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A B S T R A C T   

Introduction: Ocrelizumab is a monoclonal anti-CD20 antibody approved for the treatment of multiple sclerosis 
(MS). The clinical value of therapeutic drug monitoring (TDM) for this antibody in treatment of MS is unknown, 
and an adequately specific and precise quantitation method for ocrelizumab in patient serum could facilitate 
investigation. Liquid chromatography-tandem mass spectrometry (LC-MS/MS)-based quantitation methods have 
been shown to have higher analytic specificity and precision than enzyme-linked immunosorbent assays. 
Objectives: To establish and validate an LC-MS/MS-based quantitation method for ocrelizumab. 
Methods: We present an LC-MS/MS-based quantitation method using immunocapture purification followed by 
trypsinization and analysis by a triple quadrupole mass analyzer obtaining results within the same day. 
Results: We found that the ocrelizumab peptide GLEWVGAIYPGNGDTSYNQK (Q1/Q3 Quantifier ion: 723.683+/ 
590.77 y112+ Qualifier ion: 723.683+/672.30 y122+) can be used for quantitation and thereby developed a 
method for quantifying ocrelizumab in human serum with a quantitation range of 1.56 to 200 µg/mL. The 
method was validated in accordance with EMA requirements in terms of selectivity, carry-over, lower limit of 
quantitation, calibration curve, accuracy, precision and matrix effect. Ocrelizumab serum concentrations were 
measured in three MS patients treated with ocrelizumab, immediately before and after ocrelizumab infusion, 
with additional sampling after 2, 4, 8 and 12 weeks. Measured serum concentrations of ocrelizumab showed 
expected values for both Cmax and drug half-life over the sampled time period. 
Conclusion: We have established a reliable quantitation method for serum ocrelizumab that can be applied in 
clinical studies, facilitating the evaluation of ocrelizumab TDM in MS.   

Introduction 

Multiple sclerosis (MS) is a chronic immune-mediated disease 
causing lesions with demyelination and axonal damage in the central 
nervous system [1]. The exact pathogenesis is not known, but evidence 
strongly suggests the involvement of both T-cells and B-cells. Along with 
the development of B-cell depletion therapies for MS, the importance of 

B-cells in the pathogenesis of the disease has increasingly been studied 
[2–4]. This includes possible disease mechanisms through antigen pre-
sentation, autoantibody production, or cytokine secretion [5–7]. As a 
central role of B-cells in the pathogenesis of MS was revealed, thera-
peutic monoclonal antibodies (t-mAbs) depleting B-cells through bind-
ing to CD20 proved efficient [8,9,10,11]. CD20 is a cell surface antigen 
located on pre-B-cells, mature B-cells and memory B-cells. 
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Ocrelizumab (Ocrevus) is a humanized CD20 binding t-mAb engi-
neered by Genentechfor Roche Pharma [12]. According to the assess-
ment report, the drug molecule is based on the human immunoglobulin 
G1 (IgG1) framework, containing heavy chain VHIII and light chain VκI 
subgroup sequences [13]. The recombinant mAb is produced in Chinese 
hamster ovary cells and is reported to consist of two identical 213 res-
idue light chains and two identical 451 or 452 residue heavy chains. 

A standard dose of 600 mg ocrelizumab every-six months is currently 
used for the treatment of MS [14]. However, available data suggests that 
the clinical effect may exceed this treatment interval and, accordingly, 
that the interval could be increased [14]. Although generally well 
tolerated, side effects such as infections, as well as reduced vaccine 
response, are associated with ocrelizumab [15,16]. Secondary therapy 
failure, with t-mAbs apparently losing effect over time, is also a clinical 
challenge [17]. Further, the population included in drug development 
studies may differ from the actual patient population [18]. Taken 
together, individualization of the treatment with ocrelizumab, both with 
regard to dosage and dosing interval, could be of potential benefit to 
patients [19]. 

Serum concentrations of a drug can be a useful tool in personaliza-
tion of drug treatment if incorporated in a therapeutic drug monitoring 
(TDM) approach. With regard to ocrelizumab, no treatment approach 
using TDM has been published. In studies describing the pharmacoki-
netics of ocrelizumab, enzyme-linked immunosorbent assay (ELISA) 
methods were used for determination of serum concentrations [20]. 
Liquid chromatography tandem mass spectrometry (LC-MS/MS) 
methods have been shown to offer several advantages compared to 
ELISA, such as a higher analytic specificity and precision, no reliance on 
mAb-specific reagents, such as recombinant antigens, a shorter devel-
opment time and possibility of multiplexing [21,22]. 

Here, we present a novel LC-MS/MS method for quantitation of 
ocrelizumab in serum. After establishing the method, it was evaluated in 
accordance with the EMA guideline for bioanalytical method validation 
and applied to measure ocrelizumab serum concentrations in three pa-
tients with MS followed for 12 weeks after ocrelizumab administration. 
This highly specific method, with a clinically relevant quantitation 
range of 1.56–200 µg/mL, can be utilized to examine various pharma-
cological aspects of ocrelizumab treatment in a reliable manner. 

Material and methods 

Chemicals and reagents 

Sodium chloride (Cat. 0241-500G), sodium phosphate (Cat. 0404- 
500G), methanol (Cat. 85800.320) and acetonitrile (Cat. 83642.320) 
were purchased from VWR Life Science (Radnor, PA, USA). Ammonium 
bicarbonate (Cat. 11213–1 KG) was purchased from Honeywell (Char-
lotte, NA, USA). Acetic acid (Cat. 1.000.63.100), formic acid (Cat. 
1.00264.1000), calcium chloride (Cat. 2382) and hydrochloric acid 
(Cat. 1.00317.1000) were purchased from Merck (Darmstadt, Ger-
many). Dried synthetic peptides were purchased from Vivitide (Gardner, 
MA, USA) with greater than 95 % purity, isotope-labelled lysine 
(13C6,15 N2) and arginine (13C6,15 N4) residues. Peptide stock solu-
tions were made by resuspension in ultrapure water to a concentration 
of 10 µg/mL and stored at − 20 ◦C in glass vials. Pierce mass 
spectrometry-grade trypsin protease (Cat. 90058) was purchased from 
Thermo Fisher Scientific (Waltham, MA, USA). Trypsin stock solutions 
were made by resuspension in acetic acid (50 mM) to a concentration of 
0.1 g/L and stored at 4 ◦C. Purified horse IgG (AS10867) was purchased 
from Agrisera (Vännäs, Sweden). For spiking of serum samples we used 
minute surplus ocrelizumab (Ocrevus, Roche, Basel, Switzerland) vol-
umes available after infusion of patients included in the OVERLORD-MS 
study (see below). Ultrapure water was obtained from a Milli-Q 
Advantage A10 (Merck Millipore, Burlington, MA, USA). 

Patient samples 

The patient samples included in this study were obtained through the 
Rituximab and Ocrelizumab in Serum from patients with Multiple Sclerosis 
(ROS-MS) study. This study was approved by the Western Norway 
Regional committee for medical and health research ethics (REK 
approval no. 228768) and all patients provided written informed con-
sent. ROS-MS is a sub-study of Ocrelizumab vErsus Rituximab Off-Label at 
the Onset of Relapsing MS Disease (OVERLORD-MS) (REK approval no. 
66391). In OVERLORD-MS, treatment-naïve male and female patients 
aged 18–60 years, with newly diagnosed MS, are randomized 2:1 to 
treatment with rituximab or ocrelizumab. Ocrelizumab is administered 
as a 600 mg intravenous infusion every 6 months. The duration of 
infusion is 4 h. Blood samples in ROS-MS were collected in tubes without 
additives. Serum was obtained and stored at − 80 ◦C until analysis. One 
sample was drawn before infusion, and one within 30 min after the 
infusion. Further, patients included in ROS-MS visited the hospital to 
provide a blood sample 2, 4, 8, 12 and 24 weeks after the infusion. In the 
present study, 0–24-week samples from 3 patients were analyzed. 

Signature peptide identification 

The protein sequence of ocrelizumab was obtained from Inxight 
Drugs [23]. PeptideMass [24] was used for generating lists of theoretical 
tryptic peptides. BLAST [25] was used to search for endogenous peptide 
sequences in the human proteome. Protein sequence alignments were 
generated using Clustal Omega [26]. The sample analyzed with QTOF 
was digested ocrelizumab (1 µL), prepared by mixing ocrelizumab (3 g/ 
L), ammonium bicarbonate (50 mM, pH 7.8), urea (2 M), and CaCl2 (10 
mM) with trypsin (5 mg/L) and incubated at 60 ◦C for 3 h, followed by 
incubation at 37 ◦C for 16 h. The digestion was stopped with formic acid 
(1 %, v/v) and ultrafiltration, using an AcroPrep Advance 96 well 350 µL 
3 kDa MWCO plate (8033, Pall Corporation, Port Washington, NY, USA). 
Initial time course experiments showed that an incubation time of 1 h 
gave the highest amount of signal (data not shown). For experimental 
peptide identification analyses, we used an ExionLC AD UHPLC with a 
Kinetex 2.6 µm XB-C18, 100 × 2.1 mm column (Phenomenex, Torrance, 
CA, USA) connected to a QTOF X500R (SCIEX, Concord, ON, Canada). 
We used 0.1 % formic acid in ultrapure water for mobile phase A and 0.1 
% formic acid in acetonitrile for mobile phase B, with a flow rate of 0.2 
mL/min. Peptide separation was achieved using a gradient from 5 % B at 
1 min to 10 % B at 2 min, 30 % B at 12 min, 90 % B at 14.5 min and re- 
equilibration with 5 % B for 5.5 min. The total run time was 20 min. The 
mass analyzer was set to positive mode and data collected from 4 to 13 
min of the LC run. Ion source gas 1 and 2 were 40 psi; curtain gas 30 psi; 
CAD gas 7; ion source temperature 500 ◦C; and ion spray voltage 5500 V. 
The single and tandem mass spectrometry (MS/MS) data was collected 
through an information dependent acquisition (IDA) experiment, 
selecting peaks for MS/MS between 350 and 2000 Da, with accumula-
tion time for 0.125 s. The declustering potential was 100 V (spread 0 V), 
and collision energy 10 V (spread 0 V). IDA criteria for peak selection 
were set to peptide mode with maximum 15 candidate ions; 100 cps 
intensity threshold; dynamic background subtraction and dynamic 
collision energy for MS/MS were enabled: picking charge states between 
1 and 7 and excluding former candidate ions for 3 s after 2 occurrences. 
For MS/MS, data was collected from 50 to 2000 Da, the declustering 
potential was 100 V (spread: 0 V), accumulation time of 0.05 s and 
collision energy 35 V (spread at 15 V). 

Sample preparation 

The serum samples for ocrelizumab quantitation underwent partial 
purification by isolation of immunoglobulins, using Protein G Spin 
Plates for IgG Screening (45204, Thermo Scientific, Rockford, IL, USA). 
The plate containing Protein G resin was centrifuged to remove the 
storage solution. All centrifugations of this plate were at 1000 g for 1 
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min using a swing out centrifuge at 25 ◦C. A plate incubator with 
shaking was used for all plate incubations. The resin was washed using a 
binding buffer, consisting of a saline phosphate buffer (phosphate, 100 
mM, pH 7.3 adjusted using hydrochloric acid; sodium chloride, 100 
mM). The serum sample (20 µL) was premixed with the binding buffer 
(80 µL), containing 150 µg/mL of purified horse IgG. The sample 
mixture was added to the Protein G resin plate and incubated with mild 
agitation for 30 min at 22 ◦C. After a centrifugation step to let the sample 
mixture pass through the Protein G resin, the resin was washed three 
times by additional centrifugation; first with 500 µL of binding buffer, 
then with 500 µL phosphate buffer (100 mM, pH 7.3), and finally with 
500 µL of ultrapure water. The bound immunoglobulins were eluted by 
addition of 150 µL of elution buffer (acetonitrile, 50 % v/v; formic acid, 
0.1 % v/v), followed by incubation with mild agitation for 10 min at 
22 ◦C and elution by centrifugation to a 1 mL Nunc 96 DeepWell PP plate 
(260252, Thermo Fisher Scientific, Waltham, MA, USA). An additional 
volume of 150 µL of elution buffer was added to the Protein G resin with 
incubation and elution as mentioned above. The pooled 300 µL of 
immuno-purified sample was dried by a nitrogen gas flow for 3 h at 
40 ◦C using a TurboVap 96 (Caliper LifeSciences, Hopkinton, MA, USA) 
solvent evaporator. The dried sample was resuspended in 100 µL of a 
digestion buffer (ammonium bicarbonate, 50 mM, pH 7.8; methanol, 5 
%; MS-grade trypsin, 5 µg/mL; isotope labeled ocrelizumab peptide, 
100 ng/mL; isotope labeled horse IgG peptide, 25 ng/mL), incubated for 
10 min with mild agitation at 22 ◦C, and finally incubated for 50 min at 
53 ◦C to digest the proteins. After the proteolytic digestion, the sample 
was cooled on ice for 10 min before an ultrafiltration step using an 
AcroPrep Advance 96 well 350 µL 10 kDa MWCO plate (8034, Pall 
Corporation, Port Washington, NY, USA). The filter plate containing the 
digested sample was placed on top of a 96 well PP microplate (651201, 
Greiner Bio-One, Frickenhausen, Germany), used as a collection plate, 
and centrifuged at 1500 g for 20 min at 25 ◦C. The filtered sample was 
injected into an LC-MS/MS system for quantitation. 

Quantitative LC-MS/MS analysis 

The LC-MS/MS system used for quantitation of ocrelizumab was an 
ExionLC AD UHPLC connected to a QTRAP 6500 + mass analyzer 
(SCIEX, Concord, ON, Canada). 0.1 % formic acid in ultrapure water was 
used as mobile phase A and 0.1 % formic acid in acetonitrile as mobile 
phase B. The prepared samples (5 µL) were loaded onto a Kinetex 2.6 µm 
XB-C18, 100 × 2.1 mm column (Phenomenex, Torrance, CA, USA) with 
a mobile phase mixture of 5 % B and flow rate of 0.5 mL/min. Peptide 
separation was achieved using a gradient from 5 % B at 0.5 min to 10 % 
B at 1.5 min, 30 % B at 6.5 min, 100 % B at 7 min and maintained for 1 
min, then re-equilibration with 5 % B for the final 2 min. The total run 
time of one sample was 10 min. The mass analyzer collected data in 
positive mode from 3.0 to 6.2 min during the run with a declustering 
potential of 60 V; entrance potential: 12 V; collision cell exit potential: 
19 V; ion source curtain gas: 35 psi; collision gas: high; ion spray voltage: 
5500 V; ion source temperature: 500 ◦C and ion source gas 1/2 at 40/45 
psi. The mass transitions were analyzed using a dwell time of 50 ms and 
are listed in Table 1. 

Data processing 

The LC-MS/MS data obtained for quantitation was processed using 
Analyst 1.7 (SCIEX, Concord, ON, Canada). Integrated analyte peak 
areas were normalized to the corresponding peak area of the labeled 
peptide internal standard. The normalized ocrelizumab peptide peak 
area was then normalized again to the normalized horse IgG peptide 
peak area of the same sample. This signal response was used to create a 
standard curve against 8 levels of spiked concentrations of ocrelizumab 
in blank serum. A quadratic fit with 1/x2 weighting was used for cali-
bration. LC-MS/MS data obtained with the QTOF X500R was processed 
in Sciex OS 2.0.1.48692 (Concord, ON, Canada). 

Method validation 

The quantitation method was validated in accordance with the EMA 
guideline for bioanalytical method validation [27] in for selectivity, 
carry-over, lower limit of quantitation, calibration curve, accuracy, 
precision and matrix effect. 

Results 

A signature peptide suitable for quantitation 

Theoretical trypsinization of the ocrelizumab protein sequence 
resulted in one cysteine-free peptide with appropriate mass for the mass 
analyzer, as well as a unique sequence in the human proteome according 
to BLAST database searches. Peptide identification of trypsinized ocre-
lizumab using a QTOF mass analyzer could detect this peptide (Fig. 1), 
while it was not detected in trypsinized blank serum. The sequence of 
the peptide, located in the heavy chain of ocrelizumab, is GLEWV-
GAIYPGNGDTSYNQK. The peptide could also be detected using a 
QTRAP mass analyzer, yielding a measurable signal with satisfactory 
sensitivity and without interference, allowing quantitation. 

Quantitation method overview 

The sample preparation method presented is based on isolation of 
immunoglobulin using immobilized protein G, followed by rapid tryp-
sinization and filtration prior to LC-MS/MS analysis. Similar methods 
have been described to quantify other monoclonal antibodies [28,29], 
but were adapted by us for quantitation of ocrelizumab. For calibration, 
we spiked blank serum with known amounts of ocrelizumab and 
analyzed these samples in parallel with samples of unknown concen-
tration. A calibration range of 1.56–200 ug/mL was found to be 
appropriate considering the serum levels found in MS patients within 3 
months of ocrelizumab treatment (Fig. 2). To monitor the preparation of 
each sample during isolation of immunoglobulins, a small amount of 
horse serum IgG was added as an internal standard. Errors due to liquid 
handling or sample matrix effects interfering with immunoglobulins 
binding to protein G can be accounted for due to the known amount of 
spiked foreign IgG. This method has previously been used for quanti-
tation of monoclonal antibodies [30]. Synthetic stable isotope-labeled 
(SIL) peptides were added along with the trypsinization buffer and 

Table 1 
Analyte peptide sequences, fragment ions and fragmentation collision energy used for quantitation of ocrelizumab.  

Protein Analyte peptide sequence Ion type Precursor ion Fragment ion CE (V) 

Ocrelizumab GLEWVGAIYPGNGDTSYNQK Quantifier 723.68 (3 + ) 590.77 (y112+)  25.0 
Qualifier 723.68 (3 + ) 672.30 (y122+)  20.0 

GLEWVGAIYPGNGDTSYNQK* 
K* = K(13C,15 N2) 

Quantifier 726.34 (3 + ) 594.77 (y112+)  25.0 
Qualifier 726.34 (3 + ) 676.30 (y122+)  20.0 

Horse IgG VNNQALPQPIER Quantifier 689.90 (2 + ) 739.40 (y61+)  35.1 
Qualifier 689.90 (2 + ) 514.30 (y4+1)  35.1 

VNNQALPQPIER* 
R* = R(13C,15 N4) 

Quantifier 694.90 (2 + ) 749.40 (y61+)  35.1 
Qualifier 694.90 (2 + ) 524.30 (y4+1)  35.1  
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used as internal standards for each peptide to be quantified in the mass 
analyzer. Extracted-ion chromatograms representing quantifier and 
qualifier ions of peptides from ocrelizumab, horse IgG and their isotope- 
labeled variants are shown in Supplementary Fig. S1. With the full 
quantitation process including all required sample preparations per-
formed within a working day and LC-MS/MS analyses running at night, 
serum levels of ocrelizumab can be obtained for 96 samples within 24 h. 

Method validation 

The selectivity of the method was verified by analyzing blank serum 
from 15 individuals. The average response of all these blank samples was 
6 % (6.4 % for the quantifier ion and 6.2 % for the qualifier ion) of the 
lower limit of quantitation, fulfilling the requirement of < 20 %. The 
lower limit of quantitation was 1.56 µg/mL, the lowest concentration 
used in the calibration curve, which fulfilled the requirement of having 
at least a fivefold response compared to blank samples. The upper limit 
of quantitation was set to 200 µg/mL, the highest concentration of the 
calibration standard. Samples above this limit were diluted with the 
blank serum used for the calibration curve. Ocrelizumab quantifier and 
qualifier responses versus a blank serum sample are shown in Fig. 3. The 
selectivity of the internal standards also fulfilled the criteria by giving a 
response from prepared blank serum lower than 5 % of the response in 

Fig. 1. Mass fragmentation spectra of the signature peptide (723.68 m/z) and SIL-peptide (726.39 m/z) collected using a QTOF mass analyzer. Ions with 1 + charge 
in blue, 2 + charge in red. Below, an extracted-ion chromatogram for the mass 723.68 ± 0.05 Da, representing the signature peptide mass. Note that a longer 
gradient was used compared to QTRAP analyses. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of 
this article.) 

Fig. 2. Ocrelizumab serum concentrations in three patients with MS, under-
going treatment with ocrelizumab. Error bars display ± one standard deviation. 
Cmax concentrations were 243 (gray), 220 (red) and N/A (blue) µg/mL. (For 
interpretation of the references to colour in this figure legend, the reader is 
referred to the web version of this article.) 
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samples spiked with internal standards (n = 8, data not shown). By 
analyzing spiked blank samples with ocrelizumab and/or internal 
standards in different combinations at the highest concentration used, 
we could confirm that the response of one analyte did not affect the 
response from any of the other analytes. The carry-over effect was tested 
by injecting samples corresponding to the highest calibrator concen-
tration, followed by injection of 2 samples prepared from blank serum 
(n = 3). There was no detectable carry-over above what was detected in 
the blank serum. The linearity of the quantitation model was tested by 
preparing and analyzing 3 replicates of the standard curve (Fig. 4, 
Table 2). A quadratic fit with weighting 1/x2 was determined to be the 
best fit giving the highest r2 and best accuracy over all calibration levels. 
The total variation (Table 3), and variation within a sample series 
(Table 4), show that the method yields values well within < 15 % CV and 
± 15 % accuracy across the entire quantitation range, as required by the 
EMA guidelines. Matrix effects were assessed by performing sample 
preparation and analysis of 12 different blank serum samples from 12 
different individuals, spiked with either a low (2.0 µg/mL, n = 6) or high 
(200 µg/mL, n = 6) concentration of ocrelizumab (Table S1). The CV for 
the calculated concentration of ocrelizumab was 9.4 % for samples 
spiked with 2.0 µg/mL, and 3.1 % for samples spiked with 200 µg/mL 
ocrelizumab, well within the EMA guideline requirement of < 15 % CV. 
The accuracy of the calculated concentration was 98.2 % for samples 
spiked with 2.0 µg/mL and 101 % for samples spiked with 200 µg/mL 
ocrelizumab. To test the stability of the prepared samples during a run 
with the mass analyzer, a pool of prepared samples, extracted from 
blank serum spiked with 50 µg/mL ocrelizumab, was reinjected 50 times 
after injection of the calibration standards. All samples were stored in-
side the instrument autosampler at 10 ◦C. The CV of the calculated 

concentration of the 50 reinjections was 2.3 % and did not show any 
indication of drifting during the run. The prepared samples, therefore, 
appeared stable within the time course of analyzing 50 samples. We did 
not test analyses of more than 50 samples within the same run. The 
stability of ocrelizumab in serum was tested by spiking blank serum 
from 4 individuals to a concentration of 50 µg/mL, followed by storage 
at 4 ◦C. There was no significant change in ocrelizumab concentration 
within 4 weeks of storage. Moreover, we could not detect any significant 
change in ocrelizumab serum concentration in spiked blank serum after 
one freeze/thaw cycle at − 80 ◦C (n = 3). 

Serum concentrations in patients with MS 

The serum concentration of ocrelizumab in patients undergoing 
treatment with ocrelizumab was successfully quantified using our 
developed method. None of the three patients had a detectable amount 
of ocrelizumab before treatment as determined by a sample taken 
immediately prior to initiation of ocrelizumab infusion. This test dem-
onstrates that the patients did not have interfering compounds appear-
ing as the analyte. A serum sample was taken directly after the infusion 
with ocrelizumab for two of the patients, giving a value for Cmax. These 
two concentrations were 243 and 220 µg/mL and are close to the Cmax 
reported by the manufacturer, 212 µg/mL [12], after an identical dosing 
and serum sampling scheme. The samples taken at subsequent time 
points showed a decrease in serum concentration of ocrelizumab 
(Fig. 2), as expected. Using the measured serum concentrations after 2, 
4, 8 and 12 weeks after infusion, the half-life of ocrelizumab was 
calculated as 22, 26 and 39 days for the 3 patients. The first two values 
come close to 26 days, the reported terminal elimination half-life by the 
manufacturer [12], while the third patient had a constant higher serum 
concentration and longer half-life of ocrelizumab. 

Discussion 

To our knowledge, the method presented in this study is the first 
published LC-MS/MS-based quantitation method for ocrelizumab. The 

Fig. 3. Extracted-ion chromatogram of ocrelizumab quantifier (blue) and 
qualifier (red) ions from analyzing the lowest standard concentration versus a 
blank serum sample (black). (For interpretation of the references to colour in 
this figure legend, the reader is referred to the web version of this article.) 

Fig. 4. Calibration curve of measured LC-MS/MS response to spiked ocrelizu-
mab concentration in blank serum (n = 3). Precision and accuracy are pre-
sented in table 2. 

Table 2 
Statistics related to the calibration curve (n = 3) plotted in Fig. 4.  

Spiked conc. (µg/mL) Measured conc. (µg/mL) Precision (%) Accuracy (%) 

1.56 1.56 ± 0.12  7.5 100 
3.13 3.15 ± 0.14  4.4 101 
6.25 6.26 ± 0.19  3.1 100 
12.5 12.2 ± 0.14  1.2 97 
25.0 24.3 ± 1.18  4.9 97 
50.0 52.0 ± 3.19  6.1 104 
100 102 ± 5.79  5.7 102 
200 197 ± 4.89  2.5 99  

Table 3 
Total variation for quantitation of ocrelizumab (n = 12, days = 6).  

Spiked conc. (µg/mL) Measured conc. (µg/mL) Precision (%) Accuracy (%) 

1.56 1.67 ± 0.11  7.5 107 
6.25 6.41 ± 0.39  6.0 103 
25.0 25.5 ± 1.26  5.0 102 
200 207 ± 10.5  5.1 104  

Table 4 
Within-run variation for quantitation of ocrelizumab (n = 6).  

Spiked conc. (µg/mL) Measured conc. (µg/mL) Precision (%) Accuracy (%) 

1.56 1.76 ± 0.19  10.8 113 
6.25 6.56 ± 0.44  6.7 105 
25.0 25.7 ± 1.57  6.1 103 
200 223 ± 12.5  5.6 111  
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quantitation range of the method is 1.56–200 µg/mL and appears to be 
well suited for serum levels registered in MS patients undergoing 
treatment with ocrelizumab [20]. The quantitation method was vali-
dated in terms of selectivity, carry-over, lower limit of quantitation, 
calibration curve, accuracy, precision and matrix effect in line with EMA 
requirements for bioanalytical method validation [27]. 

Finding a suitable signature peptide for LC-MS/MS-based quantifi-
cation becomes more is challenging for humanized and fully human t- 
mAbs, where almost the entire protein sequence can be found in native 
immunoglobulins. However, the uniqueness of t-mAbs is located at the 
antigen-binding site, which contains peptide sequences not present in 
other immunoglobulins. Indeed, we identified the peptide used for 
quantitation at the antigen-binding site of ocrelizumab. All other po-
tential peptides for quantitation were excluded based on occurrences in 
other native immunoglobulins. Using sequence alignments of ocrelizu-
mab and rituximab, a chimeric anti-CD20 t-mAb used off-label for 
treatment of MS, and the solved 3D structure (PDB entry 6VJA) of rit-
uximab in complex with CD20 [31], revealed the location of the 
signature peptide used for quantitation of ocrelizumab. The peptide is a 
two-stranded beta-sheet located at the tip of the antigen-specific site, 
embracing a helix-loop structure of CD20 (Fig. 5a). The equivalent 
signature peptide in rituximab has an identical sequence with the 
exception of the fifth residue, which is isoleucine in rituximab and 
valanine in ocrelizumab. The location of the signature peptide in the 
antigen-binding site underlines the functional importance of the pep-
tide. Metabolomic modification of this region is expected to affect the 
interaction with CD20. Functionally active ocrelizumab is, therefore, 
more likely to have the signature peptide intact compared to regions 
outside the antigen-binding site. 

We here assume that the binding interaction between ocrelizumab to 
CD20 and rituximab to CD20 are the same. The sequence similarity is 
high and epitope mapping shows that the binding regions to CD20 are 
the same for rituximab and ocrelizumab [32,33]. Of note, one should not 
exclude the possibility that ocrelizumab has some variations in terms of 
binding to CD20. Ocrelizumab has a few sequence variations compared 
to rituximab, located within 6 Å of CD20 (Fig. 5b). First, the N-terminal 
residue of the light chain has a modification from glutamine in ritux-
imab to aspartate in ocrelizumab and the residues at position 92 and 93 
are serine and phenylalanine in ocrelizumab, but threonine and serine in 
rituximab. The most significant sequence variations are located in the 

heavy chain at one beta-loop structure where a S95V mutation is 
located, followed by G98S, G99N and an additional serine residue, 
extending the loop in ocrelizumab compared to the rituximab sequence. 
However, all of the listed sequence variations above, except for the light 
chain N-terminal residue, are present in the crystal structure of a 2H7 
Fab domain [34]. This structure overlaps well with the structure of rit-
uximab Fab and, in combination with epitope mapping, strongly sug-
gests that the binding regions are the same for ocrelizumab and 
rituximab. 

The method presented in this study is the final product of screening 
involving various techniques and parameters. Some aspects concerning 
method alternatives deserve mentioning. The signature peptide chosen 
for quantitation was observed to have a low yield after trypzination of 
ocrelizumab at 37 ◦C overnight. Trypsination under denaturing condi-
tions with 2 M of urea did not result in a significant improvement, but 
the issue was resolved through addition of methanol during trypsini-
zation. An increase in the temperature during trypsinization improved 
the yield further, but could also result in a shoulder peak of the analyte, 
present in both the quantifier and qualifier chromatogram for both an-
alyte peptide and isotope labeled peptide. This shoulder peak could be 
reduced by shorter incubation time during trypsinization, further 
increasing the amount of measured peptide. In terms of the amount of 
signature peptide, the trypsinization reaction yield appeared complete 
after approximately 1 h, which also prevented the formation of the 
shoulder peak. After the high temperature exposure during the trypsi-
nization, there was no sign of instability or signal loss of the signature 
peptide in the sample. Using the QTOF mass analyzer, we observed that 
the shoulder peak is caused by a + 1 Da (0.98 Da) mass shift of the 
signature peptide (data not shown). Fragmentation of this peptide 
showed that the Asn residue at position 12 carried this + 1 Da mass shift, 
in line with a deamidation. The following residue after the Asn is a Gly, 
which increases the mobility of the peptide backbone and the risk of 
aspartimide formation by a nucleophilic attack by the backbone nitro-
gen [35]. Apart from the mass spectrometry transitions used as quan-
tifier and qualifier, 2 more ions were in use during method development, 
but later excluded: the b8-ion with 1 + charge (Q1/Q3 723.68/826.45), 
which cannot be used together with a C-terminal labeled peptide in-
ternal standard, and the y11-ion with 1 + charge (Q1/Q3 723.68/ 
1180.52), where interference problems arose, requiring a longer 
gradient for proper peak separation. The ideal internal standard for 

Fig. 5. Structure of rituximab in complex with CD20 (PDB entry 6VJA). Heavy chain in orange, light chain in red, CD20 in blue. (a) Alignment-based, structural 
location of the signature peptide (green) used for quantitation of ocrelizumab. (b) Sequence variations between rituximab and ocrelizumab within 6 Å to CD20, 
marked with spheres. Mutations from rituximab to ocrelizumab lcT92S, lcS93F, hcS95V, hcG98S, hcG99N and an extra S residue after position hc99 in ocrelizumab. 
Figures are generated using PyMol. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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sample preparation would be isotope labeled ocrelizumab, produced in 
an identical way as the ocrelizumab given to the patient. This internal 
standard is not commercially available at present and would lead to a 
drastic increase in cost of the analysis. However, as also shown in other 
studies, alternative mAb or IgG molecules can be used as an internal 
standard for sample preparation in combination with SIL-peptides as 
internal standards for the LC-MS/MS analysis [30,21,36]. 

Serum quantitation of ocrelizumab in patients with MS was suc-
cessful, giving no false positive signal for samples collected before 
ocrelizumab treatment and expected values after infusion of ocrelizu-
mab. A treatment dose of 600 mg ocrelizumab to an average person, 
with a blood volume of approximately 5 L of blood and a plasma volume 
of ~ 55 %, should result in an ocrelizumab concentration of around 218 
µg/mL. This is in line both with ELISA-based results from Gibiansky et al. 
(2021) and with results produced by our LC-MS/MS-based method. The 
serum levels obtained by LC-MS/MS in this study 2, 4, 8 and 12 weeks 
after ocrelizumab infusion showed an expected half-life of ocrelizumab 
in 2 of 3 patients. One of the patients had elevated levels of ocrelizumab 
and an increased ocrelizumab half-life. The collected dataset is not large 
enough to draw specific patient-related conclusions, but the method 
shows potential for use on a larger scale. The previous data from phase 2 
and phase 3 trials reported by Gibiansky et al. (2021) were collected 
using an ELISA-based method. ELISA-based quantitation is commonly 
used in hospital settings, but frequently suffers from reduced analyte 
specificity compared to LC-MS/MS-based methods [21,22]. A reliable 
and specific quantitation method for ocrelizumab allows a more solid 
ground for investigating future TDM and dosing strategies. 

In conclusion, we have developed an LC-MS/MS-based method for 
quantitation of ocrelizumab in serum, validated the method in accor-
dance with EMA requirements and successfully utilized it for quantita-
tion of serum concentrations in multiple sclerosis patients undergoing 
treatment with ocrelizumab. The method could be used as a tool to 
examine the pharmacokinetic and pharmacodynamic properties of 
ocrelizumab, and potentially in evaluating whether TDM models may be 
useful in personalized dosing of ocrelizumab in patients. 

Ethics statement 

The clinical studies described in this publication were approved by 
the regional committees for medical and health research ethics (REK 
approval nos. 66391, 228768) and conducted in accordance with the 
Declaration of Helsinki. All patients provided written informed consent 
to participation in the OVERLORD and ROS-MS studies. 

Funding information 

The study was funded by the Department of Medical Biochemistry 
and Pharmacology (MBP), Haukeland University Hospital. 

CRediT authorship contribution statement 

Erik I. Hallin: Conceptualization, Investigation, Methodology, 
Validation, Visualization, Writing – original draft, Writing – review & 
editing. Trond Trætteberg Serkland: Conceptualization, Resources, 
Project administration, Funding acquisition, Writing – original draft, 
Writing – review & editing. Kjell-Morten Myhr: Conceptualization, 
Resources, Project administration, Writing – review & editing. Øivind 
Grytten Torkildsen: Conceptualization, Resources, Project adminis-
tration, Writing – review & editing. Silje Skrede: Conceptualization, 
Resources, Supervision, Project administration, Writing – review & 
editing. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 

the work reported in this paper. 

Acknowledgements 

The authors wish to thank Kjell Ove Fossan, Haukeland University 
Hospital, for excellent technical assistance, and the Trond Mohn Foun-
dation for generous donations to the section of clinical pharmacology, 
Haukeland University Hospital. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.jmsacl.2022.07.004. 

References 

[1] M.P. McGinley, C.H. Goldschmidt, A.D. Rae-Grant, Diagnosis and Treatment of 
Multiple Sclerosis: A Review, JAMA. 325 (8) (2021 Feb 23) 765–779, https://doi. 
org/10.1001/jama.2020.26858. Erratum. In: JAMA. 2021 Jun 1;325(21):2211. 

[2] A.J. Thompson, S.E. Baranzini, J. Geurts, B. Hemmer, O. Ciccarelli, Multiple 
sclerosis, Lancet. 391 (10130) (2018 Apr 21) 1622–1636, https://doi.org/ 
10.1016/S0140-6736(18)30481-1. Epub 2018 Mar 23. 

[3] Hauser SL, Bar-Or A, Comi G, Giovannoni G, Hartung HP, Hemmer B, Lublin F, 
Montalban X, Rammohan KW, Selmaj K, Traboulsee A, Wolinsky JS, Arnold DL, 
Klingelschmitt G, Masterman D, Fontoura P, Belachew S, Chin P, Mairon N, Garren 
H, Kappos L; OPERA I and OPERA II Clinical Investigators. Ocrelizumab versus 
Interferon Beta-1a in Relapsing Multiple Sclerosis. N Engl J Med. 2017 Jan 19;376 
(3):221-234. 10.1056/NEJMoa1601277. Epub 2016 Dec 21. 

[4] X. Montalban, S.L. Hauser, L. Kappos, D.L. Arnold, A. Bar-Or, G. Comi, et al., 
Ocrelizumab versus Placebo in Primary Progressive Multiple Sclerosis, N Engl J 
Med. 376 (3) (2017 Jan 19) 209–220, https://doi.org/10.1056/NEJMoa1606468. 
Epub 2016 Dec 21. 

[5] M.K. Storch, S. Piddlesden, M. Haltia, M. Iivanainen, P. Morgan, H. Lassmann, 
Multiple sclerosis: in situ evidence for antibody- and complement-mediated 
demyelination, Ann Neurol. 43 (4) (1998 Apr) 465–471, https://doi.org/10.1002/ 
ana.410430409. 

[6] C.P. Genain, B. Cannella, S.L. Hauser, C.S. Raine, Identification of autoantibodies 
associated with myelin damage in multiple sclerosis, Nat Med. 5 (2) (1999 Feb) 
170–175, https://doi.org/10.1038/5532. 

[7] Li R, Rezk A, Miyazaki Y, Hilgenberg E, Touil H, Shen P, Moore CS, Michel L, 
Althekair F, Rajasekharan S, Gommerman JL, Prat A, Fillatreau S, Bar-Or A; 
Canadian B cells in MS Team. Proinflammatory GM-CSF-producing B cells in 
multiple sclerosis and B cell depletion therapy. Sci Transl Med. 2015 Oct 21;7 
(310):310ra166. 10.1126/scitranslmed.aab4176. 

[8] G.P. Owens, J.L. Bennett, D.H. Gilden, M.P. Burgoon, The B cell response in 
multiple sclerosis, Neurol Res. 28 (3) (2006 Apr) 236–244, https://doi.org/ 
10.1179/016164106X98099. 

[9] T. Spelman, T. Frisell, F. Piehl, J. Hillert, Comparative effectiveness of rituximab 
relative to IFN-β or glatiramer acetate in relapsing-remitting MS from the Swedish 
MS registry, Mult Scler. 24 (8) (2018 Jul) 1087–1095, https://doi.org/10.1177/ 
1352458517713668. Epub 2017 Jun 26. 

[10] K.M. Myhr, Ø. Torkildsen, A. Lossius, L. Bø, T. Holmøy, B cell depletion in the 
treatment of multiple sclerosis, Expert Opin Biol Ther. 19 (3) (2019 Mar) 261–271, 
https://doi.org/10.1080/14712598.2019.1568407. 

[11] A. Bar-Or, S.M. O’Brien, M.L. Sweeney, E.J. Fox, J.A. Cohen, Clinical Perspectives 
on the Molecular and Pharmacological Attributes of Anti-CD20 Therapies for 
Multiple Sclerosis, CNS Drugs. 35 (9) (2021 Sep) 985–997, https://doi.org/ 
10.1007/s40263-021-00843-8. 

[12] Food and Drug Administration. Ocrevus, Summary of Product Characteristics USA 
(SPC). Published March 2017. https://www.accessdata.fda.gov/drugsatfda_docs/ 
label/2017/761053lbl.pdf (Accessed December 22, 2021). 

[13] European medicines agency. Ocrecvus: Assessment report. Published November 9, 
2017. https://www.ema.europa.eu/en/documents/assessment-report/ocrevus- 
epar-public-assessment-report_en.pdf (Accessed December 22, 2021). 

[14] D. Baker, G. Pryce, L.K. James, M. Marta, K. Schmierer, The ocrelizumab phase II 
extension trial suggests the potential to improve the risk: Benefit balance in 
multiple sclerosis, Mult Scler Relat Disord. 44 (2020 Sep), 102279, https://doi.org/ 
10.1016/j.msard.2020.102279. 

[15] N.G. Caldito, A. Shirani, A. Salter, O. Stuve, Adverse event profile differences 
between rituximab and ocrelizumab: Findings from the FDA Adverse Event 
Reporting Database, Mult Scler. 27 (7) (2021 Jun) 1066–1076, https://doi.org/ 
10.1177/1352458520949986. 

[16] Evertsson B, Hoyt T, Christensen A, Al Nimer F, Foley F, Piehl F. A comparative 
study of tolerability and effects on immunoglobulin levels and CD19 cell counts 
with ocrelizumab vs low dose of rituximab in multiple sclerosis. Mult Scler J Exp 
Transl Clin 2020 Oct 12;6(4):2055217320964505. 10.1177/2055217320964505. 

[17] D.R. Mould, R.N. Upton, J. Wojciechowski, B.L. Phan, S. Tse, M.C. Dubinsky, 
Dashboards for Therapeutic Monoclonal Antibodies: Learning and Confirming, 
AAPS J. 20 (4) (2018 Jun 14) 76, https://doi.org/10.1208/s12248-018-0237-2. 

E.I. Hallin et al.                                                                                                                                                                                                                                 

https://doi.org/10.1016/j.jmsacl.2022.07.004
https://doi.org/10.1016/j.jmsacl.2022.07.004
https://doi.org/10.1001/jama.2020.26858. Erratum. In: JAMA. 2021 Jun 1;325(21):2211
https://doi.org/10.1001/jama.2020.26858. Erratum. In: JAMA. 2021 Jun 1;325(21):2211
https://doi.org/10.1016/S0140-6736(18)30481-1
https://doi.org/10.1016/S0140-6736(18)30481-1
https://doi.org/10.1056/NEJMoa1606468
https://doi.org/10.1002/ana.410430409
https://doi.org/10.1002/ana.410430409
https://doi.org/10.1038/5532
https://doi.org/10.1179/016164106X98099
https://doi.org/10.1179/016164106X98099
https://doi.org/10.1177/1352458517713668
https://doi.org/10.1177/1352458517713668
https://doi.org/10.1080/14712598.2019.1568407
https://doi.org/10.1007/s40263-021-00843-8
https://doi.org/10.1007/s40263-021-00843-8
https://doi.org/10.1016/j.msard.2020.102279
https://doi.org/10.1016/j.msard.2020.102279
https://doi.org/10.1177/1352458520949986
https://doi.org/10.1177/1352458520949986
https://doi.org/10.1208/s12248-018-0237-2


Journal of Mass Spectrometry and Advances in the Clinical Lab 25 (2022) 53–60

60

[18] C. Avolio, D. Centonze, Pivotal Trials in Multiple Sclerosis: Similarities Prove Not 
to Be Useful, Neurol Ther. (2021 Oct 30), https://doi.org/10.1007/s40120-021- 
00291-y. 

[19] van Lierop ZY, Toorop AA, van Ballegoij WJ, Olde Dubbelink TB, Strijbis EM, de 
Jong BA et al. Personalized B-cell tailored dosing of ocrelizumab in patients with 
multiple sclerosis during the COVID-19 pandemic. Mult Scler. 2021 Jul 9: 
13524585211028833. 10.1177/13524585211028833. 

[20] E. Gibiansky, C. Petry, F. Mercier, A. Günther, A. Herman, L. Kappos, et al., 
Ocrelizumab in relapsing and primary progressive multiple sclerosis: 
Pharmacokinetic and pharmacodynamic analyses of OPERA I, OPERA II and 
ORATORIO, Br. J. Clin. Pharmacol. 87 (6) (2021 Jun) 2511–2520, https://doi.org/ 
10.1111/bcp.14658. 

[21] P.M. Ladwig, D.R. Barnidge, M.A.V. Willrich, Mass Spectrometry Approaches for 
Identification and Quantitation of Therapeutic Monoclonal Antibodies in the 
Clinical Laboratory, Clin Vaccine Immunol. 24 (5) (2017 May 5) e00545–e616, 
https://doi.org/10.1128/CVI.00545-16. 

[22] A. Truffot, J.F. Jourdil, B. Seitz-Polski, P. Malvezzi, V. Brglez, F. Stanke-Labesque, 
E. Gautier-Veyret, Simultaneous quantification of rituximab and eculizumab in 
human plasma by liquid chromatography-tandem mass spectrometry and 
comparison with rituximab ELISA kits, Clin Biochem. 87 (2021 Jan) 60–66, 
https://doi.org/10.1016/j.clinbiochem.2020.10.007. 

[23] V.B. Siramshetty, I. Grishagin, D.T. Nguyen, T. Peryea, Y. Skovpen, O. Stroganov, 
et al., NCATS Inxight Drugs: a comprehensive and curated portal for translational 
research, Nucleic Acids Res. 50 (D1) (2022 Jan 7) D1307–D1316, https://doi.org/ 
10.1093/nar/gkab918. 

[24] M.R. Wilkins, I. Lindskog, E. Gasteiger, A. Bairoch, J.C. Sanchez, D.F. Hochstrasser, 
et al., Detailed peptide characterization using PEPTIDEMASS–a World-Wide-Web- 
accessible tool, Electrophoresis. (1997 Mar-Apr;18(3–4):403–8.), https://doi.org/ 
10.1002/elps.1150180314. 

[25] S.F. Altschul, W. Gish, W. Miller, E.W. Myers, D.J. Lipman, Basic local alignment 
search tool, J Mol Biol. 215 (3) (1990 Oct 5) 403–410, https://doi.org/10.1016/ 
S0022-2836(05)80360-2. 

[26] F. Sievers, A. Wilm, D. Dineen, T.J. Gibson, K. Karplus, W. Li, et al., Fast, scalable 
generation of high-quality protein multiple sequence alignments using Clustal 
Omega, Mol Syst Biol. 11 (7) (2011 Oct) 539, https://doi.org/10.1038/ 
msb.2011.75. 

[27] EMA Guideline on bioanalytical method validation. www.ema.europa.eu/en/ 
documents/scientific-guideline/guideline-bioanalytical-method-validation_en.pdf 
(Accessed in January 14, 2022). 

[28] A. Millet, N. Khoudour, D. Lebert, C. Machon, B. Terrier, B. Blanchet, et al., 
Development, Validation, and Comparison of Two Mass Spectrometry Methods 
(LC-MS/HRMS and LC-MS/MS) for the Quantification of Rituximab in Human 
Plasma, Molecules. 26 (5) (2021 Mar 4) 1383, https://doi.org/10.3390/ 
molecules26051383. 

[29] T. Willeman, J.F. Jourdil, E. Gautier-Veyret, B. Bonaz, F. Stanke-Labesque, 
A multiplex liquid chromatography tandem mass spectrometry method for the 
quantification of seven therapeutic monoclonal antibodies: Application for 
adalimumab therapeutic drug monitoring in patients with Crohn’s disease, Anal 
Chim Acta. 27 (1067) (2019 Aug) 63–70, https://doi.org/10.1016/j. 
aca.2019.03.033. Epub 2019 Mar 18. 

[30] M.A. Willrich, D.L. Murray, D.R. Barnidge, P.M. Ladwig, M.R. Snyder, Quantitation 
of infliximab using clonotypic peptides and selective reaction monitoring by LC- 
MS/MS, Int Immunopharmacol. 28 (1) (2015 Sep) 513–520, https://doi.org/ 
10.1016/j.intimp.2015.07.007. 
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