
1Hu T, et al. BMJ Open 2020;10:e036643. doi:10.1136/bmjopen-2019-036643

Open access�

Multicentre, randomised, open-label, 
non-inferiority trial comparing the 
effectiveness and safety of ductal lavage 
versus oral corticosteroids for idiopathic 
granulomatous mastitis: a study protocol

Tingting Hu,1 Shunrong Li,1 Heng Huang,2 Hui Huang,3 Luyuan Tan,1 Yanbo Chen,4 
Heran Deng,1 Jiannan Wu,1 Liling Zhu,1 Jian Zhang,5 Fengxi Su,1 Kai Chen  ‍ ‍ 1

To cite: Hu T, Li S, Huang H, 
et al.  Multicentre, randomised, 
open-label, non-inferiority trial 
comparing the effectiveness and 
safety of ductal lavage versus 
oral corticosteroids for idiopathic 
granulomatous mastitis: a 
study protocol. BMJ Open 
2020;10:e036643. doi:10.1136/
bmjopen-2019-036643

	► Prepublication history for 
this paper is available online. 
To view these files, please visit 
the journal online (http://​dx.​doi.​
org/​10.​1136/​bmjopen-​2019-​
036643).

TH and SL contributed equally.

Received 24 December 2019
Revised 10 August 2020
Accepted 11 August 2020

For numbered affiliations see 
end of article.

Correspondence to
Dr Kai Chen;  
​chenkai23@​mail.​sysu.​edu.​cn

Protocol

© Author(s) (or their 
employer(s)) 2020. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Introduction  The ideal treatment for idiopathic 
granulomatous mastitis (IGM) remains unclear. In a 
prospective, single-centre, pilot study, we reported that 
ductal lavage treatment for non-lactational mastitis 
patients had a 1-year clinical complete response (cCR) rate 
of >90%, without any significant adverse events. Thus, in 
this multicentre, randomised, open-label, non-inferiority 
trial, we will aim to compare the effectiveness and safety 
of ductal lavage vs oral corticosteroids as the first-line 
treatment for patients with IGM.
Methods and analysis  The trial will be conducted 
at the Breast Tumor Center of Sun Yat-sen Memorial 
Hospital in China and at least at one participating regional 
centre. We plan to recruit 140 eligible IGM patients who 
will be randomised into the ductal lavage group or oral 
corticosteroid group with a 1:1 ratio. The patients in the 
oral corticosteroid group will receive Methylprednisolone 
or prednisone for 6 months. The patients in the ductal 
lavage group will receive ductal lavage and breast 
massage, as previously reported. All the participants will 
be followed up at the clinic for 1 year post randomisation. 
The primary endpoint of this trial will be the 1-year cCR 
rate, and the secondary endpoints will include the time 
to cCR, treatment failure rate, relapse rate and protocol 
compliance rate. The trial was designed to determine 
whether ductal lavage is non-inferior to oral corticosteroids 
(1-year cCR rate assumed to be 90%), with a non-
inferiority margin of 15%.
Ethics and dissemination  The ethics committee 
of Sun Yat-sen Memorial Hospital at Sun Yat-sen 
University approved the study (2018-Lun-Shen-Yan-
No. 30). The results of the trial will be communicated 
to the participating primary care practices, published 
in international journals and presented at international 
clinical and scientific conferences.
Trial registration number  ​ClinicalTrials.​gov Registry 
(NCT03724903); Pre-results.

BACKGROUND
Non-lactational mastitis refers to a group of 
benign breast diseases. Among these diseases, 
idiopathic granulomatous mastitis (IGM) is 

the most commonly reported benign breast 
disease in clinical practice and the current 
literature.1 Several treatment approaches 
have been proposed for IGM patients, such as 
oral steroids,2–4 surgery,3 immunosuppressive 
therapy5 6 and observation alone.7 However, 
most of these studies were retrospective, 
single-centre and non-randomised studies, 
rendering their conclusions inapplicable to 
clinical practice. There is no international 
consensus and there are no guidelines on 
the standard treatment of IGM patients. A 
Chinese experts’ consensus8 recommended 
oral corticosteroids with or without surgery 
for IGM patients. However, that supporting 
evidence for this recommendation was a 
single-centre, single-arm study that included 
only 33 patients.4 Hence, a confirmatory 
study is needed to guide clinical practice. We 
proposed that the infusion of antibiotics and 
corticosteroids by ductal lavage is effective 
for IGM patients and leads to fewer adverse 

Strengths and limitations of this study

	⇒ This is a multicentre randomised controlled trial with 
a relatively large sample size of idiopathic granulo-
matous mastitis (IGM) patients.

	⇒ First, for this randomised controlled trial, we hypoth-
esise that ductal lavage treatment is effective and 
safe for IGM patients.

	⇒ Second, we hypothesise that the Mastitis Scorecan 
objectively delineate the severity and degree of im-
provement in the symptoms of IGM patients.

	⇒ A significant limitation of this trial is that no con-
trol group that underwent observations only was 
included.

	⇒ Considering the resulting aesthetics and cost-
effectiveness of surgical treatment, we do not rec-
ommend it as the first-line treatment.

http://bmjopen.bmj.com/
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effects. In our previous study,1 we showed that patients 
treated with only ductal lavage had a >90% clinical 
complete response (cCR) rate, without the need for oral 
corticosteroid treatment. No significant adverse events 
related to the procedure occurred. To further investigate 
the effectiveness and safety of ductal lavage as a treat-
ment option for IGM patients, we initiated a multicentre, 
randomised, open-label, non-inferiority trial to compare 
ductal lavage vs oral corticosteroids as the first-line treat-
ment of IGM patients. We hypothesised that compared 
with oral corticosteroids, ductal lavage can provide 
non-inferior therapeutic effects with significantly fewer 
adverse events. This trial will provide high-level evidence 
on the treatment options for patients with IGM.

OBJECTIVE
The objective was to compare the clinical effectiveness 
and adverse events of ductal lavage vs oral corticosteroids 
in a multicentre, randomised, open-label, non-inferiority 
trial. We aimed to provide a high-quality level of evidence 
to guide clinical practice.

METHODS AND ANALYSIS
Overall study design
This is a multicentre, randomised, open-label, non-
inferiority trial that will be conducted in one initiating 
academic hospital and at least at one participating 
regional centre in China. The Breast Tumor Center of 
Sun Yat-sen Memorial Hospital at Sun Yat-sen University 
will be the initiating centre. Study centres will be eligible 
to participate in the study if ductal lavage treatment and 
the relevant protocols can be conducted in the centre. 
The protocol of this trial was developed according to the 
Standard Protocol Items: Recommendations for Inter-
ventional Trials guidelines.9

Recruitment
A total of 140 patients will be recruited from the partic-
ipating centres. Patient enrollment started on 29 March 
2019, and is expected to be completed on 30 May 2021. 
Potentially eligible patients will be referred to the site 
principle investigator for a consultation on the study 
details. The patients will be informed about the design 
and methods of the study and the benefits and potential 
risks of participating in this trial. A screening procedure 
will be performed if the patients agree to participate, and 
they will sign an informed consent form.

Screening procedure and inclusion and exclusion criteria
The patients’ medical history, physical examination find-
ings, lab test results and imaging findings will be collected 
to identify eligible patients.

Patients are eligible to participate in the study if they
	► are female and between 18 and 65 years old.
	► signed an informed consent form.

	► were clinically diagnosed with non-lactating mastitis, 
defined as mastitis occurring more than 1 month after 
the cessation of lactation.

	► were clinically and pathologically diagnosed with 
IGM.

	► never underwent surgical treatments or oral corticos-
teroid therapy for mastitis after the cessation of lacta-
tion, excluding core needle biopsy.

	► were in good health and could undergo ductal lavage, 
as assessed by physicians.

	► had an M-score ≥2.

Exclusion criteria
Patients will be excluded if they

	► have a grade III inverted nipple.10

	► have lactational mastitis.
	► have bilateral IGM.
	► were clinically diagnosed with periductal mastitis.
	► were pathologically diagnosed with breast carcinoma.
	► are pregnant.
	► have evidence suggesting a possible diagnosis of 

systemic lupus eythematosus (SLE), rheumatic disor-
ders or other systemic autoimmune diseases.

	► have evidence suggesting a possible diagnosis of 
tuberculosis.

	► have evidence suggesting a possible diagnosis of 
fungal infection of the breast.

	► have a history of breast trauma.
	► previously consumed oral corticosteroids or under-

went antituberculosis treatment.
	► have imaging findings indicating that there are 

foreign objects retained in the breast.
	► have sepsis or severe inflammation caused by IGM, for 

which surgery is likely required.
	► have inappropriate cardiac, pulmonary, liver, renal 

and coagulation function, leading clinicians to 
suggest the patient is not suitable for participation in 
this study.

Definition of the M-score
The M-score was defined as the sum of the following 
scores:

Mass score
	► 0 for the absence of a mass by palpation.
	► 1 for mass ≤3 cm by palpation.
	► 2 for mass >3 cm by palpation.

Erythema score
	► 0 and 2 for the absence and presence of skin erythema, 

respectively.

Fistula score
	► 0 and 2 for the absence and presence of fistula, 

respectively.

Pain score
	► 0 for Visual Analogue Score (VAS) 0–2.
	► 1 for VAS 3–5.
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	► 2 for VAS 6–10.

Quality-of-life (QoL) score
	► 0 for the absence of effects on QoL.
	► 1 for mild effects on QoL, where the patient does not 

require medical assistance.
	► 2 for serious effects on QoL, where the patient 

requires medical assistance.
The total M-score ranges between 0 and 10 and serves as 

a quantitative and objective measurement of the severity 
of the symptoms.

Randomisation
The information of eligible patients will be uploaded to 
the REDcap system, which will be based in Sun Yat-sen 
Memorial Hospital at Sun Yat-sen University.11 We will 
use the randomised module embedded in the REDcap 
system, which was based on a list generated a priori, to 
randomise the participants into the ductal lavage group 
or oral corticosteroid group with a 1:1 ratio. The rando-
misation will be stratified by the M-score (≥5 or <5) using 
a randomly generated block size. The allocation will not 
be blinded to the patients or the researchers.

Interventions
The patients undergoing oral corticosteroid therapy will 
receive Methylprednisolone or prednisone 20–40 mg qd. 
for 2 weeks. Then, the dose will be decreased by 5 mg every 
week to a final dosage of 20 mg qd. The whole treatment 
will last for 6 months. The patients undergoing ductal 
lavage therapy will undergo ductal lavage and breast 
massage every other day for 2 weeks, as we previously 
reported.1 We will use lidocaine (1%) for local anaes-
thesia around the nipple. A lacrimal probe will be used 
to identify four to five openings in the lactiferous ducts 
on the nipple, and an infusion cannula (21–23 G) will be 
inserted. A total of 25 mL of irrigation solution (5 mL of 
2% lidocaine, 40 mg of triamcinolone acetonide, 20 mL of 
0.9% saline and 1.0 g of ceftriaxone) will be pumped into 
the ducts over 20–25 min. The patients will return to the 
clinic the next day for breast massage, and this process 
will be repeated for 2 weeks. We will continue to follow-up 
the patients for 12 months after treatment.

Follow-up plans
The participants will return to the clinic for follow-ups at 
1, 2, 6 and 12 months post randomisation.

Endpoints
	► The primary endpoint will be the cCR rate, which is 

defined as the proportion of patients who have an 
M-score of <=1 at ≤1 years after treatment.

	► The secondary endpoints will be as follows:
	– The time to cCR, defined as the median time to 

cCR post randomisation.
	– The treatment failure (TF) rate, defined as the pro-

portion of patients with TF at 1 year post randomis-
ation. The TF status will be defined as follows:

	– If the patient has an M-score ≥6 before randomi-
sation, TF is defined as the M-score remaining at 
≥6 at 1 month post randomisation.

	– If the patient has an M-score between 4 and 5 be-
fore randomisation, TF is defined as the M-score 
remaining at ≥4 and never being lower than 4.

	– If the patient has an M-score <4 at baseline but 
never reaches cCR after randomisation, TF is de-
fined as the M-score being >5 at the follow-up 
and remaining above 5 for one month.

	– Relapse rate, which is defined as the proportion 
of patients who have an M-score >4 among the pa-
tients who achieved CR.

	– Predefined adverse events and any other unexpect-
ed adverse events, which will be recorded and com-
pared between the two arms. The following adverse 
events constitute predefined events:
	– Ductal lavage treatment, defined as bleeding 

during the procedure, bleeding after the proce-
dure, nipple necrosis or ischemia and skin aller-
gy or pruritus.

	– Oral corticosteroids, defined as thrombosis, 
metabolic disorders, cardiovascular events, pep-
tic ulcer (including stomach pain), osteoporo-
sis or compression fracture, eye complications, 
neuropsychiatric system disorder, moon facies, 
acnitis and facial hair growth.

	– Protocol compliance rate, the proportion of pa-
tients who received the treatment protocol.

Researchers from all participating centres will be trained 
to perform the ductal lavage and/or oral corticosteroid 
treatment protocol, as well as administer the M-score 
assessment. Each participant will be separately assessed 
by a doctor and a nurse for the outcome assessment. If 
there are any discrepancies in the results between the two 
assessors, a discussion with a third doctor will be required. 
The treatment will be stopped if the patients experience 
serious adverse effects (≥grade 3 on the The Common 
Terminology Criteria for Adverse Events(CTCAE) 3.0 
scale) or meet the TF standard.

Rescue treatments
If inflammation/symptoms worsen during the study treat-
ment, potential second-line/rescue treatments will be 
discussed between the physicians and the patient on a 
case-by-case basis. Crossovers (from ductal lavage to oral 
steroids and vice versa) are allowed, and treatments other 
than these methods, including surgery and/or metho-
trexate, are also allowed.

Data collection
All data will be collected, coded and stored using the 
REDcap system, which is based in Sun Yat-sen Memo-
rial Hospital at Sun Yat-sen University. The decoding 
file will be saved to a secure local hospital drive, which 
will be accessible by only the principal and coordinating 
researchers.
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Sample size and statistical analysis
We will report the continuous and categorical variables as 
the medians (ranges) and counts (percentages), respec-
tively, for the descriptive analysis. The Mann-Whitney U 
test and χ²-square test will be used to compare the clin-
icopathological features between the two groups. The 
primary and secondary endpoints will be compared by 
intention-to-treat analysis. We will determine whether 
there are missing data, and we will use multiple imputa-
tion and sensitivity analyses to explore the impact of the 
missing data.

We hypothesise that the 1-year cCR rate of oral cortico-
steroid treatment will be 90%. This trial was designed to 
assess the non-inferiority of ductal lavage compared with 
oral corticosteroids, and the clinically acceptable non-
inferiority margin for the ductal lavage group was defined 
as a 1-year cCR rate equal to or better than 15%. This non-
inferiority margin was decided before the initiation of the 
study during a consensus meeting with a panel of experts. 
A loss to follow-up rate of 10% was considered, and it 
was calculated that 70 participants (total of 140 partic-
ipants) were needed in each group, with a significance 
level of a=0.025 and power of b=0.80. If non-inferiority is 
confirmed and the lower border of the 95% CI is >0, the 
superiority effects of ductal lavage vs oral steroids can be 
suggested.

An exploratory analysis will be performed to investi-
gate the potential interaction between treatment benefits 
and the baseline clinicopathological factors, for example, 
M-score (≥5 or <5). Subgroup analysis will be performed 
for significant interactions. Longitudinal data analysis 
will be performed using marginal generalised estimating 
equations for the cCR, as well as the random effects/
mixed models for the M-scores. All of the statistical anal-
yses will be conducted using STATA V.13 statistical soft-
ware (StataCorp, College Station, Texas, USA).

Ethics and dissemination
This study was approved by the ethics committee of 
Sun Yat-sen Memorial Hospital at Sun Yat-sen Univer-
sity (2018-Lun-Shen-Yan-No.30). All patients will be fully 
informed of the potential benefits and disadvantages of 
all available treatments involving ductal lavage and oral 
corticosteroids. Additionally, the patients will be required 
to provide written informed consent. The study, named 
‘Ductal Lavage Versus Corticosteroids Therapy for Idio-
pathic Granulomatous Mastitis’, is registered at ​Clinical-
Trials.​gov. As required, a summary of the study results 
will be submitted to ​ClinicalTrials.​gov. Any important 
protocol modifications (eg, changes to the primary 
endpoint, outcomes and analyses) will be reported to ​
ClinicalTrials.​gov and the ethics committee of Sun Yat-sen 
Memorial Hospital at Sun Yat-sen University. The results 
of the trial will be communicated to the participating 
primary care practices, published in international jour-
nals and presented at international clinical and scientific 
conferences.

Patient and public involvement
No patients were involved.

DISCUSSION
Oral corticosteroid therapy as the control condition
Since the aetiology of IGM is still unclear, there is no 
international consensus on the best first-line treatment 
for IGM patients. We were the first to report that ductal 
lavage, a novel approach, is feasible and safe for treating 
IGM patients in a single-arm, phase II trial. Currently, 
oral steroids2–4 12 and/or observation alone7 13 are the 
most commonly used approaches worldwide.14 In 2016, a 
Chinese group of experts8 recommended the use of oral 
corticosteroids (20–40 mg/qd) with or without surgery as 
the first-line treatment for IGM. However, the evidence 
was based on a single-centre, retrospective study that 
included only 33 patients. In our daily clinical practice, we 
routinely prescribe oral corticosteroids (20–40 mg/qd) 
for IGM patients, and the efficacy and safety are accept-
able. Thus, we conducted this randomised trial to directly 
compare the efficacy and adverse events of ductal lavage 
and oral corticosteroids (20–40 mg/qd). Although obser-
vation alone is an option for the treatment of IGM,7 13 it 
is not included as a control condition in this trial because 
we, including the ethics committee, do not consider it to 
be ethical to only observe patients without offering any 
treatment. Our previous phase II trial showed that the 
M-scores, as well as the VAS scores, significantly decreased 
at 1 week after ductal lavage treatment,1 which is unlikely 
to occur if we use the ‘observation alone’ strategy without 
any treatments. Furthermore, 65.6% (21/32) of the 
patients achieved cCR in ≤6 months1, and the time to cCR 
appeared to be shorter than that for observation alone.7 13

Safety and rationale for the use of ductal lavage for IGM
The aetiology, as well as the pathophysiology of IGM, is 
still unclear. Several hypotheses have been proposed, 
such as hypersensitivity to extravasated lactation products, 
local breast trauma, subclinical infection and autoim-
mune reactions.15–17 However, none of these hypotheses 
have been widely accepted. Therefore, this disease was 
named IGM. Ductal lavage was first proposed as a method 
of collecting breast epithelial cells for cytologic analysis. 
The procedure uses a microcatheter to cannulate ductal 
orifices on the nipple. Each duct is cannulated and 
infused with normal saline.18 The safety and tolerability 
of this procedure have been demonstrated in multiple 
studies.18 19 In clinical practice, oral corticosteroids are 
widely reported as an effective treatment for IGM. There-
fore, we speculate that a small change in the drug delivery 
approach from oral to ductal lavage might yield the same 
level of efficacy but fewer adverse events.

Selection of ducts for lavage
Whether it is necessary to cannulate all of the ducts or 
just the duct that leads to the lesion is an important ques-
tion. The study conducted by Stearns et al showed that 
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the drugs were distributed widely throughout the entire 
breast, regardless of which duct was cannulated.20 In addi-
tion, the number of orifices that could be cannulated in 
clinical practice differed from that of the histological 
orifices on the nipple.21–24 In our study, we will choose 
four to five orifices randomly, as we consider this method 
clinically feasible, and it has been proven to be effective 
in our previous phase II study.1 We believe that this ductal 
lavage procedure can be used to deliver the drugs to the 
target lesions.

M-score to quantify the severity of symptoms
IGM is a benign disease, and the need for medical treat-
ment depends on the patients’ symptoms. For patholog-
ically confirmed IGM patients presenting with a small 
mass without any pain, fistulas, tenderness or erythema 
of the skin, the IGM lesion might not affect the patients 
or require medical treatment. Thus, this trial developed 
an M-score to quantify the severity of symptoms in IGM 
patients, for whom higher M-scores reflect more severe 
symptoms. An important application of the M-score is 
in quantifying the treatment response. In this trial, we 
defined an M-score  ≤1 as cCR, which is objective and 
easy to replicate in other institutions. To the best of our 
knowledge, most of the published studies in the literature 
did not use clear or objective criteria to define cCR. With 
the M-score, the severity of symptoms (or the need for 
medical treatment) and the treatment response can be 
quantified.

Differential diagnosis between IGM and PDM
Studies have shown that periductal mastitis (PDM) tends 
to recur, and the removal of all of the involved ducts and 
fistula tract in its entirety is widely recommended.25 In our 
previous study, we observed that half of the (2/4) PDM 
patients experienced recurrence after the treatment of 
IGM.1 Thus, we will exclude patients with a definitive 
clinical diagnosis of PDM from this trial. The differen-
tial diagnosis between IGM and PDM is based on clinical 
manifestations, as well as pathology examination find-
ings. The typical clinical manifestations of PDM include 
a periareolar inflammatory mass and/or an intermit-
tently draining fistula. The IGM mass can be present in 
any quadrant of the breast, with characteristics including 
erythema, tenderness, abscess and sinus formation with 
drainage.15 Pathologically, IGM is characterised by gran-
ulomatous centres around the lobules and ducts, while 
PDM is characterised by keratinising squamous epithe-
lium to orifices of the nipple ducts.25 26 However, it is not 
always possible to differentially diagnose IGM and PD in 
clinical practice. The symptoms of the two conditions can 
overlap. In our study, we only excluded patients with a 
definite diagnosis of PDM.

Sample size estimation
The aim of this study is to determine whether ductal 
lavage treatment is non-inferior to oral corticosteroid 
treatment. Our previous meta-analysis showed that the 

cCR rate was 71.8% (95% CI 67.1% to 76.3%). In our clin-
ical experience, however, the cCR rate might be higher 
than 71.8%. Thus, we hypothesise that the 1-year cCR rate 
is 90% in the corticosteroid group. We consider the 15% 
non-inferiority margin to be appropriate because if the 
patients are responsive to ductal lavage treatment, oral 
corticosteroids do not need to be administered. For the 
patients who do not respond to ductal lavage treatment, 
oral corticosteroids can still be provided as a second-line 
treatment, and this approach might not compromise the 
patients’ clinical outcomes. IGM is different from breast 
cancer, as delayed treatment may cause significantly worse 
clinical outcomes in patients with breast cancer.

CONCLUSION
The trial has several novel aspects. First, no randomised 
controlled trials have yielded high-quality evidence to 
determine the best first-line treatment for patients with 
IGM. Second, we were the first to propose that ductal 
lavage treatment is an effective and safe approach for 
IGM patients. Third, we were the first to propose the 
use of the M-score to objectively delineate the severity of 
symptoms in IGM patients, and this score can be used for 
the objective evaluation of patients’ treatment responses. 
The aim of this trial is to provide high-quality evidence for 
the management of IGM patients.

Trial status
We began recruiting patients for this trial on 29 March 
2019. The study is expected to be completed by 30 May 
2022.
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