
Supporting Information
Gordon et al. 10.1073/pnas.1202529109
SI Methods
Cardiovascular Testing Details. Fasting carotid-femoral pulse wave
velocity (PWVcf ) was determined by measuring the propagation
time of the pressure pulse from the carotid to femoral arteries
(1). Propagation time (Δtcf) was calculated by measuring the
time lag between the R-wave of the simultaneous ECG and the
arrival of the arterial pulse at both the carotid (Δtc) and femoral
(Δtf) arteries. The distance between the carotid and femoral
arteries (lcf) was measured and recorded. PWVcf was calculated
using the formula PWVcf = lcf/Δtcf.
Fasting diagnostic carotid artery ultrasonography was per-

formed using established protocols (2) in a laboratory accredited
by the Intersocietal Commission for the Accreditation of Vas-
cular Laboratories. A Philips iU22 μLtrasound machine equipped
with an L17–5 MHz broadband linear-array transducer was used.
Carotid stenoses were graded using velocity ratios, and pulsed-

wave Doppler was performed with appropriate angle correction.
Mean distal internal carotid artery velocity was calculated using
a formula that adds one-third of the peak systolic velocity plus
two-thirds of the end diastolic velocity, as previously described
(3). Gray map 5 was used on all studies after adjusting overall
gain so that intraluminal blood appeared black. Digital gain
compensation was kept perpendicular.
Distal common carotid artery far-wall intima-media thickness

was measured from the intima–lumen border to the media–
adventitia border over a 2-cm segment according to a standard
protocol (1) using edge-detection software (Medical Imaging
Applications) (4).

Quadriceps Muscle Dynamometry. Quadriceps muscle strength was
evaluated bilaterally using a standard method (5). The patient
was positioned sitting with hip and knee flexed to 90° and with
the back unsupported. Knee position was maintained to achieve
an isometric contraction. Use of hands on a mat for support was
permitted. A hand-held dynamometer (Model 01163; Lafayette
Instrument Company) was placed on the distal anterior tibia just
proximal to the ankle joint. A 3-s maximal isometric contraction
was performed followed by a brief rest. Three repetitions were
performed on each leg.

Lonafarnib Pharmacokinetic Analysis. Plasma concentrations of
lonafarnib were determined at 115 mg/m2 and 150 mg/m2 at 0, 1, 2,
4, 6, and 8 h postdose by HPLC/ion chromatography (IC) tandem
mass spectrometry (6). Lonafarnib pharmacokinetics (PK) were
determined using noncompartmental analyses. The lower limit of
quantitation for lonafarnib was 5 ng/mL with a linear standard
curve over a concentration range of 5–2,500 ng/mL. The coeffi-
cient of variation and accuracy (% bias) were less than 11% and
less than 10%, respectively. Individual plasma lonafarnib con-
centrations were used for PK analysis using model-independent
methods (7). The area under the plasma-concentration time curve
from time 0 to 12 h after dose [AUC(0–12)] was calculated using
the linear trapezoidal method, where concentration at 0 h also
was used as an estimate of plasma concentration at 12 h for each
concentration–time profile (steady state achieved at 4 and 8 mo).
The apparent total-body clearance at steady state was calculated
by dividing the dose by AUC(0–12). Interpatient variability of the
PK parameters was expressed as percent coefficient of variation.
Plasma concentration values of patients who had multiple-cycle
PK samples were modeled via a mixed-effects approach in an
effort to explore dose and cycle effects.

Pharmacodynamics. HDJ-2 farnesylation status as a surrogate
marker of lonafarnib activity was assayed in lysates from pe-
ripheral blood mononuclear cells pretherapy, at 52 wk on lona-
farnib, and at end of therapy. Western blotting for HDJ-2 gel
mobility shifts was performed as previously reported (8). Western
blots were quantified using a Molecular Imager Gel Dock XR
densitometer (Bio-Rad). Data were analyzed using Quantity
One software (Bio-Rad). Samples with enough protein were run
in duplicate (n = 40 of 92 samples analyzed), with close agree-
ment between samples. Inhibition was defined as >10% of HDJ-
2 in the unfarnesylated form.

SI Results
Confidence Interval Comparisons.

Frequency of ECG Abnormalities. Twelve-lead ECG was performed
at 4-mo intervals. Fourteen of 26 patients (54%) had no ab-
normality identified at any time during the course of the study. At
baseline, 8 of 26 patients (31%) had ECG abnormalities, com-
pared with 4 of 25 patients (16%) at end of therapy; major ECG
abnormalities on 12-lead ECG did not change significantly during
the course of the study.
ECG changes consistent with left ventricular hypertrophy

(LVH) with or without LV strain pattern was seen in 3 of 26
patients (12%) with a mean age of 11.9 y; borderline LVH was
identified at entry or transiently during the study in four addi-
tional patients (15%). Atrial enlargement was noted in one pa-
tient with history of supraventricular tachycardia.
Isolated nonspecific ST-T wave changes were identified tran-

siently in four patients and consistently in one patient without
other abnormalities. Prolonged QT intervals (QTc > 0.44 s) were
observed only transiently in 4 of 26 patients (15%), although
none had QTc >0.45 s or demonstrated persistent QTc prolon-
gation. Two patients had prior history of supraventricular tachy-
cardia before entry, and none had uncontrolled rhythm distur-
bance identified during the course of study.
Significant left ventricular hypertrophy tended to be identified

in older patients compared with those patients with normal ECGs
or those with isolated ST-T wave changes (11.9 y vs. 6.7 y, re-
spectively). Two of three patients with LVH had been prescribed
antihypertensive medication before study entry.

Audiology. We found pretherapy conductive hearing loss in 21 of
23 children at low frequencies and in 7 of 23 children at high
frequencies. At end of therapy, median hearing thresholds were
significantly different for high-frequency conductive hearing in

End point
No.

patients

Point
estimate

(%)

90% exact
binomial

confidence
interval (CI, %)

95% exact
binomial
CI (%)

≥50% Increase in rate
of weight gain

9/25 36 20–54 18–58

≥3% Increase in areal
bone mineral density
at at least one site

19/25 76 58–89 55–91

Any decrease in bone
mineral density

10/25 40 24–58 21–61

Low frequency
sensorineural hearing
improvement ≥ 10 dB

8/18 44 24–66 22–69
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the poorer-hearing ear (P = 0.01) but not in the better-hearing
ear; no change was detected in low-frequency hearing in the
poorer- or better-hearing ears. From a clinical perspective, no
ear changed by ≥10 dB.

Pharmacodynamics. As shown in Table S6, in some patients (both
responders and nonresponders), accumulation of unfarnesylated
HDJ-2 was observed at only one of the two on-treatment time
points. The reason for this intrapatient variability is not known.
Positive controls [cultured cells treated in vitro with a farnesyl-
transferase inhibitor (FTI)] were included in all experiments
and consistently demonstrated appropriate shifts. Variability be-
tween time points also was observed in some patient samples
from a prior study of lonafarnib in cancer (see below) (9). In the
study reported by Feldman et al. (9), 59 patients had evaluable
HDJ-2 blots at two on-treatment time points as well as at base-
line. Of these patients, 17 (29%) showed no shift in HDJ-2 at
either time point, 31 (53%) showed shifts of comparable mag-
nitude at both on-drug time points, and 11 (19%) showed shifts at
only one of the two on-treatment time points evaluated (eight

had shifts at cycle 1 day 15 only, and three had shifts at cycle
2 day 1 only). Although the percentages and time points for
longitudinal sampling are different in the two studies, both show
that the extent of inhibition of HDJ-2 farnesylation varied at
different on-treatment time points.
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Fig. S1. Echodensity improvements with lonafarnib therapy. Carotid ultrasound images were captured for echodensity measures. (A) Longitudinal image of
the common carotid artery in a control subject. The area of interest is indicated by large dashed rectangle. IJV, internal jugular vein; L, lumen of the common
carotid artery. (B) Enlargement of the area of interest seen in A showing echodensity assessed in prespecified areas indicated by the dashed boxes in the far
wall of the distal common carotid artery. The white dashed box indicates the intima-media area, and black dashed boxes indicate near-adventitia (Near Adv.)
and deep-adventitia (Deep Adv.) areas measured. (C–D) Posterior common carotid artery wall in a control subject demonstrating normal echodensity of the
intima (I), media (M), and adventitia (A) (C), compared with a patient with Hutchinson–Gilford progeria syndrome (HGPS) displaying increased echodensity
pretherapy (D) and the same patient displaying normal-looking echodensity at end of therapy (E). (F–H) Histogram plots for patients shown in C–E. Pixel
intensity (x axis) vs. pixel count (y axis) was derived from the near adventitia area of measurement. The solid green vertical line represents the 50th percentile,
and the dashed red vertical line represents the 10th percentile for each plot. Note that the HGPS histogram at end of therapy is comparable to the control
histogram.
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Fig. S2. Lonafarnib normalized skeletal rigidity in HGPS. Shown are means and SDs for (A) cross-sectional axial (EA), (B) bending (EI), and (C) torsional (GJ)
rigidities at indicated radial sites in the control group (C), and in HGPS patients pretherapy [HG(P)] and at end of therapy [HG(E)]. The top and bottom box
edges indicate the 75th and 25th interquartile ranges (IQR), respectively. Horizontal lines within boxes represent medians. Lower and upper whiskers represent
Q1 − 1.5 × IQR and Q3 + 1.5 × IQR. P values for EI, EA, and GJ at all four radial sites were as follows for the control group and the HGPS group that received
peripheral quantitative CT evaluation at both pretherapy and end of therapy: We detected significant abnormality between the control group and the HGPS
pretherapy group (**P < 0.0001). We detected statistically significant improvements in abnormality in the HGPS end-of-therapy group as compared with the
HGPS pretherapy group (*P 0.007–0.03). There were no statistically significant differences between the control group and the HGPS end-of-therapy group (P =
0.42–0.99, NS). For the 20, 50, and 66% radial sites, n = 58, 58, and 55, respectively, in the control groups, and n = 11, 10, and 9, respectively, in the HGPS groups.
(D and E) Areal bone mineral density (aBMD) was obtained with dual X-ray absorptiometry for the HGPS patient cohort (n = 25). Means and SDs for indicated
sites are shown. The top and bottom box edges represent the 75th and 25th IQRs, respectively. Horizontal lines within boxes represent medians. Lower and
upper whiskers represent Q1 − 1.5 × IQR and Q3 + 1.5 × IQR, respectively. Outliers are shown as hollow circles. (D) aBMD for the HGPS cohort pretherapy [HG
(P)] and at end of therapy [HG(E)]. (E) Percent change (end of therapy vs. pretreatment). P = 0.03 (hip); P = 0.33 (lumbar spine); and P = 0.15 (total body).
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Fig. S3. Low-frequency sensorineural improvements with lonafarnib therapy. Box plots of low-frequency sensorineural hearing in the HGPS better-hearing
ear (yellow) and poorer-hearing ear (red) in pretherapy [HG(P)] and end-of-therapy [HG(E)] groups. Top and bottom box edges indicate IQR 75th and 25th
percentiles, respectively. Horizontal lines within boxes represent medians. Lower and upper whiskers represent Q1 − 1.5 × IQR and Q3 + 1.5 × IQR. **P = 0.008;
***P = 0.0002.
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Fig. S4. Lonafarnib pharmacokinetics. (A) Mean plasma lonafarnib concentration (y axis) over a 12-h dosing period (x axis) at doses of 115 mg/m2 (solid lines
with filled circles; n = 24) and 150 mg/m2 (dashed lines with open circles; n = 21). (B) Sample Western blot showing a single subject’s HDJ-2 farnesylation status
at pretreatment (P), midtrial at 52 wk on therapy (W52), and at end of therapy (E). C, control (A549 human lung adenocarcinoma cell culture ± FTI treatment).
(C) Assessment showed those subjects with shifts in HDJ-2 from the farnesylated to the unfarnesylated form were similar, regardless of whether the subjects
exhibited improvement in rate of weight gain (open diamonds; n = 6 of 9) or lack of improvement in rate of weight change (open circles; n = 9 of 16).
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Table S1. Toxicities possibly related to lonafarnib

Toxicity Grade

No. patients exhibiting
toxicity during entire trial

period* (n = 26)

Number of patients exhibiting toxicity during
time period specified (months on treatment)

0–4 4–8 8–12 12–16 12–16 20–end

Gastrointestinal
Diarrhea 1 21 21 18 19 16 14 17

2 2 1 0 0 1 1 0
3 3 0 0 0 1 1 1

Vomiting 1 13 13 13 11 9 5 4
2 4 3 0 1 0 1 0
3 2 1 0 0 0 1 0

Dehydration 3 1 0 0 0 1 0 0
Constipation 1 7 7 2 0 0 0 0

2 1 1 0 0 0 0 0
Dyspepsia 1 1 0 0 0 1 0 0

Constitutional
Fatigue 1 14 10 3 3 5 5 4

2 2 1 0 0 1 1 1
Nausea 1 13 13 6 2 2 2 2

2 1 0 0 0 1 0 0
Anorexia 1 10 9 4 5 5 4 5

2 2 0 0 1 0 1 0
Fever 1 9 4 2 5 2 0 1

2 2 0 0 0 1 1 0
4 1 0 0 0 0 1 0

Organ function
Elevated AST 1 11 4 3 2 3 2 4

3 1 1 0 0 0 0 0
Elevated ALT 1 8 5 2 2 2 2 2

2 1 1 1 0 0 0 0
3 1 1 0 0 0 0 0

Elevated alkaline phosphatase 1 2 1 1 0 1 0 0
2 2 0 0 2 0 0 0

Low Absolute Leukocyte Count 1 3 0 1 0 2 1 0
2 2 0 0 1 2 0 0

Low white blood cell count 1 10 4 3 5 5 5 1
Low absolute neutrophil count 1 14 7 6 10 5 6 5

2 3 1 1 0 0 2 0
Low hemoglobin 1 9 9 3 5 5 6 2

2 2 0 2 2 0 0 1
Metabolic
Hypermagnesemia 1 7 5 3 2 1 1 1
Hyperkalemia 1 3 2 2 1 0 1 1
Hypokalemia 1 2 1 0 0 0 1 0

3 4 0 1 0 2 1 0
Hyponatremia 1 11 3 5 3 2 2 5
Hypocalcemia 1 1 0 0 0 0 0 1

2 1 0 0 0 0 0 1
Hypercalcemia 1 6 3 2 1 2 0 1
Depressed serum bicarbonate 1 10 5 6 1 3 4 4
Hypoglycemia 1 2 2 1 1 1 1 1

2 1 1 0 0 0 0 0
3 1 0 0 0 1 0 0

Hyperglycemia 1 4 1 2 0 0 1 1
2 2 0 0 0 0 1 1

Other
Granuloma 1 1 1 1 1 1 1 1
Perineal edema 1 1 0 1 1 0 0 0
Raynaud’s phenomenon 2 1 0 0 0 1 0 0

*Per patient count is once for that patient’s highest toxicity grade.
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Table S2. Factors contributing to rate of weight gain

Factor

Weight gain end point

Wilcoxon rank-sum
P value

Achieved (n = 9)* Not achieved (n = 16)*

Median Range Median Range

Body composition
Total lean tissue mass (g)

Pretreatment 7,334.5 5,632.1–15,036.8 8,815.9 5,531.4–13,865.8
Posttreatment 8,269.8 6,665.7–17,022.5 9,405.9 5,333.0–14,276.2
Fold change 1.10 1.07–1.18 1.05 0.89–1.14 0.005

Total aBMD(g/cm2)
Pretreatment 0.437 0.413–0.601 0.491 0.369–0.651
Posttreatment 0.449 0.420–0.643 0.500 0.404–0.589
Fold change 1.04 0.96–1.08 1.01 0.85–1.09 0.04

Total fat mass (g)
Pretreatment 1,757.0 11,86.6–2,109.1 1,482.9 11,58.7–4,059.8
Posttreatment 1,675.4 1,250.8–2,669.9 1,613.3 12,09.0–2,379.7
Fold change 0.93 0.69–1.76 1.06 0.54 –1.33 0.78

Total % body fat
Pretreatment 17.0 11.0–24.0 14.3 9.3– 31.6
Posttreatment 15.5 12.8–24.1 15.1 10.0– 20.8
Fold change 0.84 0.69–1.48 1.02 0.57–1.24 0.50

Energy balance
Total energy intake (kcal/d)

Pretreatment 1,089 859–1,601 1236 680–1,625
Posttreatment 1,062 834–2,246 1271 834– 2,020
Fold change 1.00 0.59–1.48 0.99 0.69– 2.83 0.75

Energy intake as % RDA
Pretreatment 130 96–195 165 96–,279
Posttreatment 136 95–209 176 141– 272
Fold change 1.03 0.551–.61 1.15 0.79– 2.67 0.48

MREE(kcal/d)
Pretreatment 641 499–857 589 241– 889
Posttreatment 715 567–898 677 379–931
Fold change 1.13 0.87–1.29 1.12 0.73–1.98 0.82

Quadriceps muscle strength
Left quadriceps (kg)

Pretreatment 5.4 3.0–11.7 5.6 2.2–11.4
Posttreatment 5.6 4.01–0.8 5.1 3.0–10.6 0.93
Fold change 1.1 0.7–1.4 1.0 0.8–1.6

Right quadriceps (kg)
Pretreatment 6.0 3.4–9.2 5.6 3.0–12.6
Posttreatment 5.8 3.9–13.0 5.7 3.0–11.7
Fold change 1.1 0.8–1.7 1.0 0.7–1.2 0.26

aBMD, areal bone mineral density; MREE, measured resting energy expenditure; RDA, recommended dietary allowance.
*One patient in the achieved group and four patients in the not-achieved group received recombinant growth hormone therapy.

Table S3. Effect of lonafarnib on carotid artery density by ultrasound

Site Percentile

Median density in pixels (range) P value

Control (n = 55) HG(P) (n = 22) HG(E) (n = 22)
Control vs.
HG(P)*

HG(P) vs.
HG(E)†

Control vs.
HG(E)*

Intima media 10 52.0 (8.0–107.0) 61.0 (8.0–174.0) 41.0 (0.0–93.0) 0.02 0.002 0.68
Adventitia luminal near wall 10 112.0 (49.0–193.0) 159.0 (33.0–246.0) 103.0 (40.0–215.0) 0.002 0.005 0.47
Adventitia deep near wall 10 132.0 (5-226.0) 102.0 (10.0–228.0) 88.0 (0.0–169.0) 0.06 0.04 <0.0001

HG(E) HGPS, end of therapy; HG(P), HGPS pretherapy.
*Based on Wilcoxon rank-sum test.
†Wilcoxon signed-rank test based on distributions of fold-change (post/pre) calculated for each patient.
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Table S4. Clinically significant changes in areal BMD (n = 25)

Site
No. patients with >3%

increase
No. patients with >3%

decrease
No. patients with no
significant change*

Total body 11 4 10
Lumbar spine 11 7 7
Hip 11 4 10

*Change between −3% and +3%.

Table S5. Lonafarnib pharmacokinetics

Mean (CV,%) PK parameters for lonafarnib

Dose (mg/m2) 115 (n = 24) 150 (n = 21)
Cmax (μg/mL) 1.77 (60) 2.64 (41)
Median Tmax (h) (range) 2.0 (0–6) 4.0 (0–6)
AUC(0–12 h)(μg·h−1·mL−1) 13.2 (62) 20.6 (36)

CV, Coefficient of variation; Cmax, maximum concentration; Tmax, time
to maximum concentration.

Table S6. Lonafarnib pharmacodynamics: Patients with
unfarnesylated HDJ-2 detected at week 52 and/or end of study
(n = 25)

Detected at week
52 on therapy

Detected at end
of study

No. (%) with unfarnesylated
HDJ-2

No No 12 (48)
Yes No 6 (24)
No Yes 3 (12)
Yes Yes 4 (16)
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