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ABSTRACT

Clarithromycin may improve cachexia and survival in non-small cell lung cancer
(NSCLC), but adequately controlled data are lacking. This study was undertaken
primarily to inform the feasibility and scale of a phase lll trial. Eligible consenting
patients with stage IV NSCLC and cachexia were to be randomized to receive either
clarithromycin 250mg twice daily or placebo for eight weeks. Aspects of trial
feasibility recorded included numbers eligible, approached and recruited, together
with adherence and completion of treatment and assessments. Over 6 months, none
of 125 patients identified fulfilled the entry criteria. The commonest reasons for
ineligibility were the use of an excluded concurrent drug (45, 36%), brain metastases
(22, 18%), poor performance status (21, 17%) and current chemotherapy (15, 12%).
A phase Il trial of clarithromycin using these entry criteria is not feasible in this
setting. Other macrolides that have a lower risk of a drug-drug interaction may be

more practical to pursue.
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1. Introduction

Cachexia is common in lung cancer and is associated with increased
morbidity and reduced survival [1-4]. No standard treatment exists and cachexia is a
major unmet need [5, 6]. Clarithromycin (CLM) is reported to preserve body weight,
physical independence and increase survival in patients with lung cancer [7, 8]. The

mechanism may relate to its anti-inflammatory effect as inflammation appears a key



contributor to cachexia [9—11]. CLM also has immunomodulatory and anti-cancer
effects [12—14], thought to explain benefit in some haematological cancers [15].

CLM is potentially an inexpensive and widely available cachexia treatment.
However, no RCTs have been undertaken. Further, CLM interacts with multiple
drugs, which increases the risk of toxicity; prolongation of the QT interval is a
particular concern because it predisposes to life-threatening cardiac arrhythmia.
Thus, we have undertaken a randomized, double-blind, placebo-controlled, feasibility
study to obtain data to ensure that a phase Il study, which takes such safety
concerns into account, is viable, practical, uses appropriate outcome measures and

is sufficiently powered.

2. Materials and methods
For additional details see Supplementary appendix 2.
2.1. Participants

Patients were identified from thoracic oncology clinics at a University hospital.
Inclusion criteria included age =18 years, stage IV non-small cell lung cancer
(NSCLC), an estimated prognosis of 23 months, 24 weeks following any 1st or 2nd-
line palliative chemotherapy, along with the presence of cachexia (based on any of:
weight loss >5% over past 6 months; body mass index <20kg/m? and weight loss
>2%; appendicular skeletal muscle index consistent with sarcopenia and weight loss
>2%), systemic inflammation (C-reactive protein >10mg/L), and adequate hepatic
and renal function.

Exclusion criteria included poor prognostic features (Eastern Cooperative
Oncology Group (ECOG) performance status =3, little or no food intake, weight loss

>10% in 1 month or >20% in total), active infection requiring antibiotics, inability to



accurately measure QT interval, features predisposing to cardiac arrhythmia (QTc
>450milliseconds (male) or 470milliseconds (female), history of ventricular
arrhythmia, severe cardiac insufficiency), hypokalaemia, hypomagnesemia,
concurrent use of drugs with the potential to increase QT interval or enhance other
toxicities of CLM (see Supplementary appendix 1), use of corticosteroids or
progestogens within the last 4 weeks, brain metastases and Clostridium difficile
infection.
2.2  Study procedures

Following written informed consent and confirmation of eligibility, patients
were to be randomized to receive encapsulated CLM 250mg or matching placebo,
taken by mouth twice daily for eight weeks. The study received approvals from
Medicines and Healthcare Regulatory Agency (03057/0063/001-0001), National
Research Ethics Service Committee East Midlands — Nottingham (14/EM/1281) and

was on the EU clinical trials register (2014-004873-18).
2.3. End points and assessments

The primary objective was to obtain data on rates of eligibility, recruitment (over
12 months), data collection and study completion. Secondary objectives were to obtain
preliminary data on the (a) tolerability of CLM (based on adherence to treatment); (b)
safety of CLM (based on continual monitoring of toxicity, ECGs to detect prolongation
of the QT interval) and (c) effect of CLM on patient-centred outcomes of lean body

mass, physical function, quality of life and systemic inflammation.

2.4. Statistical analysis
A formal power calculation is not appropriate for a feasibility study; the sample
size reflected the recruitment rate from a large cancer centre, an important aspect of

feasibility under exploration. Mostly descriptive statistics were used. Appropriate
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parametric/non-parametric statistics would have been used in an exploratory context

to compare changes from baseline in patient-centred outcomes.

3. Results

3.1. Aspects of feasibility

Over 6 months, of the 125 patients identified, only one was recruited, but
failed to meet the criteria for sarcopenia on DEXA scan. As a consequence, the
decision was taken to close the study.

The commonest reasons for ineligibility were the use of an excluded
concurrent drug (45, 36%), brain metastases (22, 18%), poor performance status
(21, 17%) and current chemotherapy (15, 12%); for a full list see fig. 1.

One patient was receiving two excluded concurrent drugs, the remainder one
of 17 different kinds, the most common being amlodipine, oxycodone and zopiclone

(Table 1).

4. Discussion

Our failure to recruit suggests that a phase Il double-blind, placebo-
controlled study of clarithromycin using these entry criteria is not feasible. None of
the 125 patients screened met the eligibility criteria. For just under half, this was
because of brain metastases, poor performance status or concurrent chemotherapy.
However, the single most common reason, affecting about one-third, was the
concurrent use of a drug with the potential to interact with CLM to a degree that is
known to be, or likely to be, clinically significant. This represents an extensive list of
100 drugs, of which 17 were used by the 45 patients so excluded. It could be argued
that we were overly cautious, given that such considerations are unlikely to be
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strictly adhered to in clinical practice. However, this mostly reflects the short-term
use of CLM as an antimicrobial. In proposing its long-term use as a cachexia
treatment, we consider additional caution appropriate, particularly given concerns
about prolongation of the QT interval and the increased risk of ventricular
arrhythmias and sudden cardiac death observed in patients receiving CLM (and
other macrolides) [16]. Previous studies of CLM for cancer cachexia predate the
emergence of these safety concerns [7, 8].

Given the preliminary reports of impressive benefits of CLM in cancer
cachexia [7, 8], rather than abandon this area completely, the potential exists to
explore the feasibility of using alternate macrolide antimicrobials. For example,
although azithromycin has no ‘track record’ in cachexia, it also has
immunomodulatory properties [17, 18], is used long-term [19, 20], and has a lower
risk of a drug-drug interaction, such that only 10 of our patients would have been
excluded on this basis. A formal feasibility study is required to confirm improved
recruitment and to explore other aspects of the study still untested in our patient
group.

In conclusion, a phase Ill double-blind, placebo-controlled study of CLM for
cachexia using these entry criteria is not feasible. The use of other macrolides with a

lower risk of a drug-drug interaction may be feasible, but requires formal evaluation.

Conflict of interest

There are no conflicts of interests connected to the manuscript.

Funding



The study was funded by a Roy Castle Lung Cancer Foundation project grant

(2014/07/Wilcock).

Acknowledgements

We would like to thank colleagues for their support, in particular Dr Karen
Foweraker, Dr Sarah Khan, Dr Angus O’Connor, Ms Sheila Hodgson, Miss Asmah
Hussain, Mrs Cathann Manderson, Ms Sarah Farnan, Dr Amy Proffitt (Nottingham
University Hospitals); Dr Andrew Murton (Nottingham University); Dr Matthew
Maddocks (King’s College Hospital), and Professor Vickie E Baracos (University of

Alberta).

References

[1] Fox KM, Brooks JM, Gandra SR, Markus R, Chiou CF, Estimation of cachexia
among cancer patients based on four definitions. J. Oncol. Epub
10.1155/2009/693458.

[2] Ross PJ, Ashley S, Norton A, Priest K, Waters JS, Eisen T, et al., Do patients
with weight loss have a worse outcome when undergoing chemotherapy for lung
cancers? Br. J. Cancer 90 (2004) 1905-1911.

[3] Lanzotti VJ, Thomas DR, Boyle LE, Smith TL, Gehan EA, Samuels ML, Survival
with inoperable lung cancer: an integration of prognostic variables based on
simple clinical criteria, Cancer 39 (1977) 303-313.

[4] Arrieta O, Michel Ortega RM, Villanueva-Rodriguez G, Serna-Thomé MG, Flores-
Estrada D, Diaz-Romero C, et al., Association of nutritional status and serum

albumin levels with development of toxicity in patients with advanced non-small


http://www.ncbi.nlm.nih.gov/pubmed/?term=Brooks%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=19587829
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gandra%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=19587829
http://www.ncbi.nlm.nih.gov/pubmed/?term=Markus%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19587829
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chiou%20CF%5BAuthor%5D&cauthor=true&cauthor_uid=19587829
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ashley%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15138470
http://www.ncbi.nlm.nih.gov/pubmed/?term=Norton%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15138470
http://www.ncbi.nlm.nih.gov/pubmed/?term=Priest%20K%5BAuthor%5D&cauthor=true&cauthor_uid=15138470
http://www.ncbi.nlm.nih.gov/pubmed/?term=Waters%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=15138470
http://www.ncbi.nlm.nih.gov/pubmed/?term=Eisen%20T%5BAuthor%5D&cauthor=true&cauthor_uid=15138470
http://www.ncbi.nlm.nih.gov/pubmed/?term=Thomas%20DR%5BAuthor%5D&cauthor=true&cauthor_uid=832246
http://www.ncbi.nlm.nih.gov/pubmed/?term=Boyle%20LE%5BAuthor%5D&cauthor=true&cauthor_uid=832246
http://www.ncbi.nlm.nih.gov/pubmed/?term=Smith%20TL%5BAuthor%5D&cauthor=true&cauthor_uid=832246
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gehan%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=832246
http://www.ncbi.nlm.nih.gov/pubmed/?term=Samuels%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=832246
http://www.ncbi.nlm.nih.gov/pubmed/?term=Michel%20Ortega%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=20170547
http://www.ncbi.nlm.nih.gov/pubmed/?term=Villanueva-Rodr%C3%ADguez%20G%5BAuthor%5D&cauthor=true&cauthor_uid=20170547
http://www.ncbi.nlm.nih.gov/pubmed/?term=Serna-Thom%C3%A9%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=20170547
http://www.ncbi.nlm.nih.gov/pubmed/?term=Flores-Estrada%20D%5BAuthor%5D&cauthor=true&cauthor_uid=20170547
http://www.ncbi.nlm.nih.gov/pubmed/?term=Flores-Estrada%20D%5BAuthor%5D&cauthor=true&cauthor_uid=20170547
http://www.ncbi.nlm.nih.gov/pubmed/?term=Diaz-Romero%20C%5BAuthor%5D&cauthor=true&cauthor_uid=20170547

cell lung cancer treated with paclitaxel-cisplatin chemotherapy: a prospective
study, BMC Cancer 21 (2010) 10-50.

[5] Murphy KT, Lynch GS, Editorial update on emerging drugs for cancer cachexia,
Expert Opin. Emerging Drugs 17 (2012) 5-9.

[6] Baracos VE, Clinical trials of cancer cachexia therapy, now and hereafter, J. Clin.
Oncol. 10 (2013) 1257-1258

[7] Mikasa K, Sawaki M, Kita E, Hamada K, Teramoto S, Sakamoto M, et al.,
Significant survival benefit to patients with advanced non-small cell lung cancer
from treatment with clarithromycin, Chemotherapy 43 (1997) 288—296.

[8] Sakamoto M, Mikasa K, Majima T, Hamada K, Konishi M, Maeda K, et al., Anti-
cachectic effect of clarithromycin for patients with unresectable non-small cell lung
cancer, Chemotherapy 47 (2001) 444-451.

[9] Richards CH, Roxburgh CS, MacMillan MT, Isswiasi S, Robertson EG, Guthrie GK,
The relationships between body composition and the systemic inflammatory
response in patients with primary operable colorectal cancer, PLoS ONE 7 (2012)
Epub 10.1371/journal.pone.0041883.

[10] McMillan DC, The systemic inflammation-based Glasgow Prognostic Score: A
decade of experience in patients with cancer, Cancer Treat. Rev. 39 (2013) 534—
540.

[11] Roxburgh CSD, McMillan DC, Cancer and systematic inflammation: treat the
cancer and treat the host, Br. J. Cancer 110 (2014) 1409-1412.

[12] Yatsunami J, Turuta N, Wakamatsu K, Hara N, Hayashi S, Clarithromycin is a
potent inhibitor of tumor-induced angiogenesis. Res. Exp. Med. (Berl.) 197 (1997)

189-197.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Sawaki%20M%5BAuthor%5D&cauthor=true&cauthor_uid=9209786
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kita%20E%5BAuthor%5D&cauthor=true&cauthor_uid=9209786
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hamada%20K%5BAuthor%5D&cauthor=true&cauthor_uid=9209786
http://www.ncbi.nlm.nih.gov/pubmed/?term=Teramoto%20S%5BAuthor%5D&cauthor=true&cauthor_uid=9209786
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sakamoto%20M%5BAuthor%5D&cauthor=true&cauthor_uid=9209786
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mikasa%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11786660
http://www.ncbi.nlm.nih.gov/pubmed/?term=Majima%20T%5BAuthor%5D&cauthor=true&cauthor_uid=11786660
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hamada%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11786660
http://www.ncbi.nlm.nih.gov/pubmed/?term=Konishi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11786660
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maeda%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11786660
http://www.ncbi.nlm.nih.gov/pubmed/?term=Roxburgh%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=22870258
http://www.ncbi.nlm.nih.gov/pubmed/?term=MacMillan%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=22870258
http://www.ncbi.nlm.nih.gov/pubmed/?term=Isswiasi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22870258
http://www.ncbi.nlm.nih.gov/pubmed/?term=Robertson%20EG%5BAuthor%5D&cauthor=true&cauthor_uid=22870258
http://www.ncbi.nlm.nih.gov/pubmed/?term=Guthrie%20GK%5BAuthor%5D&cauthor=true&cauthor_uid=22870258
http://www.ncbi.nlm.nih.gov/pubmed/?term=Turuta%20N%5BAuthor%5D&cauthor=true&cauthor_uid=9440137
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wakamatsu%20K%5BAuthor%5D&cauthor=true&cauthor_uid=9440137
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hara%20N%5BAuthor%5D&cauthor=true&cauthor_uid=9440137
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hayashi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=9440137

[13] Sakamoto M, Mikasa K, Hamada K, Konishi M, Maeda K, Yoshimoto E et al.,
Effect of clarithromycin treatment of natural killer cell activity in patients with
advanced non-small cell lung cancer, Gan To Kagaku Ryoho 25 (1998) 2259—
2266.

[14] WadaT, Sata M, Sato J, Tokairin Y, Machiya J, Hirama N, et al., Clarithromycin
suppresses invasiveness of human lung adenocarcinoma cells, Chemotherapy 53
(2007) 77-84.

[15] Van Nuffel AMT, Sukhatme V, Pantziarka P, Meheus L, Sukhatme VP, Bouche
G, Repurposing Drugs in Oncology (ReDO) — clarithromycin as an anti-cancer
agent, ecancer 9 (2015) 513.

[16] Cheng YJ, Nie XY, Chen XM, Lin XX, Tang K, Zeng WT, et al., The role of
macrolide antibiotics in increasing cardiovascular risk, J. Am. Coll. Cardiol. 66
(2015) 2173-84.

[17] Ratzinger F, Haslacher H, Poeppl W, Hoermann G, Kovarik JJ, Jutz S, et al.,
Azithromycin suppresses CD4(+) T-cell activation by direct modulation of mMTOR
activity, Sci. Rep. 4 (2014) 7438.

[18] Mukai S, Moriya S, Hiramoto M, Kazama H, Kokuba H, Che XF, et al.,
Macrolides sensitize EGFR-TKI-induced non-apoptotic cell death via blocking
autophagy flux in pancreatic cancer cell lines, Int. J. Oncol. 48 (2016) 45-54.

[19] Albert RK, Connett J, Bailey WC, Casaburi R, Cooper JA Jr, Criner GJ, et al.,
Azithromycin for prevention of exacerbations of COPD, N. Engl. J. Med. 365
(2011) 689-698.

[20] Altenburg J, de Graaff CS, Stienstra Y, Sloos JH, van Haren EH, Koppers RJ,

et al., Effect of azithromycin maintenance treatment on infectious exacerbations


http://www.ncbi.nlm.nih.gov/pubmed/?term=Mikasa%20K%5BAuthor%5D&cauthor=true&cauthor_uid=9881083
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hamada%20K%5BAuthor%5D&cauthor=true&cauthor_uid=9881083
http://www.ncbi.nlm.nih.gov/pubmed/?term=Konishi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=9881083
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maeda%20K%5BAuthor%5D&cauthor=true&cauthor_uid=9881083
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yoshimoto%20E%5BAuthor%5D&cauthor=true&cauthor_uid=9881083
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sata%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17202816
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sato%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17202816
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tokairin%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=17202816
http://www.ncbi.nlm.nih.gov/pubmed/?term=Machiya%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17202816
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hirama%20N%5BAuthor%5D&cauthor=true&cauthor_uid=17202816
http://www.ncbi.nlm.nih.gov/pubmed/26564594
http://www.ncbi.nlm.nih.gov/pubmed/26564594
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ratzinger%20F%5BAuthor%5D&cauthor=true&cauthor_uid=25500904
http://www.ncbi.nlm.nih.gov/pubmed/?term=Haslacher%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25500904
http://www.ncbi.nlm.nih.gov/pubmed/?term=Poeppl%20W%5BAuthor%5D&cauthor=true&cauthor_uid=25500904
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hoermann%20G%5BAuthor%5D&cauthor=true&cauthor_uid=25500904
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kovarik%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=25500904
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jutz%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25500904
http://www.ncbi.nlm.nih.gov/pubmed/26718641
http://www.ncbi.nlm.nih.gov/pubmed/26718641
http://www.ncbi.nlm.nih.gov/pubmed/?term=Albert%20RK%5BAuthor%5D&cauthor=true&cauthor_uid=21864166
http://www.ncbi.nlm.nih.gov/pubmed/?term=Connett%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21864166
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bailey%20WC%5BAuthor%5D&cauthor=true&cauthor_uid=21864166
http://www.ncbi.nlm.nih.gov/pubmed/?term=Casaburi%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21864166
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cooper%20JA%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=21864166
http://www.ncbi.nlm.nih.gov/pubmed/?term=Criner%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=21864166
http://www.ncbi.nlm.nih.gov/pubmed/?term=Altenburg%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23532241
http://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Graaff%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=23532241
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stienstra%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23532241
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sloos%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=23532241
http://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Haren%20EH%5BAuthor%5D&cauthor=true&cauthor_uid=23532241
http://www.ncbi.nlm.nih.gov/pubmed/?term=Koppers%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=23532241

among patients with non-cystic fibrosis bronchiectasis: the BAT randomized

controlled trial, JAMA 309 (2013) 1251-1259.

10



Table 1

Concurrent drugs used resulting in exclusion.

Drug Number of patients

[
o

Amlodipine
Oxycodone
Zopiclone
Atorvastatin
Clopidogrel
Warfarin
Citalopram
Venlafaxine
Verapamil
Buprenorphine
Colchicine
Diltiazem
Eplerenone
Felodipine
Fentanyl
Gliclazide
Tamsulosin
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Fig. 1. Trial flow diagram.
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