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Abstract

Squamous cell carcinomas of the head and neck (HNSCC) and of the cervix (CC) are particularly sensitive to the apoptotic effects

of lovastatin in vitro. In this Phase I study, the safety and maximum related dose (MTD) of lovastatin was evaluated in these specific

clinical settings. This was a Phase I open-label study to determine the recommended Phase II dose (RPTD) of lovastatin in advanced

HNSCC or CC. This study involved a dose and duration escalation of lovastatin starting at 5/mg/kg/day · 2 weeks, every 21 days,

until the MTD was reached. Plasma samples were collected for pharmacokinetic analysis. All 26 patients enrolled were evaluable.

Dose-limiting toxicity (DLT) consisting of reversible muscle toxicity was seen at 10 mg/kg/day · 14 days. Toxicity may be related to

relative renal insufficiency. The MTD was determined to be 7.5 mg/kg/day · 21 days, every 28 days. The low lipid levels experienced

on study did not translate into adverse events. Biologically relevant plasma lovastatin levels were obtained. No objective responses

were seen but the median survival of patients on study was 7.5 months (mean 9.2 ± 1.5 months). Stable disease (SD) for more than 3

months was seen in 23% of patients. One patient achieved SD and clinical benefit for 14 months on study and a further 23 months off

treatment. The disease stabilisation rate of 23% seen in these end-stage patients is encouraging. We conclude that the administration

of lovastatin at 7.5 mg/kg/day for 21 consecutive days on a 28-day schedule is well tolerated in patients with good renal function and

warrants further clinical evaluation.
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1. Introduction

1.1. Statins

The statin family of drugs block hepatic synthesis of

cholesterol, predominantly lowering the low-density

serum lipoproteins (LDLs) and hence improve the

cholesterol profile [1–4]. Large clinical trials established

their ability to safely reduce cardiovascular events, as
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well as all-cause mortality [3–6]. Statins inhibit 3-hydro-

xy-3-methylglutaryl coenzyme A (HMG-CoA) reduc-

tase, the rate-limiting enzyme of the mevalonate

pathway, a complex pathway yielding vital products

for a variety of key cellular functions, including mem-

brane integrity, cell signalling, protein synthesis and cell
cycle progression (Fig. 1) [7]. Furthermore, retinoids,

which induce cellular differentiation and growth inhibi-

tory responses, are also end-products of the mevalonate

pathway in plants. The activity of HMG-CoA reductase

is closely regulated by feedback mechanisms [7].

There is growing experimental evidence indicating

that statins have anticancer effects ranging from antipro-

liferative, pro-apoptotic, differentiating, anti-invasive
and radiosensitising properties, depending on the partic-

ular cell type and circumstances under which they are

studied [8–11]. (For recent reviews see Refs. [6,12]). In

addition, a retrospective analysis of the large, safety

and efficacy trials of statins in coronary artery disease

suggested an oncoprotective effect of these agents as

the incidence of common cancers appeared to be reduced

[4]. Subsequent large and well-designed observational
studies conducted on Canadian, Dutch and Israeli popu-

lations more strongly support a decrease in the risk of

incident cancer following chronic use of statins [13–15].

All of these findings together suggest that inhibition of

the mevalonate pathway may offer a novel approach to

the treatment of cancer. Direct evidence for statins as

cancer agents in patients has not yet been established.

1.2. Lovastatin

Lovastatin, a fungal antibiotic, is a specific and non-

reversible competitive inhibitor of HMG-CoA reduc-

tase. It is one of the first-generation statins and therefore
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Fig. 1. The mevalonate pathway. 3-Hydroxy-3-methylglutaryl coen-

zyme A (HMG-CoA) reductase is the rate-limiting enzyme of the

mevalonate pathway. Lovastatin is a potent inhibitor of this enzyme.
has a large body of safety and pharmacokinetic data

from clinical trials and general use for hyperlipidaemia

[1,2]. It is metabolised in the liver by the cytochrome

P450 isoenzyme, CYP3A4, with less than 10% being ex-

creted renally [6]. Its role as a cytostatic agent in malig-

nant cells has been appreciated for some time [11]. In
addition, via its inhibitory action in the mevalonate

pathway, lovastatin appears to be a promising pro-

apoptotic and differentiating agent, and there is strong

evidence for a cytotoxic effect in a number of trans-

formed cell lines including solid tumour lines from squa-

mous cell cancer of the head and neck (HNSCC) and

cervical cancer (CC) [8,10]. However, other dividing

cells such as normal bone marrow progenitors are not
affected by lovastatin [9]. The apoptotic response ob-

served in susceptible cell lines is in part due to the deple-

tion of the downstream product geranylgeranyl

pyrophosphate, but not farnesyl pyrophosphate or other

products of the mevalonate pathway, including choles-

terol or ubiquinone [16]. One pro-apoptotic conse-

quence of lovastatin exposure is downregulation of

bcl-2 mRNA and protein, although the mechanism of
this downregulation is not known [8,17].

In a Phase I clinical trial of lovastatin given as a sin-

gle oral agent [18], 88 patients with solid tumours were

treated with repeated courses consisting of 7 days of

consecutive dosing, followed by 3 weeks of rest, every

4 weeks. Doses ranging from 2 to 45 mg/kg/day were

tested, and the maximum tolerated dose (MTD) was

determined to be 25 mg/kg/day. This dose is approxi-
mately 25 times the usual upper limit used to lower

LDLs. This study showed peak plasma lovastatin con-

centration of 0.10–3.92 lM were achieved, with trough

levels at the MTD averaging 0.28 lM, which corre-

sponded with in vitro levels that can trigger apoptosis

in sensitive cell lines [10]. Dose-limiting toxicity (DLT)

was myopathy that appeared to be associated with low

levels of ubiquinone in patients, another end-product
of the mevalonate pathway. Only one minor response

was documented in a patient with recurrent high-grade

glioma. Two small Phase II trials have been reported

using a similar dose and schedule which did not show

promising activity [19,20]. Interestingly, a randomised

Phase II trial in 83 unresectable hepatocellular carci-

noma (HCC) suggested a survival advantage when pa-

tients were randomised to receive continuous daily
pravastatin (another lipid-lowering agent from the statin

family) versus no pravastatin following treatment with

arterial emobilisation and oral 5-fluorouracil (5-FU)

chemotherapy (median survival 18 months vs. 9 months,

P = 0.006) [21]. While survival differences in this small

study could be due to an imbalance of prognostic fea-

tures in the HCC patients between the two treatment

arms, the role of statins in HCC warrants further study.
Given the striking cytotoxicity of lovastatin against

HNSCC and CC cell lines in vitro, we planned to assess



Table 1

Patient and disease characteristics at baseline (N = 26)

Characteristic Patients

N (%)

Male/female 11/15 (42)/(58)

Median age (range) (in years) 56 (36–76)

ECOG PS

0/1 17 (65)

2 9 (35)

HNSCC 14 (54)

CC 12 (46)

Prior therapy

Radiation 26 (100)

Chemotherapy 19 (73)

1 line 14 (54)

2 lines 5 (19)

HNSCC, head and neck squamous cell carcinoma; ECOG PS, Eastern

cooperative oncology group performance status.
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its antitumour activity in these specific clinical settings.

Both these tumour types in advanced stages are not

cured by any conventional chemotherapy or radiation

and median survival estimates are 6–9 months [22]. No-

vel anticancer agents, if selective against relevant molec-

ular targets, may offer a better therapeutic index over
conventional chemotherapy. Since the previous Phase

I–II studies utilising the 1-week on, 3-weeks off schedule

produced virtually no clinical efficacy, a prolonged oral

administration of lovastatin, to provide a sustained

exposure, is investigated in this study. In vitro, IC50s in

the range of 0.5–5.0 lM in HNSCC and CC cell lines

are sensitive to lovastatin�s apoptotic effects [10]. In fact,

lower concentrations (0.1–1.0 lM) were quite sufficient
to inhibit proliferation and induce apoptosis if these

cells were exposed for a prolonged 5-day period (data

not shown). We designed this study to involve a dose

and duration escalation of lovastatin, until the recom-

mended Phase II dose (RPTD) was reached aiming to

achieve serum concentrations that could produce these

anti-cancer effects in vitro. Pre- and post-treatment tu-

mour biopsies were planned in consenting patients to
evaluate any biological effects of lovastatin.
2. Patients and methods

This was a single-centre, Phase I open-label study to

determine the RPTD of lovastatin in the treatment of

patients with recurrent or metastatic HNSCC or cervical
cancer. Cohorts to evaluate the escalating dose and

duration of exposure of lovastatin were planned from

5 to 25 mg/kg/day given over 2–4 week periods. The

characteristics of the enrolled patients and the actual

dose escalation are summarised in Tables 1 and 2,

respectively. Eligible patients had histologically proven

HNSCC or CC, that was either recurrent after primary

therapy or metastatic at diagnosis. Patients may have
had up to two previous lines of chemotherapy for their

recurrent or metastatic disease. In addition, prior cis-

platin-based therapy given concurrently with radiation

for locally advanced disease, and prior adjuvant/neoad-

juvant chemotherapy were acceptable. Patients had ade-
Table 2

Lovastatin Phase I results

Dose/day

mg/kg

Schedule

(weeks)

No. of patientsb HNSCC/cervix

Cohort 1 5 2 on, 1 off 6 3/3

Cohort 2 10 2 on, 1 off 6 (8) 4/4

De-escalate

Cohort 3 7.5 2 on, 1 off 3 2/1

Cohort 4a 7.5 3 on, 1 off 7 (9) 5/4

SD, stable disease; DLT, dose-limiting toxicity.
a Recommended Phase II dose and schedule.
b Fully evaluable for toxicity: received at least one full cycle at dose (rece
quate haematogical, hepatic and renal functions.

Adequate renal function was defined as a creatinine

clearance (CrCl) >1 ml/s as measured by 24-h urine col-

lection. Biochemical parameters for hepatic function in-
cluded; total bilirubin 61.5· the upper limit of normal

(ULN), alkaline phosphatase 65· ULN, aspartate ami-

notransferase (AST) and alanine aminotransferase

(ALT) 62.5· ULN. Patient had to discontinue any

other anticholesterol agents at least 2 weeks prior to

starting on the trial. Other exclusion criteria included

known brain or leptomeningeal metastases and concom-

itant treatment with any other anticancer therapy within
4 weeks of study entry, as well as known hypersensitivity

or allergy to lovastatin or other HMG-CoA reductase

inhibitors.

2.1. Treatment

Lovastatin was supplied as 40 mg tablets (Apotex,

Toronto, Canada). Total daily dose was divided into 4
doses and patients were instructed to take the study

drug at 0700, 1200, 1800 and 2200 h. No prophylactic

medications were supplied. Standard supportive care
Total cycles delivered Number of DLTs Best response seen

13 0 SD 1 in 6

31 2 (1 HNSCC, 1 CC) SD 2 in 6

12 0 SD 2 of 3

17 2 (2 CC) SD 1 of 8

ived <1 cycle).
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medications were allowed. Oral supplementation of ubi-

quinone at 60 mg orally (po) q8h was initiated if patient

developed grade 3 or 4 muscle toxicity and continued

until recovery to baseline.
2.2. Dose escalation per cohort

The study design was a classic Phase I design: Three

patients were planned at each cohort. If no DLT was

encountered in a cohort of three patients during the first

cycle, then dose escalation was planned in the next co-

hort of three patients. When one patient experienced

DLT, then the treatment level was expanded to at least

six patients. If no more than one of six patients experi-
enced DLT, then the next cohort of patients was to be

treated at the next higher dose level. If P2/6 patients

at any dose level experienced DLT, then that level was

considered to have exceeded the MTD, and the level

immediately preceding that level was designated as the

MTD or RPTD.
2.3. Pharmacokinetics

Blood samples were collected on day 1 before drug

administration (baseline) and every 3–4 days during cy-

cle 1, immediately before the 1200 dose. Plasma was sep-

arated and stored at �20 �C until analysis. Lovastatin

was measured by a previously reported method in Ref.

[23].
2.4. Toxicity

All toxicity grading was according to the National

Cancer Institute – Common Toxicity Criteria (NCI

CTC-2). DLT was defined as any first-course, Pgrade

3 non-haematological toxicity, except alopecia or inade-

quately controlled nausea/vomiting, grade 4 neutropenia

or with fever, grade 4 thrombocytopenia, or dose delay
of >2 weeks due to drug-related toxicity. Patients who

recovered from DLT were able to continue on the study

with a dose reduction to the next lower dose level at the

investigator�s discretion.
2.5. On study evaluation

Patients had weekly laboratory evaluations including

creatine phospo-kinase (CK), liver enzymes and fasting

total cholesterol and LDL during cycle 1 and at the start

of each subsequent cycle. Physical exams occurred at

least at each cycle start and radiological tumour evalua-
tions were completed after every 2 cycles. Tumour re-

sponse was measured using the World Health

Organisation (WHO) bi-dimensional criteria. If patients

consented, tumour biopsies were taken at baseline and

on treatment at the end of cycle 1 or 2.
2.6. Treatment duration and follow-up

All patients received lovastatin until clinical and/or

radiological progression, unacceptable toxicity, or pa-

tient refusal. In these cases, the patient went off the pro-

tocol treatment. Patients with disease stabilisation were
allowed to continue on the treatment at the investigator�s
discretion. All patients were observed after the last treat-

ment to document ongoing side-effects and any late side-

effects. Institutional Research Ethics Board approval

was obtained prior to the start of this study, and all study

subjects provided written informed consent.
3. Results

Twenty-six eligible patients were enrolled on the

study. Four patients were not evaluable for response

(one withdrew consent in the first week of treatment,

three progressed clinically before completing 1 cycle of

treatment). All 26 patients were evaluable for toxicity,

but emphasis was placed on the 22 who completed at
least one full cycle. Patients� baseline characteristics are

summarised in Table 1. All patients had been previously

treated with either radiation and/or chemotherapy. The

median age at entry was 56 years and most patients

had good performance status (65% ECOG PS of 0/1).

The median number of cycles received per patient was

2 (range 1–17). Twenty-one patients came off study for

disease progression, while 2/26 discontinued because of
treatment-related toxicity and 2/26 with stable disease

(SD) requested a break from treatment after 6 and 17 cy-

cles. The median survival of patients on the study was 7.5

months (mean 9.2 ± 1.5 months). One patient is still alive

and was censored at the time of reporting.

3.1. Pharmacokinetics

There were marked interpatient variability of plasma

trough lovastatin levels. Steady-state levels were demon-

strated by days 4–8 on treatment. The mean (Css)min

(trough level) was 0.07, 0.1 and 0.06 lM for the 5, 10

and 7.5 mg/kg doses, respectively. In addition, ubiqui-

none levels were measured in seven patients in this

study, but found to be highly variable and were not

informative.

3.2. Toxicity

DLT, consisting of transient grade 4 CK rises, were

observed in the second cohort in 2 of 6 fully evaluable pa-

tients treated at the dose level of 10 mg/kg a day · 14

days, every 21 days (Tables 2 and 3). The CK rises devel-

oped on days 15–21, which was during the rest week in
the 3-week cycle. This biochemical toxicity was associ-

ated with only mild and transient symptoms of grade 1



Table 3

Toxicity by cohort

Cohort Dose and duration No. of patients/

no. of courses

Increased creatine

phospho-kinase (CK)

Muscle

weakness

Increased

AST/ALT

Anorexia Nausea

1/2 3 4 1/2 3 4 1/2 3 4 1/2 3/4 1/2 3/4

1 5 mg · 2 wks q 3 wks 6/13 0 0 0 1 0 0 1 0 0 2 0 0 0

2a 10 mg · 2 wks q 3 wks 8/31 0 0 3b 2 0 1 1b 2b 0 2 1 1 0

3 7.5 mg · 2 wks q 3 wks 3/12 0 0 0 0 0 0 0 0 0 1 0 0 0

4 7.5 mg · 3 wks q 4 wks 9/17 0 0 2b 0 1 0 1b 1b 0 1 0 1 0

wks, weeks; q, every; AST, aspartate aminotransferase; ALT, alanine aminotransferase.
a Includes patient #9 who died of acute renal failure as a result of tumour progression and subsequent lovastatin-induced muscle toxicity (not fully

evaluable).
b Four of five patients with biochemical DLT recovered to baseline after holding lovastatin ·1–2 weeks, and 2 of 5 of these patients continued on

the drug with a dose reduction and no further biochemical toxicity.
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muscle weakness. These patients were admitted to hospi-

tal to receive intravenous (i.v.) fluids, close monitoring

and oral ubiquinone, and discharged on improvement

of biochemical parameters (within one week for both pa-

tients). The cardiac-specific isoenzyme of CK (CK-MB)

component was not affected nor was there evidence of

myoglobinuria. Both patients developed a concurrent

transaminitis, of grade 2 and 3 intensity, respectively,
each resolving in 1–2 weeks. Both patients continued

on study at the lower dose level of 5 mg/kg/day · 14

days, every 21 days, without further toxicity.

The third cohort continued with a dose de-escalation

to 7.5 mg/kg/day · 14 days, every 21 days, without fur-

ther toxicity. In the subsequent cohorts, it was planned

to escalate the duration of therapy, with the daily dose

of lovastatin fixed at 7.5 mg/kg. DLT occurred in cohort
4 in 2 of 7 (<2 of 6) fully evaluable patients treated with

lovastatin at 7.5 mg/kg/day · 21 days, every 28 days.

Grade 4 CK rises developed in both patients on days

22–28, also during the rest week, but 1 week later than

the patients who experienced DLT in cohort 2. One of

these patients developed associated grade 3 muscle

weakness, and grade 3 transaminitis, all of which re-

solved with supportive care in 1–2 weeks.
The use of concurrent medications known to affect

lovastatin clearance via CYP3A4 was not found in any

of the patients experiencing DLT. Plasma lovastatin lev-

els did not correlate with toxicity as two patients experi-

encing muscle toxicity had levels slightly above the mean

and the other two patients had levels below the mean.

The only other toxicity appreciated on the study drug

was mild anorexia or nausea.
Four of the five patients enrolled on study who experi-

enced any muscle toxicity had CC, a patient population

that commonly has renal dysfunction due to hydrone-

phrosis. We explored relative renal dysfunction as a risk

for this toxicity. All patients met the baseline eligibility

criteria defining adequate renal function as a CrCl

>1 ml/s, as measured by 24-h urine collection. All four

women with CC who experienced muscle toxicity had
borderline CrCl levels of 1–1.08 ml/s, whereas the remain-

ing patients on the trial had CrCl levels >1.17 ml/s.

The MTD or RPTD of this study was declared at lov-

astatin 7.5 mg/kg/day · 21 days, every 28 days, as 2 of 9

patients (<2 of 6 evaluable patients) at this dose level ex-

perienced DLT. However, since both of these patients

had CC, it is reasonable to start these patients at one

dose level lower with lovastatin 7.5 mg/kg/day · 14 days,
every 21 days, and escalate to a longer duration if the

first cycle is tolerated. Restricting CrCl to >1.17 ml/s

in patients would also be prudent.

One study patient was not fully evaluable as she

developed renal failure soon after enrolling on study,

but has a sequence of events that are informative. Pa-

tient # 09, a 56-year-old woman with advanced CC

involving right kidney and aortocaval nodes (baseline
CrCl of 1.02 ml/s) was treated in cohort 2. In cycle 1,

week 2, she developed acute tubular necrosis of the func-

tioning left kidney second to renal hypoxia from tu-

mour-thrombosis which led to complete renal failure.

Lovastatin was held at the first sign of the renal impair-

ment (day 7), but the patient subsequently developed a

grade 4 CK rise (day 12) with progressive, diffuse grade

4 muscle weakness, despite prior initiation of haemodi-
alysis and oral ubiquinone supplementation. This pa-

tient died soon after and her death was attributed to

disease progression plus lovastatin-induced rhabdomy-

olysis in the setting of renal failure which pre-dated

the rhabdomyolysis. This case also suggests an adequate

renal function threshold is still required for safe metab-

olism of lovastatin, despite its recognised dominant he-

patic clearance.

3.3. Response

No objective responses were seen. A best response of

SD was noted for six patients, with SD greater than 3

months seen in 5 patients (23% of total, 2 HNSCC, 3

CC). One patient treated in cohort 2 at 10/mg/kg/

day · 2 weeks, q 3 weeks, achieved SD and clinical



Fig. 2. Mean serum low-density serum lipoprotein (LDL) cholesterol

levels of patients within each lovastatin treatment cohort.
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benefit over 17 cycles and had not progressed when he

chose to discontinue treatment. This 51-year-old man

had a large SCC of the parapharyngeal space and

was treated initially with radical radiotherapy, but re-

curred within 4 months. He was treated on a trial eval-

uating single agent epidermal growth factor tyrosine
kinase inhibitor; Erlotinib (Tarceva, OSI-774) [24],

initially achieved a partial response (PR), but subse-

quently had clear radiological and clinical progression.

Four weeks after discontinuation of the Erlotinib trial,

this patient was enrolled in the lovastatin study. At

baseline, he had a 4.5 cm growing tumour invading

the parapharangeal and pterygoid spaces and was

symptomatic with pain and trismus. By 4 cycles of lov-
astatin, there was improvement in pain, trismus and

nutritional status all of which were sustained through-

out the treatment (14 months). A correlative biopsy

was not feasible due to the inaccessible location of

the tumour. After 14 months on the study, he chose

to take a break from treatment. At 23 months off treat-

ment, he remains stable, both clinically and radiologi-

cally, with the invasive mass measuring 4.3 cm.

3.4. Cholesterol

Fasting cholesterol levels were followed closely on the

study. Baseline cholesterol levels of patients entering the

study were as follows: mean total cholesterol (Tchol) of

4.8 mMol/l (median 4.6, standard deviation (SD) 1.1)

and mean calculated LDL levels of 2.8 mMol/l (median
3.0, SD 0.9). These values fall within the low-normal

risk category, based on the heart disease risk assess-

ment-cholesterol level consensus guidelines (where low-

risk cholesterol profiles for patients >30 years old

include Tchol < 5.2 and LDL < 3.4 mMol/l). LDL cho-

lesterol levels on the study demonstrated a rapid nadir

to an average of 50% of baseline by day 14 in all cohorts

(mean day-14 LDL of 1.4 mMol/l, median 1.3, SD 0.6).
All patients recovered LDL cholesterol levels to within

70% of their baseline by the start of cycle 2, following

the 1-week drug break (mean day 1 LDL: 2.0 mMol/l,

median 2.0, SD 0.8). This pattern persisted over all

cycles treated, without apparent cumulative treatment

effects. Lovastatin dosing effects were seen with respect

to both the magnitude of the drop of cholesterol and

the time to nadir (Fig. 2).
Two patients on the study were noted to have base-

line cholesterol levels considerably below the study

mean, as well as being low for the general population

(baseline Tchol 2.7 and 2.6 and LDL 1.4 and 1.0

mMol/l). Treated in cohorts 3 and 4, respectively, each

experienced a LDL nadir to 70% of baseline (1.0 and

0.7 mMol/l, respectively) with full recovery after each

drug break. Neither experienced any treatment-related
toxicity. Twelve patients over 19 treatment cycles expe-

rienced LDL level drops to 61.0 mMol/l, which would
be considered very low levels by general population

standards. Two of these patients were amongst the 4

who experienced DLT, while the other 10 had no toxic-

ity. One of the 12 patients with low nadirs was the long-

standing stable patient who experienced no toxicity over
17 cycles. The other 2 patients with DLT on this study

had nadir LDLs above the mean (1.5 and 2.0 mmol/l).

3.5. On-treatment tumour biopsies

Eight of 26 patients consented to have tumour biop-

sies. Paired baseline and on treatment samples were

obtained for 6 of those 8 patients and analysed for anti-
cancer effect of lovastatin using the standard Tdt-medi-

ated dUTP biotin nick-end labelling (TUNEL) assay

and immunohistochemistry for Ki67. All 6 were ade-

quate for analysis, but showed no evidence of on treat-

ment increased apoptosis or decreased cell proliferation

(data not shown), which also reflected the clinical obser-

vations of those patients� progression disease. Unfortu-

nately, none of the 6 patients achieving disease
stabilisation were captured with paired biopsies for

analysis.
4. Discussion

Inhibition of the mevalonate pathway has appeared a

promising anticancer strategy based on pre-clinical stud-
ies showing numerous examples of the impact of statins

on malignant cell differentiation, cycling and apoptosis

[8–11,17,25]. Potential cancer therapeutics capable of

inhibiting the mevalonate pathway already exist and

are widely used as safe and effective anti-cholesterol

agents [6,12]. In our own experience lovastatin appeared

a potent cytostatic and pro-apoptotic agent in SCC cell

lines of the head and neck and cervix [10].
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Based on dose-intensity estimations, patients were

initiated at a 14-day exposure at 5 then 10 mg/kg/day.

The expected DLT of myopathy was encountered early

on in the escalation strategy, in cohort 2 at 10 mg/kg/

day · 14 days, every 21 days. DLT at this dose was

somewhat surprising given that Thibault and colleagues
[18] had shown the same DLT, but at 35 mg/kg/day · 7

days, q 28 days. The 14-day exposure to lovastatin, even

at the 10 mg/kg/day dose, was significant. De-escalation

to 7.5 mg was well tolerated over 14 days, but DLT was

seen with 21-day exposures. Myopathy appeared to be

dependent on both maximum daily dose and the length

of exposure, or occurs at fairly equivalent cumulative

doses or a threshold as the DLT at 7.5 mg occurred 1
week later in the cycle than at the 10 mg dose.

High doses of lovastatin appear more effective at

inhibiting the mevalonate pathway than the recom-

mended lipid-lowering doses. We observed a rapid de-

cline of LDL cholesterol levels to 40–60% of baseline

within 1–2 weeks, that was more pronounced at the

10 mg than 5 mg dose. By contrast, a 30–40% maximum

reduction usually occurs over 4–6 weeks with standard
dosing of lovastatin [1,2]. The block of HMG-CoA

reductase activity is temporary as intermittent dosing re-

sults in the recovery of levels at the start of each cycle.

This would suggest that any biological anti-tumour

activity initiated would also be interrupted. Because of

toxicity we were not able to extend the exposure safely

past 3 weeks. The mean trough plasma lovastatin levels,

measured in the 0.06–0.10 lM range in these study pa-
tients is just at the biologically active in vitro level. While

this plasma level is more than adequate to inhibit HMG-

COA reductase, we do not have any data on intra-tu-

mour levels.

The low lipid levels experienced by patients in this

study did not appear to translate into adverse events.

Given the nutritional depletion cancer patients experi-

ence secondary to anorexia, cachecia and difficulty with
swallowing, further lowering of lipids was of concern.

There appeared to be no clear association with the low

lipids levels on treatment with the toxicity observed. An-

orexia and further weight-loss were not significant is-

sues. An interesting comparison would be individuals

who are heterozygous for the beta- or hypobetalipopro-

teinaemia gene defect. They cannot produce sufficient

quantities of apo B-containing lipoproteins (LDL, IDL
and VLDL) and have lipid profiles similar to a number

of patients on this study (LDL < 1.0 mMol/l). These pa-

tients are not prone to myopathy [26].

Thibault and colleagues [18] in the previous Phase I

lovastatin trial had hypothesised that the depletion of

ubiquinone, an end-product of the mevalonate pathway

involved in the mitochondrial electron transfer chain, is

the important pathophysiological mechanism responsi-
ble for lovastatin-induced muscle damage. Ubiquinone

is also readily available through diet (e.g., meat, vegeta-
bles, and eggs) and as an oral supplement [27]. Patients

in the second half of the Thibault study were supple-

mented with ubiquinone resulting in detectable in-

creased plasma ubiquinone levels. They concluded that

ubiquinone prophylaxis can reduce the severity albeit

not the incidence of muscle toxicity [16]. While we have
not confirmed this, the prophylactic supplementation of

ubiquinone in future trials is a reasonable intervention

to help reduce serious muscle toxicity.

The disease stabilisation rate of 23% seen in these

end-stage patients with CC or HNSCC treated with a

prolonged administration schedule of lovastatin is

encouraging, in particular the case of the man with over

2 years of SD and clinical benefit. His case raises a ques-
tion of whether there was some additive anticancer ben-

efit to his having been exposed to an EGFR inhibitor,

despite progression, before lovastatin. We conclude that

the administration of lovastatin at 7.5 mg/kg/day for 21

consecutive days on a 28-day schedule is well tolerated,

in patients with good renal function (CrCl >1.17 ml/s).

Further clinical evaluations of statins should evaluate

their potential as part of a combination of targeted ther-
apy, combined modality approach or as Phase II cyto-

static agents and employ time-to-progression endpoints

to gauge activity.
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