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Abstract

The combination of clarithromycin, lenalidomide and dexamethasone (BiRd) has led to highly 

durable responses in newly diagnosed myeloma. However, the ability of clarithromycin to 

overcome resistance to lenalidomide and dexamethasone (Rd) is not known. To study this, we 

performed a retrospective analysis of 24 patients with myeloma for which clarithromycin was 

added to Rd at the time of progression on Rd. The median number of prior therapies was 3 (range 

1–8). The best response was complete response (CR) in one (4.2%), very good partial response 

(VGPR) in one (4.2%) and partial response in eight (33.3%) patients. Ten patients, 41.7% (95% 

CI: 22.1, 63.4), achieved ≥PR. The median time to response was 4.4 months (range 1–13.6 

months) and the median duration of response was 6.9 months (range 3–52.2 months). The clinical 

benefit rate (CR + VGPR + PR + MR) was 45.8% (95% CI 25.6, 67.2). The median progression-

free survival was 4 months. Median overall survival was 25 months with a median follow-up of 

27.5 months. The regimen was well tolerated and only 2 patients needed a clarithromycin dose 

reduction. Addition of clarithromycin to Rd can overcome resistance to Rd in a subset of patients 

and lead to durable clinical responses.

Introduction

Multiple myeloma (MM) is a neoplastic plasma cell disorder which accounts for 

approximately 1% of neoplastic diseases and 10% of hemato-logic malignancies [1]. In 

Western countries, the annual age-adjusted incidence is 5.6 cases per 100,000 persons [2]. 

The use of immunomodula-tory agents (thalidomide, lenalidomide) and a protesome 
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inhibitor (bortezomib) have contributed to an improvement in the overall survival (OS) in 

MM [3,4]. Despite these advances, patients eventually develop disease refractory to all 

available agents including thalidomide, lenalidomide, bortezomib, and alkylating agents 

posing a major challenge for the treatment of refractory MM.

The addition of clarithromycin to thalidomide and dexamethasone has yielded responses in 

patients who are refractory to thalidomide and dexamethasone [5]. Clarithromycin appears 

to optimize the pharmacologic effect of glucocorticoids by increasing the area under the 

curve and the maximum concentration levels of certain corticosteroids [6–9]. 

Clarithromycin, lenalidomide and dexamethasone (BiRd) in newly diagnosed MM has 

yielded an overall response rates (ORR) of 93% and a progression-free survival (PFS) of 43 

months [10,11]. In a case-matched study, the ORR, time to progression (TTP) and PFS, 

were superior with BiRd compared to lenalidomide and dexamethasone (Rd) in newly 

diagnosed MM [12]. Recently, Kato et al. [13] described the case of a 54-year-old patient 

with MM refractory to Rd, where addition of clarithromycin to Rd led to decrease in IgG 

levels. In our study, we report the clinical activity of BiRd in MM refractory to Rd.

Methods

Patients

After obtaining approval from the Johns Hopkins University Institutional Review Board 

(IRB), we retrospectively analyzed 24 consecutive patients with MM in whom 

clarithromycin was added to Rd at the time of progression on Rd between January 1, 2007 

and March 31, 2013. An electronic database search was used to capture all patients in whom 

clarithromycin was added to Rd. From that group, patients who had evidence of progressive 

disease at the time of addition of clarithromycin were included in the study. Clinical notes, 

laboratory reports, pathology reports and radiology reports up to July 2013 were reviewed. 

High risk MM was defined as having any one of the following: del(13q) by cytogenetics or 

t(4;14), t(14;16), t(14;20), −17p,+1q21 on FISH/cytogenetics. Cytogenetics and MM FISH 

were available for 23 (96%) patients at diagnosis. International Staging System (ISS) stage 

could not be assessed for seven (29%) patients due to missing data for beta2 microglobulin 

and albumin at diagnosis of symptomatic MM.

Treatment

Following baseline assessment and confirmation of progressive disease (PD) on Rd, 

clarithromycin was added to Rd without making any adjustment to the dose of Rd. In 22 

(91.7%) patients, the clarithromycin dose was 500 mg twice daily. In two patients the 

starting dose of clarithromycin was 250 mg twice daily. In one patient, a lower dose of 

clarithromycin 250 mg twice daily was used due to interactions with other medications the 

patient was taking. A second patient also received clarithromycin at a dose of 250 mg twice 

daily because of pre-existing gastrointestinal symptoms. 13 (54.2%) patients were on 

lenalidomide 25mg daily for 21 days followed by 1 week off at the time of adding 

clarithromycin. Of the remaining 11 patients, 3 were on lenalidomide 15 mg, 7 were on 

lenalidomide 10 mg and 1 patient was on lenalidomide 5 mg at the time of adding 

clarithromycin. The lower doses of lenalidomide in these patients were due to standard 
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indications for dose reduction. In 18 (75%) patients, the dexamethasone dose was 40 mg 

weekly. In six patients (25%), the dexamethasone dose was 20 mg weekly. The lower doses 

of dexamethasone in these patients were due to standard indications for dose reduction. 

After starting BiRd, clarithromycin, lenalidomide, and dexamethasone doses were not 

escalated for any patient. Dose reductions or stopping of the individual drugs were based on 

standard guidelines and at the discretion of the providing physician.

Responses and survival

Assessment of disease response were based on International Myeloma Working Group 

(IMWG) criteria [14]. PFS is defined as the interval between start of BiRd and evidence of 

progressive disease (PD) as defined by the IMWG criteria. OS is defined as interval between 

start of BiRd and the time of death.

Statistics

Probabilities of OS and PFS were estimated with the method of Kaplan and Meier [15], and 

compared using the log-rank statistic [16] or the Cox proportional hazards regression model 

[17]. Factors associated with BiRd response were selected based on cross tabulations and 

logistic regression modeling [18]. Factors evaluated for an association with response, OS, 

and PFS included age, race, gender, high risk MM status, stem cell transplant, prior number 

of therapies and prior Rd response. All P values are two-sided. Computations were 

performed using the Statistical Analysis System [19], or R [20].

Results

Patient characteristics and prior therapy

Table I shows the baseline patient characteristics. Median age was 61 (range 41–80 years), 

11 patients (47.8%) had high risk features by either cytogenetics or FISH. Of the 17 patients 

in whom albumin and beta 2 microglobulin were available at the time of diagnosis of 

symptomatic MM, 7 (41.2%) had ISS I, 5 (29.4%) has ISS II, and 5 (29.4%) had ISS III 

disease. This was a heavily pre-treated group of patients. Median prior therapy was 3 (range 

1–8) and six (25%) patients had received a prior stem cell transplant. Of the 18 patients who 

had not undergone an autologous transplant in the past, the primary reason was poor 

response to immediate prior therapy. Other reasons included, advanced age, social factors 

and patient preference. 13 (54.2%) patients had received either thalidomide or bortezomib or 

both in the past. The immediate prior therapy for all 24 patients was Rd. 10 (41.7%) patients 

had a partial response (PR) to Rd, 3 (12.5%) had a minimal response (MR), 7 (29.2%) had 

stable disease (SD) and 4 (16.7%) patients were primary refractory to Rd. All patients had 

developed progressive disease (PD) on Rd at the time of addition of clarithromycin.

Responses

Ten patients, 41.7% (95% CI: 22.1, 63.4), achieved ≥PR (Table II). One patient achieved a 

complete response (CR) and an additional patient achieved a very good partial response 

(VGPR). The clinical benefit rate (CR + VGPR + PR + MR) was 45.8%. (95% CI: 25.6, 

67.2) The median time to response was 4.4 months (range: 1–13.6 months) and the median 

duration of response was 6.9 months (range: 3–52.2 months). Patients initially responding to 
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Rd (n = 10) were more likely to respond to BiRd, ORR 60% (95% CI: 26.2, 87.8) compared 

to patients that did not have an initial response to Rd (n = 14), ORR 28.6% (95% CI: 8.4, 

58.1), OR = 3.75, P = 0.13. Of the 14 patients who initially achieved less than a PR to Rd, 

four patients responded after addition of clarithromycin at the time of disease progression, 

there were two PRs, one VGPR, and one CR. High risk genetics and prior stem cell 

transplant did not impact the response to BiRd.

Survival

The median PFS was 4 months (Fig. 1a). In univariate Cox regression analyses, increasing 

age and more prior therapies significantly increased the risk of this outcome (Table III). 

Patients over the age of 60 had a higher hazard of progression or death than patients under 

the age of 60, HR 3.48 (95% CI 1.09–11.09), P = 0.04. The hazard of progression or death 

was increased by a factor of 1.59 for each additional prior therapy, HR= 1.59 (95% CI: 1.19, 

2.11), P = 0.002. When adjusted for age in a multivariate regression analysis, the estimated 

effect of prior therapy on PFS remained relatively unchanged, HR = 1.47 (95% CI: 1.07–

2.01), P = 0.02. Age greater than 60 was not a significant factor in this model, HR = 2.03 

(95% CI: 0.56, 7.35), P = 0.28. High risk genetics (Fig. 1b), prior stem cell transplant, and 

prior response to Rd did not correlate with PFS.

Median OS was 25 months with a median follow-up of 27.5 months (Fig. 1c). The strongest 

factor associated with OS was high risk MM, HR = 9.73 (95% CI: 1.91, 49.49), P = 0.01 

(Fig. 1d). Increasing number of prior therapies increased the risk of death by a factor of 1.31 

for each additional prior therapy, HR=1.31 (95% CI: 1.00, 1.72), P = 0.05 (Table IV). High 

risk genetics remained a significant factor when adjusted for the number of prior therapies.

Tolerability

Treatment with BiRd was well tolerated. Treatment was discontinued in two patients due to 

toxicity attributed to the regimen. In one case, the patient developed GI side effects 

including dyspepsia, dysgeusia, nausea and diarrhea that necessitated treatment 

discontinuation. One patient developed grade 2 anemia, hoarseness and fatigue leading to 

treatment discontinuation. Transient grade 3 transaminitis was seen in one patient and this 

resolved without dose reductions in clarithromycin. Lenalidomide dose reductions were 

required due to pancytopenia in two patients. Dexamethasone was dose reduced in one 

patient due to emotional lability. No venous thromboembolic events (VTE) were seen. All 

patients were maintained on standard VTE prophylaxis as recommended with the use of 

lenalidomide.

Discussion

Our retrospective study demonstrates that the addition of clarithromycin to patients relapsing 

on Rd was able to overcome resistance to Rd in a subset of patients. This can be attributed to 

the addition of clarithromycin as the doses of Rd were not escalated or changed at the time 

when clarithromycin was added. Interestingly, patients who had initially achieved a >PR to 

Rd appeared to have benefitted the most by adding clarithromycin at time of progression. 

Even in those patients with less than a PR to Rd, BiRd showed a benefit, including CR in 
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one patient. The combination was well tolerated with only two patients discontinuing 

treatment early due to toxicity. Responses were durable and the median duration of response 

was 6.9 months.

Lenalidomide has been shown to inhibit production of pro-inflammatory cytokines, TNF-α, 

IL-1, IL-6, and IL-12 [21]. IL-6 inhibits the apoptosis of MM cells and helps in their 

proliferation [22]. Lenalidomide down-regulates the production of IL-6 directly and by 

inhibiting the interaction between MM cells and bone marrow stromal cells (BMSC) 

[23,24], thereby augmenting apoptosis of MM cells [25–27]. T cell co-stimulation by 

lenalidomide [28] leads to an increased Th1 type cytokine response resulting in increased 

secretion of IFN-γ and IL-2 that in turn stimulate clonal T cell proliferation and NK cell 

activity [21,27].

How does the addition of clarithromycin overcome resistance to Rd? One possibility is by 

optimizing pharmacologic effect of dexamethasone by increasing the area under the curve 

and maximum concentration levels of corticosteroids. This could be mediated through 

CYP3A inhibition by clarithromycin [29]. Second, clarithromycin can decrease IL-6 levels, 

and increase IL-10 and IFN γ levels [30] and can down regulate Th1/Th17 regulatory T cell 

responses [31]. Therefore, clarithromycin has immunomodulatory properties and may be 

synergistic with lenalidomide. Third, clarithromycin can attenuate autophagy in MM cells 

and have a direct anti-myeloma effect [32].

Treatment of relapsed and refractory MM has benefitted from the development of new 

targeted agents. However, refractory disease develops in almost all patients [33]. Recently, 

pomalidomide and carfilzomib have been approved by the US FDA for the use in relapsed 

and refractory MM after prior exposure to lenalidomide and bortezomib. In patients 

refractory to leanlidomide, pomalidomide and dexamethasone has an ORR of 47%, 4.8 

months PFS and an OS of 13.9 months [34]. Other studies using pomalidomide which have 

included both bortezomib and lenalidomide refractory patients have shown response rates 

from 21 to 43% and PFS ranging 3.2 to 6.5 months [35–37]. In patients refractory or 

intolerant to bortezomib and lenalidomide, carfilzomib, has an ORR of 22.9% and the 

duration of response is 7.8 months [38]. In a study where thalidomide was used for patients 

who relapsed after lenalidomide, an ORR of 40%, PFS of 5.5 months and OS of 18 months 

was reported [39]. The combination of clarithromycin, lenalidomide and dexamethasone 

(BiRd) in our retrospective study for patients with MM refractory to Rd showed a 41.7% 

ORR, PFS of 4 months and a median duration of response lasting 6.9 months. Although 

limited by small numbers and the retrospective nature of our study, the results indicate a 

viable therapeutic option for patients who are refractory to lenalidomide and 

dexamethasone.

Despite the availability of newer agents in relapsed and refractory MM, the duration of 

response to post-relapse therapies becomes shorter with subsequent lines of therapy. This is 

confirmed in our study where the hazard of progression or death was increased for each 

additional prior therapy. This poses a significant challenge and one approach has been to 

maximize the efficacy of available treatment through use of the most appropriate 

combinations and sequences of agents [40]. For disease refractory to Rd, it has been feasible 
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to re-administer lenalidomide in combination with other agents in order to reestablish a 

response. In a small retrospective study in 14 patients who were refractory to Rd, a clinical 

response rate of 64.3% was achieved using lenalidomide plus cyclophosphamide plus 

prednisone [41]. In a phase I study of 38 patients who had relapsed or refractory MM 

following treatment with thalidomide, lenalidomide, and/or bortezomib, the combination of 

lenalidomide + bortezomib showed promising activity, with 61% of patients achieving a 

minimal response or better and median PFS was 6.9 months [42]. Our study clearly shows 

that addition of clarithromycin to lenalidomide and dexamethasone can lead to durable 

responses in patients who were previously refractory Rd. The added toxicity from 

clarithromycin is low and has an economic advantage due to a low average monthly cost 

considering that clarithromycin is a generic antibiotic.

As new drugs become available for MM, it is critical to evaluate survival outcomes in the 

context of how heavily pretreated and refractory to treatment the patient population is. We 

observed that PFS is longest in patients who had the fewest number of prior regimens. By 

univariate analysis, age ≥60 years inversely correlated with PFS but this effect was not seen 

on multivariate analysis likely because older patients had also been exposed to more prior 

therapies. Importantly, high risk cytogenetics/FISH did not have a negative impact on 

responses and PFS. This is consistent with previously published results of BiRd for the 

treatment of newly diagnosed MM [10,11]. Even though high risk cytogenetics/FISH did not 

have a significant negative impact on PFS, it adversely affected OS, indicating that patients 

in this group had a poor response to subsequent therapy. Median survival for the standard 

risk group of patients was not reached during the period of the study.

In conclusion, addition of clarithromycin to lenalidomide and dexamethasone (BiRd) can 

overcome resistance to lenalidomide and dexamethasone in a subset of patients and lead to 

clinical durable responses. Although, this does not substitute for the incorporation of new 

anti-MM drugs, salvaging response to existing therapies increases the therapeutic treatment 

options and is likely to improve the overall duration of effective therapy which may impact 

survival. This retrospective study supports the prospective evaluation of BiRd in MM 

refractory to lenalidomide and dexamethasone.
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Figure 1. 
Kaplan–Meier survival estimates. (a) PFS for all patients (n = 24). (b) PFS stratified by risk. 

Patients with standard risk cytogenetics/FISH (n = 12, solid line) compared with patients 

with high risk cytogenetics/FISH (n = 11, dashed line), p = 0.85. (c) OS for all patients (n = 

24). (d) OS stratified by risk. Patients with standard risk cytogenetics/FISH (n = 12, solid 

line) compared with patients with high risk cytogenetics/FISH (n = 11, dashed line), p = 

0.001.
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TABLE I

Patient's Clinical Characteristics (Total N = 24)

Characteristic Result

Age, year, median (range) 61 (41-80)

Male sex, n (%) 14 (58.3)

Race, n (%)

    White 16 (66.7)

    Black 6 (25)

    Other 2 (8.3)

International staging system at diagnosis, n (% of 17)

    I 7 (41.2)

    II 5 (29.4)

    III 5 (29.4)

Cytogenetics/FISH, n (% of 23)

    Standard risk 12 (52.2)

    High risk 11 (47.8)

Time from diagnosis to BiRd, median (range) months 36.7 (6.6-59)

Median prior therapy, n (range) 3 (1-8)

Prior stem cell transplant, n (%) 6 (25)

Prior treatment with bortezomib, n (%) 13 (54.2)

Prior treatment with thalidomide, n (%) 13 (54.2)

Prior treatment with Rd, n (%) 24 (100%)

Best response to Rd, n (%)

    PR 10 (41.7)

    MR 3 (12.5)

    SD 7 (29.2)

    PD 4 (16.7)

Median duration on Rd, mo, range 5.2 (1.6-37.8)
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TABLE II

Responses to BiRd (total N = 24)

Responses Number (%) 95% CI

Complete response 1 (4.2) (0.1%, 21.1%)

Very good partial response 1 (4.2) (0.1%, 21.1%)

Partial response 8 (33.3) (15.6%, 55.3%)

Stable disease 5 (20.8) (7.1%, 42.2%)

Overall response 10 (41.7) (22.1%, 63.4%)

Clinical benefit 11 (45.8) (25.6%, 67.2%)

Progressive disease 8 (33.3) (15.6%, 55.3%)
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TABLE III

Univariate Cox Regression Models for PFS

Variable HR 95% CI P value

Number of prior therapies 1.59 1.19-2.11 0.002

Age ≥60 3.48 1.09-11.09 0.04

Prior stem cell transplant 1.66 0.51-5.44 0.4

Prior response to Rd 0.76 0.27-2.1 0.59

High risk MM 1.07 0.39-2.9 0.89
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TABLE IV

Univariate Cox Regression Models for OS

Variable HR 95% CI P value

Number of prior therapies 1.31 1-1.72 0.05

Age ≥60 2.94 0.81-10.64 0.1

Prior stem cell transplant 2.56 0.77-8.54 0.13

Prior response to Rd 0.5 0.13-1.9 0.31

High risk MM 9.73 1.91-49.49 0.01
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