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Abstract 

Vemurafenib is a potent serine/threonine kinase inhibitor and is registered as Zelboraf® for the 
treatment of metastatic melanomas harboring BRAFV600E mutations. There is a large individual 
variation in drug response and the side effects observed among patients treated with Zelboraf® 

has proven to be severe. 

LC-MS/MS methods were developed to measure vemurafenib and its metabolites in human 
plasma for prediction of treatment outcome and side effects in order to individualize treatment 
with Zelboraf®. 

A novel, rapid quantification method was developed for vemurafenib using a stable isotope 
labeled internal standard. The method was validated according to international guidelines with 
regard to calibration range, accuracy, precision, carry-over, dilution integrity, selectivity, matrix 
effects, recovery and stability. All parameters met the set acceptance criteria. 

The first method suitable for quantifying vemurafenib metabolites in human plasma is 
presented. Lacking commercially available reference substances, human liver microsomes were 
used to produce the metabolites. In patient samples at steady-state five previously in vitro 
identified metabolites were quantified for the first time. 



 

 

 

Sammanfattning 

Vemurafenib är en ny serin/treoninkinasinhibitor som utgör den aktiva substansen i läkemedlet 
Zelboraf® och används för behandling av metastaserande hudcancer orsakad av BRAFV600E 
mutationer. Det finns stora variationer i behandlingsutfallet mellan patienter och 
läkemedelsbehandlingen har visat sig kunna ge upphov till allvarliga biverkningar. 

LC-MS/MS metoder har utvecklats för mätning av vemurafenib och dess metaboliter i mänsklig 
plasma för att kunna förutse behandlingsutfall och biverkningar baserat på uppmätta 
plasmakoncentrationer. Målsättningen är att kunna individualisera behandlingen av Zelboraf® 
för att reducera antalet biverkningar och öka behandlingseffekten av läkemedlet. 

En ny kvantifieringsmetod baserad på en isotopinmärkt internstandard har utvecklats för 
vemurafenib. Metoden har validerats enligt internationella riktlinjer där parametrarna 
kalibreringsområde, riktighet, precision, spädbarhet, selektivitet, matriseffekt, utbyte och 
stabilitet har utvärderats. Alla parametrar uppfyllde satta kriterier. 

Den första metoden för mätningar av vemurafenibs metaboliter i mänsklig plasma presenteras. 
Då kommersiellt tillgängliga referenssubstanser saknas har mänskliga levermikrosomer 
använts för att producera metaboliter. För första gången har fem av vemurafenibs, tidigare in 
vitro identifierade, metaboliter kvantifierats i plasma från patienter som behandlats med 
Zelboraf®. 
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1. Introduction 
In this thesis quantification methods for the active substance vemurafenib and its metabolites 
was developed to enable future possible findings regarding the relationship between plasma 
concentrations and side effects of the novel drug Zelboraf®.  

This section gives a brief introduction to melanoma and the importance of BRAF mutations in 
cancer treatment development. The mode of action of vemurafenib, the active substance in the 
novel drug Zelboraf®, is presented together with the drug pharmacokinetics and drug 
metabolism. The aim of the thesis and the intended approach is finally presented.  

1.1. Melanoma and BRAF mutations 

Melanoma is an aggressive skin cancer with a high rate of mortality if not detected early. The 
cancer originates in the melanocytes, the skin’s pigment-producing cells, and harboring 
mutations in different serine/threonine kinases. In 2002 the B-rapidly accelerated fibrosarcoma 
(BRAF) kinase was discovered to be the most frequently mutated in cancer cells, with the 
highest frequency among malignant melanoma (Tsai, K. Y., S. Nowroozi, and K. B. Kim. 2013). 
Mutations in the BRAF gene are found in approximately 50% of melanoma where the single 
amino acid substitution from valine to glutamic acid at codon 600 in exon 15 (BRAFV6ooE) 
represents 90% of the different mutations that have been characterized (Genentech 2014).  
The mutation plays an important role in the mitogen-activated protein kinase (MAPK) signaling 
pathway, described in section 1.1.2., which controls the cell proliferation and differentiation. 
Therefore oncogenic BRAF has become an important target for melanoma therapies. 

1.1.1. The RAF Family 
The rapidly accelerated fibrosarcoma (RAF) gene, first identified in 1983, is today known as a 
direct activator of the mitogen-activated protein kinase (MEK) and an effector of the rat sarcoma 
(RAS) kinase. The gene product of RAF, the RAF kinase, has an important role as intermediary in 
the mitogen-activated protein kinase (MAPK) signaling pathway. Mammals possess three 
independent genes, encoding three different RAF isoforms; ARAF, BRAF and CRAF with BRAF 
having the strongest binding affinity for MEK, thus generating the strongest activity in the 
signaling pathway. (Matallanas, D., et al. 2011) 

1.1.2. The Mitogen-Activated Protein Kinase Signaling Pathway 
The MAPK signaling pathway regulates the cell proliferation, survival and differentiation and 
comprises signaling through the kinases RAS-RAF-MEK-ERK, see figure 1 (Roberts, P. J., and C. J. 
Der. 2007). The signal is transmitted through a protein activation cascade and finally targets the 
transcription factors responsible for the regulation of the gene expression. Under normal 
conditions growth factors bind to receptors on the cell surface in order to activate the small, 
plasma bound, G-protein called RAS. RAS activity is dependent on its ability to bind guanosine 
triphosphate (GTP) and thus acts as a regulatory binary switch in the signal transduction. RAS is 
in its neutral state bound to guanosine diphosphate (GDP) and requires the exchange of GDP to 
GTP in order to become active. The exchange enables through assistance from guanine 
nucleotide exchange factors, which are required to be in close proximity to RAS. Once GTP is 
bound to RAS it triggers the phosphorylation of the serine threonine kinases ARAF, BRAF and 
CRAF, belonging to the RAF-family. The serine threonine kinases phosphorylate and activate 
MEK, which in turn activates extracellular-signal-regulated kinases (ERKs). Activated ERKs 
translocate to the nucleus and regulates the activation of transcription factors able to control 
the destiny of the cell. (Hertzman Johansson, C., and S. Egyhazi Brage. 2014) (Santarpia, L., 
Lippman, S.M., El-Naggar, A.K., 2012) 
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Cells harboring the BRAFV600E mutation are no longer controlled by stimulating growth factors 
since the hyperactive form of BRAF continuously stimulates the signaling pathway regardless of 
external stimulation (Hertzman Johansson, C., and S. Egyhazi Brage. 2014). The mutation is a 
gain of function and allows RAS-independent activation of the signaling pathway leading to an 
up-regulation of genes involved in proliferation and differentiation resulting in uncontrolled 
division, growth and survival of the tumor cells, characteristic for melanoma (Ascierto, P. A., et 
al. 2012). 

 

 

 

 

 

 

  
 

  
  
 

  
  
 

Figure 1. The mitogen activated protein kinase signaling pathway results in downstream signaling through RAS-RAF-MEK-ERK. 
Increased activity of RAF causes a hyperactive signaling and an overactive cell proliferation, differentiation and survival. 

 

 
1.1.3. Treatment of Melanoma  
Melanoma is classified using different stages characterized by the thickness, depth of 
penetration, and the degree to which the cancer has metastasized and spread to other parts of 
the body. Stage I and stage II refer to early melanoma; the melanocytes have started to grow 
uncontrolled but the cancer is still thin and localized at the original site since it has not become 
deep enough to reach the blood vessels.  Stage III and stage IV belong to the advanced melanoma 
that is thicker and has reached the blood stream or the lymphatic system and thus started to 
metastasize and become fatal (Skin Cancer Foundation 2014). Early melanoma is often curable 
by simple surgical excision, removing the skin lesion. Treatment of advanced melanoma needs 
other approaches like chemotherapy in form of cytotoxic drugs able to destroy the cancer cells 
spread throughout the body (Melanoma Research Foundation 2014).  
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1.2. Vemurafenib 

Zelboraf® was approved by the US Food and Drug Administration (FDA) in August 2011 and by 
the European Medicines Agency (EMEA) in February 2012 as a cytostatic drug for the treatment 
of adult patients with metastatic melanoma harboring BRAFV600E mutations (Sharma, A., et al. 
2012). The active substance vemurafenib, see figure 2, is a novel highly selective 
serine/threonine kinase inhibitor with the ability to block proliferation in tumors carrying the 
mutant BRAF gene (Nijenhuis, C. M., et al. 2014). Zelboraf®, developed by Plexxikon and 
Genentech and commercialized by Hoffman La Roche, is orally administered as a film-coated 
tablet and the recommended dose is 960 mg twice daily (European Medicines Agency 2011). 

 

 

 

 

  

 

  

 
Figure 2. The molecular structure of vemurafenib. 

 
 
1.2.1. The Mode of Action of Vemurafenib 

Zelboraf® is designed to prevent the constitutively activation of the MAPK signaling pathway 
through inhibition of the protein synthesized by the mutant BRAFV600E (Sharma, A., et al. 2012). 
The active substance, vemurafenib, binds reversibly to the oncogenic, mutant form of BRAF and 
reduces the activity of the kinase by blocking the activating domain. Reduced activity of 
BRAFV600E results in decreased activation of MEK and ERK, and the reduced signal helps to slow 
down cell growth and proliferation, see figure 1 (Flaherty, K.T., 2011). Since vemurafenib is a 
highly selective serine/threonine kinase inhibitor the efficacy of the drug is restricted to 
melanoma carrying the specific BRAFV600E mutation and the drug is only given to patients 
suffering from melanomas caused by this specific mutation. (European Medicines Agency 2011) 

1.2.2. Treatment with Zelboraf® 

Zelboraf® is used as chemotherapy for the treatment of late stage melanoma and has been 
extensively tested among patients with melanoma expressing the BRAFV600E mutated form 
showing a survival benefit for both untreated and pretreated patients. The novel drug delivers 
highly significant improvements in best overall response rate and survival in comparison to 
Dacarbazine, the previous first line treatment for patients with metastatic melanoma in EU 
countries (Ascierto, P. A., et al. 2012). Zelboraf® shows a clinical response rate of nearly 50% 
and a proven overall survival with a median reached 13.2 months compared to 9.6 months with 
Dacarbazine. (Tsai, K. Y., S. Nowroozi, and K. B. Kim. 2013) (Zelboraf, vemurafenib 2013) 
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The treatment with Zelboraf® is not straightforward and although the proven effects of the 
novel drug are impressing there are some serious side effects to take into account. A very 
common reported side effect is cutaneous squamous cell carcinoma (cSCC), which originates in 
the keratinocytes that constitute the outermost dead cell layer of the skin. This cancer is mostly 
curable by local excision but a small portion will metastasize (Beydoun, N., Graham, P.H., 
Browne, L., 2012). Among other common side effects are arthralgia, rash, fatigue, nausea, 
photosensitivity and pruritus (European Medicines Agency 2014).  

The most plausible explanation behind these undesirable effects is the paradoxical activation of 
MEK and ERK occurring in wild-type BRAF cells while treated with vemurafenib (Tsai, K. Y., S. 
Nowroozi, and K. B. Kim. 2013). 

There is a large individual variation in drug response and side effects among patients treated 
with Zelboraf®, and also sex differences in exposure is seen. For instance, in clinical trials side 
effects like rash, arthralgia and photosensitivity was reported more frequently in women than 
men (Tsai, K. Y., S. Nowroozi, and K. B. Kim. 2013).  A better understanding of the drug 
metabolism and the side-effect profile would allow individualized treatment with Zelboraf® in 
order to improve the desirable effects and reduce the side effects of the drug. 

1.2.3. Pharmacokinetics of Vemurafenib 
The active substance has a molecular weight of 489.93 g/mole with the molecular formula 
C23H18ClF2N3O3S, see figure 2. Reported pKa values are 7.9 and 11.1 and the aqueous solubility 
of the drug is very low and independent of pH. Vemurafenib is more than 99% bound to protein 
and the absolute bioavailability of the drug, the actual amount reaching and engaging the target 
kinase, has not yet been investigated. After oral intake Tmax is approximately 4 hours and the 
distribution volume of the drug is estimated to be 91 L. Clearance is about 30 L/day and t1/2 is 
approximately 57 hours, thus steady state is reached after approximately 15 days (European 
Medicines Agency 2011). Median steady-state Cmax and Cmin are 62 g/mL and 59 g/mL, 
respectively. (Hoffmann-La Roche 2014) 

1.2.4. The Metabolism of Vemurafenib 
The majority of introduced drugs are excreted from the body by metabolism or by renal 
excretion. Another possible excretion pathway is via feces. The purpose of the metabolism is to 
increase the water-solubility of foreign compounds to facilitate excretion. The most active tissue 
in the drug metabolism is the liver hence it is usually called the hepatic drug metabolism. 
Enzymes located mainly in the smooth endoplasmic reticulum of hepatic cells carry out the 
majority of reactions involved. The process is divided into two different phases called  
phase I metabolism and phase II metabolism. (Williams, R. T. 1972)  

Phase I metabolism comprises mainly oxidation reactions but also reductions and hydrolyses, 
and are dominantly mediated by the cytochrome P450 isoenzymes (CYPs) (Brandon, E. F., et al. 
2003). CYP-enzymes are a superfamily of mono-oxygenases where different CYP isoforms are 
derived from different genes. The enzymes are characterized as heme-thiolate proteins, 
containing a centered iron molecule able to bind oxygen and generate a spectrophotometric 
absorption peak. The superfamily has been divided into subgroups depending on their 
structural similarities and up to 21 different CYP families have been identified in human. The 
isoforms CYP1, 2 and 3 make up for 70% of total hepatic CYPs content and thus stand for 94% of 
drug metabolism in liver.  

Phase I reactions require an external source of protons, which is usually delivered by the 
cofactor nicotinamide adenine dinucleotide (NADH) or by nicotinamide adenine dinucleotide 
phosphate (NADPH) (InterPro database 2014). The outcome of phase I metabolism can be either 
pharmacologically inactive metabolites, metabolites less active than the original drug or 
metabolites more active than the original substance.  
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Phase II reactions like conjugations, attaching a large, endogenous and polar group are required 
in order to make the metabolites even more soluble and inactive if phase I metabolism was not 
sufficient for excretion. Typical phase II reactions involve glucuronidation, the addition of a 
sugar molecule, and the enzyme responsible for these reactions is the uridine 
diphosphoglucuronosyl transferase (UGT) (Williams, R. T. 1972). UGT catalyzes the 
glucuronidation where a glucuronosyl group is transferred from the cofactor uridine 5’-
diphosphoglucuronic acid (UDPGA) to substances with oxygen, nitrogen, sulfur or carboxyl 
functional groups (Trottier, J., et al. 2006). The product of phase II metabolism is unlikely to be 
pharmacologically active. Different drugs are metabolized in different ways, but many drugs 
undergo phase I followed by phase II metabolism. 

The metabolism of vemurafenib has been investigated both in vitro, using human liver 
microsomes and hepatocytes of various species, and in vivo in rat, dog and human. The drug 
undergoes both Phase I and Phase II metabolism but the main component in plasma is 
unchanged vemurafenib (>95%), thus the metabolites only make up 2,5 %. The majority of the 
metabolites are excreted via feces and a few percent are recovered in the urine. (Flaherty, K.T., 
2011) 

Characterization of the in vitro metabolite profile using cDNA expressed isoenzymes and human 
liver microsomes with isoform specific P450 chemical inhibitors showed the CYPs, especially the 
enzyme CYP3A4, to be mainly responsible for the metabolism of vemurafenib to mono-hydroxyl 
metabolites. Proposed metabolites of vemurafenib are illustrated in figure 3 and include mono-
hydroxylations (M1, M2, M3 & M4), a glucosylation (M6) and glucuronidations (M5, M7 & M8) 
(European Medicines Agency 2012 assessment report). The predominant metabolite found in 
human hepatocytes and human liver microsomes was the mono-hydroxylated form M3 (Clinical 
Pharmacology & biopharmaceutics review 2011). 

 

 
 
 

 

 

 

 

 

 

 

 

  
  
  
  
  

 
Figure 3. Proposed metabolites of vemurafenib including mono-hydroxylations 

(M1, M2, M3 & M4), glycosylation (M6) and glucuronidations (M5, M7 & M8). 
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1.3. Thesis Objectives 

The aim of the thesis was to develop LC-MS/MS quantification methods for vemurafenib and its 
metabolites in human plasma with the former validated according to international guidelines. 
The study was carried out in collaboration with Kungliga Tekniska Högskolan (KTH) and 
Science for Life Laboratories. The developed methods will be used to find correlations between 
the plasma concentration of vemurafenib, and its metabolites, and the treatment outcome 
including side effects of the drug Zelboraf®. 

1.4. Approach 

A bio-analytical method for drug and metabolite quantification based on measurement of 
human plasma concentrations needs to have high sensitivity and high selectivity in order to 
provide reliable results for use in clinical practice. A method that meets these requirements is 
LC-MS/MS, and was therefore the choice of method for this study. Preparatory work was 
conducted on HPLC in order to find appropriate conditions for sample preparation and to 
achieve a better understanding of prerequisites regarding the solubility and stability of the 
drug. Favorable chromatographic conditions for HPLC were tested with a starting point based 
on earlier publications for similar methods. 

In this study human liver microsomes were used to produce vemurafenib metabolites, as none 
were commercially available. Human liver microsomes were selected as they have proven to be 
useful for metabolite profiling studies and provide a fast and simple way of producing 
metabolites.  

A method needs to be validated in order to be complete for clinical practice. Guidance from 
Food and Drug Administration (2001 & 2013) and from European Medicines Agency (2011) 
was used to design the validation.  
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2. Project Plan  

2.1. The Process 

The project was carried out at Clinical Pharmacology, Department of Medical and Health sciences 
(IMH) at Linköping University during 20 weeks. The project process is described below with the 
constituent milestones highlighted in a flowchart, see figure 4. A detailed schedule with times 
specified for the included parts was established during the planning and can be found in 
appendix A, presented as a Gantt chart. 

Initially the main focus was to develop an appropriate HPLC method in a clinical relevant 
concentration range using UV detection for the quantification of vemurafenib. Different 
separation conditions were tested in order to find out a solid HPLC method, with a well-defined 
chromatography, that later could be transferred to LC-MS/MS. At the moment there are only a 
few quantification methods published based on these techniques (Zheng, Y., et al. 2013, 
Sparidans, R. W., et al. 2012 & Nijenhuis, C. M., et al. 2014) and so far no methods are presented 
for the quantification of the metabolites of vemurafenib. 
Human liver microsomes were used for production of metabolites since there are today no 
metabolites commercially available as reference substances. An effective sample preparation 
method for the substances was developed for use prior analysis in order to separate the 
analytes from interfering compounds. LC-MS/MS methods were developed and optimized with 
respect to vemurafenib and its metabolites, respectively. The vemurafenib quantification method 
was validated according to guidelines from Food and Drug Administration (FDA) and European 
Medicines Agency (EMEA). Metabolite quantification was performed using plasma samples 
obtained from patients at steady state treated with Zelboraf®. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Figure 4. A flowchart describing the project process. 

Development of an HPLC method with UV detection for vemurafenib 

Development of a sample preparation method 

Production of metabolites using human liver microsomes 

Method transfer to LC-MS/MS  

Method optimization  

Method validation  

Metabolite quantification using patient samples 
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2.2. Method Development 

The method development procedure for drug quantification must follow some critical steps in 
order to be fully completed and accepted, see figure 5. The procedure starts off with choose of 
appropriate instrumentation for the analysis and development of a suitable chromatography by 
testing different mobile phase compositions and elution profiles. A suitable internal standard 
needs to be found and a calibration curve needs to be designed where the lower limit of 
quantification as well as the upper limit of quantification needs to be established. A set of quality 
control samples needs to be added to verify the results and finally the method needs to be 
validated according to international guidelines. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 5. The method development procedure. 

 

 

 

 

Choose of appropriate instrumentation for the analysis 

Method validation 

Development of a suitable chromatography  
mobile phase composition & elution profile 

Construction of a calibration curve 

LLOQ & ULOQ 

Addition of quality control samples  
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3. Theory 
The theory part presents the basic principles for the methods used in the study as well as the 
basic chemistry behind and aims to provide a better understanding for the study. 

3.1. Sample Preparation 

Prior drug analysis sample preparation is necessary in order to separate the analyte from 
interfering compounds and extraction of the drug for quantification. Preparation is also 
intended to purify the sample by removing particles that could clog the column used for 
separation and another objective is to concentrate or dilute the sample. Common sample 
preparation techniques are protein precipitation, liquid-liquid extraction and solid phase 
extraction. These conventional techniques are used extensively and the throughput has recently 
been increased since labor intense parts and the whole process can be automated. 

Protein precipitation (PP) is usually performed by adding organic solvent like methanol or 
acetonitrile to the sample of interest. Sometimes acids, salts or metal ions are also used for 
precipitation but for metabolic profiling studies, methanol is suggested as the most robust 
(Want, E. J., et al. 2006). The volume of the precipitation agent should be in excess of the sample 
volume. Since proteins are sensitive to external stress the addition of organic solvent cause’s 
denaturation and precipitation of the proteins resulting in loss of its drug binding ability. 
Precipitated proteins are isolated and removed from the sample by centrifugation.  
(Polson, C., et al. 2003) 

The technique is very simple and fast and the sample volume required is small, why it is often 
preferred over other sample preparation techniques. However the extract obtained is not as 
clean as with the other techniques mentioned and the sample is diluted instead of being 
concentrated. 

The purpose of liquid-liquid extraction (LLE) is to extract the analyte from one liquid to another 
liquid phase in order to yield a solvent that is enriched in solute, thus called extract. The 
principle is based on the solubility of the analyte in the different phases, which often consists of 
water and an organic solvent. 

In solid phase extraction (SPE) the sample is passed through a solid, referred to as a stationary 
phase, and separated into desired and undesired components according to the chemical and 
physical properties of the substances in the sample. Substances with high affinity for the 
stationary phase is retained whilst the low affinity substances passes through rapidly. 

SPE and LLE are not preferred in metabolite studies since they are selective methods and thus 
the metabolic coverage may be reduced. (Vuckovic, D. 2012)  

3.2. Metabolite Production 

Human liver microsomes (HLM) are commonly used to produce metabolites in order to support 
in vitro ADME (absorption, distribution, metabolism and excretion) studies of orally administered 
drugs since they contain a wide variety of drug metabolizing enzymes including the CYPs and 
UGT. The microsomes are created by homogenization of the liver, resulting in disruption of the 
endoplasmic reticulum giving rise to small vesicles that can be separated from the homogenate 
by high-speed centrifugation. (Williams, R. T. 1972) 
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3.3. Basic Principles of High Performance Liquid Chromatography 

High performance liquid chromatography (HPLC) previously known as high-pressure liquid 
chromatography, is today one of the most powerful tools in analytical chemistry. HPLC can be 
used for separation, identification and quantification of most samples that can be dissolved in a 
liquid. The method is basically a highly improved form of column chromatography where the 
solvent is forced through under high pressure instead of being dripped under gravity, making 
the method much faster. In HPLC a smaller particle size can be used in chromatographic packing 
materials, making the interacting surface between the material and the solvent much greater. 
The result is a better separation. Modern chromatographic separation allows a high pressure, 
over 1000 bar, and use of a packing material with particle sizes less than 2m, thus the 
technique is referred to as Ultra high performance liquid chromatography (UHPLC), 
or UPLC as the patented version from Waters AB. (Waters 2014) 

3.3.1. Chromatographic Separation 
The chromatographic separation takes place in a column and is provided by choosing a 
chromatographic packing material and solvent with different polarities. Compounds are 
separated due to the difference in the partition equilibrium between the packing material and 
the solvent. Compounds with similar polarity as the packing material will be retained since they 
interact more effective with the particles in it. Compounds similar in polarity as the solvent will 
move faster through the column and elute earlier. Thus, the speed of the analyte is determined 
by its attraction to the packing material or the solvent. 

A high-pressure pump generates a continuous flow of the solvent, known as the mobile phase, 
through the column, see figure 6. An auto sampler introduces the sample into the mobile phase 
transporting it into the HPLC column where the separation occurs. Different compounds elute 
with different times based on their interactions with the chromatographic packing material, 
referred to as the stationary phase, and thus have their own specific retention time. A detector 
monitors the separated compound bands and the response is transformed into a chromatogram. 
Quantification is based on calibration with known standards. (Waters 2014) 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 

 
 
 

  
  

 
Figure 6. Schematic view of an HPLC system. The mobile phase is forced through the system by the high-pressure pump.  

An auto sampler is injecting the sample into the mobile phase and compounds are separated in the column based on their interactions 
with the packing material and the mobile phase. The detector registers the retention times of the eluting compounds 

 and a data system transforms the signal to a chromatogram with peaks for specific compounds. 
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The interactions with the material of the different phases depend on the functional groups in 
the molecules and their steric properties. Hydrogen bonding, dipole-dipole interactions, dipole 
induced interactions and π complex bindings are the intra molecular interactions taking place 
between the analyte and the stationary phase (Meyer 1998). 

Analytes can only be separated from each other if their distribution coefficient differs. The 
distribution coefficient is defined as the ratio of the concentration of solute in the organic phase 
over the concentration of solute in the aqueous phase, thus a high distribution coefficient means 
a high concentration of the sample is interacting with the stationary phase. The distribution is 
an equilibration process occurring throughout the chromatographic run. (Waters 2014) 

Column 
The column contains the stationary phase, the chromatographic packing material, which effects 
the separation of the compounds. The material of the column must withstand high pressure, up 
to 500 bar, and therefore stainless steel are often to prefer. The column must also be chemically 
inert relative to the separation system. The column length determines the efficiency of the 
separation, and the separation power increases with increasing column length. The drawbacks 
with a longer column are a greater solvent consumption, longer chromatographic runs and a 
higher backpressure. A shorter column length does not have these disadvantages but in other 
hand the separation power is reduced. The column is generally designed with a length of 20-500 
mm and an internal diameter of 1-100 mm. (Waters 2014) (Lindsay 1992) 

Often a guard column, a short column with the same packing material, is attached to the column 
protecting it from sample impurities and thereby extending the life of the column. 

In normal phase chromatography a polar chromatographic packing material is used and non-
polar compounds are eluted first since they possess the weakest interactions with the material. 
In the more commonly used reversed phase chromatography a non-polar packing material is 
used, making the more polar compounds elute first. 

Stationary Phase 
The stationary phase is made up by a chromatographic packing material, which is held in place 
by the column hardware. The most popular packing material in reversed phase HPLC consists of 
n-octadecylsilyl, C18-bonded silica beds with non-polar properties, see figure 7. The size of the 
particles varies from 1.7 µM to 100 µM depending on the analysis. Smaller beds contribute to 
higher efficiency but at the same time a higher backpressure. (Waters 2014) 

 

  
  

Figure 7. N-octadecylsilyl, the most commonly used packing material in reversed phase HPLC. 
 A chain of 18 carbons is attached to a silica particle. 

Mobile Phase 
The mobile phase, also called the eluent, acts as a transportation system for the sample making 
it flow through the column at a steady rate. The choice of solvent depends on the compounds of 
interest. Mixtures of water or aqueous buffer together with solvents like methanol or 
acetonitrile are polar phases commonly used in reversed phase chromatography. The total 
volume occupied by the mobile phase is called the void volume of the system. 

The elution can be carried out either by having the mobile phase composition identical 
throughout the run, called an isocratic elution, or by changing the composition gradually in a 
gradient elution. Often the gradient is set to return to initial mobile phase composition in the 
end of the gradient program in order to re-equilibrate the column in preparation for next 
injection. (Waters 2014) 
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Sample Injection System 
The sample injection needs to be carried out accurately and precisely for the column to be 
producing a good separation. An auto sampler is carefully introducing a predetermined volume 
of sample into the mobile phase. To maintain sample integrity over time it is common to use 
tempered sample compartments. Modern injectors use a syringe-filled sample loop able to be 
switched on- or offline. The injection system is situated in close proximity of the column to 
minimize the spreading of the sample band. In order to prevent contamination of the present 
sample by a previous one, referred to as carry-over, some systems allow the syringe to be 
flushed to waste by mobile phase between the injections. (Waters 2014) 

Pumps 
The most common type of pump used in HPLC is called short stroke piston pump and works 
according to the same principle as the piston stroke. The pump must be capable of generating a 
high pressure, up to 500 bar, and at the same time keep a high flow accuracy and precision. The 
generated flow should be pulseless and must be independent of backpressure (Meyer 1998). 

3.3.2. Detection 
The detector contains a flow cell able to sense the presence of a compound band against a 
background and thus indicating a change in the composition of the examined eluent. The 
detector responds in proportion to the concentration of the band and transforms the change 
into an electrical signal. Common physical or chemical properties measured are UV/visible light 
absorbance, differential refractive index and fluorescence. The sensor is wired to a computer 
data station and set to measure at a specific wavelength characteristic for the compound of 
interest. A chromatogram is generated based on the electrical signal and different compounds of 
the sample can be identified and quantified since the height of the peak, the intensity, is 
proportional to the detector response. (Waters 2014) 

UV Detector 
The principle of an UV detector is based on the ability of a molecule to absorb light in the range 
of ultra violet (UV) or visible light. The analyte of interest needs to have certain structural 
properties in order to possess the ability of absorbing light. The structural properties include 
fragments like carboxyl groups, carbonyl groups, aromatic rings or conjugated double bounds. 
The UV detector consists of a light source, a monochromator and a small flow cell. A light beam 
generated from the light source is diffracted by a prism within the monochromator and passes 
through the flow cell. A photodiode measures the absorbance continuously and the response is 
expressed as absorption units (AU) and plotted as a function of elution time, generating a 
chromatogram. (Meyer 1998) 

3.3.3. Chromatogram 

The computer plots measured signal over time in a chromatogram as a representation of the 
separation occurred in the column. A peak is generated for each detector response representing 
different compounds eluted. A series of peaks with intensities proportional to the strength of 
the response are drawn on a time axis based upon their difference in retention time as 
illustrated in figure 8. The retention time relates to the chemical and physical properties of the 
analyte and the peak area relates to the amount of analyte present in the sample. The mobile 
phase itself gives rise to a certain detector response when it emerges from the column, the 
portion of the chromatogram referred to as baseline. 

 
 

  

  
AU 

Baseline 

Figure 8. An illustration of a chromatogram obtained by HPLC with UV detection.  
Different compounds elute with different retention times and each peak corresponds 
to a detector response with greater response giving rise to a higher intensity, thus a 
higher peak. 
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3.3.4. Quality Parameters 
The best way of identifying peaks in the chromatogram is by the capacity factor since the 
retention times vary with column length and mobile flow rate. The capacity factor describes 
where the peak elute relative to an un-retained solute and is calculated by taking the retention 
time for the analyte and subtract the dead time; the time it takes for the mobile phase to pass 
through the column, and finally divide by the dead time, equation 1. A capacity factor within the 
interval of 1-10 is desired since a lower value may indicate an insufficient separation and for a 
higher value the analysis time may be too long. 
 

 

    
      

  
  (equation 1) 

 
 

In order to describe the separation of two peaks relative to each other one can use the selectivity 
or separation factor, which is expressed as the ratio between the capacity factors for the peaks 
of interest, as in equation 2. 
 
 

 

    
  
 

  
   

       

       
   (equation 2) 

 

 

Resolution is the term describing the degree to which different compounds are separated and 
distinguished from each other in the chromatogram, thus a high resolution is desired since it 
indicates a good separation. The achieved resolution is determined by the mechanical 
separation power based on the column length, particle size and packed-bed uniformity and the 
chemical separation power based on the composition of the mobile and the stationary phases. 
The resolution of two solutes is defined by the difference in retention times between the solutes 
divided by their average peak width, see equation 3 (Lindsay 1992). 
 
 

 Rs   
         

            
 (equation 3) 

 

 

The quality of a separation can be negatively affected by peak tailing, a term referred to as 
asymmetrical peaks where the later eluted half of the peak is wider than the front half. The 
phenomenon occurs when several separation mechanisms are overloaded, because there are 
more than one retention mechanism present in the separation. Usually it is possible to reduce 
peak tailing by modifications in the mobile phase composition. 
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3.4. Basic Principles of Mass Spectrometry 

Mass spectrometry (MS) is a powerful analytical technique for both quantitative and qualitative 
analyses and an excellent tool for measuring the mass of a certain molecule. The method is 
based on the formation of gas phase ions and their motion in an electric or magnetic field.  A 
mass spectrometer requires the three main components; ionization source, mass analyzer and 
detector, as illustrated in figure 9. Sample molecules are ionized and accelerated into a mass 
analyzer, which separates the ions according to their mass to charge ratio. Ions reach the 
detector and the response is converted into a mass spectrum of relative abundance versus 
mass-to-charge ratio (m/z) by a data system. (Waters 2014) 
 

 

 

               
 

Figure 9. A simple schematic of a mass spectrometer. The liquid sample solution is being injected  
and ionized before it reaches the mass analyzer for separation of the ions prior detection. 

 

3.4.1. Ionization 
Sample molecules are converted into ions by addition of protons, positive ionization mode, or by 
removal of protons, negative ionization mode. Ions can be created in many ways using different 
ionization techniques. There are two main categories of ionization techniques; hard ionization, 
highly energetic reactions were the break of chemical bonds gives rise to fragment ions, and soft 
ionization were ions are formed without the breakage of any bonds with less fragmentation by 
using less energy.  

Electrospray ionization (ESI) is a common soft ionization technique based on atmospheric 
pressure ionization. The liquid sample solution is pumped through a capillary needle with an 
applied voltage of 2-4 kV under atmospheric pressure. Once the sample solution exits the 
capillary needle it aerosolizes, forming droplets containing the ions. The ions are accelerated 
into the mass analyzer, by the combined effect of electrostatic attraction and vacuum, were they 
are separated for detection. Ionization of small molecules typically gives rise to single charged 
ions and thus reflecting the actual mass of the analyte. (Waters 2014) 

In the presence of less volatile compounds the signal from the analyte is sometimes decreased, 
an effect referred to as ion suppression. The reason behind is that less volatile compounds have 
the ability to change the ionization efficiency by affecting the droplet formation or droplet 
evaporation, making less charged ions in the gas phase reach the detector. (Annesley,T.M., 2003) 

3.4.2. Mass Analyzer 
The mass analyzer works by separating the ions according to their mass to charge ratio. Today 
the four dominating analyzers are quadropole, quadropole ion trap, time of flight and fourier 
transform ion cyclotrone resonance with different size, resolution and mass range.  

A quadropole mass analyzer is constructed of four parallel electrical rods with varying direct 
current and alternating radio-frequency potential, see figure 10. Settings are made to only allow 
the passage of ions with a specific m/z, thus they are the only ones reaching the detector. Ions 
not possessing the right m/z value will collide with the rods and be ejected. 
 
 

  

Detector 
Mass 

Analyzer 
Ionization

e 
 

Data system Sample inlet 

Figure 10. The quadropole construction. 
 Four parallel electrical rods with varying 
 direct current and radio frequency potentials. 
 Only ions with correct m/z value are allowed to pass. 
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Tandem Mass Spectrometry 
Tandem mass spectrometry (MS/MS) is characterized by sequential separations by the use of 
coupled quadropoles. Ion isolation of a parent ion with specific m/z value is performed in the 
first analyzer, thus acting as a mass filter. Isolated ions reach a second quadropole, which 
comprises a collision cell were collision induced dissociation takes place in order to fragment the 
parent ion into daughter ions. The fragmentation occurs by addition of collision gas containing 
an inert gas, e.g. argon or nitrogen. The final analyzer also comprises a mass filter and separates 
the fragment ions based on their m/z values. (Waters 2014) 

Scan Properties of MS/MS 

With MS/MS there are four main scan experiments possible by altering the direct current and 
radio frequency voltage of the two quadropoles possessing the mass filters; neutral loss scan, 
product scan, precursor ion scan and multiple reaction monitoring (MRM). A neutral loss scan 
enables the study of precursor ions with the same loss or gain in neutral mass and a product 
scan is suitable if the m/z value of the ion of interest is known and the fragmentation pattern is 
studied. In order to study structurally related analytes that may possess the same fragmentation 
pattern a precursor ion scan is useful. MRM confirms the identity of a precursor ion by 
monitoring the product ion and is often used in quantification assays where analytes of interest 
and their fragmentation pattern is already known. (Waters 2014) 

LC-MS/MS 
A powerful technique with high selectivity and sensitivity is obtained by combining the 
separation properties of HPLC with the detection capabilities of MS/MS. The chromatographic 
separation is performed as in HPLC analysis but the detector is replaced by the MS/MS 
instrumentation. The technique is commonly used in drug development and drug evaluation. 

3.4.3. Detection & Quantification 
The detector responds in form of an electrical current proportional to the amount of ions 
reaching the detector and generates a mass spectrum. A conversion dynode with opposite 
charge as the detected ions emits electrons proportional to the amount of ions reaching the 
detector. The emitted electrons are directed towards an electron multiplier, which enhance the 
detection efficiency by amplifying the current created from ions reaching the detector 
simultaneously. Additional enhancement is provided when the electrons collide with the 
dynode and remove of additional electrons occurs.  

Calibration Curve 
For quantification of samples with unknown concentration it is necessary to know the 
relationship between detector response and concentration of the analyte. In order to establish 
the relationship a calibration curve is created. The simplest model is used for curve fitting, 
preferably a linear model. 

Internal Standard 
An internal standard (IS) is a compound with similar physical and chemical characteristics as 
the analyte and is used to improve the precision of the quantitative analysis. Equal amounts of 
IS is added to each sample before analysis and due to the close similarity between the analyte 
and the IS one can assume that their initial ratio does not change. A loss in analyte response due 
to sample preparation or ionization variability will affect the IS response to the same degree, 
thus the IS compensates for the variability in the analytical procedure. Instead of using a 
calibration based on the absolute response obtained from the analyte, the calibration will use 
the ratio between the analyte and the IS response, thus giving a more correct concentration of 
the analyte since the ratio will be less variable than the response obtained from only the 
analyte. The IS needs to be stable and available in pure form and perform a compatible detector 
response distinguishable from the one obtained from the analyte. (Bronsema, K. J., R. Bischoff, 
and N. C. Van de Merbel. 2012) 
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3.5. Method Validation 

A bio-analytical method needs to be validated before being implemented in clinical use to 
ensure the reliability and reproducibility. Different levels of method validation are applied 
depending on the extent of the required validation. A full validation is required during 
development and implementation of novel methods or if an already existing quantification 
method is extended to include new metabolites. If an already validated bio-analytical method is 
modified or need to be transferred between laboratories, a partial validation is sufficient. The 
extent of a partial validation can vary a lot and depends on the adjustments made. When using 
two different techniques for generating the same data or when the samples within a single study 
are analyzed at different sites a cross validation is necessary in order to be able to compare the 
validation parameters. 

The FDA and EMEA have developed guidance’s that provides general recommendations for 
bio-analytical method validation (Food and Drug Administration 2001 & 2013 and EMEA 2011). 

3.5.1. The Validation Process 
According to FDA and EMEA the validation for a bio-analytical method should include 
demonstrations of calibration range, accuracy & precision, carry over, dilution integrity, 
selectivity, matrix effects & recovery and stability for the analyte in a biological matrix. 
Acceptance criteria have to be established for each parameter in order to determine if a 
response variation is to be accepted or rejected. The process should mimic the intended sample 
handling conditions used during sample analysis in order to reflect the real situation. 

Calibration Range & Quality Control Samples 
The concentration of analyte in a specific sample is determined using a calibration curve with 
concentrations covering the expected range of the study. The calibration curve should be 
prepared by spiking matrix with known concentration of the analyte and should consist of at 
least 6-8 calibration standards (non-zero samples) accompanied with a blank sample 
(processed sample without analyte and without IS) and a zero sample (processed sample 
without analyte but with IS). 

The lowest standard on the calibration curve matching the set criteria is referred to as the lower 
limit of quantification (LLOQ) and the highest standard on the curve with corresponding criteria 
represents the upper limit of quantification (ULOQ). The simplest model for describing the 
response-concentration relationship should be used. 

Quality control (QC) samples are samples with known concentration of the analyte and are used 
to verify the results. The QC samples should not be prepared from the same stock solution as the 
calibration curve in order to be able to exclude errors in the sample preparation procedure. 

Accuracy & Precision 
To ascertain the correctness of the value obtained by the method with that for the actual 
concentration of analyte, the accuracy of the method is determined. Accuracy is demonstrated 
for both within-run and between-run by replicate analysis of QC samples and determined as the 
ratio of the measured concentration divided by known concentration. Precision describes the 
variation of repeated individual measures expressed as coefficient of variance (CV) and is like 
accuracy measured for both within-run and between-run to evaluate precision during a single 
run as well as precision over time.  

Carry-over 
Evaluation of the carry-over effect is necessary to ensure that the intensity of a sample is not 
affected by a previous sample injection. 
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Dilution Integrity 
Dilution integrity is evaluated in order to ensure that samples can be diluted without affecting 
the results of the analysis.  

Selectivity 
The selectivity refers to the ability of an analytical method to differentiate and quantify the 
analyte in the presence of other compounds and is evaluated by analysis of biological matrices 
obtained from different sources. 

Matrix Effects & Recovery 
Possible matrix effects need to be evaluated in order to be able to infer that it does not affect the 
analysis. Comparison of plasma samples obtained from different individuals spiked after 
extraction with reference samples reveals possible matrix effects.  

The recovery is a measurement of the extraction efficiency of the analytical method and is 
evaluated by comparison of plasma samples spiked before extraction with plasma samples 
spiked after extraction. 
 
 

          
                                       

                                      
  (equation 4) 

 
 
 

Process efficiency is the combined effect obtained by the matrix effect and recovery and is 
evaluated by comparison of plasma samples obtained from different individuals spiked before 
extraction with references samples 
 
 

 

                     
                                       

                
 (equation 5) 

 
 

Stability 
The purpose of the stability studies is to evaluate conditions for sample handling and storage 
during clinical studies. Stability is evaluated for processed samples, short-term storage, long-
term storage and freeze/thaw treatment. Temperatures and time points are chosen to mimic 
the real sample handling procedure. The final time point for long-term stability should be 
chosen to exceed the time between the date of first sample collection and the date of last sample 
analysis. 

3.5.2 Acceptance Criteria 
Acceptance criteria need to be established for every parameter in order to be able to accept or 
reject analytical runs and to evaluate the parameters, see appendix B. 
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4. Materials & Methods 
The section materials and methods accounts for chemicals and instrumentation used for the 
experiments in the study. Developed methods for the quantification of vemurafenib and its 
metabolites using HPLC and LC-MS/MS are presented in this section together with the 
performed experiments. 

4.1. Chemicals 

HPLC grade methanol (MeOH) and acetonitrile (ACN) were purchased from Fischer Scientific AB 
(Västra Frölunda, Sweden) and the formic acid (FA) used was from Merck AB (Solna, Sweden). 
Hyper grade MeOH and ACN, used for the mass spectrometric assays, were purchased from 
Merck AB. Sigma Aldrich Sweden AB (Solna, Sweden) was used as supplier for Ammonium 
acetate (AmAc). Reagents for the HLM study, including HLM, NADPH Regenerating System 
solution A and B and UGT reaction mix solution A and B, were all purchased from BD Biosciences 
(Stockholm, Sweden). Vemurafenib and sorafenib was purchased from Toronto Research 
Chemicals (North York, Canada) and 13C6vemurafenib from AlsaChim (Strassbourg, France). 
Purified water was prepared in the laboratory using a Milli-Q Gradient purchased from 
Millipore AB (Solna, Sweden). 

4.2. Instrumentation 

The HPLC system consisted of an Alliance 2695 Separation module, a Dual  Absorbance 
detector 2487, a Multi  Fluorescence Detector 2475 and a Photodiode Array Detector 2996 
from Waters Sverige AB (Sollentuna, Sweden). The column used was an XBridge BEH C18 (3.0 
x150 mm, 3.5 m, Waters) attached to a guard column with a C18 packing material. 

The liquid chromatography tandem mass spectrometry system, LC-MS/MS, consisted of an 
Acquity Ultra Performance LC and a Xevo TQ using an ESI source (Waters). The column used for 
chromatography was an Acquity BEH C18 (2,1 x 100 mm, 1,7m, Waters) attached to a guard 
column with the same packing material. 

The HPLC and mass spectrometry systems, both from Waters Sverige AB, used Empower 3 
Chromatographic Software and MassLynx Mass Spectrometry Software, respectively, for data 
acquisition and analyses. 
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4.3. The Vemurafenib HPLC Method 

Prior development of quantification methods for vemurafenib and its metabolites using  
LC-MS/MS, a method was developed using HPLC with UV detection in order to obtain favorable 
conditions for the chromatographic separation. 

Studied concentration ranges were chosen based on previously published literature. Nijenhuis, 
C. M., et al. 2014 have recently reported plasma concentrations for vemurafenib in patients, 
expected to have reached steady state, between 10 µg/mL and 17 µg/mL.  

In this section the final HPLC-UV method is presented followed by a description of the 
experiments performed for achieving the best chromatographic conditions. 

4.3.1. Sample Preparation  
The sample preparation was based on the technique PP according to the following protocol; 

Frozen plasma was thawed to ambient temperature and 200 l methanol was added to 50 l of 
plasma. The solution was vortex mixed vigorously for 15 seconds followed by centrifugation at 
4C, 10 000 g for 5 min. 150 l of the supernatant was removed and mixed with an equal 
amount of methanol-water solution (40/60) in order to adjust the methanol content to 60% 
before analysis. 

4.3.2. Chromatography 
Two mobile phases, A and B, consisting of 50% MeOH in FA (0.1%) and 75% MeOH in FA 
(0.1%), respectively. A linear gradient elution from 0 - 100% B was applied at a flow rate of 0.7 
ml/min with a total cycle time of 12 minutes, including 4.50 minutes of equilibration. The 
injection volume was 10 µl and the temperature of the column and the auto sampler was kept at 
55°C and 5°C, respectively. The absorbance was recorded at 249 nm. 
 
4.3.3. Experiments 

Extraction Efficiency 
To investigate the extraction efficiency triplicates of plasma samples with a vemurafenib 
concentration of 15 µg/mL were prepared according to the protein precipitation protocol and 
compared with a triplicate of reference samples with expected analyte concentration at 100% 
recovery in 60% MeOH. 

Mobile Phase Composition & Gradients 
Different mobile phase compositions were tested based on previously published articles by 
Zheng, Y., et al. 2013 and Sparidans, R. W., et al. 2012. In order to make vemurafenib elute within 
15 minutes and allow for the separation of metabolites, expected to elute before vemurafenib, 
different linear gradient elution profiles were tested. The different combinations tested were; a 
mobile phase composition of MeOH and FA (0.1%) with a gradient elution from 70-90% MeOH 
and a composition of MeOH and AmAc with gradient profiles of 55-90% MeOH and 67.5-95% 
MeOH, respectively. 

Linearity Assessment 
A calibration curve was designed within a clinical relevant concentration range of vemurafenib 
containing 0.01, 0.05, 0.1, 0.5, 1, 5 and 10 µg/mL in a MeOH/water (60/40) solution.  
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Solubility 
The solubility of vemurafenib was investigated for mixtures of water, MeOH and ACN due to 
difficulties in sample handling and preparation in order to find out favorable conditions for the 
working solutions and processed samples. 

 Experimental Setup; 
A sample with a vemurafenib concentration of 5 µg/mL was prepared in 500 l of the solution to 
be tested and refrigerated for 1 hour. The sample was centrifuged at 4°C, 17530 RCF for 5 
minutes and 250 l of the supernatant was transferred to a fresh tube. 1000 l of MeOH was 
added to both of the tubes followed by thoroughly vortex and another centrifugation. The 
vemurafenib concentration in each tube was measured using the HPLC method. 

If vemurafenib was soluble in the solution prepared, the amount present in the supernatant 
should be equal to the substance content in the bottom of the sample, thus equal areas should 
be obtained from the two different tubes. If not, precipitated vemurafenib would dissolve upon 
addition of MeOH resulting in a greater area in the tube containing the precipitate.  

For water solubility investigation samples were prepared in a mixture of MeOH and MilliQ-
water (50/50) and pure MilliQ-water. The solubility in MeOH was investigated for mixtures 
with a MeOH content of 20%, 40%, 50%, 60% and 70%. The solubility in ACN was tested for 
mixtures of 5%, 10%, 30% and 50% of ACN.  

Short-term Stability of Vemurafenib in Whole Blood 
The short-term stability of vemurafenib in whole blood was investigated for 0 to 70 hours at 
room temperature and at 7C, respectively. Chosen time points were based on previous 
analyzes and from a clinical perspective regarding sample handling, where 8 hours refers to 
sample handling in hospitals and 70 hours refers to margin needed when sending the samples 
from the hospital to the analysis center. 

Whole blood was cooled in refrigerator to facilitate handling whereupon vemurafenib was 
added to obtain an estimated plasma concentration of 5 µg/mL and gently mixed with the blood. 
The solution was divided into different tubes and incubated at either room temperature or 7C 
for 0, 24, 36 and 70 hours, respectively. At the predetermined times samples were centrifuged 
at 4C, 1200 g for 10 minutes and the plasma was transferred to new tubes and stored in 
freezer. All frozen plasma samples were prepared simultaneous according to the sample 
preparation method prior analysis. 
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4.4. The Vemurafenib LC-MS/MS Method 

Development of The Vemurafenib LC-MS/MS method began in the early development stage for 
The Vemurafenib HPLC method in order to ensure compatibility prior method transfer. 

The HPLC method was transferred to LC-MS/MS using an UPLC column. After optimization of 
the response yield from the mass spectrometer, by testing different mobile phase compositions, 
cone voltage, collision energy and ionization mode, the method was validated according to FDA 
and EMEA guidelines.  

4.4.1. Sample Preparation 
Frozen human plasma was thawed to ambient temperature and 50 l was precipitated by 
addition of MeOH containing 13C6 vemurafenib and sorafenib with a concentration of 250 ng/mL 
and 50 ng/mL, respectively.  The sample was thoroughly vortex mixed and centrifuged at 4C, 
14 000 g for 5 min. 150 l of the supernatant was removed and mixed with 150 l methanol-
water solution (40/60) and transferred to a 96 well plate for analysis.  

4.4.2. Chromatography 
An isocratic elution profile was applied at a flow rate of 0.45 ml/min with a mobile phase 
composition of 72 % MeOH and 28 % FA (0.1%) and a total cycle time of 1.90 minutes. The 
injection was carried out using partial loop with needle overfill with an injection volume of 0.5 
l. The temperature of the column and the auto sampler was kept at 55°C and 5°C, respectively. 
The IS used for quantification was 13C6 vemurafenib. 

The MRMs used for identification and quantification of vemurafenib are presented in table 1 
with the quantification ion given as the upper transition and the qualification ion as the 
transition below. 

Table 1. MRMs used for identity qualification and quantification of vemurafenib. 

 

4.4.3. Calibration 
From calibration solution mixes prepared in MeOH and stored in a freezer, 6 calibration 
standards, see table 2, were prior each run freshly prepared with drug-free human plasma by 
mixing 10 l of calibration solution mix with 40 l of plasma. The samples were prepared 
according to described sample preparation. QC samples were prepared from QC mixes based on 
MeOH and stored in freezer according to the same procedure as for the calibration standards, 
see table 3. Blank sample was precipitated by addition of pure MeOH. The LLOQ and ULOQ were 
determined to 0.5 g/mL and 100 g/mL, respectively.  

                 
Table 2. Designed calibration curve for vemurafenib quantification. 

                                                                                                                                                              
Table 3. Quality control samples for vemurafenib quantification. 

 
 
 
 
 
 
 

Compound 
Time window 

(min) 
Precursor ion 

(m/z) 
Product ion 

(m/z) 
Cone Voltage 

(V) 
Collision Energy 

(V) 

Vemurafenib 0-1.90 
490.0 
490.0 

382.9 
254.9 

44 
46 

28 
44 

13C6 Vemurafenib 0-1.90 
496.0 
496.0 

260.9 
388.9 

46 
46 

44 
28 

Calibration Standards g/mL in plasma 

Standard 1 0.5 (LLOQ) 

Standard 2 1.5 

Standard 3 5 

Standard 4 20 

Standard 5 75 

Standard 6 100 (ULOQ) 

Quality Control 
Samples 

g/mL in plasma 

LLOQ 0.5 

Low QC 1.5 

Middle QC 25 

High QC 75 
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4.4.4. Validation 
The Vemurafenib LC-MS/MS method was validated for calibration range, accuracy & precision, 
carry-over, dilution integrity, selectivity, matrix effect & recovery and stability according to 
guidance’s from FDA and EMEA. Each analytical run, or batch, consisted of a calibration curve, 
including a blank sample and a zero sample, accompanied with QC samples and processed 
samples for parameter evaluation. 

Linearity 
The linearity of the calibration curve was evaluated by back-calculated concentrations of all 
calibration points throughout the validation. 

Accuracy & Precision 
Within-run accuracy & precision were evaluated by analysis of five independent QC samples for 
each of the four concentration levels. Between-run accuracy & precision were evaluated by 
comparing QC samples from five runs.  

Carry-over 
Carry-over was evaluated by injection of a blank sample after the highest calibration standard 
and was assessed for three runs. 

Dilution Integrity 
Dilution integrity was evaluated for concentrations within the standard curve, from 100 μg/mL 
to 20 μg/mL, by dilution in blank plasma. Concentrations higher than ULOQ were not evaluated 
due to solubility issues of vemurafenib arising in earlier experiments.  

Selectivity 
Analysis of blank samples obtained from six individuals was used to evaluate the selectivity of 
the method.  

Matrix Effect & Recovery 
Matrix effects at a low (1.5 μg/mL) and high (75 μg/mL) concentration were evaluated by 
comparison of plasma samples from 6 individuals spiked after extraction with reference 
samples of low and high concentrations, respectively.  

Recovery was evaluated by comparison of plasma samples obtained from 3 individuals spiked 
before extraction with a concentration of either 1.5, 25 or 75 μg/mL of vemurafenib with plasma 
samples obtained from 3 individuals spiked after extraction at same concentration levels. 

Process efficiency was evaluated by comparison of plasma samples spiked before extraction 
with references samples of low, middle and high concentrations.  

Stability 
Stability evaluations covered processed sample stability, freeze-thaw stability, short-term 
stability (investigated on HPLC section 4.3.3.) and long-term stability. 

Processed sample stability was evaluated for a low (1.5 μg/mL), middle (25 μg/mL) and high 
(75 μg/mL) concentration by injection of freshly prepared samples (calibration curve and QC 
samples) and re-injection after storage in Eppendorf tubes for 24 hours at 5°C.  

Freeze-thaw stability was determined for three freeze-thaw cycles in -80 °C. Triplicates of 
samples with low (1.5 μg/mL) and high (75 μg/mL) concentrations were thawed unassisted at 
room temperature for 2 hours and refrozen overnight.  

A plan for long-term stability was established during the validation planning. Time points of 
interest will be 0, 1, 2, 3, 6, 12, 24, 36, 48 and 60 months, respectively. Sets of triplicate in QC 
samples of the low, middle and high level and calibration curves were prepared and stored at 
-80 °C.  
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4.5. LC-MS/MS Method for the Metabolites of Vemurafenib 

A quantification method in a lower concentration range was developed in order to achieve 
enough sensitivity for identification and quantification of the metabolites.  

4.5.1. Sample Preparation 
The same sample preparation method as for The Vemurafenib LC-MS/MS Method was used. 

4.5.2. Chromatography 
Same chromatography was used as for The Vemurafenib LC-MS/MS method except for a linear 
gradient elution from 55%-65% MeOH for 6 minutes with a total cycle time of 7 minutes and an 
injection volume of 7 l. The IS used for quantification was sorafenib. 

The MRMs used for identification and quantification are presented in table 4 with the 
quantification ion given as the upper transition and the qualification ion as the transition below. 

 
Table 4. MRMs used for LC-MS/MS Method for the Metabolites of Vemurafenib. 

 
 
4.5.3. Calibration 
A calibration curve, consisting of 6 calibration standards, was designed in the range just below 
the one used for vemurafenib quantification, see table 5. The LLOQ and ULOQ were determined 
to 2 ng/mL and 400 ng/mL, respectively. 
 
 
 

Table 5. Designed calibration curve for metabolite quantification. 

                                                                                                                                                       
 
 
 
 
 
 
 
  
 

 
  

Compound 
Time window 

(min) 
Precursor ion 

(m/z) 
Product ion 

(m/z) 
Cone Voltage 

(V) 
Collision Energy 

(V) 

Vemurafenib 5.0-7.0 
490.0 
490.0 

254.93 
382.94 

46 
46 

44 
28 

Sorafenib 5.0-7.0 
465.03 
465.03 

252.0 
270.01 

46 
46 

34 
24 

Hydroxylation 1.68-2.64 
506.1 
506.1 

270.9 
398.9 

47 
47 

45 
26 

Hydroxylation 2.7-4.3 
506.1 
506.1 

254.9 
382.9 

47 
47 

45 
26 

Glucuronidation 2.0-3.5 
506.1 
682.1 

398.9 
398.9 

47 
46 

26 
40 

Glucosylation 3.6-5.0 
652.2 
652.3 

493.4 
548.8 

64 
64 

30 
30 

Calibration 
Standards 

ng/mL in plasma 

Standard 1 2 (LLOQ) 

Standard 2 6 

Standard 3 20 

Standard 4 80 

Standard 5 300 

Standard 6 400 (ULOQ) 
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4.5.4. Metabolite Production 
The metabolite production was carried out by HLM incubation according to manufacturer 
guidelines. In brief the metabolism was initiated by addition of vemurafenib and NADPH 
regenerating system together with UDPGA solution were used as cofactors to get a functional 
metabolite producing system. Incubation was carried out in a 37°C water bath and interrupted 
by addition of four volumes of methanol followed by vortex and centrifugation at 4°C, 14 000 g 
for 5 min. The supernatant was removed and mixed with water to an adjusted methanol content 
of 60% before analysis. To optimize metabolite yield three different incubation times, 60 
minutes, 180 minutes and 400 minutes, were tested with substrate concentrations of 0.5 µg/mL 
and 5 µg/mL, respectively. After incubation the samples were prepared according to the sample 
preparation used in the HPLC method.  

Solvent Concentration Restrictions  
The enzymes CYPs and UGT are inhibited by a variety of organic solvents and restricted 
specifications are necessary in order to not impact on the effectiveness of the HLM incubation. 
For minimal impact on the activity recommended instructions from the manufacturer is to not 
exceed a concentration of 2% DMSO, 1% MeOH and 1% ACN. 

4.5.5. Metabolite Identification in HLM Extract 
The metabolite content in the HLM extract was examined in a neutral loss scan and the presence 
of analytes was confirmed by study of obtained chromatograms at possible or expected m/z 
ratio. Possible findings were further examined by a precursor scan recording transitions to 
product ions whereupon cone voltage and collision energies were optimized for the found 
metabolites estimated to have sufficient intensity for quantification.  

Previously described fragmentation pattern for vemurafenib published by Sparidans, R. W., et al. 
2012 and Nijenhuis, C. M., et al. 2014 suggests the fragmentation to result in products with a 
mass to charge ratio of 255 and 383, see figure 11. Depending on where the metabolite 
formation takes place, different fragments of vemurafenib will have an increase in mass to 
charge ratio, and thus it is possible to predict on which fragment the addition of an external 
compound has occurred.  

 

 

 

 

 

 

 

 

 

Figure 11. The suggested fragmentation pattern for vemurafenib. 

 
 
 
4.5.6. Patient Samples 
Metabolite quantification was carried out using blood samples from two patients treated with 
Zelboraf®, expected to have reached steady state. Blood samples were centrifuged at 1300g for 
15 minutes and the plasma was isolated and stored in freezer prior analysis. 
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5. Results 

Results from the HPLC method and the experiments carried out on HPLC during method 
development including extraction efficiency, mobile phase compositions with different 
gradients, linearity assessment, solubility and short-term stability are presented in this section.  

The section continues with presentation of results obtained by the LC-MS/MS method for 
vemurafenib focusing on the validation results and finally the metabolite findings obtained by 
the LC-MS/MS method for the metabolites of vemurafenib are presented. 

5.1. The Vemurafenib HPLC Method 

5.1.1. Chromatography 
The final vemurafenib HPLC method resulted in a uniform peak for vemurafenib with an elution 
time just below 8.5 minutes. The chromatogram is illustrated in figure 12.  
 
 
 
 
 
 
 
 
 

 
  

 
Figure 12. Obtained chromatogram for vemurafenib with the final HPLC method. 

 

5.1.2. Experiments 

Extraction Efficiency 
The extraction efficiency of the sample preparation was found to be higher than 98% and 
therefore the sample preparation was considered to be effective. The areas obtained from the 
plasma and the reference samples are found in table 6.  
 

 
Table 6. Obtained areas for reference and plasma samples used for calculation of the extraction efficiency. 

 
Sample Area Mean area Extraction efficiency 

Reference sample 1 77 661 

77 436 

98,3% 

Reference sample 2 77 759 

Reference sample 3 76 887 

Plasma sample 1 76 085 

76 132 Plasma sample 2 76 044 

Plasma sample 3 76 266 
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Mobile Phase Composition & Gradients 
Well working chromatography was obtained from both mobile phase compositions with an 
elution time of less than 15 minutes and symmetrical peaks with no visible tailing, illustrated in 
figure 13. 
 
   
 

                                                                              

 

 

 

 

 

 

 

 

 
Figure 13. Chromatograms from the different mobile phase tests on HPLC showing the elution of vemurafenib with an applied 
 gradient elution of 70-90% MeOH using FA (0,1%) as buffer at a retention time of approximately 3 minutes (A), and a linear 

 gradient elution from 55-90% MeOH in AmAc 10mM (B) with a retention time of just above 6 minutes for vemurafenib.  
Samples had a vemurafenib concentration of 5 g/mL and the absorbance was recorded at 249 nm. 

 

 
With the method transfer in mind mobile phase compositions were also tested using LC-MS/MS 
compatible buffers, see section 5.2. in the results for The Vemurafenib LC-MS/MS method. The 
composition of MeOH and FA (0.1%) was preferred and selected for further experiments, as the 
ionization was better. 

Linearity Assessment 
The relationship between the concentration and response of vemurafenib exhibited a 
correlation coefficient above 0.999 and was considered to be linear within the range of 0.01-10 
g/mL in 60% MeOH, see figure 14 and table 7. 
 
 

 

 

 

 

 

 
 
 

Figure 14. The linear relationship between concentration and response for vemurafenib in the 
 concentration range of 0.01-10 g/mL with a correlation coefficient of 0,99997. 

Vemurafenib g/mL Area 

0.01 538 

0.05 2 552 

0.1 5 519 

0.5 25 636 

1 51 131 

5 250 897 

10 507 698 

B 

0 

100000 

200000 

300000 

400000 

500000 

0 2 4 6 8 10 

A
re

a
 

Concentration (ug/mL) 

A 

Table 7. Concentrations and obtained area for 
samples used for establishment of the relationship 

betwen concentration and response for vemurafenib. 
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The Solubility of Vemurafenib 

Water/ MeOH Solubility 
Chromatograms from vemurafenib samples prepared in pure MilliQ-water showed barely visible 
peaks for vemurafenib in the supernatant (figure 15. 1B) and resolution of the bottom fraction 
exhibited a high intensity peak (figure 15. 1A) thus indicating very poor water solubility for 
vemurafenib. This is also confirmed by previously published literature (EMEA 2011). With a 
MeOH content of 50% equal areas were observed for the bottom sample and the supernatant 
(figure 15. 2A & 2B), indicating that vemurafenib was soluble in this mixture. 
                                                                                                                                                 
                                                                                                                                       
1A                 1B 

 

2A                  2B 

 
 

 
Figure 15. Chromatograms showing the solubility of vemurafenib in MilliQ-H2O (1A & 1B) and MeOH 50% (2A & 2B).  

Bottom samples are represented in the left column (A) and supernatants in the right column (B). 

 
 
 
Table 8 shows the solubility of vemurafenib dependent on MeOH concentration, where samples 
with a MeOH content of less than 40% exhibited poor or no solubility for vemurafenib. 
 
 

Table 8. Obtained areas from samples used for determination of the solubility of vemurafenib in MeOH. 

 
  

         
 
 
 
 
 

 

MeOH (%) Area (bottom half) Area (supernatant) Total sample area 

20 91 793 245 92 038 

40 45 594 44 674 90 268 

50 44 335 46 101 90 436 

60 44 229 46 287 90 516 

70 44 111 46 147 90 258 
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Water/ACN Solubility 
Samples with ACN content of less than 30% exhibited poor solubility (see table 9), suggesting 
that the limit for solubility of vemurafenib in ACN lies somewhere between 10% and 30%.  

 
Table 9. Obtained areas from samples used for determination of the solubility of vemurafenib in ACN. 

 
 

Short-term Stability of Vemurafenib in Whole Blood 
Concentration measurements from the short-term stability at room temperature and 7C 
experiments of vemurafenib in whole blood are graphically illustrated in figure 16 and 17  
expressed as relative concentrations of the start concentration for every time point. Relative 
concentrations varies between 100% to 97% indicating that vemurafenib is stable in whole 
blood for at least 70 hours in room temperature and thus the margin needed for safe sending of 
the samples is achieved. 
 
 
 
 
 
 
 
 
 
 
 
  

 
 
 

Figure 16. The relative concentration of vemurafenib samples with an initial plasma 
 concentration of 5 µg/mL after storage in room temperature for 0, 24, 48 and 70 hours. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 17. The relative concentration of vemurafenib samples with an initial plasma 
 concentration of 5 µg/mL after storage at 7C for 0, 24, 48 and 70 hours. 

ACN (%) Area (bottom half) Area (supernatant) Total sample area 

5 45 087 595 45 682 

10 47 009 197 47 206 

30 23 442 23 116 46 558 

50 22 946 22 133 45 079 
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5.2. The Vemurafenib LC-MS/MS Method 

5.2.1. Chromatography 
Among the mobile phase compositions tested the combination of MeOH and FA (0.1%) was 
preferred as it exhibited a larger peak area for vemurafenib. The final chromatography resulted 
in uniform peaks for both vemurafenib and 13C6 vemurafenib with a retention time of 1.50 
minutes for both analytes, see figure 18. The ESI in positive ionization mode was preferred on 
the same ground as the choice of mobile phase composition. 
 

 

 
 

Figure 18. Obtained chromatograms for vemurafenib (A) and 13C6 vemurafenib (B) at LLOQ with peak areas of 
9 951 and 26 435, respectively. A blank sample normalized to the same intensity as vemurafenib is also presented (C). 

  
 
 

5.2.2. Calibration 
The calibration range of vemurafenib in plasma was 0.5 µg/mL–100 µg/mL and the standard 
curve was weighted by 1/x2 to obtain the best linear correlation with a correlation coefficient 
above 0.99.  
 
5.2.3. Validation 
Parameters evaluated during the method validation are presented in this section. Set 
acceptance criteria for each parameter can be found in appendix B. Seven bathes were run, six 
of them were accepted and one rejected due to instrument malfunction. All parameters met the 
set acceptance criteria. 

Accuracy & Precision 
Accuracy was found to be between 99.0% and 111.9% for intra-batch and between 100.1% and 
108.6% for inter-batch, see table 10. Intra- and inter-batch precision for vemurafenib were 
below 5.5% at all concentration levels, see table 10.  

Table 10. Validation data for accuracy and precision for intra-batch (n=5) and inter-batch (n=5), 

 

 

  

 
Accuracy (%) Precision (RSD) (%) 

Intra-batch Inter-batch Intra-batch Inter-batch 

LLOQ 111.9 108.6 1.5 3.9 

Low QC 99.0 100.1 3.0 2.4 

Middle QC 101.9 103.5 2.0 4.9 

High QC 100.9 107.5 2.5 5.3 

A B C 

13C6 vemurafenib vemurafenib blank sample 
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Carry-over 
The area obtained from three independent blank samples injected after the highest standard on 
the calibration curve was found to be below 7.8% of LLOQ. 

Dilution Integrity 
Dilution of samples 5 times within the calibration curve exhibited an accuracy of 102.5%, thus 
indicating that samples can be diluted in this range without affecting the result. Limited 
solubility precluded concentration above the calibration curve to be tested. 

Selectivity 
No interfering peaks for vemurafenib above 0.3% of standard 1 were observed in blank samples 
from six different individuals, nor above 0.1% of the IS area, see table 11.  

Matrix effects & Recovery 
Matrix effects were found to be quite similar for the low and high concentration levels and the 
CV of the IS-normalized matrix factor from six individuals was less than 5% for both 
concentration levels, see table 11. 

Recovery was evaluated for three individuals and found to be above 90% for all samples expect 
for individual C at the low concentration (74.0%) and individual E and F at the middle 
concentration (89.6% and 88.3%), see table 11. The CV of the recovery obtained from the three 
individuals was found to be less than 12% for all concentration levels. 

Process efficiency for three individuals was found to be above 90% for all samples expect for 
individual C at the low concentration (82.7%) and individual F at the middle concentration 
(87.5) see table 11. 

Table 11. Selectivity and matrix effects obtained for plasma samples obtained from six individuals at low (1.5 µg/mL) and high (75 
µg/mL) concentration and recovery and process efficiency from three individuals at low, middle (25 µg/mL) and high concentration. 

Stability 

Processed samples stored in Eppendorf tubes at 5C were stable for 24 hours, see table 12. In 
injection plates with pierced cover-film significant area decrease for both analyte and IS were 
observed after 24 hours, compared with data generated at the time 0 hours. 

Samples subjected to repeated freeze-thaw cycles at -80C were stable, compared to the mean 
concentration value generated for inter-batch accuracy and precision, see table 12. 

Table 12. Validation data of processed stability obtained for plasma samples at LLOQ (0.5 µg/mL), low (1.5 µg/mL),  
middle (25 µg/mL) and high (75 µg/mL) concentration levels and freeze-thaw stability for triplicate samples at low and high 

concentration levels expressed as percentage of the mean value generated for the inter-batch accuracy and precision. 

 

  

Individual 
Selectivity (%) Matrix Effect (%) Recovery (%) Process Efficiency (%) 

% of Std1 % of IS Low High Low Middle High Low Middle High 

A 0.26 0.08 102 110 - - - - - - 

B 0.26 0.08 104 103 - - - - - - 

C 0.17 0.05 112 106 74.0 95.2 96.9 82.7 95.5 103 

D 0.24 0.08 98.7 102 - - - - - - 

E 0.22 0.07 101 113 90.3 89.6 90.7 90.9 93.0 103 

F 0.21 0.07 100 109 90.6 88.3 94.6 90.5 87.5 103 

Processed Stability (%) 
24 hours (5C) 

Freeze-thaw Stability 
3 cycles (-80C) 

LLOQ Low Middle High Low  High 

99.0 99.7 100 102 99.5 99.4 



 

 31 

5.3. LC-MS/MS Method for the Metabolites of Vemurafenib 

5.3.1. Chromatography 
The final chromatography resulted in uniform peaks for both vemurafenib and sorafenib with 
retention times of 5.60 minutes and 5.47, respectively (see figure 19).  
 
 
 
 
 
 
 
 
 
 
 
 

Figure 19. Obtained chromatograms for vemurafenib (A) and sorafenib (B) for standard 5 with peak areas of 24 279 and 14 302, 
respectively presented together with a blank chromatogram normalized to the same intensity as vemurafenib (C). 

 

5.3.2. Metabolite Identification in HLM Extract 
No metabolites were detected by analysis with the HPLC method due to low concentrations and 
poor sensitivity and only low intensity peaks were observed with the LC-MS/MS method at the 
two longest incubation times with human liver microsomes (180 and 400 minutes).  

Metabolite findings in the HLM extract are presented in figure 20 and table 13 and included 
seven metabolites; four previously in vitro identified mono-hydroxylations, another mono-
hydroxylation previously unidentified and two glucuronidations also previously identified in 
vitro.  

Based on previously knowledge about the fragmentation pattern for vemurafenib (see figure 11) 
and the transitions obtained for the metabolites (see table 13) the mono-hydroxylated findings 
could be identified as M1 & M3 (3.45 & 3.90), M2 (2.13) and M4 (3.25 or 4.21) according to the 
previously described metabolism for vemurafenib (figure 3).  

 

 

 

 

 

 

 

 

 

 

 

 

A B C 

vemurafenib sorafenib blank sample 

Figure 20. Metabolite findings in HLM extract with incubation for 180 minutes with a substrate concentration of 5 µg/mL 
where the three most abundant metabolites are a glucuronidation and two mono-hydroxylations with peak areas of almost 300. 
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Table 13. Metabolite findings in the HLM extract presented together with respective retention time and transition. 

 

                    
  

 

 

 

 
 
5.3.3. Patient Samples 
Metabolite findings in patient samples exhibited higher intensities than findings obtained from 
the HLM extract and matched five of the previously reported metabolites of vemurafenib 
including three mono-hydroxylations, one glucuronidation and one glycosylation.  

Identified metabolites in patient sample 1 are presented in figure 21 and an enlarged picture of 
the two most abundant peaks, corresponding to the mono-hydroxylations M1 and M3, can be 
seen in figure 22.  
 
 

  

Character 
Retention time 

(min) 
Transition 

Glucuronidation 1.22 682.1398.9 

Mono-hydroxylation 2.13 506.1270.9 

Glucuronidation 3.00 682.1398.9 

Mono-hydroxylation 3.25 506.1398.9 

Mono-hydroxylation 3.45 506.1254.9 

Mono-hydroxylation 3.90 506.1254.9 

Mono-hydroxylation 4.21 506.1398.9 

Figure 21. Metabolite findings in patient sample 1 included a glucosylation (A), a glucuronidation (B), and totally three mono-hydroxylations (C & D) 

A 

B 

C 

D 

Figure 22. The two most abundant peaks in patient sample 1; 
the mono-hydroxylations M1 and M3 with peak areas of 484 302 and 76343. 
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6. Discussion 

Main results presented in section 5 are discussed in this section under corresponding headings 
followed by a process analysis and an assessment of the ethical & societal conditions of the 
study. 

6.1. The Vemurafenib HPLC Method 

The limited solubility of vemurafenib made the initial method development difficult. No possible 
correlation between concentration and response was found and solutions with same 
concentration exhibited different areas at different times. Since solubility experiments indicated 
a MeOH content of 40% needed to keep vemurafenib in solution, working solutions and 
processed samples were prepared in 60% MeOH to ensure solubility of vemurafenib.  

Vemurafenib proved to be stable in whole blood for at least 70 hours in room temperature, 
something that makes the sample handling remarkably facilitated during clinical studies. 
Collected patient samples do not need to be frozen for being sent to laboratory for analysis and 
safe sending within the largest parts of Sweden is possible due to the safety margin observed. 

6.2. The Vemurafenib LC-MS/MS Method 

The ESI in positive ionization mode was preferred, something that probably can be explained by 
the acidic properties of FA. FA contributes with protons and lowers the pH, allowing nitrogen 
within the hexamer belonging to vemurafenib (figure 2) to accept H+, making the whole 
molecule positively charged. The ionization process in positive ionization mode will thus be 
improved, resulting in more ions reaching the detector.  

The vemurafenib quantification method was validated for calibration range, accuracy & 
precision, carry-over, dilution integrity, matrix effect & recovery, selectivity and stability 
according to international guidelines, which is similar in scope to the previously reported 
methods by Nijenhuis, C. M., et al. 2014 and Sparidans, R. W., et al. 2012. High selectivity was 
obtained and vemurafenib was found stable for all tested conditions. All parameters exhibited 
low CV and met their set acceptance criteria. A completely linear correlation model was 
exhibited in the range of 0.5 to 100 µg/mL in human plasma and the method achieves a high 
precision, especially at the low concentration levels. 

The vemurafenib quantification method effectively combines the biggest advantages from 
previously published methods. The stable isotope labeled internal standard and C18 column 
packing material used by Nijenhuis, C. M., et al. 2014 and the protein precipitation as well as the 
isocratic elution profile used by Sparidans, R. W., et al. 2012.  

The novel method enables a more rapid quantification of vemurafenib with a higher precision 
than previously described methods and uses an easy and fast sample preparation method, 
making it well suitable for clinical studies.  
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6.3. LC-MS/MS Method for the Metabolites of Vemurafenib 

Due to the low intensity peaks obtained from the HLM extract a lower calibration range needed 
to be established to achieve enough sensitivity for metabolite quantification in patient samples. 

During HLM incubations there were some issues to meet both the recommendations for organic 
solvent concentrations from the manufacturer, regarding DMSO and MeOH content, and the 
amount organic solvent needed to keep vemurafenib in solution. The poor metabolite content in 
the HLM extract might be due to issues with the solubility or due to the restricted metabolism of 
vemurafenib. According to previously published literature the metabolism of vemurafenib is 
limited and most of the drug is eliminated via feces. Also the metabolites are only making up for 
some few percent in human plasma (EMEA 2011).  

Metabolite findings in HLM extract exhibited much lower peak areas than the ones obtained in 
patient samples, compare the peak area of 300 for the most abundant metabolite in HLM extract 
with the peak area of 76 343 for the most abundant in patient sample 1. This could be an effect 
of the solubility issues earlier discussed or perhaps there are other necessary metabolizing 
enzymes than CYPs and UGT, which need to be involved in order to get an efficient metabolism 
of vemurafenib. After all, the metabolism of vemurafenib is still under investigation. 

HLM extract findings include all four previously in vitro identified mono-hydroxylations and also 
a previously unidentified mono-hydroxylation accompanied with two previously identified 
glucuronidations. Only three out of the four previously identified mono-hydroxylations and just 
one of the glucuronidations are found in patient samples but instead a glucosylation is 
identified, not present in the HLM extract. So although the metabolite production with HLM was 
found to be poor, with respect to intensity, the metabolite findings in the extract were rather 
consistent with the findings in patient samples, which suggest that the metabolite production 
with HLM is working quite well.  

Major metabolite findings in patient samples are supported by previously in vitro 
characterization of the metabolism of vemurafenib, which designates the mono-hydroxylation 
M3 to be the predominant metabolite. 

Based on the obtained results it could be valuable with a qualitative analysis of the HLM extract 
while a quantitative analysis would be of more interest for the patient samples. 

There is no previously reported quantification method for the metabolites of vemurafenib 
making this one first in field. The developed metabolite quantification method is semi-
quantitative in the sense that the lacking of good reference substances cannot compensate for 
structural differences giving rise to differences in ionization and signal strength. Considering 
these aspects the method is well suited for semi-quantification of metabolite findings in plasma 
samples for research studies. 

6.4. Process Analysis 

The established Gantt chart for the project plan was followed throughout the whole project with 
exceptions for the metabolite production using HLM. The method was thought to work well with 
high metabolite yield in the extract and therefore different incubation times and substrate 
concentrations were tested in order to increase the metabolite yield. As a result, the time 
spended on the HLM incubation became longer than expected, and preceded therefore parallel 
to method transfer and optimization. The change caused no major problem for the project since 
the metabolite production got started so early and the metabolites were not needed until the 
LC-MS/MS method for vemurafenib was established. 
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6.5. Ethical & Societal Conditions 

Working with chemicals poses certain safety precautions concerning handling and hazardous 
waste. All laboratory work has carefully been carried out according to safety precautions 
established for laboratory work at the division of drug research at clinical pharmacology. 

Only samples from patients who gave their consent have been used in the study and no 
traceable information has been disclosed.  

The developed methods will hopefully function as important tools for prediction of treatment 
outcome and side effects for patients treated with Zelboraf® and contribute to a future 
individualized drug treatment with reduced side effects and more desirable treatment effects. 
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7. Conclusions 

A quantitative method for vemurafenib using LC-MS/MS was developed and validated in the 
range of 0.5 to 100 µg/mL according to international guidelines with results meeting the 
requirements for a bio-analytical method used for drug quantification. 

The first, semi-quantitative method for the metabolites of vemurafenib was developed for 
measuring of plasma concentrations in patient samples at steady state treated with Zelboraf®. 

Production of metabolites using human liver microsomes did not gain large amount of 
metabolites but concerns about whether the low metabolite findings were due to the limited 
solubility or a limited metabolism of vemurafenib persists. 

Metabolite findings in patient samples matched five previously in vitro reported metabolites of 
vemurafenib and also confirmed one of the mono-hydroxylations to be the predominant 
metabolite finding. 
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8. Future Perspectives 

The metabolite quantification method needs to be validated in order to get into clinical practice. 
A validation plan is prepared to meet guidelines from Food and Drug Administration (2001 & 
2013) and European Medicines Agency (2011) and the method will be validated for accuracy & 
precision and stability for processed samples and freeze-thaw cycles. The collection of patient 
samples will continue for the clinical study were the plasma concentration will be correlated to 
clinical effects. 

A validated quantification method for the metabolites of vemurafenib will be of great 
importance to provide future findings regarding the plasma concentrations of the metabolites of 
vemurafenib and the treatment outcome. Hopefully it is possible to find some correlation 
between plasma concentrations and side effects, and thus adjust the dose for a more 
individualized treatment resulting in fewer serious side effects and a more effective treatment. 
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Appendix B. Acceptance Criteria for Method Validation 

All acceptance criteria used for the validation of The Vemurafenib LC-MS/MS Method and for the 
LC-MS/MS method for the Metabolites of Vemurafenib are found in this appendix. 

Acceptance Criteria for Calibration Standard Curve 
* Standards should not deviate by more than 15% of nominal concentrations (20% for LLOQ) 
* The simplest model for describing the concentration-response relationship should be used. 
* Excluding an individual standard should not change the model used. 

Acceptance Criteria for Quality Control Samples 
* QC samples should be within 15% of their respective nominal values for accepting the run 
(20% for LLOQ). 
* Calibration standards and QC samples should have been spiked independently using 
separately prepared stock solutions. 

Acceptance Criteria for Accuracy & Precision 
* Mean value of the back-calculated concentrations should be within 15% of the actual value for 
the specific concentration (20% for LLOQ). The deviation of the mean from the actual value 
serves as the measure of accuracy (%). 
* Mean value at each concentration level should not exceed 15 % of the CV (20% for LLOQ) for 
precision.  

Acceptance Criteria for Carry-over 

* Carry-over in the blank sample following the highest calibration standard should not be 
greater than 20% of the LLOQ and 5% of the IS. 

Acceptance Criteria for Dilution Integrity 
*Accuracy & precision for the diluted samples should be within the criteria (15% of CV).  

Acceptance Criteria for Selectivity 
* Absence of interfering components is accepted if the response is less than 20% of the LLOQ for 
the analyte and 5% for the IS. 

Acceptance Criteria for Matrix Effect 
* The CV of the IS-normalized MF calculated from six different sources of matrix should not be 
greater than 15%. 

Acceptance Criteria for Stability 
* QC samples are analyzed against a calibration curve and the obtained mean concentration at 
each level should be within 15% of the nominal concentration. 

 


