
























































































































































































































































The study therefore attempts to answer the following questions:

Is LC/MS a reliable method for the determination of kanamycin plasma
concentrations?

. What are the PK parameters of kanamycin in patients with MDR-TB and in
patients with MDR-TB co-infected with HIV?

. Could HIV infection influence the PK of kanamycin in MDR-TB patients?

. To what extent do changes in kidney function influence the PK of kanamycin?

Do lamivudine, stavudine, efavirenz and tenofovir affect the PK of kanamycin?

2.10.1 Obijectives of the study

The objectives of the present study are:

. To determine the plasma concentration of kanamycin using LC/MS.

. To determine the PK of kanamycin in patients with MDR-TB infection and in
patients with MDR-TB co-infected with HIV;

. To determine if HIV infection influences the PK of kanamycin;

. To assess if kidney dysfunction affects the PK of kanamycin; and

. To find out if there is any interaction between ARVs and kanamycin and to what

extent it influences the PK of kanamycin.
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CHAPTER 3: METHODS

3.1 Structure of the methods

Chapter 3 gives a detailed description of the methods used in the study. The first
section provides the structure of chapter three. The second section gives a brief
description of the duration of the study and the study site. In the third section the
study design is described. In the fourth and fifth sections criteria for including and
excluding participants in the study are highlighted. The sixth section discusses the

demographic, clinical and therapeutic characteristics of patients.

The seventh section gives a detailed description of laboratory tests done, including
where they were performed. The eighth section provides study procedures. The
process of kanamycin administration and blood sampling are explained. The ninth
section explains the processes of determining kanamycin plasma concentrations in
detail. The chemicals used in the study and their sources are listed, while
chromatographic and mass spectrometric conditions are also described and the

preparation of kanamycin stock solution and calibration standard is explained.

The tenth section provides the determination of the PK parameters of kanamycin,
as well as the definition of these parameters. The eleventh section explains the
determination of the number of patients and statistical methods used in the
analysis of data. The final section presents ethical processes that were considered

and followed.
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3.2 Study site
The study was conducted at Brewelskloof Hospital in Worcester, Western Cape
Province, South Africa. This is one of the South African hospitals specialising in

the treatment of MDR-TB.

3.3 Study design
The study was designed as a prospective, two-group, non-randomized PK study
involving male and female HIV-positive and HIV-negative patients on treatment

for MDR-TB.

3.4 Inclusion criteria

A patient was included in the study if he/she complied with all of the following:

a. Signature of an informed written consent form for the blood samplings
after he/she had been given a clear explanation of the aims, procedures,
advantages and disadvantages of the study in his/her first language

b. Informed consent for an HIV test

C. On kanamycin treatment for at least two weeks

d. Adult patients aged 18-65 years

e. MDR-TB sensitive to second-line anti-TB drugs.

63



3.5 Exclusion criteria

A patient was excluded from the study if one or more of the following criteria

applied:

a. On the patient’s request

b. History of congestive cardiac failure
C. Uncontrolled hypertension

d. Ischemic heart disease

e. Pregnancy or breast feeding

f. Hypersensitivity to kanamycin

g. Older than 65 years

I. Haemoglobin less than 7g%.

3.6 Demographic, clinical and therapeutic characteristics

The demographic characteristics such as age, body weight, height and gender
were recorded for every patient. Clinical and therapeutic characteristics such as
viral load and CD4 counts were recorded for HIV-positive patients. In addition,
kidney and liver function tests were determined for each patient after inclusion in
the study. These characteristics were captured on a computer spreadsheet

designed for the study.

3.7 Laboratory tests
The liver function, kidney function and haematology tests were done at PathCare
laboratory (PathCare Park, Neels Bothma Street, N1 City, Goodwood, Cape

Town, South Africa) in order to assess liver and kidney function and to determine

64



the haematological profile of the patients. HIV, viral load, CD4 counts and

sputum microbiology tests were done by the National Health Laboratory Services.

3.7.1 Liver function tests

Liver function was evaluated using the Child-Pugh score. In calculating this score,
clinical and biochemical measurements such as hepatic encephalopathy, ascites,
total bilirubin, serum albumin and prothrombin time were graded based on

standardised points.

Table 3.1: Scoring system used for Child-Pugh classification

Clinical and Points scored for increasing abnormality
biochemical 1 2 3
Measurements

Hepatic encephalopathy | None land 2 3and 4
Ascites Absent Mild Moderate
Total bilrubin (mg/dl) | <2.0 2.0-3.0 >3.0

Serum albumin (g/dl) >3.5 2.8-3.5 <2.8
Prothrombin time <4or<1.7 4-60r1.7-2.3 >6 or >2.3

Source: Trey et al. (1996)

The individual points were added and then graded according to the severity of

liver disease, as explained in the previous chapter.
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3.7.2 Kidney function tests
Kidney function was determined by calculating the GFR from serum creatinine

using the MDRD formula:

GFR (ml/min/1.73m?) = 175 x {[standardized Sc, (umol/L)/88.4]***'} x {age
(years) %?%%} x (0.742 if female) x (1.210 if black).

Scr= serum creatinine

3.7.3 Haematological tests
The full blood count was determined for each patient. However, our main interest
was in the assessment of the CD4 cell count, which indicates the immuno-

competence level in HIV -positive patients.

3.7.4 Sputum microbiological test

The sensitivity test for MTB was identified in the sputum of patients for each
second-line anti-TB drug before the start of the treatment. At Brewelskloof
Hospital the second-line anti-TB drugs used were kanamycin, ofloxacin,

pyrazinamide, ethionamide, ethambutol and terizidone.

3.7.5 HIV test and determination of viral load and CD4 counts
After individual pre- and post-test counselling regarding the HIV test, ELISA was
conducted for every patient. Tests for viral load level and CD4 count were

performed for HIV -positive patients.
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3.8 Study procedures

3.8.1 Blood sampling for kanamycin plasma concentrations

On the study day, after an eight-hour overnight fast, patients received kanamycin
at 7 am. All patients were allowed to have breakfast 30 minutes after drug
administration. Blood samples were collected in appropriate tubes in the
following order:

i. Five (5) milliliters for liver and renal function tests

ii. Five (5) milliliters for haematological and virological tests

iii. Five (5) milliliters for assessment of kanamycin plasma concentrations.

3.8.2 Kanamycin administration
Patients received kanamycin injection intramuscularly at different doses (500,
600, 660, 750 and 1000 mg) daily based on the patients’ body weight and renal

function.

3.9 Determination of kanamycin plasma concentrations

Plasma levels of kanamycin were determined using LC-MS at Stellenbosch

University, Cape Town, South Africa.

3.9.1 Chemicals

The following chemicals were used in the study: analytical-grade dimethyl
sulfoxide (DMSO), acetonitrile, trichloroacetic acid, phosphoric acid and HPLC-
grade trifluroacetic acid (TFA). All of them were obtained from Sigma-Aldrich

(Cape Town, South Africa). Kanamycin was supplied by Brewelskloof Hospital
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and used as the working standard.

3.9.2 Chromatographic and mass spectrometric conditions

3.9.2.1 Column liquid chromatography

The liquid chromatography was performed with the Waters 2695 HPLC system
(Waters, Microsep Pty Ltd). The column utilised was a polar C18 liquid
chromatography column, Waters Atlantis™ (5 um, 2.1 mm x 100 mm) at ambient
temperature. The mobile phase used was 0.1% TFA at a flow rate of 0.20 ml/min

and an injection volume of 5 pl.

3.9.2.2 Mass spectrometry setting

The instrument used was a Waters API Quattro Micro triple quadrupole mass
spectrometer with electrospray ionisation (Waters, Microsep Pty Ltd). The ion
source and desolvation temperatures were held at 120°C and 400°C, respectively.
The capillary voltage was 2.8 kV. The desolvation gas was at 1000 L/h and the
cone gas was at 50 L/h. The instrument was operated at multiple reaction
monitoring (MRM) mode. The MRM settings for kanamycin was 485>163 at
collision energy of 25 eV, and cone voltage of 20 VV. Propranolol was used as
internal standard and was monitored at an MRM of 260.3 > 183 at collision
energy of 20eV and cone voltage of 18V. Waters Mass Lynx "™ software was used

for data collection, integration and calibration.

3.9.2.3 Kanamycin stock solution

The stock solution of 1mg/ml was serially diluted with acetonitrile to obtain
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working solutions with the concentrations 10, 5, 1, 0.5, 0.1 and 0.05 pg/ml. All

these standards contained 10 ppm propranolol as internal standard.

3.9.2.4 Preparation of calibration standards
Kanamycin plasma calibration standards were prepared by spiking blank plasma
with kanamycin working solution (with concentrations of 10, 5, 1, 0.5, 0.1 and

0.05 pg/ml).

3.9.2.5 Patient samples preparation

To prepare the patients’ plasma samples for the LC-MS assay, trichloroacetic acid
(30ul) was added to 50 pl plasma followed by 170 ul internal standard solution
(10 ppm propanolol in water). The mixture was vortexed for 1 minute, followed
by centrifugation at 6000 g for 5 minutes. The supernatant was injected onto the
LC-MS. Blank plasma was spiked with 1 and 5 ppm of kanamycin in triplicate to
determine the recoveries and repeatability. The relative standard deviation was
better than 12%. This relatively high standard deviation and relatively high limit
of detection and quantification is due to the fact that kanamycin elutes just after
the void volume of the column. The use of a very polar C18 column is very

important for this analysis

3.10 Determination of pharmacokinetic parameters
The plasma concentration-time profile for each patient was plotted manually.
Kanamycin PK parameters were calculated based on the non-compartmental

analysis (Mugabo, 2009) and expressed as median and range (lowest to highest)
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as follows:

3.10.1 The maximum concentration and the time to reach maximum
concentration

The maximum concentration (Cmax) and the time to reach the maximum
concentration (Tmax) Were obtained directly from the plasma concentration-time

profile.

3.10.2 The elimination rate constant
The elimination rate constant (K¢) was determined from the terminal linear phase

of the plasma concentration-time profile.

Since natural log was used, the slope was calculated as
Slope = (Inyz-Iny1/ X2-X1),

K. was obtained as — (slope)

3.10.3 The absorption rate constant

The absorption rate constant (K;) was calculated by plotting the residual
concentrations using the method of residuals and determining the slope from the
straight line. K; was then obtained from the slope of the straight line, which

represents absorption phase.

Kj is equal to — (slope) = — (In y2- In y1/X2-X1)

(Dipiro et al., 2010)
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3.10.4 The half-life

The half-life (t,;,) was calculated using the formula: t,, = 0.693/K..

3.10.5 The area under the plasma concentration-time curve
The area under the plasma concentration-time curve from zero to 24 hours

(AUC,.24) was calculated by the trapezoidal method manually.

The area under the plasma concentration-time curve from zero to infinity
(AUC,.,) was calculated using the following formula:
AUCy., = AUCp.4 + Cplast/Ke

Where Cpiast IS the last measurable plasma concentration.

3.10.6 The volume of distribution
The following formula was used to determine the volume of distribution (Vy):

Vg4 = Dose/ (AUCq.. X Ke).

3.10.7 The total body clearance

The total body clearance (Cly,) was calculated using the following formula:

Cliot = Dose/AUC .

3.10.8 The mean residence time

The MRT was calculated as;: MRT = AUMC./AUC,,
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Where AUMCw is the area under the momentum curve from zero to infinity and

was calculated as:
AUMC .= AUMCH (Ciast/ Ke?) + tiast X Cirasi/Ke

AUMC-= tici +ti-1 x ci-1

2
Where Cj is the last measurable plasma concentration and tj, is the time of the

last measurable concentration.

3.11 Determination of the number of patients and statistical analysis of data
3.11.1 Determination of the number of patients

The number of patients to be included in the study was determined by using a
two-sample t-test and comparing means to see if there is a possibility of detecting

a difference between HIV-positive and HIV-negative patients.

3.11.2 Statistical analysis of data

Patients’ data collected during the study was organised by the researcher and
coded onto data collection forms anonymously before being captured into
computer files. Microsoft Excel was utilised for computer management of the
data, which was reported as median and range. Analysis was done using SAS

version 9.0.

Basic statistics like mean, standard deviation, median and range were used to
describe continuous and ordinal variables and frequency tables for nominal

variables. When data was not normally distributed, the Wilcoxon Rank Sum test,

72



the non-parametric alternative to a paired t-test, was used and PK parameters were
reported as median and range. The Kruskal-Wallis one-way analysis of variance
was used in comparing more than two groups to see if they originate from the

same population.

Statistical significance was assumed at the p<0.01 level to avoid a type 1 error

(false positive).

3.12 Ethical considerations

The study was approved by the University of the Western Cape ethics committee
(Ethics certificate number: 07/6/12). It was conducted according to the declaration
of Helsinki and ICH guidelines. Patients were provided with information sheets
about the study, as mentioned above, and all information obtained during the
study was treated as confidential. Permission to conduct the study was granted by
the Provincial Department of Health and the medical superintendent of

Brewelskloof Hospital.
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CHAPTER 4: RESULTS

4.1 Structure of the results

Chapter 4 presents the results of the study. Tables and graphs are used
appropriately to describe the findings. The first section provides the structure of
chapter four. The second section describes the validation of LC-MS assay as a
sensitive and specific method in the analysis of the plasma concentrations of
kanamycin using graphs. The third section presents the demographic data in
patients that participated in the study. Following this section are tables
highlighting the virological and immunological profile in HIV-positive patients
who participated in the study. Similarly, there are tables presenting renal function

in HIV-positive and HIV-negative patients.

The fourth section describes kanamycin plasma concentrations at different time
intervals in both HIV-positive and HIV-negative patients. It also describes

kanamycin PK parameters in both groups of patients.

4.2 Kanamycin liquid chromatography-mass spectrometry analysis method
validation

Liquid chromatography coupled with mass spectrometry was used in the
quantification of kanamycin plasma concentrations. This method was validated by
determining linearity, recovery, precision and accuracy, low limit of detection,

low limit of quantification, and specificity.
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4.2.1 Calibration curve and linearity

As indicated in Figure 4.1, the kanamycin calibration curve was constructed by
plotting responses (y-axis) against corresponding concentrations (x-axis). The
calibration curve was linear over ranges of -0.1-10 pg/ml-. The correlation co-

efficient (r’) was 0.97.

Compound name: Kanamyan

Cormelion coeficient r= 0999936, r'2= 0.999971

Calibrafion curve: 527,388 *x+-625815

Responsetpe: Bdemal St Aea

Curve e Linesr, Crigin: Bxclude, Weighing Null, Aés tans: Nene

200

18004

Response
.8

[

LN L A KL e EALE) LRl LA LA LA (AL R L LA T T
‘ Iganamycm concentration (pg/ml)

Fig 4.1: Kanamycin calibration curve

4.2.2 Precision, recovery and accuracy
The overall precision expressed as relative standard deviation (RSD%), was less
than 12%. The accuracy, expressed in terms of recovery was 74 + 9.1% and 111 +

6.2% for 1 pg/ml and 5 pg/ml, respectively.

4.2.3 Lower limit of detection and quantification
The lower limit of detection of kanamycin was 0.06 pg/ml. The lower limit of

quantification of kanamycin in the plasma was found to be 0.15 pg/ml.
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4.2.4 Specificity

There were no interfering peaks from the plasma components with kanamycin
peak, which was detected at a retention time of 2.65 minutes. Chromatograms
showing the separation of kanamycin standard and kanamycin plasma extract

(calibration standard) in addition to the blank plasma are shown in Figure 4.2.

(A) Chromatogram of kanamycin standard drug

PM_UWC_110131_151 Smooth(SG,2x5) MRMof 14 channels,ES+
5 485>163
100~ Kanamycin_

8.641e+003
167
1927.64

8464*

T T e e e Min
550 600 650 700 750 800 850

(B) Chromatogram of kanamycin patient plasma

FM_UWC_110131_124 Smooth(SG, 26) MRMof 14 channels S+
1hr patiert 22 485>163

634104003
100

0

350 400 450 500

min
750 800 850
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C) Chromatogram of a blank plasma

48

Figure 4.2: Kanamycin chromatograms: (A) Chromatogram of kanamycin
standard drug; (B) Chromatogram of kanamycin in a patient’s plasma; (C)

Chromatogram of a blank plasma

4.3 Patients’ demographic data and characteristics

Thirty-one black and coloured (mixed race) patients (17 males and 14 females)
infected with MDR-TB participated in the study. Of these 31 patients, 13 (8 males
and 5 females) were infected with HIV. The median (range) age and weight of

patients were 32 (18-54) years and 53.0 (41.8-90.0) kg, respectively.

4.3.1 Number of HIV-positive patients on antiretroviral treatment
Of the 13 patients infected with HIV, only ten were on ARV therapy. The patients
were taking the following ARVs: stavudine (30 mg/po/bd), lamivudine (150

mg/po/bd) and efavirenz (600 mg/po/nocte).
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Table 4.1: Immunological profile in HIV-infected patients

CD4 count (range) cells/mm?® Number and gender
<60 4 (2 males and 2 females)
9099 1 (1 male)

100-299 3 (1 male and 2 females)
300-399 3 (3 males)

400-599 2 (1 male and 1 female)

From Table 4.1, five patients infected with HIV had a CD4 count of <100

cells/mm?. Eight HIV-positive patients had a CD4 count of >100 cells/mm>.

Table 4.2: Virological profile in HIV-infected patients

Viral load (range) copies/ml Number and gender
<40 10 (7 males and 3 females)
5,000-1,000,000 3 (1 male and 2 females)

Table 4.2 shows viral load in all the HIV-positive patients who participated in the
study. The viral load varied among HIV-positive patients. Ten patients had a viral
load of less than 40 copies/ml and three patients had a viral load of 5,000—

1,000,000 copies/ml.
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Table 4.3: Renal function in HIV -positive and in HIV -negative patients

GFR (ml/min/1.73 m%) Number of patients

Normal (>90) 5 HIV-positive and 15 HIV-negative
Mild (60-89) 8 HIV-positive and 3 HIV-negative
Moderate (40-59) 2 HIV-positive

Table 4.3 presents renal function in HIVV-positive and HIV-negative patients that
participated in the study. Eleven patients in total had mild renal function and only
two patients had moderate renal function. The median value for the GFR in HIV-
positive patients was 80 (44-88) ml/min. Similarly, the median value for GFR in

HIV-negative patients was 88 (84-89) ml/min.

4.4 Kanamycin plasma concentrations and pharmacokinetic parameters

4.4.1 Kanamycin plasma concentrations
Kanamycin plasma concentrations at different time intervals after kanamycin
intramuscular administration over a 24-hour period are shown in the plasma

concentration-time graphs in Tables 4.4-4.5.

4.4.1.1 Kanamycin plasma concentration in HIV-positive and HIV-negative
patients
Tables 4.4-4.5 illustrate kanamycin plasma concentrations in HIV-positive and

HIV-negative patients.
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Table 4.4: Kanamycin plasma concentration-time profile in HIV-positive

patients
Patient | Baselin Time (hours) after kanamycin administration
e (0 hr) | 0.5hr 1hr 2hrs 4hrs 8hrs 24hrs
(Hg/ml) | (ng/ml) | (ng/ml) (Mg/ml) (Mg/ml) (Hg/ml) (Mg/ml)
1 BDL BDL 14.47 12.95 9.98 BDL BDL
2 BDL BDL 21.67 17.64 13.06 8.13 BDL
3 BDL BDL 14.35 12.95 9.42 8.18 BDL
4 BDL BDL BDL 12.71 8.06 2.70 0.66
3) BDL BDL 5.15 8.40 5.22 2.85 0.75
6 7.80 BDL 21.67 20.99 14.95 13.70 9.29
7 BDL BDL 19.36 9.82 11.11 8.37 BDL
8 BDL BDL 16.15 18.19 13.77 9.85 BDL
9 7.46 BDL 19.77 19.81 13.02 9.35 BDL
10 BDL BDL 27.63 16.76 9.23 3.34 5.82
11 BDL 12.23 11.22 7.42 5.53 2.61 BDL
Median | N/A N/A 16.15 12.95 9.98 8.13 N/A
Range N/A N/A 5.15-27.63 | 7.42-20.99 | 5.22-14.95 | 2.61-13.70 | N/A

BDL = below detectable level (0.05ug/ml)

N/A= not applicable.

As indicated in Table 4.4, kanamycin plasma concentrations are below detectable

level at base line (Ohr), 0.5hr and 24hrs. Peak plasma concentration is at 1hr.
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Table 4.5: Kanamycin plasma concentration-time profile in HIV-negative

patients

Patient | Baseline Time (hours) after kanamycin administration
gz/rr)nl) 0.5hr 1hr 2hrs 4hrs 8hrs 24hrs
(Hg/ml) (g/ml) | (ng/ml) | (ng/ml) | (ng/ml) | (ng/ml)
12 BDL BDL 14.19 10.26 9.44 BDL BDL
13 BDL BDL 25.26 | 22.57 15.28 8.94 BDL
14 BDL BDL 18.18 16.36 12.75 9.05 BDL
15 BDL BDL 23.55 13.38 9.82 7.92 BDL
16 BDL BDL 18.64 |18.34 10.86 7.56 BDL
17 BDL 13.32 11.87 6.38 2.85 0.77 1.72
18 BDL BDL 7.21 15.82 9.82 7.60 7.26
19 BDL BDL 17.94 17.33 11.59 8.87 BDL
20 BDL BDL 14.16 BDL 10.97 8.14 8.39
21 BDL BDL 2419 | 23.87 12.69 9.05 BDL
22 BDL BDL 24.11 17.85 11.76 BDL BDL
23 BDL BDL 19.06 21.71 10.33 8.30 BDL
24 BDL BDL 17.90 | 18.60 12.16 9.59 BDL
25 BDL BDL 14.88 8.16 5.54 2.03 BDL
Media | N/A N/A 18.06 16.85 10.92 8.03 N/A
n
Range | N/A N/A 7.21- 6.38- 2.85- 0.77-9.59 | N/A
25.26 23.87 15.28

From table 4.5, it is observed that kanamycin plasma concentrations are below

detectable level at baseline, 0.5hr and 24hrs. Peak plasma concentration is at 1hr.
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The median plasma concentration-time profile of kanamycin in HIV-positive and

HIV-negative patients is shown in Figure 4.3.

20 T
-®— HIV-positive

= - i
15 HIV-negative

10 A

(Concentration (pg/ml)

Time (hours)

Figure 4.3: Kanamycin median plasma concentration-time profile in HIV-

positive and HIV-negative patients

From Figure 4.3, it can be observed that the plasma concentration profile of
kanamycin in the 11 HIV-positive and 14 HIV-negative patients are similar. There

is no significant difference (p =0.43) at all sampling times.

4.4.1.2 Kanamycin plasma concentrations in additional patients

Plasma concentrations in the additional six patients that were introduced into the

study are shown in Table 4.6.
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Table 4.6: Kanamycin plasma concentration-time profile in additional patients.

Time after kanamycin administration

Baseline | 15mins | 25mins | 35mins | 45mins | 55mins | 65mins | 90mins 2hrs 4hrs 8hrs 16hrs 24hrs

Ohr /ml /ml
(°h0 (Mg/ml) | (ug/ml) | (ug/ml) | (pg/ml) | (ng/ml) | (ng/ml) | (ug/ml) | (g/ml) | (ng/ml) | (ug/ml) (Hg/mi) | (hg/mb

(Mg/ml)
26 BDL 827 | 553 | 13.69 | 11.13 | 1271 | 9.08 9.30 9.83 6.90 3.03 1.01 | BDL
27 BDL 1.71 747 | 1323 | 23.04 | 1748 | 2212 | 2157 | 2048 | 754 120 | BDL | BDL
28 BDL 301 | 525 | 1016 | 5.22 6.57 6.67 595 | 1057 | 555 0.88 | BDL | BDL
29 BDL 3.07 6.20 | 6.90 978 | 10.83 | 12.08 | 1038 | 9.91 506 | BDL | BDL | BDL
30 BDL 1.73 679 | BDL | 1051 | 1571 | 1558 | 9.42 7.41 358 | BDL | BDL | BDL
31 BDL 020 | 0.81 1.24 184 | 373 6.73 5.46 5.07 3.03 065 | BDL | BDL

Median | BDL 2.37 5.87 8.53 10.15 11.77 10.58 9.36 9.87 5.31 1.04 BDL BDL

Range BDL 0.20- 0.81- 1.24- 1.84- 3.73- 6.73- 5.46- 5.07- 3.03- 0.65- N/A N/A
8.27 747 13.69 23.04 17.48 22.12 21.57 20.48 7.54 3.03

Table 4.6 presents kanamycin plasma concentrations at different time intervals in the additional patients. These concentrations were not added to

concentrations in the previous patients because of the different blood sampling times.
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As indicated in Table 4.6, at baseline (before kanamycin administration), plasma concentrations were below
detectable levels (0.05 pg/ml). This could be as a result of an insufficient amount of kanamycin remaining in
the body 24 hours after dosing that could be detected at baseline. Also, plasma concentration levels were not
detected within 16 and 24 hours in most patients. Plasma concentration levels were detected last at 16hrs for
patient 26. Patient 26 had a moderate renal impairment of 51ml/min and this resulted in the lengthening of

the residence time of kanamycin.

4.4.2 Kanamycin pharmacokinetic parameters

Tables 4.7, 4.8 and 4.9 demonstrate kanamycin PK parameters in HIV-positive, HIV-negative and additional

patients, respectively. Patients were on MDR-TB treatment for two weeks.
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Table 4.7: Kanamycin pharmacokinetic parameters in HIVV-positive patients

AbsorptionTy,

Ke Dose T (hrs) Cliot
AUCg.24) AUC . Cmax Tmax Ka MRT
Patient (hrh (mg) (hrs) pg/ml.hr ug/ml.hr (ug/ml) (hrs) | (hr?) Vd (L) (L/hr) (hrs)
1 0.11 1000 6.30 60.22 150.95 14.47 1.00 N/A N/A 60.22 6.62 7.92
2 0.18 750 3.85 163.20 208.37 21.67 1.00 N/A N/A 20.00 3.60 2.99
3 0.079 1000 8.77 140.25 243.79 14.35 1.00 N/A N/A 51.92 4.10 8.80
4 0.27 1000 2.57 75.53 77.97 12.71 2.00 N/A N/A 47.50 12.83 1.11
5 0.16 1000 433 66.63 71.32 8.40 2.00 0.19 3.65 87.63 14.02 2.02
6 0.063 750 11.00 305.86 453.32 21.27 1.00 0.16 433 26.26 1.65 12.96
7 0.19 1000 3.65 146.28 190.33 19.36 1.00 0.44 1.58 27.65 5.25 3.12
8 0.13 1000 5.33 179.21 254.98 18.19 2.00 0.85 0.82 30.17 3.92 4.69
9 0.22 750 3.15 178.97 221.47 19.81 2.00 0.90 0.77 15.39 3.39 2.39
10 0.33 750 2.10 153.52 171.16 27.63 1.00 0.33 2.1 13.28 438 2.87
11 0.22 750 3.15 68.35 80.21 12.23 0.50 0.42 1.65 42.50 9.35 1.86
Median 0.18 1000 3.85 146.28 190.33 18.19 1.00 0.19 0.82 30.17 438 2.99
Range 0.063- 750- 2.10- | 60.22-305.86 | 71.32-453.32 | 8.40-27.63 | 0.50- | 0.16- 0.77-4.33 13.28- 1.65- 1.11-
0.33 1000 11.00 2.00 0.90 87.63 12.96

14.02
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Table 4.8: Pharmacokinetic parameters in HIV -negative patients

patient Ke Ty Dose AUC(0-24 AUC(0-o0) Cmax Timax Ka (hr) ﬁ:z;)rptnon Tip2 Va () Cltot MRT (hrs)
(mg) ug/ml.hr pg/ml.hr (ng/ml) (hrs)
(hr) (hrs) (L/hr)

12 0.34 2.04 750 54.36 82.12 14.19 1 N/A N/A 26.86 9.13 2.43
13 0.15 4.62 750 188.04 247.64 25.26 1 N/A N/A 20.19 3.03 3.58
14 0.11 6.3 750 166.93 249.2 18.18 1 N/A N/A 27.36 3.01 5.68
15 0.29 2.39 750 146.4 173.71 23.55 1 N/A N/A 14.89 4.32 1.87
16 0.12 5.78 750 149.67 212.67 18.64 1 N/A N/A 29.39 3.53 4.88
17 0.35 1.98 750 55.15 60.06 13.32 0.5 N/A N/A 35.68 12.49 2.21
18 0.12 5.78 1000 192.68 253.18 15.82 2 0.13 5.33 3291 3.95 4.87
19 0.096 7.22 1000 162.93 255.33 17.94 1 N/A N/A 40.8 3.92 6.7
20 0.081 8.56 1000 192.05 295.63 14.16 1 N/A N/A 41.76 3.38 12.76
21 0.14 4.95 1000 182.52 247.16 24.19 1 N/A N/A 28.9 4.05 4.01
22 0.23 3.01 1000 80.14 131.27 24.11 1 N/A N/A 33.12 7.62 3.34
23 0.12 5.78 1000 160.86 230.03 21.71 2 0.26 2.67 36.23 4.35 4.95
24 0.084 8.25 1000 173.61 287.78 18.6 2 0.94 0.74 41.37 3.47 7.93
25 0.33 2.1 1000 60.32 66.47 14.88 1 N/A N/A 45.59 15.04 1.13

Median 0.13 5.37 1000 161.9 236.6 18.39 1 N/A N/A 33.02 4 4.44

Range 0.081-0.35 1.98-8.56 750-1000 54.36-192.68 60.06-295.63 13.32-25.26 | 0.50-2.00 N/A N/A 14.89-45.59 3.01-15.04 1.13-12.76

Result from
published 0.29-0.30 4 500-2000 N/A N/A 20.00-35.00 | 1.00-2.00 N/A N/A 17.00-23.00 5.00-6.00 N/A
studies
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Ranges of pharmacokinetic parameters of kanamycin in HIV -negative patients from previous published

studies are shown in the last row of Table 4.8.

As indicated in table 4.7 and 4.8, K5 and absorption ty/, were not calculated for patients in whom there was

no absorption phase of kanamycin.
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Table 4.9: Pharmacokinetic parameters in additional patients

AbsorptionTy,
K Cl
K T Dose a hrs tot
¢ 12 AUC(0.24) AUC ) Crmax Tmax (hrs) MRT
; -1 -1 Vd (L)

Patient (hr™) (hrs) (mg) pg/ml.hr pg/ml.hr (pg/ml) (hrs) (hr™) (L/hr) (hrs)
26 0.16 4.33 1000 71.52 77.75 13.69 0.58 0.35 1.98 80.39 12.86 1.78
27 0.44 1.58 660 82.12 84.85 23.04 0.75 1.55 0.45 17.68 7.78 0.33
28 0.27 2.57 1000 4458 47.84 10.57 2.00 1.95 0.36 77.42 20.90 0.79
29 0.25 2,77 1000 41.72 61.96 12.08 1.08 3.84 0.18 64.56 16.14 2.61
30 0.32 2.17 660 34.50 45.69 15.71 0.92 2.29 0.30 45.14 14.45 1.74
31 0.19 3.65 1000 25.07 28.49 6.73 1.08 1.89 0.37 184.74 35.10 1.60

Median 0.26 2.67 1000 43.15 54.90 12.89 1.00 1.92 0.37 70.99 15.30 1.67

Range 0.16- 1.58- 660- 25.07-82.12 28.49-84.85 6.73-23.04 0.58- 0.35- 0.18- 17.68- 7.78- 0.33-

0.44 4.33 1000 2.00 184.74 2.61
3.84 1.98 35.10
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In table 4.10, the GFR and PK parameters in HIV -positive and HIV -negative patients are
compared using the Wilcoxon rank sum test to see if there is any statistically significant

difference.

Table 4.10: p values for Wilcoxon non-parametric test

Glomerular filtration rate and p value
Pharmacokinetic parameters

GFR 0.013
Ke 1.00
Tip 1.00
AUC.24 0.61
AUC., 0.43
Crnax 0.47
Tmax 0.63
\Z 0.77
Cliot 0.51
MRT 0.50

As indicated in table 4.10, there is no significant difference in the PK parameters of
kanamycin in HIV positive and HIV negative patients except for the GFR which has a p

value of 0.013.
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CHAPTER FIVE: DISCUSSION
5.1 Structure of the discussion
Chapter 5 discusses the study design, study procedures, the determination of kanamycin
plasma concentrations, the statistical methods and results obtained from the study. It consists

of 16 sections.

The first section presents the structure of chapter five. The second section discusses the
demographic characteristics of patients who participated in the study. The power calculation
used to determine the number of patients needed for the PK study is also discussed. The third
section discusses the procedures used in the study. In this section, the blood sampling of

patients is explained.

The fourth section discusses the LC-MS method of analysis. In this section LC/MS is
compared to previously used methods to determine kanamycin plasma concentrations. The
fifth and sixth section explains kidney and liver function tests in HIV -positive and in HIV -

negative patients.

The seventh section explains the virological and immunological profile in HIV-positive
patients. The eighth section discusses the statistical methods used to analyse kanamycin PK
parameters. In the ninth, tenth and eleventh sections, research questions in the study are

extensively answered based on the results given in the previous chapter.

The twelfth section deals with abnormal PK parameters in HIVV-negative patients compared to

previously published studies. The thirteenth section discusses kanamycin plasma PK in the
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six additional patients. The PK parameters of kanamycin in previously published studies are

discussed in the fourteenth section.

The fifteenth section discusses the therapeutic implications of the study. It presents the two
PK parameters associated with the clinical efficacy of kanamycin in patients and explains

their significance. Finally, the sixteenth section explains the limitations of the study.

5.2 Study design

5.2.1 Demographic characteristics

The 31 (17 males and 14 females) patients who participated in the study were sufficient to
describe the PK of kanamycin in patients with MDR-TB. The number of patients in HIV-
positive and HIV-negative groups was sufficient to give a power of about 80% in detecting a
statistical significant difference in the means of about 1.2 standard deviations based on our
power calculations. Also, the number of patients who participated in previously published

studies was similar to the number of patients in our study.

In the study on serum PK of anti-mycobacterial drugs in HIV -negative patients with MDR-
TB during therapy, 13 patients participated in the study (Yew et al., 1999). Furthermore, a
sample size of ten patients was seen in studies of kanamycin in healthy volunteers (Cronk and
Naumann, 1959; Doluiso et al., 1973; Clarke et al., 1974). Twelve patients participated in a
study on the comparative PK of BB-K8 and kanamycin humans (Cabana and Taggart, 1973).
Based on the number of patients in previous studies, our sample size of 31 was sufficient to
describe the PK of kanamycin in patients with MDR-TB and in those with MDR-TB co-

infected with HIV.

91



Patients’ age ranged from 18 to 54 years, which is an active age group and is within the
inclusion criteria. From the body mass index (BMI), most patients had normal body weight.
Sixteen patients had normal body weight (18.5-24.9 BMI), 11 patients were underweight

(<18.5 BMI) and four patients were overweight (25.0-29.9 BMI).

5.3 Study procedures
5.3.1 Blood sampling for kanamycin plasma concentrations
The stability of plasma samples was maintained by storing samples at -80°C until LC-MS

analysis.

As indicated in Table 4.4, patient 6 had a concentration-time profile starting at 0 hr and
ending at 24 hrs. The reason for this is because patient 6 had a moderate renal impairment of
44ml/min, which contributed to the reduced Cliy of 1.65 L/hr and the long ty, of 11.00 hrs.
Patient 10 and 4 also had concentration values ending at 24hrs, although there were no
detectable plasma concentrations at O hour. Patients 10 and 4 both had normal renal function

of 90ml/min.

From Tables 4.4 and 4.5, plasma concentrations were not detected in most patients at baseline
(0 hour). This suggests that there was insufficient amount of kanamycin remaining in the
body 15 to 20 hours after kanamycin administration that could be detected at baseline (24
hours after dosing). In addition, there were no plasma concentration values in most patients
within 30 minutes after kanamycin intramuscular administration. These concentrations are

below detectable level.
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An additional kanamycin plasma concentration of six patients were analysed at time intervals
of 15, 25, 35, 45, 55, 65 and 90 minutes and 2, 4, 8, 16 and 24 hours; this was in addition to
our previous 25 patients. This was done in order to be able to see if we could detect the Cax
and Tmax Oof kanamycin between 0.25 and 1 hour and to find out if it differs from our previous

patients.

5.4 The Liquid chromatography-mass spectrometry method of analysis

The LC-MS method is a proven method and has been widely used in the guantification of
anti-TB drugs (Peng et al., 1977; Maitra et al., 1979; Niessen, 1998; Mugabo et al., 2009).
The plasma levels of kanamycin were determined using LC-MS method and analysis was

conducted according to scientific standards.

5.4.1 Validation of liquid chromatography-mass spectrometry

To validate the assay, linearity, lowest limit of detection, lowest limit of quantification,
specificity, precision, recovery and accuracy were determined in the previous chapter. All
chemicals used were prepared and standardised regularly. Chemicals were obtained from a
reputable source (Sigma-Aldrich, Cape Town). Separation of kanamycin was achieved at a

retention time of 1.50 minutes with a high recovery percentage of 92.5%.

In summary, previously published studies have used microbiological and fluoroimmuno
assay in the quantification of kanamycin (Cronk and Naumann, 1959; Doluiso et al., 1973;
Clarke et al., 1974; Yew et al., 1999). However, our validation results demonstrate that the
LC-MS analysis method is highly successful and accurate in the detection and quantification

of kanamycin in plasma.

93



5.5 Kidney function tests

Kidney function was assessed by evaluating GFR calculated from the MDRD formula. The
MDRD formula was preferred in evaluating GFR because it allows for adjustment for body
surface area. Normal renal function is equal or greater than 90 ml/min. Impaired renal
function includes mild (60-89 ml/min), moderate (40-59 ml/min) and severe renal

impairment (<15 ml/min).

Eleven patients (eight HIV-positive and three HIV-negative) had mild renal impairment and
two HIV-positive patients had moderate renal impairment. The median GFR for patients with
normal GFR was >90 ml/min, for patients with mild renal impairment it was 84 ml/min and
for those with moderate renal impairment it was 48 ml/min. The median GFR for HIV-
positive patients with a CD4 count less than 100 cells/mm?® and a CD4 count greater than 100
cells/mm?® was 81 and 88 ml/min respectively. This indicates that there was no significant

change in the GFR in HIV positive patients according to the level of HIV infection.

5.6 Liver function tests
Liver function was evaluated using the Child-Pugh score. The score was normal (< 10) in all

patients.

5.7 Virological and immunological profile

Viral load and CD4 count were performed by an accredited laboratory (National Health
Laboratory Services) in order to determine the immune competence of HIV-positive patients
in the study. There was an unequal balance of CD4 count and viral load among HIV-positive
patients. Five patients had a CD4 count of less than 100 cells/mm?® and eight patients had

CD4 counts greater than 100 cells/mm?®.
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As indicated in Table 4.2, ten HIV-positive patients had a viral load of <40 copies/ml and the
remaining three had a viral load of 5,000-1,000,000. The reason for this variation of viral
load in HIV-positive patients is that the ten patients were on ARV therapy and the other three

were not.

5.8 Statistical analysis of Pharmacokinetic parameters

PK parameters were analysed using the Wilcoxon Rank Sum test, because PK data points
were not normally distributed. The Wilcoxon Rank Sum test was used because we had one
categorical variable (Pos) with two variables (HIV-positive and HIV-negative groups) and

one nominal variable (Ke, Cmax, V4, Cliot, MRT, AUC.24, AUC,., and ty,, respectively).

The median and ranges were used to express the PK parameters because of the skewed
distribution of PK data points. These were used because they are not generally affected by

extreme values or outliers and also useful when data are not normally distributed.

The Kruskal-Wallis one-way analysis of variance is a non-parametric method and its
equivalent is the one-way analysis of variance (ANOVA). The Kruskal-Wallis test was used
to correlate the GFR values and PK parameters to see if there was a difference in the HIV

positive and HIV negative groups of patients as a result of renal dysfunction.

A p value of 0.43 suggests that there was no statistically significant difference in the PK

parameters between HIV-positive and HIV-negative patients, and on this basis the null

hypothesis was accepted in favour of the alternate hypothesis.
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5.9 Could HIV infection influence the pharmacokinetics of kanamycin in patients
infected with multi-drug resistant tuberculosis?

The rate and extent of absorption of kanamycin as represented by the Cnax and AUC.o4 Was
similar in both HIV -positive and HIV -negative patients as indicated in Table 4.7 and 4.8.
HIV positive patients were not severely affected by HIV (Table 4.1 and 4.2). Many HIV
positive patients had good immunological and virological profile since eight out of thirteen
patients had a CD4 count greater than 100 cellssmm® and ten had viral load less than 40
copies/ml. Furthermore, none of our patients had gastrointestinal diseases such as gastro-
enteritis, diarrhoea or vomiting that could have influenced the absorption rate of kanamyecin
in HIV -positive and HIV -negative patients (Arbex et al., 2010). Also, there were no
observable side effects of antiretroviral drugs or MDR-TB drugs that could have affected the
absorption of kanamycin in the patients. For example, diarrhoea is the major side effect of
protease inhibitors that could reduce the bioavailability of kanamycin. Similarly,
ethionamide, one of the MDR-TB drugs produces severe gastrointestinal effects that could

affect the PK of kanamycin (Weyer, 2005).

In addition, patients 1 and 3 had a low CD4 count of 17 and 20 cells/mm?, respectively,
which might have contributed to the low Cpax Of 14.47 and 14.35 pg/ml (Table 4.7),
respectively. Some studies have suggested that there is altered absorption of anti-
mycobacterial drugs in patients with advanced HIV infection and with a history of low CD4

counts (Patel et al., 1995; Berning et al., 2003; Gurumurthy et al., 2004).

A reduction in the extent of distribution of kanamycin in patients 9 and 10 with CD4 count
of 382 and 336 cells/mm?® and represented by a Vg of 13.28 and 15.39 L, respectively, might

be associated with the short t;, of 2.10 and 3.15 hours, respectively, that was observed. The
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t1, of a drug is a PK parameter dependent on both V4 and CLy and is a reflection of the
extent of the distribution or elimination of a drug (Mehzar, 2004). Similarly, an increase in
the V4 (60.22, 51.92, 26.26 and 30.17 L) of kanamycin in patients 1, 3, 6 and 8 resulted in the

lengthening of the ty, of 6.30, 8.77, 11.00 and 5.33, respectively.

The median and range for the K,, K, ti/2, AUCo.24, AUCo-, Cinaxs Tmax, Vd, Cliot and MRT of
kanamycin in HIV -positive patients were 0.52 (0.16-0.90) hr, 0.18 (0.063-0.33) hr, 3.85
(2.10-11.00) hrs, 146.28 (60.22-305.86) pg/ml.hr, 190.33 (71.32-453.32) pg/ml.hr, 18.19
(8.40-27.63) pg/ml, 1.00 (0.50-2.00) hrs, 30.17 (13.28-87.63) L, 4.38 (1.65-14.02) L/hr and
2.94 (1.11-12.96) hrs, respectively. There was no significant difference (p=0.43) in the PK
parameters of kanamycin in HIV -positive patients when compared to the median PK

parameters in HIV -negative patients.

5.10 To what extent do changes in kidney function influence the pharmacokinetics of
kanamycin?

There was some apparent significant difference (p=0.013) in the renal function between the
HIV positive and HIV negative patients. However, there was no significant difference
(p=0.31) when we correlated the GFR values and the PK parameters in the two groups of
patients to see if changes in the renal function affected the PK of kanamycin. HIV could be
responsible for the significant difference in the renal function between HIV -positive and
HIV -negative patients. A decline in renal function and low CD4 count are associated with
HIV-related nephropathy, due to HIV infecting the renal cells directly (Gerntholz et al., 2006;
Jeremy et al., 2008; Roe et al., 2008). Also, as indicated in Table 4.3, we had more patients
with impaired renal function in the HIV -positive group than in the HIV -negative group and

this could have contributed to the statistical difference. This result is consistent with a study
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done in South African patients, reporting that HIV-related nephropathy is exhibited in HIV
positive patients at any stage of HIV infection and is characterised with varying degrees of

GFR (Gerntholz et al., 2006).

Furthermore, individual change in PK parameters due to renal dysfunction was observed.
Patient 6 had a moderate renal impairment of 44 ml/min. The decrease in GFR was associated
with a decrease in Clyy (1.65 L/hr) and the result is an increase in the AUCy.24 (305.86
pg/ml.hr) and Chax (21.27 pg/ml) of kanamycin, as observed in this patient. This could be
because kanamycin is primarily eliminated by the kidneys, and therefore its clearance can be
prolonged in patients with renal impairment (Holdiness, 1984; Budha et al., 2008; Arbex et

al., 2010).

In addition, in Table 4.7, the other HIV-infected patients (patients 5 and 11) with mild renal
impairment (64 and 85 ml/min respectively) and a CD4 count of (98 and 102) cells/mm? had
a significant increase in the clearance (14.02 and 9.35 L/hr) of kanamycin when compared to
the other HIV -positive patients. This suggests that there was no relationship between mild

renal impairment and the immunological profile in HIV positive patients
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5.11 Do lamivudine, stavudine and efavirenz affect the pharmacokinetics of kanamycin?

Kanamycin was administered with other MDR-TB drugs to all patients. Some of the HIV
positive patients were also given lamivudine, stavudine and efavirenz. None of these drugs

can affect the metabolism, distribution and renal elimination of kanamycin.

5.12 Abnormal pharmacokinetic parameters in HIV-negative patients

Kanamycin exhibits low protein binding (approximately 10%) and therefore there should be a
high Vy, because distribution is limited to extravascular tissues (Pechere and Dugal, 1979;
Arbex et al., 2010). Patients 14, 16, 18, 19, 20 and 24 had an increase in ty, of 6.30, 5.78,
5.78, 7.22, 8.56 and 8.25 hours, respectively. The increase in ty, was as a result of the
increase in the Vg4 of 27.36, 29.39, 32.91, 40.80, 41.76 and 41.37 L. This is consistent with
the literature that kanamycin is highly distributed within extravascular tissues (Budha et al.,
2008). Similarly, a reduction in the Cli; of kanamycin of 3.01, 3.53, 3.95, 3.92, 3.38 and 3.47

L/hr could have resulted in the lengthened t;, of kanamycin in these patients.

In addition, the reduction in the rate and extent of absorption as represented by the low Cpax
of 14.19, 13.32 and 14.88 pg/ml and low AUC,.4 of 54.36, 55.15 and 60.32 pg/ml.hr in
patients 12, 17 and 25, respectively, could be as a result of the rapid clearance of 9.13, 12.49
and 15.04 L/hr of kanamycin, respectively. The rapid elimination of kanamycin in these
patients resulted in a short t;, of 2.04, 1.98 and 2.10 hours, respectively. It is difficult to
explain the rapid clearance of kanamycin in these patients because they had normal renal
function, were not suffering from any other disease, no drug—drug interactions were observed

and they were all HIV-negative.
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The median and range for the K, ti,, AUCo.24, Cax, Vd, MRT and CLy, of kanamycin in HIV
-negative patients were 0.13 (0.081-0.35) hr!, 5.37 (1.98-8.56) hours, 161.90 (54.36-192.68)
pg/ml.hr, 18.39 (13.32-25.26) pg/ml, 33.02 (14.89-45.59) L, 4.44 (1.13-12.76) hours, 4.00
(3.01-15.04) L/hr. When compared to previously published studies (Cronk and Naumann,
1959; Cabana and Taggart, 1973; Clarke et al., 1974; Doluiso et al., 1973), there was a
reduction in the rate and extent of absorption in HIV-negative patients. The t;, and MRT of
kanamycin were lengthened in HIV-negative patients. The V4 was also increased. K¢ and Clio
were decreased. The increase in the extent of distribution, the decrease in the elimination rate
constant and the decrease in the clearance of kanamycin could be responsible for the

lengthened time kanamycin molecules resided in HIV-negative patients.

5.13 Additional patients’ results

In addition to seeing clearly what is happening between the time intervals of 0.25 and 1 hour
in the description of kanamycin PK parameters, blood samples were also collected at
different time intervals because we were testing for ethionamide, which has a Tnax around 1

hour.

Kanamycin PK was determined in the six additional patients at the following time intervals:
baseline (before kanamycin administration), 15, 25, 35, 45, 55, 65, 90 minutes and 2, 4, 8, 16
and 24 hours after kanamycin administration, respectively. The PK parameters are expressed
as median and range. Cmax, Tmax and AUCg.o4 were 12.89 (6.73-23.04) pg/ml, 1.00 (0.58-
2.00) hours, and 43.15 (25.07-82.12) pg/ml.hr, respectively. MRT and ty, were 1.67 (0.33—
2.61) hours and 2.67 (1.58-4.33) hours, respectively. V4 and Cly,; were 70.99 (17.68-184.74)
L/hr and 15.30 (7.78-35.10) L, respectively. There was similarity in the PK parameters of

kanamycin when compared to HIV -negative patients in the study. Kanamycin was not
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adequately absorbed in the patients as represented by the low Cpax and AUC.24. Kanamycin
was highly eliminated as indicated by the high K¢ and Cli and this resulted in the short ty,

and MRT.

5.14 Pharmacokinetic data of kanamycin from published studies

There is not enough data from previous studies on the PK of kanamycin in patients with
MDR-TB and in those with MDR-TB co-infection with HIV. Three studies have described
the PK of kanamycin in healthy volunteers (Cronk and Nauman, 1959; Cabana and Taggart,
1973; Doluiso et al., 1973) and only one described the PK of kanamycin in HIV -negative
patients infected with MDR-TB (Yew et al., 1999) using immuno-assay methods. The ranges
for some PK parameters from previous studies are as follows: Cpax 0f 20-35 pg/ml, Trax Of

1-2 hours, K, of 0.29-0.30 hr?, t,, of 2-4 hours, Cly 0f 5-6 L/hr and V4 of 17—-23 L.

When comparing these results to PK parameters of HIV -negative patients in the study, the
median Cmax (18.39 pg/ml) was lower in this study, Tmax (1hr) was similar, K, (0.13hr™) was

lower, t1/> (5.37hrs) was longer, Cli,: (4.00L/hr) was lower and V4 (33.02L) was higher.

5.15 Therapeutic implications

The two common PK parameters associated with the clinical efficacy of aminoglycosides are
Cmax and AUCy24 (Yew, 2001). High peak plasma concentration of aminoglycosides is
associated with increased rate of survival and better therapeutic response in patients.
However, due to the narrow therapeutic index of aminoglycosides and the fact that the

concentration required for therapeutic effects is close to the concentration that potentially
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causes toxic effects, care must be taken when administering kanamycin in patients with renal

impairment.

Most of our patients had a low peak plasma concentration of kanamycin when compared to
the literature (Cronk and Naumann, 1959; Cabana and Taggart, 1973; Clarke et al., 1974;
Doluiso et al., 1973). The low Cnax could result in poor response to therapy and increased
risk of selection of drug-resistant organisms. It has been suggested that clinicians should aim
for a Cinax of 20-35 pg/ml and a Cyougn (trough level) of <10 pg/ml when kanamycin is given
intramuscularly (Peloquin, 2002). Based on our results, the median Cyougn 0f kanamycin in
HIV -positive and in HIV -negative patients was 7.8 (0.66-9.98) ug/ml and 8.6 (0.77-11.76)
pag/ml respectively. This further explains that kanamycin plasma levels were not toxic in our

patients.

Furthermore, AUC is associated with bioavailability and clearance. Increased total clearance
results in a fall in the AUC over 24 hours, and vice versa. Also, bioavailability is an
important factor that determines clinical efficacy and the therapeutic response of a drug
(Burgess, 1999). It was observed in most patients that increased clearance of kanamycin
resulted in a fall in the AUCy.o4. This means that there was a reduction in the rate and extent
of absorption of kanamycin, which could potentially result in the development of drug

resistance.

5.16 Limitations of the study
We had an unequal distribution of patients in the HIV-positive and HIV-negative groups.

Twenty-five patients volunteered to participate in the study, of whom 11 were HIV-positive.
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Also, there were very few patients with kidney dysfunction and no drug—drug interaction was

observed between kanamycin and co-administered medications.

There was no balance in the CD4 count and viral load in HIV-positive patients. Five patients
had a CD4 count of <100 cells/mm?® and six had a CD4 count of >100 cells/mm?®. Some
patients were in the early stage of the disease, while some had advanced HIV infection; thus,
it might be difficult to conclude if HIV infection was responsible for the abnormal PK
parameters seen in these patients. In addition, studies on the PK of kanamycin are very
scarce, especially in sub-Saharan Africa. Thus, comparison of our results with previously
published studies for similarities or differences in the PK parameters was limited.
Furthermore, the cost of getting more volunteers to participate in the study would have been
very expensive. This impeded the assessment of whether HIV infection, kidney dysfunction

or drug interaction influences the PK of kanamycin.
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CHAPTER 6: CONCLUSION AND RECOMMENDATIONS

6.1 Conclusion

The aim of the study was to determine kanamycin plasma concentrations using LC-MS and to
describe the PK of kanamycin in patients with MDR-TB infection and in patients with MDR-
TB co-infected with HIV during their course of treatment. In addition, we also examined

whether HIV, kidney dysfunction and drug interactions influenced the PK of kanamycin.

Based on the results obtained, we can conclude that objectives of the present study were
achieved:

The LC-MS analysis method is highly specific, highly sensitive and reproducible in the
detection and quantification of the plasma concentrations of kanamycin.

The PK of kanamycin in patients with MDR-TB and in those with MDR-TB co-infected with
HIV was described.

HIV infection does not have any influence on the PK of kanamycin.

Changes in renal function do not influence the PK of kanamycin.
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6.2 Recommendations

Based on the above mentioned limitations, the following should be considered for future

studies:

PK/PD relationship of kanamycin should be determined, because it quantifies the activity of

an antibiotic and describes the time course of action of the antibiotic.

Kanamycin-free plasma concentration should be evaluated, because the free plasma

concentration is responsible for therapeutic effects.

The minimum inhibitory concentration (MIC) of kanamycin should be determined on each

patient’s sputum. MIC is a good predictor of the potency of anti-bacteria activity.

Sputum conversion for each patient should be recorded five times during the treatment. This

indicates if MDR-TB therapy was successful.

Other MDR-TB treatment outcomes (cure, treatment failure, death and defaultment) should

be determined.
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APPENDIX A

Pharmacokinetics and Pharmacodynamics of second line
antimycobacterial drugs in patients with multidrug-resistant
tuberculosis and in patients co-infected with multidrug-resistant
tuberculosis and HIV

Patient consent form (written consent only)

Patient Statement

This study and related procedures have been explained to me to my satisfaction, I have
Teceived a copy of the patient mformation sheet and have been given the opportumity to
ask questions which have been answered to my satisfaction. [ hereby agree to voluntanly
participate in this programe.

T'understand that if T choose to withdraw from this study, T will need to inform my Doctor
in order to enable him to evaluate my status, to review the consequences of my decision,
as well as to allow him to perform procedures for an orderly termination of my

Signature of patient Date (o be completed by patient)
Statement of randomising Doctor
I certify that I have explained to the above patient the nature, purpose, procedures, the

possible risks and potenfial benefits of this research project and have provided the patient
with the patient information sheet whose reference 1s *

(* Insert reference of Patient Information Sheet given to the patient)

Top Copy-patient’s hospital notes ~ Second Copy - patient  Thard Copy-Site Working
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APPENDIX B

OFFICE OF THE DEAN
DEFARTMENT OF RESEARCH DEVELOPMENT

LINIY ERSITY o che
WESTERM (CAFE

26 September 2012
To Whom It Mayv Concern

I hereby certify that the Senate Research Committee of the University of the Western
Cape has approved the methodology and ethics of the following research project by
Prof P Mugabo (School of Pharmacy)

Eesearch Project: Pharmacokinetics and pharmacodynamics of second line
antmycobactenial drogs in patents with poultbdmg-
resistant tuberculosis and in patients co-infected with
mulfidrug-resistant tuberculosis and HIV.

Registration no: 12/6/44

Awny amendments, extension or other moedifications to the protocol must be submitted to
the Ethics Connmiattee for approvwal.

The Committee must be informed of any semous adverse event and/or termination of the
study.
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Mz Patricia Josias
Research Ethics Committee Officer
University of the Wasfern Cape

Frivate Hag X 17, Baltrills 7555, South Africa
“T: +27 21 959 P9EE/2948 - F: +27 21 959 3170
E: pjosias@wee_ac. za
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