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CHAPTER 3

ABSTRACT
Background

It is hypothesised that community-acquired pneumonia (CAP) patients with more
severe disease or inflammation might benefit more from adjunctive corticosteroid
treatment. Neutrophil count, lymphocyte count and neutrophil-lymphocyte ratio (NLR)
have been associated with inflammation and disease severity in CAP. We investigated
the interaction between these parameters and adjunctive dexamethasone effects on
clinical outcomes in CAP.

Methods

We conducted a post hoc analysis of the randomised placebo-controlled Santeon-CAP
trial (n = 401), which showed a positive effect of adjunctive oral dexamethasone on
length of stay (LOS) in CAP patients. White blood cell (WBC) count, neutrophil count,
NLR (highest tertile vs. lowest two tertiles) and lymphocyte count (lowest tertile vs.
highest two tertiles) were examined as potential effect modifiers of treatment with
dexamethasone on LOS (primary outcome) and ICU admission, 30-day mortality and
hospital readmission.

Results

WBC differential counts were available for 354 patients. The effect of dexamethasone
on LOS was more pronounced in high WBC count, high neutrophil count or high NLR
subgroups (difference in median LOS of 2 days versus zero days in the reference
subgroups, p for interaction < 0.05). There was no effect modification for the other
outcomes. Patients with low WBC and low neutrophil counts did not benefit from
dexamethasone, while hospital readmission rate was higher in those treated with
dexamethasone (6% vs. 11%).

Conclusions

WBC count and/or neutrophil count might be easily available biomarkers to guide
selection of CAP patients who are more likely to benefit from adjunctive dexamethasone
treatment. Future prospective trials are needed to confirm this predictive potential.
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INTRODUCTION

The cornerstones of community-acquired pneumonia (CAP) treatment are early
diagnosis and timely initiation of appropriate antibiotic treatment.’ Despite advances in
antibiotic treatment, CAP remains a leading cause of morbidity and mortality worldwide.?
Adjunctive therapies, such as corticosteroids, might improve clinical outcomes.

In CAP, invading pathogens trigger a hostimmune response essential for controlling and
eliminating pathogens in the lung. However, dysregulation of the initial inflammatory
response can lead to tissue damage and excessive systemic inflammation resulting in
severe disease and ultimately unfavourable clinical outcomes.?

Adjunctive treatment with corticosteroids, potent inhibitors of the hostimmune response,
has shown to improve outcomes for CAP patients by reducing length of hospital stay
(LOS) and time to clinical stability.* In addition, we recently showed that adjunctive
corticosteroids reduced ICU admission rate.> However, because CAP is a heterogeneous
disease, it is unlikely that all patients benefit equally from adjunctive corticosteroid
treatment.® Furthermore, a higher risk of hospital readmission in patients treated with
adjunctive corticosteroids remains a concern.*s Therefore, identifying a subset of
patients who are more likely to benefit from corticosteroid treatment is necessary.

Itis hypothesised that patients with an excessive inflammatory response and thus more
severe disease would benefit most from adjunctive corticosteroid treatment. However,
stratification of CAP patients by parameters indicative of more inflammation or more
severe disease, such as C-reactive protein levels, pneumonia severity index (PSI) score,
inflammatory status based on cytokine levels, initial ICU admission or the presence of
systemic inflammatory response criteria, have not yielded a clear-cut definition of a
CAP subgroup benefiting from corticosteroid treatment.*578

White blood cells (WBCs) populations play a key role in the local and systemic
inflammatory response in CAP.2 Neutrophilia is a widely used and recognised infection
marker in CAP and more recently, lymphocytopenia has been associated with more
severe disease and higher levels of systemic inflammatory cytokines in CAP.° In acute
respiratory distress syndrome, lymphocyte depletion correlated with severity of lung
injury.’”® A combination of both, the neutrophil-lymphocyte count ratio (NLR), has been
recognized as an indicator of systemic inflammation and predictor of clinical outcomes
in sepsis, cardiovascular and oncological disease.""® In CAP, NLR has also shown
to be associated with more severe disease and has been identified as a predictor
of mortality.”*'® So far, no studies have investigated the interaction between WBC
differential cell counts and adjunctive corticosteroid treatment on clinical outcomes
in patients with CAP.
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CHAPTER 3

We performed a post hoc analysis of a randomised trial investigating adjunctive oral
dexamethasone in non-ICU patients with CAP to assess if neutrophil count, lymphocyte
count and/or NLR modified the response to adjunctive oral dexamethasone treatment
in adults hospitalised with CAP.

METHODS

Population and study design

We performed a post hoc analysis of the multicentre Santeon-CAP study (n = 401;
NCT01743755).° In short, the Santeon-CAP study investigated the effect of adjunctive
treatment with 6 mg oral dexamethasone for four days vs. placebo on the primary
outcome LOS in non-ICU hospitalised CAP patients. Randomisation was stratified
by disease severity defined by PSI risk class (PSI risk class I-1ll vs. PSI risk class
IV-V).'’® In the Santeon-CAP study, dexamethasone reduced LOS by 0.5 days and
decreased the risk of secondary ICU admission. CAP was defined as a new opacity
on chest x-ray combined with at least two of the following signs and symptoms:
cough, sputum production, body temperature > 38.0 °C or < 36.0 °C, findings at chest
auscultation consistent with pneumonia, C-reactive protein concentration (CRP) >
15 mg/I, and/or white blood cell count > 10 x 10° cells per litre or < 4 x 10° cells per
litre. Immunocompromised patients, patients for whom corticosteroid treatment was
indicated or patients who used corticosteroids prior to admission were excluded.
Further information on inclusion criteria and study procedures is reported elsewhere.®
For this post hoc analysis, we included those patients for whom a full WBC differential
was available at emergency department presentation.

Data collection

We retrospectively searched the medical records of all patients enrolled in the Santeon-
CAP study for the availability of a WBC differential (not part of the original study protocol)
at time of presentation to the emergency department. We collected WBC counts,
neutrophil counts and lymphocyte counts. NLR was calculated by dividing neutrophil
count by lymphocyte count. Baseline patient characteristics, baseline laboratory test
results and clinical outcomes were available as part of the original study protocol.

Definition of subgroups and outcomes

Patients were stratified based on WBC count, neutrophil count, lymphocyte count
and NLR values. For each parameter, patients were divided in a "high" group and a
“low" group. Because there are no earlier studies assessing the relationship between
WBC count, neutrophil count, lymphocyte count, and NLR and the effect of adjunctive
corticosteroid treatment on clinical outcomes in CAP, there was no clear guidance for
choosing cut-off values for stratification into subgroups. Based on the hypothesis that
patients with more extreme values would benefit most from corticosteroid treatment,
we stratified patients into high or low groups according to tertiles. Thereby selecting
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a reference group with more extreme values while minimising the risk of too small
numbers in subgroups, as might be the case when using quartiles. Based on the
hypothesis that patients with the highest WBC count, neutrophil count, and NLR would
have more severe disease and thus would benefit most from dexamethasone, the high
subgroup for these parameters was defined as a count or ratio equal to or higher than
the third tertile value. The low subgroup was defined as a count or ratio below the third
tertile value. For lymphocyte count, we hypothesised that patients with the lowest
lymphocyte count would have more severe disease. Therefore, the low lymphocyte
subgroup was defined as a lymphocyte count below the first tertile value and the high
lymphocyte count subgroup was defined as a lymphocyte count equal to or higher
than the first tertile value.

The primary outcome was LOS. LOS was measured in days and was calculated from
day of hospital admission to day of hospital discharge or day of in-hospital death.
Rules for discharge were that patients needed to be clinically stable (improvement of
shortness of breath, absence of hyperthermia or hypothermia, consistent decrease
of C-reactive protein concentrations and adequate oral intake and gastrointestinal
absorption) and be in a condition to leave the hospital. Secondary outcomes were ICU
admission after initial admission to the general ward, all-cause 30-day mortality, and
hospital readmission within 30 days of initial hospital admission.

Statistical analysis

Statistical analysis was performed using IBM SPSS 26.0. After stratifying patients
into subgroups, differences in baseline characteristics between the high and low
subgroups of each parameter were analysed using the Chi-squared test for categorical
variables, and a Student's T-test or Mann-Whitney U-test for continuous variables.
Multivariate binary logistic regression analysis was performed to further analyse the
association between baseline characteristics and WBC count parameter subgroups.
The multivariate model was adjusted for baseline characteristics with a statistically
significant difference between high and low subgroups upon univariate analysis.
Next, time to discharge was plotted in a Kaplan-Meier curve for the placebo and
dexamethasone group in each WBC differential subgroup. Finally a Poisson regression
model, including treatment allocation, WBC differential parameter subgroup and their
interaction as covariates, was used to test for interaction between randomly assigned
treatment with dexamethasone and WBC differential parameters on LOS. For secondary
categorical outcomes, a binary logistic regression analysis was used. Because LOS is
cut short for patients who died in hospital, these patients might incorrectly count as
having a shorter LOS. Therefore, a sensitivity analysis was performed for LOS excluding
patients who died in hospital.

Unless noted otherwise, data are presented as mean (SD, standard deviation) or median
[IQR, interquartile range] for continuous variables, and as count (%) for categorical variables.
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RESULTS

Population characteristics

A full blood count differentiation at time of hospital admission was available for 354
out of 401 Santeon-CAP study participants. Patient characteristics are shown in Table
1. There were no differences in baseline characteristics between the placebo group
(n = 169) and the dexamethasone group (n = 185). Clinical outcomes (Table 1) showed
a trend towards similar results as observed for the total Santeon-CAP study population
with a statistically significant difference in LOS and a trend towards a reduction in
secondary ICU admissions.

Subgroups based on differential blood count values

For WBC count, neutrophil count, and NLR the high subgroups were defined as a count or
ratio = 15.6 10° cells/I, = 13.2 10° cells/|, and = 15.5, respectively. For lymphocyte count,
the cut-off value for the low subgroup was = 0.71 10° cells/I. Patient characteristics at
baseline for each subgroup are shown in Table 2. Multivariate analysis showed that
COPD (OR 1.91 (95% CI (1.07-3.39)), heart rate (OR 1.02 (95% CI 1.01-1.03)), and no
antibiotic treatment prior to admission (OR 1.99 (95% Cl 1.12-3.53)) were associated
with a neutrophil count = 13.2 10° cells/I. Similar results were found for WBC count,
where COPD (OR 2.15 (95%CI 1.20-3.85)), heart rate (OR 1.02 (35% CI 1.00-1.03)), no
antibiotic treatment prior to admission (OR 1.83 (95% Cl 1.03—3.24)) and female gender
(OR 1.73 (95% Cl 1.07-2.80)) were associated a WBC count = 15.6 10° cells/l. The high
NLR subgroup had a higher mean PSI score and more signs of systemic inflammation
compared to the low NLR subgroup (Table 2). On multivariate analysis a NLR = 15.5 was
associated with higher body temperature at presentation (OR 1.40 (95%Cl 1.11-1.76)),
infection with S. pneumoniae (OR 2.17 (35%Cl 1.19—3.98)), COPD (OR 1.86 95%CI (1.02—
3.40)) and no antibiotic treatment prior to admission (OR 2.10 (95% CI 1.12 - 3.75)). The
low lymphocyte subgroup also had a higher mean PSI score than the high lymphocyte
subgroup. On multivariate analysis a low lymphocyte count < 0.71 10° cells/l was only
associated with higher body temperature at presentation (OR 1.42 (95% CI 1.14-1.77)).

Except for a lower ICU admission rate in the low lymphocyte count subgroup compared
to the high lymphocyte subgroup (10 (9%) vs. 6 (3%); p = 0.010), there was no statistically
significant differences in clinical outcomes between WBC differential parameter
subgroups for the whole study population (Table 2). Selecting only patients who
received placebo, thus excluding any effect of dexamethasone on clinical outcomes, we
found that NLR = 15.5 was associated with a significantly longer median LOS compared
to NLR < 15.5 (5.0 [4.0-7.0] vs 6.0 [4.0—-8.0]; p = 0.023). Similar to the analysis in the
whole cohort, ICU admission rate was higher in the low lymphocyte count subgroup
compared to the high lymphocyte count subgroup (7 (13%) vs 4 (4%); p = 0.026).
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Table 1 Baseline characteristics and clinical outcomes for the whole study population.

All patients Placebo Dexamethasone P+

N = 354 N =169 N =185
Baseline characteristics
Male 209 (59) 101 (60) 108 (58) 0.79
Age (years) 64.7 (15.9) 63.7 (16) 65.6 (15) 0.25
PSl score 80.8 (28.1) 80.5(28.5) 81.1 (27.8) 0.86
CURBG65 score 1[0-2] 1[0-2] 1[0-2] 0.91
Antibiotic treatment prior to 101 (29) 51 (30) 50 (27) 0.49
hospital admission
Altered mental status 20 (6) 10 (6) 10 (5) 0.84
Current smoker 87 (25) 39 (24) 48 (27) 0.44
COPD 67 (19) 31(18) 36 (20) 0.79
Diabetes 74 (21) 37(22) 37 (20) 0.66
Congestive heart failure 31(9) 12 (7) 19 (10) 0.29
Liver disease 4 (1) 2(1) 2(1) 0.93
Neoplastic disease 14 (4) 6 (4) 8 (4) 0.71
Renal disease 51 (14) 21 (12) 30(16) 0.31
Heart rate (bpm) 99.5(20.2) 98.0 (18.8) 100.0 (21.4) 0.60
Body temperature (°C) 38.3(1.1) 38.3(1.2) 38.4(1.1) 0.37
Respiratory rate (breaths/min) 21.7 (6.0) 21.9 (6.0) 21.4 (6.0) 0.49
Oxygen saturation (%) 93.7 (4.1) 93.7 (4.1) 93.6 (4.1) 0.83
C-reactive protein (mg/L) 210[84-319] 201 [80-309] 215[91-330] 0.22
Leukocyte count(10° cells/I) 13.0[9.7-17.8] 12.5[9.4-17.4] 13.7[10.2-18.2] 0.21
Neutrophil count (10° cells/I) 10.7[7.8-15.1] 10.4[7.5-14.9] 11.0[8.0-15.3] 0.30
Lymphocyte count (10° cells/I) 0.95[0.63-1.4] 0.99[0.63-1.4] 0.94[0.36-1.3] 0.68
Legionella spp. 24 (7) 13 (8) 11 (6) 0.51
Influenza virus A/B 23 (7) 11 (7) 12 (7) 0.99
Streptococcus pneumoniae 64 (18) 28 (17) 36 (20) 0.48
Clinical outcomes
LOS (days) 5.0 [4.0-7.0] 5.0 [4.0-8.0] 5.0 [3.0-7.0] 0.029
ICU admission 16 (5) 11 (7) 5(@3) 0.085
30-day mortality 11 (3) 7(4) 4(2) 0.28
Readmission <30 days 28 (8) 9(6) 19 (10) 0.10

Data are presented as mean (SD), median [IQR], or n (%). P-value for Students-T test, Whitney-Mann
U or Chi-squared test as appropriate. *P for difference between placebo and dexamethasone group.
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Effect modification by subgroup

Although scatterplots show a large spread in WBC count differential parameter values,
we observed more placebo patients compared to dexamethasone patients in the upper
right quadrant (LOS longer than 3rd quartile and high count/ratio) for WBC count (n = 13
vs n = 10), Neutrophil count (n = 13 vs n = 7) and NLR (n = 20 vs n = 9), and in the lower
right quadrant (LOS longer than 3rd quartile and lowest count) for lymphocyte count
(n =21 vs n=11) (Supplementary Figure 1). Kaplan-Meier curves of time to discharge
per subgroup showed shorter time to discharge for patients receiving dexamethasone
compared to placebo in the high WBC count, neutrophil count and NLR subgroup and
the low lymphocyte subgroup. This was not seen in the other subgroups (Figure 1).
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Figure 1 Kaplan Meier curves for time to discharge comparing dexamethasone group and placebo
group within each white blood count differential subgroup. 1A Low WBC count subgroup. 1B High
WBC count subgroup. 1C Low neutrophil count subgroup. 1D High neutrophil count subgroup. 1E
Low lymphocyte count subgroup. 1F High lymphocyte count subgroup. 1G Low neutrophil-lym-
phocyte ratio subgroup. TH High neutrophil-lymphocyte ratio subgroup.
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There was a statistically significant interaction between treatment allocation and WBC
count, neutrophil count and NLR subgroups on LOS (Table 3). In the high subgroups
of these parameters, median LOS was 2 days shorter in patients who received
dexamethasone compared to those who received a placebo. In the low subgroups
of these parameters, there was no difference in LOS between the placebo and
dexamethasone group. The interaction term between lymphocyte count subgroups
and treatment allocation was not statistically significant. Nine (2.5%) patients died in
hospital. In the sensitivity analysis excluding these patients, results were similar to
those of the primary analysis (Table 3).

Table 3 Differences in response to dexamethasone on median length of stay by WBC differential
parameter subgroups for the whole cohort and for patients who did not die in hospital.

Low High

Placebo Dexamethasone Placebo Dexamethasone P*
White blood cell count
All patients 5.0[4.0-8.0] 5.0[3.0-7.0] 6.0[4.0-8.0] 4.0[4.0-6.0] 0.002
Patients who did not 5.0[4.0-8.0] 5.0[3.0-7.0] 6.0 [4.0-7.0] 4.0[4.0-6.0] 0.035
die in hospital
Neutrophil count
All patients 5.0[4.0-8.0] 5.0[3.0-7.0] 6.0 [4.0-8.0] 4.0[4.0-6.0] 0.001
Patients who did not 5.0[4.0-8.0] 5.0[3.0-7.0] 6.0[4.0-7.0] 4.0[4.0-6.0] 0.018
die in hospital
Lymphocyte count
All patients 5.5[4.0-8.0] 4.0[3.0-6.0] 5.0[4.0-7.0] 5.0[4.0-7.0] 0.52
Patients who did not 5.0[4.0-8.0] 4.0[3.0-6.0] 5.0[4.0-7.0] 5.0[4.0-7.0] 0.15
die in hospital
NLR
All patients 5.0[4.0-7.0] 5.0[3.0-7.0] 6.0[4.0-8.0] 4.0[4.0-6.0] 0.007
Patients who did not 5.0[3.3-7.0] 5.0[3.0-7.0] 6.0 [4.0-8.0] 4.0[4.0-6.0] 0.031

die in hospital

*p-value for interaction between randomly assigned treatment allocation and low/high subgroup
membership.

Because the high neutrophil count, high WBC count and high NLR subgroups were
all associated with a history of COPD and no antibiotic treatment prior to hospital
admission, we also examined whether antibiotic treatment status prior to admission
or COPD status were driving factors behind the observed response to dexamethasone
in these subgroups. We therefore tested for effect modification of dexamethasone
by COPD status and antibiotic treatment prior to admission on LOS. There was no
interaction between treatment allocation and COPD status or between treatment
allocation and antibiotic treatment prior to hospital admission on LOS. Results of this
analysis are shown in Supplementary Tables 1 and 2. There was also no interaction
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between presence of pneumococcal pneumonia and treatment allocation on LOS (p
for interaction 0.16).

In the high WBC and neutrophil count subgroups, no patients in the dexamethasone
group were admitted to the ICU. Therefore, logistic regression analysis to test the
statistical significance of the interaction between WBC and neutrophil count subgroups
and treatment allocation for ICU admission was not possible. There was no further
statistically significant interaction between WBC differential parameter subgroups and
treatment allocation on secondary outcomes (Table 4). Frequency of adverse events
per subgroup are shown in Supplementary Table 3.

Table 4 Differences in response to dexamethasone on secondary outcomes by WBC differential
parameter subgroups.

Low High
Placebo Dexamethasone Placebo Dexamethasone P*

White blood cell count

ICU admission 7 (6) 5(4) 4(8) 0(0) -
30-day mortality 5(4) 3(3) 2(4) 12 0.74
Readmission <30 days 7 (6) 13 (17) 2(4) 6(9) 0.87
Neutrophil count

ICU admission 7 (6) 5(4) 4(8) 0(0) -
30-day mortality 5(4) 3(3) 2(4) 102 0.72
Readmission <30 days 7 (6) 13 (11) 2 (4) 6(9) 0.89
Lymphocyte count

ICU admission 7(13) 3(5) 4(4) 2(2) 0.85
30-day mortality 4(7) 1(2) 3(3) 3(2) 0.31
Readmission <30 days 4(8) 8 (13) 5(5) 11 (9) 0.93
Neutrophil-lymphocyte ratio

ICU admission 6 (5) 3(3) 5(9) 2(3) 0.79
30-day mortality 5(4) 3(3) 2(4) 12 0.88
Readmission <30 days 6 (6) 10 (8) 3(6) 9(14) 0.49

*p-value for interaction between randomly assigned treatment allocation and low/high subgroup
membership.
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DISCUSSION

In this secondary analysis of the Santeon-CAP cohort, we observed that the effect
of adjunctive oral dexamethasone treatment on LOS was modified by WBC count =
15.6 10° cells/l, neutrophil count = 13.2 10° cells/l and NLR = 15.5. In these subgroups
dexamethasone reduced LOS by two days compared to no reduction in the reference
groups. We did not observe differences in treatment response between subgroups for
secondary outcomes.

In line with our hypothesis and similar to other reports, we observed that both patients
with a high NLR and a low lymphocyte count had more severe disease.>'*'® Furthermore,
secondary ICU admission rate was three times higher in patients with a lymphocyte
count< 0.71 10° cells/l compared to those with a lymphocyte count = 0.71 10° cells/I (9%
vs 3%, p = 0.010). These findings are similar to Mendez et al.® who defined a subgroup
of patients with lymphocytopenic CAP (lymphocyte count < 0.724 10° cells/l) with more
severe disease. Compared to the high NLR or low lymphocyte count subgroup, the
high WBC count and high neutrophil count subgroup constituted of a different type of
patient. A neutrophil count = 13.2 10° cells/l and WBC count > 15.6 10° cells/l were both
associated with a history of COPD. Yet, regarding PSI score, clinical signs and clinical
outcomes, there was no difference between the high and low neutrophil count/WBC
count subgroups.

Contrary to our hypothesis and despite the fact that patients with low lymphocyte
count showed more severe disease, we did not find a statistically significant interaction
between lymphocyte count and adjunctive treatment with dexamethasone for the
clinical outcomes studied. Because we did find an interaction between neutrophil count
and dexamethasone treatment but not between lymphocyte count and dexamethasone
treatment, the effect modification by NLR subgroup is more likely to be driven by the
high neutrophil count than by low lymphocyte count.

To our knowledge, this is the first study investigating the interaction between WBC
differential parameters and the effect of dexamethasone on clinical outcomes in
patients with CAP. Other parameters indicative of more inflammation or more severe
disease such as PSl score and CRP have been studied previously. Subgroups analyses
by PSI score and CRP were conducted as part of the primary analysis of the Santeon-
CAP study.5 Stratification by PSI score did not yield a subgroup benefitting more from
adjunctive dexamethasone. In the subgroups with a CRP concentration above the
median, LOS was shorter and ICU admission rate was lower for patients who received
dexamethasone compared those who received placebo, this was not seen in patients
with a CRP below median. However, in an individual patient data meta-analysis of six
trials investigating adjunctive corticosteroid treatment, there was no effect modification
by CRP concentration > 188 mg/L. Furthermore, there was also no effect modification
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by PSI score on LOS.* The uncertain role of PSI score and CRP in identifying patients
who benefit from corticosteroid treatment makes it interesting to further explore the
role of white blood cell differential parameters.

Neutrophils are the firstimmune cells to infiltrate the lung in response to microorganisms
invading the lung. Neutrophils use several mechanisms to eliminate invading pathogens
including the formation of neutrophil extracellular traps (NETs).2 In a secondary analysis
of a randomised trial investigating adjunctive prednisone in CAP, Ebrahimi et al.'”
found that CAP is accompanied by pronounced NET formation and that the degree of
NETosis was correlated with peripheral WBC and neutrophil count. Furthermore, the
authors found that prednisone modulated NETosis and they noted significant effect
modification of the effect of adjunctive prednisone treatment by NET levels on time to
clinical stability. Thus it was postulated that the beneficial effects of corticosteroids in
CAP might be caused by modulation of NET formation or pre-activation of neutrophils.
These findings may be a possible explanation for the fact that, in the present study,
the beneficial effect of dexamethasone seemed to be stronger in patients with higher
neutrophil counts.

We also found an association between high neutrophil count and history of COPD. Only
patients with COPD who did not have clinical signs of an exacerbation COPD at hospital
admission were enrolled in the Santeon-CAP study, therefore we do not believe that
the positive effects of dexamethasone on LOS in the high neutrophil group were due
to treatment of COPD exacerbations. Furthermore, similar to an individual patient data
meta-analysis of six trials investigating adjunctive corticosteroids in CAP, we did not
find effect modification of the effect of dexamethasone by COPD on LOS.* Moreover, we
found that high neutrophil count, WBC count and NLR were more frequent in patients
without prior outpatient antibiotic treatment. A possible explanation might be that
these patients had more fulminant disease and thus were sent to hospital in an earlier
stage of disease. Patients pre-treated with antibiotics at home might have had less
fulminant disease and might have had some treatment effect leading to a decrease in
WBC counts and thus lower WBC counts at admission. This is supported by the fact
that mean PSI score (83 (28) vs. 75 (28); p = 0.012) was higher in patients who did not
receive antibiotics prior to admission. Nevertheless, we did not find interaction of the
effect of dexamethasone on LOS by antibiotic treatment prior to admission.

The aim of this study was to search for subgroups of patients who are more likely to
benefit from corticosteroid treatment. When it comes to balancing benefits and harms
regarding adjunctive corticosteroid treatment in CAP, risk of hospital readmission is an
important concern. In the original analysis of the Santeon-CAP study, readmission rate
was twice as high in the dexamethasone group compared to the placebo group (10%
vs. 5%; p = 0.051).5 Briel et al. reported similar findings in their individual patient data
meta-analysis of six trials investigating adjunctive corticosteroid treatment in CAP.*
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In the present study, we did not observe that the effect of adjunctive dexamethasone
on hospital readmission rate was modified by WBC differential parameters. For WBC
count and neutrophil count, differences in readmission rates between patients treated
with dexamethasone and those treated with placebo were similar in both the high
and low subgroups. Because a 2-day (33%) reduction in LOS can be quite significant
for a patient, the risk of readmission should be weighed against the significant gains
of an earlier discharge. An additional finding, which might be equally important in
clinical practice, is that in this study low WBC count and low neutrophil count subgroups
constituted of a subgroup of patients who did not benefit from corticosteroid treatment
but did have a higher risk of hospital readmission due to corticosteroid treatment. We
might have identified a subgroup with no benefits but just the harms of corticosteroid
treatment. This might be as important as the identification of a subgroup with benefits
and not harms of corticosteroids.

There are several limitations to the present study. First and most importantly, this is a
secondary analysis of a single study and our results need to be verified in a separate
cohort, and would need validation in a prospective study before these findings can be
implemented in clinical practice. Second, we could not include all patients from the
initial Santeon-CAP study due to missing WBC differential counts thus some selection
bias cannot be excluded. However, baseline characteristics were very similar to those
of the whole Santeon-CAP population reported in the original analysis.® Third, the cut-
off point for stratification into subgroups was based on the distribution of our data
rather than predefined cut-off points. Since our study is the first to investigate if the
effect of adjunctive corticosteroid treatment on clinical outcomes was modified by
WBC differential parameters, there were no clear cut-off points available in literature.
Furthermore, our patient population consisted of non-ICU patients with CAP. Our
results cannot be generalised to patients admitted to the ICU with CAP. Finally, in our
population, 30-day mortality rate was lower compared to the population in similar
trials investigating corticosteroids in CAP, if there were effect modification for 30-day
mortality we might not have enough statistical power to show those differences.'®-2

Even though further confirmatory research is required, neutrophil count or WBC appear
a promising parameter in guiding corticosteroid treatment in non-ICU patients with CAP.
This study can be seen as one in many for identifying a subgroup of CAP who should,
or should not, be enrolled in future clinical trials. A leukogram is easy to perform and is
often already part of the initial patient work-up in the emergency department.
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SUPPLEMENTARY MATERIAL

Supplementary Table 1 Effect of dexamethasone vs placebo on median length of stay by COPD
status

No COPD COPD
Placebo Dexamethasone Placebo Dexamethasone P*
N=138 N=149 N=31 N=36
Median LOS (days) 5.0[4.0-8.0] 4.0[3.0-6.0] 6.0[4.0-7.0] 5.5[4.0-8.0] 0.83

* P-value for interaction between randomly assigned treatment allocation and COPD status.

Supplementary Table 2 Effect of dexamethasone vs placebo on median length of stay by antibiotic
treatment status prior to hospital admission

No antibiotic treatment Antibiotic treatment
prior to admission prior to admission
Placebo Dexamethasone Placebo Dexamethasone P
N=117 N=135 N=51 N=50
Median LOS (days) 5.0[4.0-8.0] 5.0[3.0-7.0] 5.0[4.0-8.0] 4.0[3.0-6.0] 0.19

* P-value for interaction between randomly assigned treatment allocation and antibiotic treatment
prior to admission

Supplementary Table 3 Incidence of adverse events by treatment allocation and white blood cell
differential parameter

LOW HIGH

Placebo Dexamethasone Placebo Dexamethasone

White blood cell count

Hyperglycaemia 0(0) 8(7) 1(2) 6(9)
Neuropsychiatric complaints 5(4) 6 (5) 0(0) 3(4)
Co-infection during hospital stay 4 (3) 0 (0) 0(0) 0(0)
Neutrophil count

Hyperglycaemia 0(0) 7 (6) 1(2) 7(10)
Neuropsychiatric complaints 5(4) 6 (5) 0 (0) 3(4)
Co-infection during hospital stay 4 (3) 0(0) 0(0) 0(0)
Lymphocyte count

Hyperglycaemia 0(0) 2(3) 1(1) 12 (10)
Neuropsychiatric complaints 2(4) 5(8) 3(3) 4(3)
Co-infection during hospital stay 1 (2) 0 (0) 3(3) 0(0)
Neutrophil-lymphocyte ratio

Hyperglycaemia 0(0) 10 (8) 1(2) 4(6)
Neuropsychiatric complaints 3(3) 4(3) 2(4) 5(8)
Co-infection during hospital stay 3 (3) 0 (0) 1(0) 0(0)

Data are shown as number (%).
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A. White blood cell count by length of stay
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C. Lymphocyte count by length of stay
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Supplementary Figure 1 Scatterplots of each WBC count differential parameter by LOS

1A Length of stay by WBC count. 1B Length of stay by neutrophil count. 1C Length of stay by
lymphocyte count. 1D Length of stay by NLR. Horizontal line on the y-axis represents the cut-off
value used for stratifying patients into low or high subgroups. The vertical lines on the X-axis
represent the 1stand 3" quartile for length of stay for the whole study population. In the scatterplots,
Length of stay was cut off at 30 days, patients with a length of stay >30 are shown at day 30 (n=3).
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Supplementary Table 4 Differences in median length of stay between the placebo and
dexamethasone group for each tertile for each WBC differential count parameter

1t tertile 2 tertile 3" tertile
Placebo Dexa- Placebo Dexa- Placebo Dexa-
methasone methasone methasone

WBC count 5.0[4.0-8.0] 5.0[3.0-7.0] 5.0[4.0-8.0] 5.0[3.5-7.0] 6.0[4.0-8.0] 4.0[4.0-6.0]

Neutrophil 5.0[4.0-7.0] 5.0[3.0-7.0] 5.0[4.0-8.0] 5.0[3.3-8.0] 6.0[4.0-8.0] 4.0[4.0-6.0]
count

Lymphocyte 5.5[4.0-8.0] 4.0[3.0-6.0] 4.0[3.0-7.0] 5.0[4.0-7.0] 6.0[4.0-7.0] 4.0[3.8-7.3]
count

NLR 5.0[4.0-7.0] 5.0[4.0-8.0] 4.0[3.0-7.0] 5.0[3.0-7.0] 6.0[4.0-8.0] 4.0[4.0-6.0]

Data are shown as median [IQR]
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