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a b s t r a c t

Liquid chromatography tandem mass spectrometry (LC-MS/MS) has gradually become a promising
alternative to ligand binding assay for the bioanalysis of biotherapeutic molecules, due to its rapid
method development and high accuracy. In this study, we established a new LC-MS/MS method for the
determination of the anti-sclerostin monoclonal antibody (SHR-1222) in cynomolgus monkey serum,
and compared it to a previous electrochemiluminescence method. The antibody was quantified by
detecting the surrogate peptide obtained by trypsin digestion. The surrogate peptide was carefully
selected by investigating its uniqueness, stability and MS response. The quantitative range of the pro-
posed method was 2.00e500 mg/mL, and this verified method was successfully applied to the tox-
icokinetic assessment of SHR-1222 in cynomolgus monkey serum. It was found that the concentrations of
SHR-1222 in cynomolgus monkeys displayed an excellent agreement between the LC-MS/MS and
electrochemiluminescence methods (ratios of drug exposure, 0.8e1.0). Notably, two monkeys in the
60 mg/kg dose group had abnormal profiles with a low detection value of SHR-1222 in their individual
sample. Combining the high-level anti-drug antibodies (ADAs) in these samples and the consistent
quantitative results of the two methods, we found that the decreased concentration of SHR-1222 was
due to the accelerated clearance mediated by ADAs rather than the interference of ADAs to the detection
platform. Taken together, we successfully developed an accurate, efficient and cost-effective LC-MS/MS
method for the quantification of SHR-1222 in serum samples, which could serve as a powerful tool to
improve the preclinical development of antibody drugs.
© 2020 Xi'an Jiaotong University. Production and hosting by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Monoclonal antibodies (mAbs) have been mushrooming in
recent years, which exhibit good therapeutic potentials against
various diseases, including cancer and autoimmune diseases [1,2].
Given the recent success of therapeutic mAbs, a reliable bio-
analytical method is needed to allow their quantitative determi-
nation in biological matrix and to further apply in pharmacokinetic
(PK) or toxicokinetic (TK) studies.

The ligand binding assays (LBAs), such as electro-
chemiluminescence (ECL) and enzyme-linked immunosorbent
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assay (ELISA), are recognized as the gold standard for targeted
protein quantitation [3]. However, LBAs often requiremore time for
the assay development, and their detection accuracy may be
influenced by cross-reactions [4‒9]. Recently, liquid chromatog-
raphy tandem mass spectrometry (LC-MS/MS) has emerged as a
useful complementary technique to LBAs, because of its rapid
method development and high accuracy. Generally, this technique
involves sample processing, such as denaturation, reduction,
alkylation and digestion of protein analyte, and ultimately LC-MS/
MS quantification of surrogate peptides [10‒14]. LC-MS/MS offers
a wider linear dynamic range, multiplex analysis and higher
selectivity compared to LBAs [15]. Besides, LC-MS/MS measures the
total antibody drugs by protein precipitation method [16], and also
serves as a method to tolerate antidrug antibodies (ADAs). LC-MS/
MS may be a basis for determining the presence or absence of
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ADA-induced accumulation of bioactive drugs [17,18,20]. When a
decrease in drug exposure is observed, it may be difficult to
distinguish whether the decrease in measured drug concentration
is due to ADA-mediated determination interference or to ADA-
mediated accelerated clearance. It is notable that evidence exists
for bothmechanisms [21e23]. LC-MS/MS can be adopted to explain
this phenomenon. At present, there is no regulatory guidance for
the LC-MS/MS detection of biotherapeutic antibodies, but several
recommendations have been proposed to handle these measures
[24].

Sclerostin, an endogenous protein (22.3 kDa) encoded by SOST
gene in the osteocytes, has been shown to inhibit osteoblastic bone
formation [25,26]. Sclerostin causes osteoporosis in the elderly
population, especially postmenopausal women, which seriously
affects human health [27]. Compounds that can increase the
degradation or inhibit the activity of sclerostin are expected to
promote osteoblastic bone formation [28]. SHR-1222 is a human-
ized mAb with IgG1 structure, produced by Jiangsu Hengrui Med-
icine (Jiangsu, China), which can be used to target sclerostin. It is
now undergoing Phase I clinical trial for the treatment of
osteoporosis.

In this study, a new LC-MS/MS method was developed for the
detection of SHR-1222 in cynomolgus monkey serum. An appro-
priate surrogate peptide was selected carefully, method validation
was carried out, and the TK assessment of SHR-1222 was con-
ducted. The concentration of SHR-1222 measured using the LC-MS/
MS method was compared with that measured using the Meso
Scale Discovery electrochemiluminescence (MSD-ECL) method, a
typical LBA established previously [29]. The advantages and dis-
advantages of these two methods were further compared. The
findings revealed that the specificity and dynamic range of our LC-
MS/MS method were markedly improved compared to those of the
ECL method. Additionally, the present LC-MS/MS method was
relatively efficient and cost-effective, because this method does not
require specific antigens antibodies.
2. Experimental

2.1. Chemicals and reagents

SHR-1222 injection (100 mg/mL, purity 99.2%) was purchased
from Jiangsu Hengrui Medicine (Jiangsu, China). The blank cyn-
omolgus monkey serum was obtained from Guangxi Guidong Pri-
mate Animal (Guangxi, China). The isotope-labeled peptide
LLIYYTSNR [15N, 13C] (internal standard, IS) was supplied by Chi-
naPeptides (China). Sequencing trypsin was obtained from Prom-
ega (Madison, WI, USA). HPLC-grade acetonitrile (ACN) and
methanol were supplied by Merck KGaA (Darmstadt, Germany).
HPLC-grade ammonium bicarbonate, ammonium sulfate, dithio-
threitol, formic acid (FA), iodine acetamide, sodium dodecyl sulfate
(SDS) and trifluoroacetic acid (TFA) were purchased from Dalian
Meilun Biotechnology (Dalian, China).
2.2. Preparation of calibration standard (CS) and quality control
(QC) samples

CS and QC samples were prepared by serial dilutions from stock
solutions from the same source and concentration by cynomolgus
monkey serum. The final concentrations of CS were prepared at 8
different points ranging from 2.00 to 500 mg/mL. The final con-
centrations of QC samples were 2.00 (lower limit of quantification
(LLOQ)), 5.00 (low QC), 200 (middle QC), and 400 (high QC) mg/mL.
IS working solution (250 ng/mL) was prepared by diluting its stock
solution with 20% ACN containing 0.1% FA.
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2.3. Sample preparation

Sample pretreatment was carried out by protein precipitation
and tryptic digestion [16]. A 2.0 mL aliquot of serum sample was
diluted 10fold with phosphate-buffered saline solution containing
0.1% SDS. The diluted sample was added into 20 mL dithiothreitol
(100 mM) and incubated at 60 �C for 30 min. Then, alkylation was
initiated by incubation with iodine acetamide (100 mM) at room
temperature for 15 min in the dark. Subsequently, the proteins in
the sample were precipitated by adding 180 mL ice-cold methanol,
followed by centrifugation for 10 min. After removing the super-
natant, 80 mL of ammonium bicarbonate buffer (50 mM, pH 8.2),
20 mL of IS working solution (250 ng/mL) and 10 mL of trypsin
(100 mg/mL) were added into the retained pellet. The mixture was
incubated at 60 �C for 90 min with violent vortexing, in order to
completely dissolve the pellet. Protein digestion was quenched by
adding 30 mL of 60% ACN solution containing 1% TFA.

2.4. LC-MS/MS conditions

2.4.1. Identification of candidate peptides by nano-LC orbitrap
fusion

Easy-nano LC 1000 system tandem with orbitrap fusion mass
spectrometer (Thermo Scientific, Waltham, MA, USA) was
employed to comprehensively separate the complex peptide mix-
tures and identify the tryptic peptides. Digestion of the SHR-1222
solution was performed as described in Section 2.3. Peptide sepa-
ration was conducted on an Easy-nano LC 1000 system equipped
with a home-made C18 reverse-phase column (75 mm i.d. � 18 cm
length). The mobile phase contained 0.1% FA in 2% ACN and 0.1% FA
in 90% ACN for A and B, respectively. A 60 min shallow gradient was
applied to the nano-LC column: 0e10 min, 5%�11% B; 10e45 min,
11%e35% B; 45e50 min, 35%e45% B; 50e55 min, 45%e80% B; and
55e60 min, 80% B. The eluted peptides were ionized under 2.1 kV
and detected by the orbitrap fusion mass spectrometer. The full
mass was obtained with an orbitrap analyzer at 120,000 (m/z 200)
resolution and m/z 350e1800 scan range. The automatic gain
control and maximum ion injection time were set to 1000,000 and
50ms, respectively. The precursor ions were selected and subjected
to fragmentation through higher-energy collision dissociation. The
normalized collision energy was fixed at 32%. The fragment ions
were detected by ion trap. The maximum ion injection time was
limited to 35 ms. The mass spectrometric data were transformed to
MGF format and searched byMascot search engine (version 2.3.01).
Enzyme type was set as trypsin/P. The maximal number of missed
cleavage sites was set to 2. Carbamidomethyl (C) and oxidation (M)
were imposed as fixed and variable modifications, respectively. The
mass tolerance levels of peptides and fragments were adjusted to
±10 ppm and ±0.5 Da, respectively. The peptides were then filtered
with a Mascot score of �20.

2.4.2. Ultra-high-performance liquid chromatography (UHPLC)-MS
for the detection of surrogate peptide

After searching against the Homo sapiens andMacaca fascicularis
Swiss-Prot databases, a surrogate peptide that is absent in the
proteome of human and cynomolgus monkey was chosen. The
surrogate peptide was detected using the Agilent 1290 infinity
UHPLC coupled with 6495 triple quadrupole (QqQ) MS. Chro-
matographic separation was performed on a rapid resolution high
definition C18 column (2.1 mm � 50 mm,1.7 mm; Agilent, USA). The
temperatures of autosampler and columnwere adjusted to 4 �C and
40 �C, respectively. The mobile phase contained 0.1% FA in water
and 0.1% FA in ACN for A and B, respectively. After sample injection
(3.0 mL), the mobile phase was delivered at a flow rate of 300 mL/
min. The gradient program was as follows: 0e1.0 min, 16% B;
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1.0e3.0 min, 16%e60% B; 3.0e3.1 min, 60%e90% B; 3.1e4.0 min,
90% B; and 4.1e5.0 min, 16% B. The total run time was 5.0 min. The
operating parameters were as follows: capillary voltage, 4000 V;
drying gas temperature, 200 �C; drying gas flow, 14 L/min; nebu-
lizer pressure, 30 psi; sheath gas temperature, 325 �C; and sheath
gas flow, 11 L/min. Ionization was conducted in positive ion elec-
trospray mode, and detection was carried out by multiple reaction
monitoring with the transitions ofm/z 571.8/803.4 for LLIYYTSNR
andm/z 576.5/813 for LLIYYTSNR [15N,13C]. The peak area ratios of
analytes-to-IS versus analyte concentrations were plotted using a
weighted least-squares regression method (liner, 1/concentration-
squared, 1/x2).

2.5. Application of LC-MS/MS to a TK study

The validatedmethodwas applied to a TK study approved by the
local ethical committee and regulatory authority. The animal ex-
periments were conducted in JOINN Laboratories (Suzhou, China).
TK study was performed separately on 40 cynomolgus monkeys
(n¼10 in each group, with equal numbers of females and males).
The monkeys were subcutaneously administered with different
doses (20, 60 and 200 mg/kg) of SHR-1222, while those in control
group received a placebo. The drug was administered once every
two weeks for 12 weeks, 7 times in total, i.e., at day 1, 15, 29, 43, 57,
71 and 85, respectively. Blood sampling was carried out at 0 (before
treatment), 1, 4, 24, 48, 72, 96, 168, and 336 h after the first
administration, 5 min after the second administration, and
0 (before the third to sixth administration) and 5min after the third
to sixth administration, and 0 (before the last administration), 1, 4,
24, 48, 72, 96, 168, 336, 504 and 672 h after the last administration.
The samples were collected at 1, 4, and 24 h for the first three an-
imals of each gender in each group. After collected into the
anticoagulant-free tubes, the blood samples were centrifuged at
1800 g for 10 min to separate the serum fractions. All serum sam-
ples were kept at�70 �C until further use. PhoenixWinNonlin (ver.
6.4; Pharsight, USA) was used to analyze TK parameters through a
non-compartmental model.

3. Results and discussion

3.1. Surrogate peptide candidates

The basis for an accurate and robust LC-MS/MS method is the
selection of the appropriate surrogate peptide. In this study, the
peptides in the tryptic mixture were identified using nano-LC-
orbitrap fusion and Mascot search engine as described in Section
2.4. Fig. 1 shows the total ion chromatogram (TIC) of all SHR-1222
peptides separated by the nano-LC system. Non-unique peptides
were excluded after blasting against Homo sapiens (for the future
use in clinical trials) and Macaca fascicularis protein databases. To
increase the efficiency of selecting the most suitable peptide, the
peptide mixture was incubated at 60 �C for 6 h after the quenching
of tryptic digest and prior to the detection of the peptide mixture.
The long-time and high-temperature incubation could help to
reduce the interference from unstable peptides. All the results are
presented in Table 1.

3.2. Optimization of LC-MS/MS conditions

The optimization of LC-MS/MS method was carried out by
adjusting MS parameters, improving LC conditions, simplifying the
pretreatment process, and selecting themost appropriate surrogate
peptide.

After identification of candidate peptides, the quantitative work
was performed on Agilent 6495 QqQ. It is worth noting that the
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sensitivity of QqQ MS is generally better than that of high-
resolution MS. Peptides tend to carry multiple charges in the MS
and it is time consuming to optimize them one by one. Hence,
Skyline software was introduced and combined with the Agilent
MassHunter data acquisition software. Multiple scanning windows
were set up to optimize the MS parameters of the candidate pep-
tides simultaneously through a single LC-MS/MS analysis (Fig. 2).
The peptide with LLIYYTSNR sequence from the light chain of the
antibody was eventually selected for quantification, and the
monitoring transition was m/z 571.8/803.4 and the collision en-
ergy was 19.0 V. In addition, the monitor transition for LLIYYTSNR
[15N,13C] was m/z 576.5/813 and the collision energy was 18.7 V.

3.3. Method validation

The validation of LC-MS/MS method was conducted in accor-
dance with the guidelines of China Food and Drug Administration
(CFDA) [30] and European Medicines Agency (EMA) [31]. The ac-
curacy and precision of LC-MS/MS method were evaluated by 3
different batches of analytical tests conducted with 2 analysts for at
least 2 days, and the results of batch analysis were deemed
acceptable. Fig. 3 displays the representative LC-MS/MS chro-
matograms of IS and surrogate peptide for the determination of
SHR-1222. The data of method validation are summarized in
Table 2. The matrix effects of hemolyzed samples did not signifi-
cantly affect the accuracy and precision of the quantification. A
target mAb, instead of surrogate peptide, was included prior to
tryptic digestion. Notably, the accuracy and precision of QC samples
were excellent, suggesting that both extraction recovery and
digestion efficiency can meet the requirement of method valida-
tion. As shown in Table 3, the target mAb was stable in serum
sample for more than 5.0 h at room temperature, 191 days
at �70 �C, and 5 freeze-thaw cycles.

3.4. LC-MS/MS profiles of SHR-1222 in TK study

The validated method was applied to the TK assessment of SHR-
1222 (60 mg/kg) in cynomolgus monkeys (n¼6). Fig. 4 demon-
strates the mean serum concentration versus time profiles of SHR-
1222. Moreover, the results of TK parameter estimation are pre-
sented in Table 4. MSD-ECL data were obtained from a previously
published study [29] and are shown here only a more intuitively
comparison with LC-MS/MS method. The ratio of drug exposure
between the last administration (the 7th time) and the first
administration was 1.21e1.45, indicating that SHR-1222 had been
accumulated slightly in cynomolgus monkeys after its subcutane-
ous injection (60 mg/kg) for 12 weeks. The TK profiles and statis-
tical data also revealed that the concentrations of SHR-1222
quantified by LC-MS/MS method were consistent with those
determined by MSD-ECL method [29], with the ratios of Cmax and
drug exposure ranging from 0.89 to 0.95 and 0.80 to 1.00,
respectively.

3.5. Outliers in detection and ADA-tolerant LC-MS/MS method

With MSD-ECL method [29], in the TK study of 60 mg/kg SHR-
1222 group, it was found that the serum concentrations of SHR-
1222 on the 28th and 42nd days after administration were signif-
icantly lower (38.4 mg/mL and 1.55 mg/mL, respectively) in a mon-
key (ID 002) than those of SHR-1222 in other monkeys
(approximately 300e800 mg/mL) in the same group. Similarly, the
serum concentration of SHR-1222 in a monkey (ID 004) on the 28th
day after administration was also significantly lower (41.6 mg/mL)
than that of SHR-1222 in other monkeys in the same group (Fig. 5).
To explain these outliers, the immunogenicity of the monkeys was



Fig. 1. The total ion chromatogram (TIC) of all peptides of SHR-1222 digest separated by the nano-LC system.

Table 1
Candidate peptides for surrogate peptide selection.

Domain Peptides Charge state Precursor (m/z) Top 5 most intense product ions

Light chain FTGVPDR 2þ 396.206 543.3 387.2 644.3 175.1 370.2
LLIYYTSNR 2þ 571.813 803.4 916.5 640.3 227.2 477.2
ASQSVSNDVAWYQQK 2þ 855.906 1238.6 566.3 823.4 752.4 356.2

3þ 570.941 823.4 566.3 752.4 159.1 258.1
ASQSVSNDVAWYQQKPGK 2þ 996.991 301.2 848.5 1105.6 1034.5 429.3

3þ 664.997 301.2 159.1 760.9 848.5 1034.5
ASQSVSNDVAWYQQKPGKSPK 2þ 1153.081 613.4 356.2 1145.5 1160.6 455.2

3þ 769.057 917.0 613.4 1010.0 816.4 356.2
Heavy chain ASGYTFTDYNLDWLR 2þ 911.427 1195.6 1342.6 1094.5 136.1 474.3

3þ 607.952 589.3 136.1 474.3 816.4 702.4
EVQLVQSGAEVKKPGASVK 2þ 977.552 558.3 357.2 470.3 339.2 1257.7

3þ 652.037 742.9 684.9 799.5 629.4 693.4
4þ 489.280 629.4 558.3

DRVTMTTDTSTSTAYMELR 2þ 1090.003 1032.5 920.4 902.4 1259.6 288.2
3þ 727.005 970.5 920.4 782.4 711.3 883.4

QAPGEGLEWIGDIDPNDGDILYNQK 2þ 1379.153 1276.6 552.3 950.5 523.2
3þ 919.771 552.3 638.8 1276.6 950.5 389.2
4þ 765.873 1579.8 968.5 990.5

The peptide with LLIYYTSNR sequence from the light chain of the antibody was eventually selected for quantification, and the monitoring transition m/z 571.8/803.4 was
adopted.
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first investigated [29]. The results showed that the levels of anti-
SHR-1222 ADA in the three abnormal samples were very high,
with a titer of �16, while the ADA titers of other samples were only
about 2. It can be inferred that the profiles of SHR-1222 in these two
monkeys changed significantly due to the high ADA level.

However, the detection accuracy of LBA method is easily inter-
fered by ADA level. When a decrease in drug exposure is observed
by LBA method, it may be difficult to distinguish whether the
reduced drug concentration is caused by ADA interference or ADA-
mediated accelerated clearance in vivo. Therefore, it is necessary to
establish an ADA-tolerantmethod to shield the interference of ADA.
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The LC-MS/MS method of ADA tolerance can truly reflect the
change of SHR-1222 concentration in vivo. The present LC-MS/MS
method could overcome ADA interference by precipitation of
serum proteins and releasing ADA-bound drug through enzymatic
digestion, in order to ensure the measurement of total drug in
serum samples. The established LC-MS/MS method was further
applied to the TK assessment of SHR-1222 in cynomolgus monkeys.
The results showed that the detection values of SHR-1222 in the
three abnormal serum samples were also significantly lower than
those of other monkeys in the same group (Fig. 5B). The serum
concentrations of SHR-1222 in the monkey 002 on the 28th and



Fig. 2. Optimization of MS parameters of the surrogate peptide. (A) The peptide LLIYYTSNR on the light chain of SHR-1222 showed the highest signal in full mass scan and (B) the
transitions and collision energy of LLIYYTSNR were optimized using Skyline software.

Fig. 3. Representative LC-MS chromatograms of the surrogate peptide and IS for the quantification of SHR-1222. (A) a blank serum sample, (B) an LLOQ sample, and (C): an
unknown cynomolgus monkey serum sample (from a monkey of 60 mg/kg group after the first administration of SHR-1222).
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42nd days after administration were 37.4 and 5.55 mg/mL, respec-
tively, while the serum concentration of SHR-1222 in the monkey
004 on the 28th day after administration was 60.5 mg/mL. These
findings were consistent with those obtained from MSD-ECL
method. Therefore, it is speculated that high ADA level can
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accelerate the clearance of SHR1222 in vivo, which is characterized
by a decrease in drug exposure rather than ADA interfering with the
detection. In addition, an interesting phenomenon observed in
these two animals was that the drug concentration-time profiles
recovered at later time points. It is hypothesized that the recovery



Table 2
Method validation data of the LC-MS/MS method.

Nominal conc. (mg/mL) Accuracy (%CV) Precision (%Bias) Linearity range (mg/mL)

Intra-run Inter-run Intra-run Inter-run

2.00 (LLOQ) 4.2e11.5 8.7 �5.0e5.2 1.5 2.00e500
5.00 (LQC) 5.5e6.4 6.0 �3.7e0.6 �1.2
200 (MQC) 3.0e4.3 3.4 9.6e11.4 10.5
400 (HQC) 4.7e5.0 4.7 10.7e12.7 11.7

Table 3
The stability of SHR-1222 in cynomolgus monkey serum.

Contents Storage temperature Stability

Stability of freeze-thaw in cynomolgus monkey serum �70 �C/room temperature 5 cycles of freeze-thaw
Short term stability in cynomolgus monkey serum room temperature 5.0 h
Stability of post-treat samples room temperature 6.0 h
Long term stability in cynomolgus monkey serum �70 �C 191 days
Short term stability of working solution room temperature 5.5 h
Short term stability of working solution 2e8 �C 9 days

Fig. 4. The PK profiles of mean serum concentrations of SHR-1222 vs time after sub-
cutaneous injection to cynomolgus monkeys. The monkeys were subcutaneously
injected with SHR-1222 at 60 mg/kg (medium-dose group) every 2 weeks for 7 times
and the profiles after the 1st and the 7th administration are shown here (MSD-ECL
results are from the previous published study [29] and are shown here only for
comparison with LC-MS/MS more intuitively). n ¼ 6.
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of the PK profile at a later time point was possibly due to the shift in
the subtype [29] or amount of anti-SHR1222 ADAs produced by the
two animals after their fifth administration, the binding affinity
Table 4
Mean pharmacokinetic parameters of SHR-1222 after two-weekly subcutaneous adminis
study [29] and are shown here for comparison with LC-MS/MS method). n ¼ 6.

Method Item Tmax (h) Cmax (mg/mL) AUC0-t (mg$da

MSD-ECL
1st administration Mean 36.0 1040 218667

SD 29.4 211 50599
7th administration Mean 28.0 1295 264433

SD 9.80 79.9 197150
LC-MS/MS
1st administration Mean 24.0 925 174500

SD 0.00 312 47882
7th administration Mean 44.0 1237 253850

SD 18.1 242 196877
Ratio
MSD-ECL 7th/1st 1.24 1.21
LC-MS/MS 7th/1st 1.34 1.45
LC-MS/MSD-ECL 1st/1st 0.89 0.80
LC-MS/MSD-ECL 7th/7th 0.95 0.96
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between ADAs and SHR-1222 decreased, and ADAs no longer had a
strong neutralization and clearance effect.

As stated earlier, in the absence of pharmacodynamics data or
safety biomarkers, the investigation of the influence of ADA on the
overall drug level is necessary. PK assessment using ADA-tolerant
methods, such as LC-MS/MS, may serve as a basis for determining
the presence or absence of ADA-induced accumulation of bioactive
drugs. On the other hand, sclerostin is a soluble target, and the
antagonistic therapeutic mAbs against soluble targets generally do
not produce long-term biological activities due to the impact of
ADA. This is probably due to that they are often neutralized or
cleared rapidly after binding to ADA. In this study, the similar
detection results between LC-MS/MS and MSD-ECL methods were
in agreement with the characteristics of this type of drugs.
3.6. Method comparison

Although both LC-MS/MS and MSD-ECL methods can be used to
measure the serum concentrations of SHR-1222 in cynomolgus
monkeys (the ratio of AUC0-t/AUC0-∞ > 0.8), the specificity and
dynamic range of the developed LC-MS/MS method were remark-
ably improved compared to those of MSD-ECL method. LBA-based
method usually involves the time-consuming step of acquiring
reagents, including a particular antibody. Interestingly, the LC-MS/
MS method provided a more rapid method development and
tration of 60 mg/kg to monkeys (MSD-ECL results are from the previous published

y/mL) AUC0-∞ (mg$day/mL) t1/2 (h) CL (mL/min/kg) Vss (L/kg)

288000 178 0.223 56.1
70764 38.2 0.076 16.0
402750 118 0.156 24.9
105487 48.0 0.037 5.64

287833 235 0.248 75.2
115306 69.3 0.134 17.4
393250 140 0.162 30.6
117868 69.8 0.039 12.9

1.40
1.37
1.00
0.98



Fig. 5. The profiles of individual serum concentrations of SHR-1222 vs time after subcutaneous injection to cynomolgus monkeys. (A) MSD-ECL method, and (B) LC-MS/MS method.
The monkeys were subcutaneously injected with SHR-1222 at 60 mg/kg (medium-dose group) every 2 weeks for 7 times. The valley concentrations of each administration are
connected, which only illustrates the effect of ADA and does not reflect the actual pharmacokinetics.
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enhanced assay specificity. Besides, a simpler pre-treatment pro-
cess was developed for the present LC-MS/MSmethod compared to
theMSD-ECLmethod, whichmet the specific requirements of high-
throughput TK analysis. In comparison with the MSD-ECL method,
the present LC-MS method was relatively efficient and cost-
effective. Low sensitivity, however, is the major defect of LC-MS/
MS method for large molecular drug quantitation. On the one
hand, this is due to the high homogeneity of plasma proteins in
matrix although the multiple reaction monitoring mode can
improve the detection sensitivity to some extent. On the other
hand, peptides tend to carry multiple charges that lead to the
reduced ionization efficiency and dispersed signal. Although low-
flow LC-MS (such as nano-LC-MS) and hybrid-LC/MS methods
have been developed to enhance the detection sensitivity, they are
at the cost of low reproducibility and throughput. Therefore, a more
technical innovation is needed and the balance between sensitivity
and throughput should be achieved according to the analytical
requirement. In the present work, the sensitivity of our LC-MS/MS
method could meet the quantitative requirements due to the high
concentration of monoclonal antibody detected in vivo.
4. Conclusions

In this work, we described a new LC-MS/MS method (ADA-
tolerant) for the determination of SHR-1222 in cynomolgus mon-
keys. The method was validated in accordance with EMA and CFDA
guidelines, and was successfully applied to a TK study. The suitable
surrogate peptide was selected accurately and rapidly. The quan-
tification results of LC-MS/MS method were compared with those
of a previously established MSD-ECL method. It was noted that the
measured concentrations of SHR-1222 displayed an excellent
agreement between the above two methods. Two monkeys in the
60 mg/kg dose group had abnormal profiles with extremely low
detection values of SHR-1222 in their individual sample. Combining
the high-level ADAs in these samples and consistent quantitative
results of the two methods, we found that the decreased concen-
tration of SHR-1222 was due to the accelerated clearance mediated
by ADAs rather than the interference of ADAs to the detection
platform. In addition, LC-MS/MS method exhibited obvious ad-
vantages in its specificity and dynamic range, and was more cost-
effective and efficient than LBA method. Therefore, it could turn
into a powerful tool for improving the developmental process of
antibody drugs.
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