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To the Editor,

Sepsis is a common reason for intensive care unit (ICU)
admission of patients with haematological malignancy
[1]. The main focus is placed on neutropenia, with little
attention paid to other white cell lineage such as mono-
cytes and lymphocytes. Immune dysfunction in these
cells is well-described in non-cancer septic patients and
associated with an increased mortality risk [2—4]. Fea-
tures typically associated include impaired monocyte
antigen presentation and co-stimulation (HLA-DR,
CD80, CD86), increased immune checkpoint inhibi-
tion (lymphocyte PD-1 and monocyte PD-L1), impaired
lymphocyte proliferation/ maturation (IL-7 receptor),
activation (CD28 and CTLA-4), and viability [2—4]. The
primary objective of this feasibility study was to ascertain
whether these cells are similarly affected in haematology
patients with sepsis.

We conducted a prospective observational study in
patients with or without haematological malignancy
admitted to the ICU with sepsis. Peripheral blood mon-
onuclear cells (PBMC) were isolated and assessed by
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multi-parameter flow cytometry, and serum immune
analytes by ELISA (Additional file 1: Methods). A focused
analysis was performed of cell surface markers associated
with sepsis-induced immunosuppression [2—4].

We included 11 haematology ICU patients, 33 non-
haematology ICU patients (and 17 healthy volunteers as
a reference). Patient demographics are detailed in Addi-
tional file 1: Table S2. Compared to non-haematology
patients, haematology patients were of similar age and
had a similar SOFA score. However, compared to non-
haematology patients, haematology patients had lower
neutrophils (p<0.0001), lymphocytes (p=0.03), and
monocytes (p=0.005). Hospital mortality was similar
between both groups (27% non-haematology vs. 36%
haematology) (Fig. 1, Additional file 1: Fig. S1).

There was a trend towards decreased monocyte phago-
cytosis (p=0.055) among haematology patients. Viability
in lymphocyte CD4 and CD8 cell populations and CD4
IL-7R levels were lower among haematology patients
(Fig. 1, Additional file 1: Figs. S2, S3). A positive correla-
tion was seen between PD-1 expression and cell death in
CD4 lymphocytes in non-haematology patients but not
haematology patients (Fig. 1).

Serum TNF-« was higher among haematology patients,
although monocyte intracellular TNF-a levels were simi-
lar. Following ex vivo whole blood stimulation with LPS,
serum IL-1B (p=0.043) and TNF-a (p=0.001) increased

© Crown 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original
author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third

party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the mate-
rial. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit

http//creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40635-023-00578-4&domain=pdf
http://orcid.org/0000-0003-0553-6886

Snow et al. Intensive Care Medicine Experimental (2024) 12:3 Page 2 of 3
. . . Non-HO HO
a.l. a.ll a. a.v. a.v.
<0.0001
30 10 0.0046 S0k 250k o
- ~ 8 soc] 2006
s 20 S 4 <
= = T
2 8 = aox 100k
a g. 4 ]
£10 8 4 < <
3 s E S S
2 =2 3 3
D, - i, » o,
0 o G¢ e i W e e
Non-HO  HO HV  Non-HO  HO Phagocytosis - PE—J» Phagocytosis - PE—J»>
b.i b.ii. b.iii. b.iv.
8 0.0302 100000 00028 100 22016 100+ 2=0.047
= p=0.06 p=055
Es . 10000 80 807
=] 2 2 ° 2
3 < &@9 B 60 . B 60
84 L 1000 2 3
§~ 5 S 404 ° 3 40 - ° o
£ 5 ® ® R W
£? T 20 N N 20-]
0 T 10 0 T ° .‘s.‘$‘ T 1 T T T 1
Non-HO ~ HO HV  Non-HO HO 2 3 4 5 20 25 3.0 35 4.0
Log ;o IL-7R MFI (A.U.) Log 1 IL-7R MFI (AU.)
c.i. 00335 c.ii. c.iii. c.iv.
80 10000 100 ?=0.272 100
p=0.002 2=0.010
i i p=0.78
60 ! _ 80 80
® S 1000 2 ° 2
@ o < 3 60 ) 8 60
a0 ¢ £ 2 M
g < 3 40 S 40 P
< 8R4 g 100 5 = ® RN
207 4 E 20 20 _——a
o & e 8y
0 T T T 10 T T T 0 1 T T T 1
& L© ® HV  Non-HO HO 0 1 4 0 1 2 3 4
& Log ;o PD-1 MFI (A.U.) Log 4o PD-1 MFI (AU.)
d.i ii. <0.0001 0.0001 d.iii
1000 6000~ 15000
800
= F 4000 = 10000
E £ E
2% 2 2
< 400 b =
2 z = 5000

200

0
HO
+

Non-HO
+

Y
+

Non-HO
+

LPS LPS +

HV
+

HO
+

Non-HO

LPS + +

Fig. 1 Differences in clinical variables, monocyte and lymphocyte function between non-haematology and haematology patients. Comparison

of patients admitted to the Intensive Care Unit with a non-haematology (Non-HO, n=33), or haematology (HO, n=11) diagnosis. Healthy volunteers
(n=17) are included as a reference. Innate immune response (a.) including neutrophil count (i.), monocyte count (ii.), and monocyte phagocytosis
as measured by pHRodo (jii.), with example contour plot of non-HO (iv.) and HO (v.). Adaptive immune response (b.—c.) including lymphocyte
count (b.i.) CD4 lymphocyte IL-7 receptor (IL-7R) expression (b.ii.) and correlation plot of IL-7R with percentage cell death of non-HO (b.iii.) and HO
(b.iv.), apoptosis (c.i.), and programmed cell death receptor-1 (PD-1) expression (c.ii.) correlation plot of PD-1 with percentage cell death of non-HO
(c.iii.) and HO (c.iv.) patients. LPS-induced cytokine release (d.) including IL-1f (i.), TNF-a (ii.) and IL-10 (iii.). Data compared using Mann Whitney

test. Only p < 0.1 shown

significantly in non-haematology patients, but not in hae-
matology patients. (Fig. 1).

We present novel data demonstrating immune dys-
function in monocytes and lymphocytes taken from hae-
matology patients with sepsis; over and above that seen
in non haematology patients. This included impaired
monocyte phagocytosis, and impaired release of TNF-a
and IL-1P (canonical cytokines associated with monocyte
function) on whole blood stimulation with LPS. Intrigu-
ingly, monocyte HLA-DR, a robust functional marker of
immunoparesis in critically ill patients [4], was not differ-
ent in haematology patients.

Mechanisms of lymphocyte death are likely to dif-
fer between haematology and non-haematology patient
cohorts. The association between CD4 lymphocyte PD-1
expression and cell death is also described in patients
with sepsis [4]. We found a positive correlation between
PD-1 expression in CD4 lymphocytes in non-haematol-
ogy patients but not in haematology patients.

Existing therapies to improve clinical outcomes in the
critically ill haematology patient with sepsis are limited.
Further research is required to gain a better understand-
ing of the immune phenotype in this population, provid-
ing a rational for individualized sepsis treatment.
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Additional file 1: Table S1. Flow cytometry fluorochromes used.

Table S2. Baseline demographics. Figure S1. Differences in laboratory-
measured variables between non-haematology and haematology
patients. Figure S2. Differences in classical monocyte and CD4* and
CD8™ lymphocyte function between non-haematology and haematol-
ogy patients. Figure S3. Differences in classical monocyte and CD4* and
CD8™ lymphocyte function between non-haematology and haematology
patients.
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