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Abstract

Background: Evidence is lacking regarding the efficacy of macrolides and oral corticosteroids in chronic rhinosinusitis with nasal
polyps (CRSWNP) after endoscopic sinus surgery (ESS). Therefore, we examined the benefits of adding clarithromycin to oral pred-
nisolone as post-ESS medical therapy in patients with CRSWNP.

Methods: In this randomised, double-blind, placebo-controlled trial, patients were enrolled and allocated to three study groups
receiving different post-ESS medical therapies: group A (placebo for 14 weeks), group B (oral prednisolone [15 mg twice daily] for
2 weeks, followed by placebo for 12 weeks), and group C (oral prednisolone [15 mg twice daily] for 2 weeks, followed by clari-
thromycin [500 mg daily] for 12 weeks). All enrolled patients received the perioperative care following a routine protocol, which
included oral amoxicillin/clavulanate, and intranasal corticosteroid spray. The baseline and post-operative visual analogue scale
(VAS) scores, Sino-nasal Outcome Test (SNOT-22) scores, and Lund-Kennedy endoscopy scores (LKES) were determined as the
primary outcomes.

Results: One hundred twenty-six patients who received ESS for bilateral CRSWNP were randomised into group A (n=43), B (n=42),
or C (n=41). Compared to groups A and B, group C showed greater VAS and SNOT-22 score improvement at 12 weeks after ESS.
Group C showed significantly better LKES than did groups A and B at 8, 12, and 24 weeks after ESS. On stratifying the LKES results
according to the presence/absence of tissue eosinophilia, greater add-on effects of clarithromycin were observed in the patient
subgroup without tissue eosinophilia.

Conclusions: Adding low-dose clarithromycin to oral corticosteroids as post-ESS therapy was well tolerated and showed benefi-
cial subjective and objective outcomes in patients with CRSWNP, especially those without tissue eosinophilia.
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Introduction the general population worldwide. Endoscopic sinus surgery

Chronic rhinosinusitis with nasal polyps (CRSWNP) accounts for (ESS) is a safe and effective surgical intervention for medically re-
20-30% of chronic rhinosinusitis (CRS), and affects 1.1-2.7% of calcitrant CRSWNP™. Nevertheless, post-ESS recurrence accounts



for a big share of CRS-related disease burden and health care
cost®™9. Current guidelines recommend aggressive post-ope-
rative medical therapy with office-based debridement, saline
irrigation, and intranasal corticosteroid spray (INCS) to minimise
recurrence™”. The pathophysiology of nasal polyp recurrence
involves both infectious and inflammatory processes of the
sinonasal mucosa. Consequently, attention has been focused

on post-ESS corticosteroids and macrolides, which have well-
known anti-inflammatory and immunomodaulatory effects®.
Corticosteroids can effectively control eosinophilic inflamma-
tion by inhibiting eosinophil recruitment to the inflammation
site, suppressing interleukin-5 release, and inducing eosinophil
apoptosis®. Reportedly, 61.3% of patients with CRSWNP were
treated with oral corticosteroids (OCSs) in the Global Allergy and
Asthma European Network rhinosinusitis cohort in 20191°. Both
the European Position Paper on Rhinosinusitis and Nasal Polyps
(EPOS) 2012 guidelines and Poetker et al’s systematic review
strongly suggested OCS for the perioperative medical treatment
for CRSWNP" ", Two randomised controlled trials (RCTs) by
Wright et al. and Shen et al. demonstrated significantly better
endoscopy scores in patients with CRSWNP receiving post-ESS
OCS than in those receiving a placebo” '?. Nonetheless, other
evidence showed no significant benefits of peri-operative OCS
in patients with CRS"3 14,

Macrolides, beside their anti-microbial effects, have immunomo-
dulatory effects associated with the suppression of neutrophil
activity and down-regulation of interleukin-8, nuclear factor-kB,
and tumour necrosis factor-a> 9. Recent systematic reviews
have established the benefits of macrolides in the treatment of
CRS without nasal polyps (CRSsNP), but controversy exists about
whether they have similar effects in CRSWNP7-23, To date, only
four RCTs addressing the post-operative effects of long-term,
low-dose macrolides (LDMs) have been published in the English
literature, but these yielded conflicting conclusions®27,

The use of corticosteroids and macrolides is well established

in the treatment of lower airway diseases, such as asthma and
chronic obstructive pulmonary disease (COPD)® 152833 OCSs
have been the backbone of treatment in acute asthma exacer-
bations, wherein eosinophilic inflammation and T helper 2 cyto-
kines play important roles®. In contrast, macrolides are effective
in preventing acute exacerbations of COPD?%2%33 which mainly
involve the activation of neutrophils, macrophages, and T helper
1 cells®¥. Recent review articles suggested combination therapy
with OCSs and LDMs for managing refractory COPD coexistent
with asthma (previously referred to as asthma-COPD overlap
syndrome), which involves both eosinophilic and neutrophilic
airway inflammation®®®39,

Similarly, CRSWNP is considered a heterogeneous disease with
mixed eosinophilic and neutrophilic inflammation. Since RCTs
and review articles yielded inconclusive results regarding the
efficacy of post-operative OCSs and LDMs""'*2427) the focus of

551

RCT: Post-ESS macrolide and oral steroid in CRSwNP

recent research has shifted to identifying subgroups of patients
with CRSWNP that can benefit from post-operative OCSs and
LDMs. Two endotypes of CRSWNP, namely eosinophilic CRSWNP
(eCRSWNP) and non-eosinophilic CRSWNP (neCRSwNP), are
expected to have differential responsiveness to corticosteroids
and macrolides, but this hypothesis is as yet unconfirmed®>37,
Although combination therapy with OCS and LDM is a potential
solution to control both eosinophilic and neutrophilic inflamma-
tion, opinion is still divided about its efficacy after ESS in patients
with CRSWNP@6:27),

Therefore, we conducted a three-arm, double-blind, placebo-
controlled, randomised clinical trial focusing on the efficacy of
combination therapy with oral prednisolone and clarithromy-
cin immediately after ESS in patients with CRSWNP, along with
subgroup analyses to examine the responsiveness of OCSs and
LDMs in different endotypes of CRSWNP.

Material and methods

Study design

This single-centre, single-surgeon, prospective three-arm,
double-blind, randomised, placebo-controlled trial was conduc-
ted at the Department of Otorhinolaryngology-Head and Neck
Surgery, Mackay Memorial Hospital, Taipei, Taiwan. The study
protocol was approved by the Institutional Review Board of Mac-
kay Memorial Hospital, and all enrolled patients signed informed

consent forms.

Patient selection

Patients with bilateral CRSWNP who had unsuccessful maximal
medical treatment and subsequently received primary or revised
bilateral ESS at Mackay Memorial Hospital were enrolled. The
diagnosis of CRS was based on the definition established by the
EPOS 2012 guidelines™. Maximal medical treatment comprised
empirical oral antibiotics with amoxicillin/clavulanate, INCS, and
saline nasal irrigation for at least 4 weeks with or without oral
antihistamines.

The exclusion criteria were age younger than 18 years, fungal
sinusitis, odontogenic sinusitis, pregnancy, lactation, sinonasal
tumours, underlying liver dysfunction, and concomitant medi-
cation with drugs interacting with prednisolone or clarithromy-
cin. Patients who had received systemic corticosteroids and/or
macrolides for other medical purposes were also excluded.

Sample size calculation

On the basis of a pilot study on 25 patients with bilateral
CRSWNP and using visual analogue scale (VAS) scores at T month
after ESS as the primary outcome, we calculated a required
sample size of 102, with an effect size F = 0.312, a value = 0.05,
and 80% power. Considering follow-up loss, a total sample size
of 126 was planned consequently.
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Figure 1. Study timeline. lllustration of routine post-operative protocol, duration of study medications, and the schedule of follow-up visits. (INCS,
intranasal corticosteroids spray; Amo/Clav., amoxicillin/clavulanate; ESS, endoscopic sinus surgery; OCS, oral corticosteroid; LKES, Lund-Kennedy

endoscopy score; VAS, visual analogue scale; SNOT-22, Sino-Nasal Outcome Test).

Surgical technique and peri-operative protocol group A (placebo for 14 weeks), group B (oral prednisolone
All patients underwent paranasal sinus computed tomography [15 mg twice daily] for 2 weeks, followed by placebo for 12
(CT) as pre-operative assessment, and the CT images were weeks), and group C (oral prednisolone [15 mg twice daily] for 2
graded using Lund-Mackay scores (LMS). All patients underwent  weeks, followed by clarithromycin [500 mg daily] for 12 weeks)
bilateral ESS performed by the same surgeon (Dr. Ying-Piao (Figure 1). A randomisation list was generated using a compu-
Wang) using the Messerklinger technique as described by ter program at the Department of Medical Research, Mackay
Stammberger and Kennedy®®39. The extent of surgery was Memorial Hospital, with 1:1:1 simple randomisation; the list was
individually designed for each patient according to the disease confidentially stored at the institution. A copy of the list was
extent on paranasal sinus CT. The mucosa was preserved as sent to the pharmacy of Mackay Memorial Hospital, where the
much as possible, and healthy sinuses were not dissected study medications (i.e. clarithromycin and prednisolone tablets)
unless needed for better exposure of diseased ones. Specimens were packed into capsules. Identical empty capsules served as
of the patients’sinonasal mucosa were sent to the Pathology placebo. Identical dosage instructions were provided to all three
Department of Mackay Memorial Hospital, where they were groups of patients.
stained with haematoxylin and eosin and inspected under a
microscope. Eosinophil count per high-power field (HPF, 400x) Subjective outcome assessment
was calculated by the same pathologist (Dr. Pao-Shu Wu). Tissue For subjective outcome assessment, the VAS and Chinese versi-
eosinophilia was defined as more than 10 eosinophils per HPF on of Sino-nasal Outcome Test (SNOT-22) scores were evaluated
as described in previous studies“**3, at baseline and 4, 12, and 24 weeks after ESS. On the VAS, nine
A routine protocol was applied for the post-operative manage- major parameters were graded: nasal obstruction, rhinorrhoea,
ment of all patients. Oral amoxicillin/clavulanate (1 g twice daily) post-nasal drip, anosmia, headache, facial pain, facial fullness,
was prescribed after ESS for 10 days. Patients were instructed cacosmia, and cough (individual scores, 0-10; total score range,
to start nasal saline irrigation twice daily, 1 week after ESS. INCS 0-90). SNOT-22 contains 22 items (individual scores, 0-5; total
with mometasone furoate (100 pg once daily) was started 1 score range, 0-110) reflecting sinus-specific quality of life (QoL)
week after ESS and was continued until 12 weeks after ESS. (44, 45). On both the VAS and SNOT-22, higher scores represent
Intranasal debridement was performed 1, 2, and 4 weeks after more severe symptoms and worse QoL.
ESS in an office-based manner to remove crust, discharge, and
degraded packing materials (Figure 1). Objective outcome assessment

We used the Lund-Kennedy endoscopy score (LKES) to assess
Study medication objective outcomes at baseline and 2, 8, 12, and 24 weeks after
All patients were randomly allocated to one of three groups: ESS. The LKES was based on endoscopic findings made by two
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Figure 2. Study flowchart.

individual otolaryngologists who were blinded to the treatment.
Re-evaluation was performed in cases of discrepancies. The LKES
includes five different items: polyps, oedema, discharge, scar-
ring, and crusting (individual scores, 0-2), and the average scores
of both sides are calculated (range, 0-10), with higher scores
representing more unfavourable endoscopic findings®“e.

Statistical analyses

Outcomes were evaluated regardless of study medication
discontinuation, as this study followed the intention-to-treat
principle. Descriptive data were presented as percentages and
means + standard deviations. One-way analysis of variance was
used to compare continuous variables. Bonferroni test was used
for post-hoc analyses. In subgroup analyses, Kruskal-Wallis H
test was used to compare primary outcomes, and Dunn’s test

Table 1. Baseline characteristics of the three study groups.

RCT: Post-ESS macrolide and oral steroid in CRSwNP

was used for post-hoc analyses, because of the relatively small
sample size. Pearson’s Chi-square test was used for compa-
ring categorical variables. Statistical analyses were performed
using IBM SPSS Statistics for Windows, Version 21.0 (IBM Corp.,
Armonk, NY, USA). A p-value less than 0.05 was considered
statistically significant.

Results

Between January 2015 and December 2018, 137 patients were
assessed for eligibility and 126 were included and randomised
to group A (placebo, n=43), group B (oral prednisolone, n=42)
or group C (oral prednisolone + clarithromycin, n=41). Among
them, 77.8% (98/126) completed the trial at 24 weeks after ESS,
with 81.4% (35/43), 78.6% (33/42), and 73.2% (30/41) comple-
ting the protocol in groups A, B, and C, respectively (Figure 2).
The demographic characteristics of the study groups are listed
in Table 1. No significant difference was found among the three
arms in terms of age, sex, smoking, previous operation, asthma,
aspirin allergy, and tissue eosinophilia. The baseline polyp
grading, LMS, LKES, VAS scores, and SNOT-22 scores were all
balanced among the groups.

VAS scores

The baseline VAS scores were 37.98+16.30 in group A,
34.08+14.85 in group B, and 38.70+15.95 in group C, with no
significant intergroup difference (p=0.356) (Table 1). At the 12-

Placebo (A) OCS + Placebo (B) OCS + LDM (C) p-value

Number 43 42 41
Sex 0.282

Male 32 (74.4%) 33 (78.6%) 26 (63.4%)

Female 11 (25.6%) 9 (21.4%) 15 (36.6%)
Age 46.72 (£16.49) 44.88 (+15.03) 48.24 (+12.78) 0.589
Smoking 10 (23.3%) 9(21.4%) 9 (22.0%) 0.978
Previous operation 19 (44.2%) 10 (23.8%) 15 (36.6%) 0.138
Asthma 6 (14.0%) 5(11.9%) 8(19.5%) 0.606
Aspirin allergy 3(6.3%) 4 (9.5%) 6 (14.6%) 0.503
Tissue eosinophilia (>10/HPF) 27 (62.8%) 29 (69.0%) 25 (61.0%) 0.722
Serum eosinophil count/pL 269.63 (£311.84) 281.32 (£323.25) 287.72 (£271.50) 0.923
Serum eosinophil % 3.39 (+3.17) 3.92 (+4.63) 3.95 (+3.55) 0.978
Serum IgE level (IU/ml) 141.03 (+225.32) 138.43 (+168.15) 109.99 (+175.67) 0.515
Polyp grading 2.01 (£1.03) 1.89 (£0.99) 2.02 (£1.11) 0.570
Lund-Mackay score 14.07 (+5.92) 13.98 (+4.81) 15.49 (+5.08) 0.350
LKES 3.51 (+0.70) 3.30 (£0.76) 3.27 (£0.65) 0.238
VAS score 37.98 (£16.30) 34.08 (+14.85) 38.70 (+15.95) 0.356
SNOT-22 score 49.28 (+22.04) 45.17 (£19.66) 48.88 (+18.64) 0.589

(OCS, oral corticosteroid; LDM, low-dose macrolide; HPF, high power field; IgE, immunoglobulin E; LKES, Lund-Kennedy endoscopy scores; VAS, visual

analogue scale; SNOT-22, Sino-Nasal Outcome Test).
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VAS score changes at post-ESS visits

SNOT-22 score changes at post-ESS visits
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Figure 3. Visual analogue scale (VAS) score changes from baseline of the
three study groups at visits 4, 12, and 24 weeks after endoscopic sinus
surgery (ESS). (SD, standard deviation; OCS, oral corticosteroid; LDM,
lose-dose macrolide). a Baseline VAS scores of group A, B, and C were
37.98+16.30, 34.08+14.85, and 38.70+15.95, respectively. ‘Comparison
between group A (placebo) and group B (OCS + placebo). *‘Comparison
between group B (OCS + placebo) and group C (OCS + LDM).
IComparison between group A (placebo) and group C (OCS + LDM).

week visit after ESS, the average VAS score changes from base-
line were significantly greater in group C (-33.23+13.94) than in
groups A (-25.50+8.74; p=0.019) and B (-23.69+11.85; p=0.004),
while no significant difference was found between groups A and
B. No significant difference in VAS score change was observed
among the groups at the 4- and 24-week visits after ESS (Figure
3).

SNOT-22 scores

The baseline SNOT-22 scores were 49.28+22.04 in group A,
45.17+19.66 in group B, and 48.88+18.64 in group C, with no
significant intergroup difference (p=0.589) (Table 1). At the 12-
week visit after ESS, the average SNOT-22 score changes from
baseline were significantly greater in group C (-38.03+13.40)
than in groups A (-30.60+11.11; p=0.028) and B (-29.32+20.58;
p=0.037), while no significant difference was found between
groups A and B. No significant difference in VAS score change
was observed among the groups at the 4- and 24-week visits
after ESS (Figure 4).

Endoscopic evaluation (LKES)

The baseline endoscopy scores were 3.51+0.70 in group A,
3.30+0.76 in group B, and 3.27+0.65 in group C (p=0.238)
(Table 1). No significant intergroup difference was observed at

Figure 4. Sino-Nasal Outcome Test (SNOT-22) score changes from
baseline of the three study groups at visits 4, 12, and 24 weeks after
endoscopic sinus surgery (ESS). (SD, standard deviation; OCS, oral
corticosteroid; LDM, lose-dose macrolide). a Baseline SNOT-22 scores

of group A, B, and C were 49.28+22.04, 45.17+£19.66, and 48.88+18.64,
respectively. ‘Comparison between group A (placebo) and group B (OCS
+ placebo). *Comparison between group B (OCS + placebo) and group
C (OCS + LDM). "Comparison between group A (placebo) and group C
(OCS + LDM).

2 weeks after ESS. At 8 weeks, however, group C demonstrated
a significantly better mean LKES (1.91+1.35) than did groups A
(2.80+1.24; p=0.016) and B (2.57+1.36; p=0.042), and the signifi-
cance was sustained to 24 weeks after ESS, with a mean LKES of
0.94£0.97 in group C versus 2.70+1.10 in group A (p<0.001) and
1.55+1.26 in group B (p=0.036) (Figure 5). Notably, at 24 weeks
after ESS, group B (1.55%1.26) also showed significantly better
LKES than did group A (2.70+1.10; p=0.001).

Subgroup analyses

According to the presence or absence of tissue eosinophilia
(>10 eosinophils per HPF), the patients were stratified into the
eCRSWNP and neCRSWNP subgroups. The eCRSWNP subgroup
included 27 patients in group A, 29 in group B, and 25 in group
C.The LKES at 24 weeks after ESS in groups B (1.57+1.30) and

C (1.40£1.02) were significantly lower than that in group A
(2.92+1.11; p=0.003 and 0.001, respectively), while no signifi-
cance was found at 2, 8, and 12 weeks after ESS. No statistically
significant difference was found between groups B and C at any
visit (Figure 6).

The neCRSWNP subgroup included 16 patients in group A, 13in
group B, and 16 in group C. Group C demonstrated significantly
lower LKES than did group A at 8, 12, and 24 weeks after ESS (all
p<0.001) as well as group B at 8 and 24 weeks after ESS (p=0.047
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Figure 5. Lund-Kennedy endoscopy scores (LKES) of the three study
groups at baseline and 2, 8, 12, 24 weeks after endoscopic sinus surgery
(ESS). (SD, standard deviation; OCS, oral corticosteroid; LDM, lose-dose
macrolide). fComparison between group A (placebo) and group B (OCS
+ placebo), ¥Comparison between group B (OCS + placebo) and group
C (OCS + LDM), 1Comparison between group A (placebo) and group C
(OCS + LDM).

and 0.021, respectively). Compared to group A, group B showed
lower LKES at 12 weeks after ESS (p=0.007) (Figure 6).

None of the patients with eCRSWNP or neCRSWNP showed sta-
tistically significant differences between groups in the VAS and
SNOT-22 scores (data not shown).

RCT: Post-ESS macrolide and oral steroid in CRSwNP

Discussion

ESS has become a mainstay in the treatment of CRSWNP that

is unresponsive to maximal medical treatment. Nevertheless, a
nasal polyp recurrence rate as high as 35% at 6 months after ESS
was reported in a recent multicentre cohort study“”. Aggres-
sive post-operative medical therapy is mandatory to minimise
recurrence and optimise post-ESS QoL“®, The EPOS 2012 gui-
delines mentioned both short-term OCSs (level la, grade A) and
long-term LDMs (level Ib, grade C) as part of the post-operative
management for CRSWNP®.

Given the potential risk of side effects, OCSs have still been
reserved as a rescue therapy in cases of relapsed symptoms
during post-operative follow-up. The efficacy of routine use of
short-term OCSs in the immediate post-ESS period is still under
debate. RCTs by Wright et al. and Shen et al. demonstrated signi-
ficantly better endoscopy scores but did not show any benefit in
subjective parameters among patients with CRSWNP receiving
post-operative short-term OCSs rather than placebo” 2.
Rudmik et al. and Dautremont et al. do not recommend the
administration of peri-operative OCSs to patients with CRSWNP
owing to the lack of benefits and risk of adverse effects*'%. In

a retrospective study, Tajudeen et al. reported tissue eosinophil
aggregates to be associated with increased OCS requirement in
patients with CRS after ESS®”, which implied that eCRSWNP was
a corticosteroid-dependent subgroup. Thus far, strong evidence
comparing the differential responsiveness to post-operative
short-term OCSs in different endotypes of CRS (i.e. eCRSWNP
and neCRSwNP) is still lacking.

Four RCTs regarding the efficacy of long-term LDM:s in the im-
mediate post-operative period in patients with CRSWNP have
been published in the English literature, but their conclusions
have been inconsistent. A double-blind, placebo-controlled RCT
performed by Amali et al. showed no significant SNOT-22 score

eCRSwNP neCRSWNP Figure 6. Lund-Kennedy endoscopy scores
5
s o (LKES) results stratified by different endo-
- *
4 types of chronic rhinosinusitis with nasal
35 polyps (CRSWNP) according to presence/
3 3 absence of tissue eosinophilia. (¢€CRSWNP,
+l
H 25 . i
g, eosinophilic CRSWNP; neCRSWNP, non-
x
s eosinophilic CRSWNP; SD, standard devia-
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0
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0OCS + Placebo .
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p-value’ 0.812 0.661 0.835 0.904 0.003* 0.232 0.351 0.109 0.007* 0.085
p-value* 0.099 0.813 0.615 0.188 0.741 1 1 0.047* 0.186 0.021*
p-value? 0.102 0.971 0.577 0.270 0.001* 0.270 0.626 <0.001* <0.001* <0.001*
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difference between azithromycin (250 mg/day for 12 weeks) and
placebo among patients with CRSWNP and CRSsNP after ESS?%.
Another double-blind, placebo-controlled RCT conducted by
Haxel et al., which compared erythromycin (250 mg/day for

12 weeks) versus placebo among patients with CRSwNP and
CRSsNP after ESS, failed to demonstrate significant differences
in SNOT-20 and VAS scores but showed significantly better
endoscopy scores in the erythromycin group at 12 weeks after
ESS®. Varvyanskaya and Lopatin performed a RCT on patients
with CRSWNP after ESS, and showed that patients receiving
clarithromycin (250 mg/day) for 24 weeks had significantly
better SNOT-20, VAS, and endoscopy scores than did those not
receiving clarithromycin®®. A more recent RCT conducted by
Zeng et al. did not show significant differences in VAS or endo-
scopy scores between post-operative clarithromycin (250 mg/
day for 3 months) and INCS treatment for patients with either
CRSsNP or CRSWNP@”), Wallwork et al. suggested the possibility
of a subgroup of macrolide responders among patients with
CRS, and their study found that macrolides were only effective in
patients with low serum immunoglobin E levels (<200 1U/mL)®9,
A recent case-control study by Oakley et al. revealed that macro-
lide response correlated with the lack of tissue eosinophilia®®.
Nevertheless, more evidence is required to confirm the differen-
tial macrolide responsiveness in different CRSWNP endotypes.
In this study, we demonstrated that the mean VAS and SNOT-22
scores in group C (OCS + LDM) were significantly better than
those in groups A (placebo) and B (OCS + placebo) at 12 weeks
after ESS, which indicated that long-term, low-dose clarithro-
mycin improved sinus-related symptoms and QoL after ESS.

The effects were not sustained at 24 weeks after ESS (12 weeks
after clarithromycin discontinuation) (Figures 3 and 4). Seresi-
rikachorn et al's meta-analysis favoured the 24-week duration
of LDM therapy over shorter durations, but this result should be
interpreted with caution because only one included study used
24-week LDM therapy™. Whether LDM therapy of longer du-
ration (e.g. 24 weeks) can bring extra benefits deserves further
investigation. As for post-operative short-term OCS treatment,
no significant effects in subjective outcomes could be demon-
strated in this study, as no significant difference was observed in
the mean VAS and SNOT-22 scores between groups A and B at
any visit (Figures 3 and 4).

The add-on effects of long-term, low-dose clarithromycin on
post-operative endoscopy scores were also demonstrated by
our results, as group C (OCS + LDM) yielded significantly lower
mean LKES than did groups A (placebo) and B (OCS + placebo).
In group C, more healthy-looking mucosa was observed not
only during the period of clarithromycin therapy (i.e. from 2
weeks to 14 weeks after ESS) but also at 24 weeks after ESS (12
weeks after clarithromycin discontinuation) (Figure 5). Subgroup
analyses demonstrated that the add-on effect of clarithromy-
cin was significant in the neCRSWNP subgroup, while no extra

benefits of adding clarithromycin was observed in the eCRSWNP
subgroup (Figure 6). This finding echoes those of previous
studies that suggested neCRSWNP to be a macrolide-responsive
subgroup©:33),

Our study also found that short-term, moderate-dose OCS
seemed to have a delayed effect on the LKES at 24 weeks after
ESS (Figure 5). Notably, in subgroup analyses, similar delayed
effects of OCS on the LKES were observed in the eCRSWNP sub-
group at 24 weeks and in the neCRSWNP subgroup at 12 weeks
(Figure 6). Thus, we can deduce that short-term OCS may help
prevent post-ESS recurrence of both eCRSWNP and neCRSwNP.
However, it was difficult to explain why OCSs, which were
administered for only 2 weeks after ESS, started to show their
effects at 12-24 weeks after ESS but not earlier. The mechanism
underlying this delayed effect warrants further investigation.
Of the 83 patients who received oral prednisolone and/or cla-
rithromycin in this study, only 2 (4.8%) in group B and 2 (4.9%)
in group C had mild gastrointestinal discomfort, and 1 (2.4%) in
group B had insomnia. One patient (2.4%) in group C reported
an allergic skin reaction after clarithromycin administration.
None of the patients in group A reported adverse effects after
taking the study medications. Moreover, no patients reported
serious adverse effects.

We proposed the idea of individualised post-ESS medical
therapy based on histopathologic endotypes. In this study, the
pathology reports were readily available within 1 week after
ESS; thus, we were able to stratify every patient into either the
eCRSWNP or neCRSWNP subgroup at the first post-ESS visit.
Considering the exclusive benefit of post-ESS LDMs in patients
with neCRSWNP, as demonstrated in our study, we recommend
post-ESS, long-term LDM therapy to be prescribed only to these
patients, as indicated by histopathologic findings (i.e. tissue
eosinophil count < 10/HPF). In countries or hospitals where
pathologic report generation takes longer, predicting CRSWNP
endotypes by using peripheral blood eosinophil counts serves
as a reasonable alternative, as it has been corroborated by
previous studies“**9, Our study also showed that even under
the circumstances of no endotype stratification, a combination
of short-term, moderate-dose OCS and long-term LDM can be a
safe and effective choice for post-ESS medical therapy.

Despite these strengths, our study has several limitations.

First, although we had estimated the sample size according

to the results of a pilot study, we still failed to demonstrate

any significance in subjective outcomes in subgroup analyses.
Second, the relatively short 24-week observation period might
be insufficient to assess the long-term effects of LDM. Third, to
avoid cumulative side effects and simplify the placebo protocol,
we designed LDMs to be administered in a sequential man-
ner, rather than a concurrent manner, following OCS therapy.
The safety and efficacy of concurrent therapy with OCSs and
LDMs have to be confirmed by future studies. Fourth, owing to
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the lack of a macrolide-only group in our study, differentiating
between the efficacy of LDMs per se and the synergistic effects
between OCS and LDM was difficult.

Nevertheless, to our knowledge, this was the first randomised,
double-blind, placebo-controlled trial focusing on the add-on
effects of post-operative long-term LDMs to short-term OCS
with stratification based on different endotypes.

Conclusion

Our study showed that adding on post-operative long-term
(12-week), low-dose (500 mg daily) clarithromycin significantly
improved the objective outcomes at 8, 12, and 24 weeks after
ESS as well as the subjective outcomes at 12 weeks after ESS,
whereas short-term (2-week), moderate-dose (15 mg twice
daily) oral prednisolone only yielded more healthy-looking
mucosa under endoscopy at 24 weeks after ESS, but provided
no benefits to the subjective outcomes. In subgroup analyses,
the add-on effects of clarithromycin were more significant in the
subgroup of patients without tissue eosinophilia. The results of
the current study suggest that adding on low-dose clarithro-
mycin to oral prednisolone should be considered as part of the

RCT: Post-ESS macrolide and oral steroid in CRSwNP

post-operative medical therapy for patients with CRSWNP, espe-
cially for the subgroup of patients without tissue eosinophilia.
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