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Single dose pharmacokinetics of lamivudine in subjects with impaired renal
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Introduction

Aims The purpose of this study was to investigate the pharmacokinetics of a single
oral dose of lamivudine administered to subjects with renal impairment and to
determine whether lamivudine was dialysable in subjects with severe renal
impairment undergoing haemodialysis.

Methods Twenty-nine subjects were enrolled, nine with normal renal function
(creatinine clearance (CLep) 82—117 mlmin~ '), eight with moderately impaired
renal function (CLcp 25—49 ml minil), six with severe impairment (CLcp
13—-19 ml minfl) and six with severe impairment who were also receiving
haemodialysis. After an overnight fast, nondialysis subjects received a single oral dose
of lamivudine. Subjects on haemodialysis were given two doses on separate occasions
(intra and interdialysis). Blood was obtained before lamivudine administration and at
regular intervals to 48 h post dose. Timed urine collections were performed for
subjects able to produce urine. Pharmacokinetic parameters were calculated by using
standard non compartmental techniques.

Results Decreasing renal function was associated with reduced lamivudine clearance
in a proportional and apparently linear relationship. Lamivudine was well dialysed
with an extraction ratio in the order of 50%. However, because lamivudine has a
large volume of distribution (=100 1), a haemodialysis session of 4 h did not affect
overall exposure to a clinically significant degree in most subjects.

Conclusions Impaired renal function does require lamivudine dose modification
according to the degree of impairment, but no further modification of dose is
required for subjects undergoing regular haemodialysis.
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excreted unchanged in the urine and only 5-10% undergoes
hepatic metabolism to form a trans-sulphoxide metabolite

Lamivudine, 2'3’-dideoxynucleoside 3’-thiacytidine (also
known as 3TC), is licensed for the treatment of patients
with human immunodeficiency virus (HIV). It has two
chiral centres and is the (—) enantiomer of the racemic
mixture GR103665X. It has comparable in vitro potency
but is less toxic than other dideoxynucleosides [1] and is
well tolerated in subjects with HIV. Lamivudine is also
under development for the treatment of hepatitis B viral
infection (HBV) and shows promising efficacy coupled with
an equally good profile of safety and tolerability in these
patients relative to those with HIV infection [2].
Pharmacokinetic studies in asymptomatic HIV-infected
subjects and normal healthy volunteers have shown that
lamivudine is rapidly absorbed following an oral dose,
reaching maximal serum concentrations between 1 and
1.5 h, has good (>80%) absolute bioavailability and exhibits
linear kinetics [3]. Renal clearance is the major route of
lamivudine elimination with ¢ (in the order of 5-7 h.
Following oral administration ~70% of the total dose is
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identified and characterized as GI138870X (Figure 1), which
is then also renally eliminated. This metabolite is also found
in dog following studies with oral lamivudine dosing and
comprises up to half of the drug-related material in urine.
Renal dysfunction has significant effects on the pharmaco-
kinetics of lamivudine in HIV-infected individuals [4] such
that dose modification is recommended at or below
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Figure 1 Structure of lamivudine and the trans-sulphoxide
metabolite.
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50 ml min ™' CLcp as assessed using the Cockcroft-Gault
estimation of renal function [5].

Haemodialysis is designed to remove toxic waste products
that accumulate, unable to be renally cleared and is the
established treatment for subjects with endstage renal disease.
Drug concentration may be significantly reduced by haemo-
dialysis, depending on pharmacokinetic and physico-
chemical properties e.g. plasma protein binding, molecular
weight. Haemodialysis may require dose modification [6—8].

The present study was designed to investigate the
pharmacokinetics of a single dose of lamivudine in otherwise
healthy (i.e. no concurrent viral infection) renally impaired
subjects to substantiate earlier findings, to assess the effect of
haemodialysis on lamivudine clearance and to provide
quantitative and qualitative information on the excretion of
the trans-sulphoxide metabolite. Conclusions drawn from
this study are essential as a guide to modification of
lamivudine therapy for routine

patients undergoing

haemodialysis.

Methods

Subject population

Subjects were included with renal dysfunction as defined by
the subjects’ records within 6 months of the start of the
study and an assessment of glomerular filtration rate (GFR)
as determined by serum creatinine within the 2 weeks prior
to the study. Subjects were stratified according to renal
function by using the method of Cockcroft-Gault [5] to
estimate creatinine clearance (CL,). All assessments of renal
function were repeated for consistency on two occasions to
ensure accurate stratification and correlation with lamivudine
pharmacokinetics.

Twenty-nine subjects were enrolled as follows: Nine with

(CLcr)
eight with moderately

normal renal function (creatinine clearance
82—117 ml minfl), Group 1;
impaired renal function (CLcp 25—49 ml minfl), Group
2; six with severe impairment (CLcp 13—19 ml min~ . A
further group of six patients with severe impairment but
undergoing routine haemodialysis were also recruited (Group
3). Assessment of CLcp is flawed in such a group as serum
creatinine elimination will be predominantly extra-renal
where little or no urine is produced. Haemodialysis subjects
were studied both intra and interdialysis i.e. on their day of
haemodialysis and between haemodialysis visits.

The demographics are summarized in Table 1. Other
than one subject (aged 70 years) in the dialysis group, all
subjects were between 18 and 65 years. Average body
weight was less than 100 kg, and all subjects were able to
provide oral and written informed consent. The protocol
was approved by the Universitair Ziekenhuis Antwerpen
Ethical Review Committee.

Study design

This was an open study and was performed at the
Department of Nephrology, University Hospital and
St-Jozefziekenhuis, Antwerp, Belgium. All subjects under-
went an overnight fast from midnight the previous day and
were not allowed food until 4 h postdose. Each subject in
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group 1 and those with normal renal function received a
single oral 300 mg dose of lamivudine administered as
3% 100 mg hard gelatin capsules. Following preliminary
pharmacokinetic analysis, the dose was reduced for sub-
sequent groups, through concern (at the time) of excessive
exposure in patients with severe renal impairment. Subjects
in group 2 received a single oral 100 mg dose of lamivudine.
Those in group 3 received a single oral dose of 100 mg on
two occasions separated by at least 1 week. These two
occasions were referred to as intradialysis, where the subject
received their dose on the day of haemodialysis approxi-
mately 2h prior to haemodialysis and interdialysis, where
subjects received lamivudine 1 or 2 days after haemodialysis.
Lamivudine capsules were taken with 150 ml water.

Haemodialysis was performed for approximately 4 h using
an F7 polysulphone dialyser (surface area 1.5 n12) (Fresenius
Bad Homberg, Germany) together with Gambro AK10
dialysate monitor (Lund, Sweden) at a constant dialysate
flow of 500 mlmin~'. Blood flow was held constant at
200 ml min~".

Blood for pharmacokinetic analysis was obtained in all
subjects predosing and 30 min, 1, 1.5, 2, 4, 6, 8, 12, 15, 24,
and 48 h postdose. Timed collections were performed for
subjects able to produce urine at 0—4, 4-8, 8-12, 12-15,
15-24, 24-30, 30—36, and 36—48 h postdose. Whilst being
studied interdialysis the blood sampling schedule was
identical to that of the nondialysis subjects and samples were
also taken from the inlet and outlet ports of the dialyser at
hourly time points to the end of haemodialysis (4 h later).

Blood, processed to produce serum, and urine samples
taken through the study were stored frozen at —20° C until
assay. Serum samples were analysed for lamivudine and urine
samples for lamivudine and the trans-sulphoxide metabolite,
by validated h.p.l.c. methods using u.v. detection [9].

Safety

Safety was evaluated by monitoring adverse events and vital
signs, physical examinations, clinical laboratory tests and
electrocardiograms. Each subject was questioned periodically
throughout the study regarding adverse effects.

Pharmacokinetic analysis

The maximum drug concentration in serum (C,,,,) and the
time to Cpa.c (fmax) Were obtained directly from the
concentration-time data. The terminal rate constant for
lamivudine (,) and corresponding terminal serum half-life
(t1,2) were calculated following inspection of the data.

The terminal rate constant for all subjects was determined
by linear least squares regression (using PCNONLIN v4.2)
using logarithmically transformed points in the terminal
phase. The number of points included in the terminal phase
was confirmed by visual inspection. Non-compartmental
pharmacokinetic analysis was used to calculate parameter
estimates. The amount of lamivudine (Ae) and metabolite
(corrected for lamivudine molar equivalents) recovered in
the urine was used to calculate renal clearance (CLp ) and
excretion ratios (for lamivudine and metabolite). CLy was
calculated as follows: The amount excreted to time ¢ (where
t is the last time of complete collection) was divided by the
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Lamivudine pharmacokinetics and renal impairment

Table 1 Subjects characteristics.

Age Weight CL cp*
Subject group (years) (range) (kg) (range) (ml min~ " min) (range)
Healthy 47 (23-64) 75.6 (65—84) 96.9 (82.3-117.3)
(n=9)
Moderate 58 (40-65) 72.6 (61-85) 39.1 (24.6-49.3)
(n=8)
Severe 47 (24-63) 71.0 (53-88) 15.1 (12.6-19.2)
Severe: 57 (38-70) 72.2 (55-94)
On dialysis
(n=06)
*Mean of two visits predose.
area under the curve of serum lamivudine concentration —
over the same time (AUCt). AUC was assessed vs time E’ 10000
(AUCY) and extrapolated to infinite time (AUC o), apparent £
oral clearance (CL/F) and the dialysis clearance of lamivudine 5
(CLp) were also determined. g
Dialysis clearance CLpy, was calculated as: % 1000
o
Cin - Cvout S
ctor( =) :
G £ 100+
where C;, is the concentration of lamivudine collected é
prefilter and C,, is that collected postfilter with Qb being Ko
the blood flow into the dialyser (200 ml minfl). Because g 10 . . . . )
lamivudine has been demonstrated (in vitro) to have equal % 0 10 20 30 40 50
partition between plasma (or serum) and red blood cells, no Time (h)

correction for haematocrit and partition coefficient was
made. Urea CLp was assessed as a marker of dialyser
efficiency (normal extraction ratio about 60%).

Statistical analysis

Pharmacokinetic parameter results are presented as the
geometric mean and 95% confidence intervals for each
group. Mean ratios of the parameter estimates together with
the associated 95% confidence intervals (where significance
was declared if P<0.05) were obtained for healthy subjects/
moderately impaired subjects, healthy subjects/severely
impaired subjects and interdialysis subjects/intradialysis sub-
jects and were analysed using analysis of variance.

fmax Was compared between groups using the Wilcoxon
Rank Sum test together with an estimate of the median
difference for each of the comparisons of moderate-healthy
and severe-healthy. All analyses were performed using SAS
version 6.08.

Results

Demographic details of all subjects participating in this study
are shown in Table 1. Figure 2 shows the median concen-
tration-time profiles for healthy subjects and subjects with
moderate to severe renal impairment. For visual comparison
the serum data from severely impaired subjects has been
dose normalized to 300 mg. In subjects with normal renal
function, lamivudine concentrations rose quickly, reached a
Ciax of 3.80 pg ml~ ' at about 1h and decayed in a
biexponential fashion. In subjects with moderately impaired
renal function, lamivudine concentrations also rose quickly,
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Figure 2 Dose-normalized (to 300 mg) mean (+s.d.) lamivudine
concentrations following oral administration to healthy subjects
and renally impaired subjects.

reaching a higher C,,,, of 5.43 ug ml~" at about 2 h. In
subjects with severe renal impairment, lamivudine concen-
trations reached a (dose normalized) C,,,, of 4.55 pg ml ™!
at about 3 h. The severely impaired subject profiles showed
noticeably longer time to peak concentrations, higher
exposure (AUC) and lower clearance (CL/F) with generally
longer t;,, values than in healthy subjects.

Figures 3 and 4 illustrate the proportional relationship
between CL/F or CLp and CLcp which appear to be
essentially linear (7220.92 and 0.94, respectively).

Haemodialysis

The dose-normalized median serum lamivudine concen-
tration data from haemodialysis subjects studied intra and
interdialysis are shown in Figure 4. The haemodialysis
extraction ratio averaged 52.8% (range 57—68%) which was
similar to urea extraction ratios (50—70%). Lamivudine mean
haemodialysis clearance (CLp) was 106 ml min ' (range
92-121 ml min " ).

When lamivudine (as a 100 mg dose) was administered
interdialysis, lamivudine concentrations rose to a C,,,. of
4.93 ug ml ™" by 1.5 h (Table 3). When studied intradialysis,
values of 3.97 ug ml~ " and 1.9 h were obtained for Crax
and f,.,, respectively. Haemodialysis resulted in a small
apparent increase in fy,, (see discussion) and an increase in
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Figure 3 Lamivudine oral clearance vs creatinine clearance in
healthy subjects and renally impaired subjects.
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Figure 4 Lamivudine renal clearance vs creatinine clearance in
healthy subjects and renally impaired subjects.

geometric CL/F from 62
82 ml min~ ' (intradialysis) in impaired subjects undergoing

mean (interdialysis)  to
haemodialysis. However, three of the six haemodialysis
subjects had intradialysis serum concentration profiles that
were similar to those seen interdialysis. Haemodialysis
therefore conferred a modest (24%) average decrease in
AUC (o, o) i.e. AUC (AUC over a dosing interval at
steady-state) when administered for a 4 h period following
lamivudine oral dosing.

Metabolism

In progressive renal impairment the primary, renal elimin-
ation pathway of lamivudine diminishes and the secondary
route (s) of elimination (metabolic) account for the majority
of lamivudine clearance. Even in severely impaired subjects
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Figure 5 Mean (+s.d.) serum lamivudine concentration-time
plot for dialysis

subjects studied inter and intradialysis.

with CLeg of <20 ml min~ ' however, lamivudine clear-
ance is still around 50 ml min " (Figure 3).

Increasing amounts of trans-sulphoxide are formed as
renal function declines (Figure 6), mirroring the reduced
renal elimination of parent compound. The percentage ratio
of metabolite to lamivudine ranged from around 10% in
healthy subjects to 50% in severely impaired subjects.
Urinary recovery of drug-related material was on average
64.7% for healthy subjects (range 38.0-78.3%) and 60.1%
(range 50.2—71.3%) for patients with moderate impairment.
In the severely impaired subject group overall drug-related
lower, on average 24.4%
(17.9-33.9%) so that quantitative assessment of lamivudine

material recoveries were

and metabolite levels is probably not valid. By calculating
the amount of lamivudine AUC extrapolated beyond 48 h
to infinity and multiplying this with CLp, the median
estimate of amount of lamivudine to be excreted beyond
the 48 h collection in severely impaired patients was 4.1 mg
(range 1.1-11.7 mg) or 1.4% of the administered dose.
There was little or no urine produced by haemodialysis
subjects hence no calculation of recovery.
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Figure 6 Ratio of amount of metabolite (Ae) to lamivudine
excreted in urine vs renal clearance in healthy subjects (@),
moderate renally impaired subjects (A ) and severely impaired

subjects (H).
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Table 2 Lamivudine pharmacokinetic

Lamivudine pharmacokinetics and renal impairment

parameters (geometric mean and 95%
confidence intervals, CI) in subjects with
renal impairment compared with healthy

Normal renal Moderate renal Severe renal

subjects.

function impairment impairment
Ftnax (1) 1.0 1.8 2.8
0.5, 1.6) (1.0, 4.0) (1.0, 4.0)
Median difference (P value) 0.5 (0.035) 1.7 (0.031)
#Cae (wgml ™) 3.8 5.43 4.55
(3.04, 4.75) (4.47, 6.60) (3.65, 5.68)
%Mean ratio (P value) 143 (0.009) 120 (0.189)
#AUC (0, o0)(ug ml~" h) 15.58 42.80 79.82

%Mean ratio (P value)
CL/F (mlmin~ ")

%Mean ratio (p-value)
CLg (mlmin~ ')

ti/2 (h)

%Mean ratio (P value)

(13.41, 18.10) (34.63, 52.84) (60.72, 104.90)

275 (<0.001) 120 (<0.001)

320.9 116.9 64.26
(276.3, 372.8) (94.6, 144.4) (47.6, 82.3)
30 (<0.001) 20 (<0.001)

192.3 49.8 8.7
(149.7, 247.0) (36.3, 68.2) (3.6, 21.4)

1.7 9.9 148
9.3, 14.6) 9.2, 10.6) (13.2, 16.4)
85 (0.001) 127 (0.035)

Comparisons are median/mean ratios plus associated P values where significance was declared at the

95% level.

*tmax 1s median (range).

#parameters dose normalized to 300 mg.

Table 3 Lamivudine parameters (geometric mean and 95%
confidence intervals) in dialysis subjects studied interdialysis and
intra dialysis.

Inter-dialysis Intra-dialysis
*tnax (h) 15 1.9
0.5, 2.1) (1.0, 4.0)
Median difference (P value) —0.6 (0.219)
#Cux (ngml ™) 4.93 3.97
(3.37,7.22) (2.79, 5.65)
% Mean ratio (P value) 124 (0.061)
#AUC (0, o) (ugml ™' h) 80.21 60.74
(60.71, 10.60) (40.19, 91.81)
% Mean ratio (P value) 124 (0.024)
CL/F (ml min~ ") 62.3 82.3
(47.2, 82.4) (54.5, 124.4)
% Mean ratio (P value)
t1/> () 153 18.2
(13.3, 17.7) (14.4, 22.9)
% Mean ratio (P value) 84 (0.044)

Comparisons are median/mean ratios plus associated P values where
significance was declared at the 95% level.
*fmax 18 median (range).

#Hparameters dose normalized to 300 mg.
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Safety profile

There were no clinically concerning changes in any safety
assessment that were attributable to lamivudine. One
haemodialysis subject experienced the simultaneous occur-
rence of a coronary thrombosis and fistula thrombosis 5
weeks after receiving lamivudine. In the investigator’s
opinion this was directly related to their underlying condition
and unrelated to the study drug.

Discussion

Renal dysfunction was found to have marked effects on the
pharmacokinetics of lamivudine, in good agreement with
data obtained in HIV-infected subjects [4].

The increase in AUC was caused by the decrease in renal
function, as demonstrated by the proportional and linear
correlation between clearance, renal clearance and creatinine
clearance. Lower overall values for lamivudine AUC and
Cpax 1n the subjects with severe renal impairment were
found in this study in comparison to that reported by Heald
et al. [4] and probably reflect differences in pharmacokinetic
parameter estimates in different patient populations.

There is a good linear correlation for the regression fit of
CLcr vs CL/F or CLp plots even where assessment of
creatinine clearance, as applied by Cockcroft & Gault at the
lowest levels of renal function can be inaccurate [5, 6]. It is
this inaccuracy which is the likely reason for the apparent
negative intercept. Renal clearance (mean 192 mlmin_1)
greatly exceeded GFR  (around 100 ml min_1) which
confirms earlier work and implies an active secretory process
is significantly responsible for overall lamivudine clearance.

Cinax values were increased in subjects with moderate and
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severe renal impairment over healthy controls, although
only the moderate/healthy comparison was statistically
significant. Absorption rate seemed similar between the
groups and any potential alterations in protein binding are
not a likely explanation for this as lamivudine is not
extensively protein bound (<36%). Lamivudine, as stated
earlier is a widely distributed drug (1/4>1001) so changes
in apparent volume of distribution coupled with greatly
reduced elimination are likely explanations for the changes
seen in Cyoy.

Although there looks to be a lack of definition in the
terminal phase of the mean plot (Figure 2) three to four
points were generally used in individual profiles to establish
values for (and thus half-life (#;,,). Healthy subjects
demonstrate a longer terminal phase i.e. 11 h when sampling
is continued to 48 h postdose than is seen with shorter
sampling periods, to 8 or 12 h postdose, where t,, values
were 2.5-3h [1, 3]. Half-life was generally increased in
renally impaired subjects relative to healthy controls although
the magnitude of these increases was less than would be
expected from the change observed in oral drug clearance.
The calculation of these f;,, estimates is confounded by the
fact that with severely impaired subjects, the decay appears
more monoexponential, implying the sampling is still mostly
contained within the alpha phase. In effect, comparisons
between healthy and severely impaired subject #,,, data are
therefore not valid.

Assuming a bioavailability (F) of 0.85 [11], over 90% of
the orally administered dose of lamivudine was accounted
for in healthy subjects. In general, the majority of
administered lamivudine was excreted predominately in the
first 12 h. However, as renal function declined, the overall
elimination profile of lamivudine changed with a delay in
excretion of the metabolite. This resulted in significant
amounts of drug-related material still being present in the
final (to 48 h) urine collections and consequent underestimate
of total balance of recovery in subjects with severe renal
impairment. Calculation of the amount of lamivudine to be
excreted (<2% of the dose) beyond 48 h suggests the
majority of unrecovered material would be sulfoxide
metabolite still circulating which would eventually be
excreted beyond 48 h. An additional hypothesis is that
additional metabolite (s) may be formed, possibly uracil, a
minor metabolite seen in dog folowing lamivudine
administration.

The pharmacokinetics of the sulfoxide metabolite in
subjects with renal dysfunction have not been established.
However, significantly higher systemic exposure to lamivud-
ine and therefore the metabolite in toxicological studies in
rat and dog has yielded no effects of clinical concern and
the metabolite has been shown to be pharmacologically
inactive in in-vitro antiviral screens.

Haemodialysis subjects

Lamivudine, by virtue of its low molecular weight [229]
and relative lack of protein binding had an average
haemodialysis extraction of 53% (range 42.7—-60.6%) and
average haemodialysis clearance of 106 ml min '
92-121 ml min~ ).
similar to that obtained for urea which is used as a marker

(range
This value for extraction ratio was
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of haemodialysis efficiency. This indicates some similarity
between the two compounds in that are both renally
excreted, have low molecular weight, low protein binding
and are thus efficiently dialysed.

Patients typically lost 3—4 kg during haemodialysis whilst
on this study. Assuming an ultrafiltration rate of about
1! (volume lost/time on dialysis) ultrafiltration clearance
would approximate 17 ml min~ ', with negligible protein
binding. Thus, since dialysis clearance is in the order of
100 ml min~ ' for a dialyser with a 200 ml min~ ' flow rate,
ultrafiltration will contribute to overall drug clearance during
a period of haemodialysis. However, the impact that
haemodialysis has on geometric mean oral lamivudine
clearance is a modest 27% increase in CL/F with a
concomitant 24% decrease in mean AUC (0, o0). A
pronounced delay to C,,, and seemingly lower overall
absorption was seen in one subject possibly as a result of
changes in gastro-intestinal tract function induced by
predialysis fluid retention. The small, apparent increase in
half-life is likely to be the result of variability in the estimates
and not a genuine effect of a short period of haemodialysis.
Sampling was continued to 48 h postdose, just prior to the
subjects next haemodialysis session i.e. just over two half-
lives (where significant renal impairment results in a
prolonged lamivudine half-life). This is unlikely to yield
sufficient data points for the calculation of a meaningful
half-life parameter estimate.

Haemodialysis was seen to have a small but variable effect
on overall systemic lamivudine exposure, probably dependent
on time of lamivudine administration relative to the start of
haemodialysis in these subjects. Haemodialysis primarily
extracts drug from the central compartment. Lamivudine
has a relatively high volume of distribution (=1001),
consequently even though it is extracted by haemodialysis,
only a small fraction of drug is removed during a single
(4 h) session. This is further corroborated in some individual
concentration time profiles where there is a transient increase
in concentration post haemodialysis in some subjects. This
may be explained as an apparent re-distribution phase where
drug passes back into the central compartment from tissue
compartments once haemodialysis is stopped [10].

For subjects receiving haemodialysis, dialyser flow rate
and the amount of time on haemodialysis will be the
determining factors for overall drug exposure. Assuming
flow rates are not significantly altered, intermittent (4 h two
to three times weekly, as studied here) is not considered to
have a clinically significant effect on lamivudine exposure.
Prolonged or continuous haemodialysis would have a greater
effect on lamivudine exposure, possibly necessitating increas-
ing lamivudine dosage from that determined by CLcpr
assessment alone.

In conclusion this study supports those of a previous
study in HIV asymptomatic renally impaired subjects
whereby reduction in renal function was directly correlated
with lamivudine clearance and necessitates dosing adjustment
in these subjects.

The amount of trans-sulphoxide metabolite excreted is
increased with decreasing renal function, as a result of
diminished renal elimination of lamivudine. This is not
deemed clinically relevant as the metabolite is not associated
with toxicity and is pharmacologically inactive.
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Intermittent haemodialysis does not reduce lamivudine
exposure to a clinically significant degree, especially with a
conventional haemodialysis routine for these subjects i.e.
2/3 days a week. Therefore once the dose of lamivudine
has been adjusted according to degree of renal impairment
(assessed as CLcp), no further modification of dose is
required for subjects undergoing routine, transient (<4 h)
haemodialysis.

The authors wish to thank the subjects who took part in
this study, the staff at the University hospital, Antwerp and
employees of GlaxoWellcome who assisted in preparation
of this manuscript, in particular Miss Julie Garner and Dr
Frank Hoke.
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