1.98), when compared to the general population. 
These differences might be explained by a lack of power 
despite our substantial sample size. On another hand, 
the new definition of septic shock that we used may have 
detected a specific patient profile different from the pop-
ulation of the previously mentioned studies.

Host dysregulated immune response, which charac-
terises sepsis, combines pro- and anti-inflammatory 
mechanisms [19]. The absence of significant impact 
of long-term immunosuppressive therapy on ICU and 
three-month mortality in our patients may appear 
counter-intuitive and not in agreement with previously 
published studies conducted in cancer patients [8, 10]. 
The entire immune system is affected during sepsis, 
with pro-apoptotic effects of B and T lymphocytes, and 
alteration of myeloid cells, especially monocytes, due 
to a decrease in HLA-DR expression [19, 20]. There is 
currently little data available regarding the impact of 
sepsis on the immune system of immunocompromised 
patients. Many studies have suggested a link between 
the prognosis of patients and different cytokine profiles 
observed during the acute phase of septic shock [21, 
22]. In autoimmune diseases, Sheth et al. [11] hypoth-
esized that cytokine profiles were different depending 
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on the type of the underlying autoimmune disease and 
that some profiles could potentially protect from septic 
shock-related mortality, especially in patients with high 
expression of IL-12 or IFN-γ. It can also be assumed 
that exposure to immunosuppressive treatments pro-
tects from the excessive and potentially deleterious 
inflammatory response that characterises septic shock 
[16]. The class of immunosuppressive treatment used 
may also alter the modulation of this cytokine response 
differently. In addition, long-term steroid therapy and 
substitution may counteract the  effect against the 
development of the relative adrenocortical insuffi-
ciency documented in some patients [23–25]. Manag-
ing immunosuppressive treatments is a major issue in 
septic shock, and how to enhance immunity response 
limiting organ rejection or systemic disease exacerba-
tion [26]. Then, the sepsis-induced immunosuppression 
phase that has been described in patients not previ-
ously exposed to an immunosuppressive treatment, 
may result in an immune profile similar to that of the 
exposed patients [19, 27, 28]. The aggression induced 
by septic shock in immunocompetent patients could 
thus lead to a dysregulation of the immune system that 
is similar to that of patients under long-term immu-
nosuppressive therapy, thus providing a similar risk of 
mortality [28].

Our study has several limitations. Despite a study 
design to limit selection bias, this approach generated 
its own groups’ characteristics with several baseline 
differences and management (i.e. men ratio, SOFA at 
admission, chronic renal insufficiency rate, dialysis dur-
ing hospitalization, mechanical ventilation rate) which 
could interfere with the two groups comparability and 
the external validity. Then, in the multivariate analysis, 
age and SOFA score were not associated with increased 
mortality in sepsis as they are usually. Concerning 
septic shock management, we did not collect compre-
hensive information about antibiotic therapy adminis-
tration (i.e. time between hospital admission and drug 
delivery, appropriateness of the first-line antibiotics, 
duration of antibiotic therapy…), which could consti-
tute a bias for the interpretation of results. In addition, 
there is no consensus to reduce administration or tem-
porary withdraw immunosuppressive agents, but dif-
ferent management strategies might be another source 
of bias. Most importantly, the magnitude of confidence 
intervals in the multivariate analysis allows for uncer-
tainty, so that long-term immunosuppressive treatment 
could be associated with either benefit or harm. Finally, 
the heterogeneity of the “exposed” group encourages 
careful interpretation of the results, since the under-
lying condition and therapeutic class used for each 

patient could be different with possibly different conse-
quences on the outcome.

Including patients with immunosuppressive treatments 
in RCTs assessing new drugs in septic shock, especially 
when following the inflammatory and cytokine pro-
files of patients over time, would greatly contribute to 
expand the currently scarce clinical data on this growing 
population and improve the existing gap of knowledge in 
pathophysiology.

Conclusion
This multicentre retrospective study did not evidence a 
higher or lower mortality in patients exposed to a long-
term immunosuppressive treatment when compared to 
the non-immunosuppressed population admitted to the 
ICU for septic shock. Accordingly, excluding immuno-
compromised patients from RCTs assessing new drugs in 
sepsis or septic shock could be cautiously reconsidered.
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