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Whitewashed sunlit walls.	

Cerulean sea.	

The laughter of children.	
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Application of LC-MS/MS and LBA methods in concert 
for bioanalysis of monoclonal antibody oncology 
drugs and associated soluble target receptors  
!
EBF 6th Open Meeting, Barcelona Spain, 20 Nov 2013   
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antigen-binding 
site 



Crystal structure of a full-length 
antibody (IgG), a heterotetramer of 
two heavy chains (yellow) and two 
light chains (blue). The antigen-
binding site (red) is formed by six 
hypervariable loops (three each from 
the light and heavy chain).

Sidhu, S. S. & Fellouse, F. A. (2006) 
Synthetic therapeutic antibodies. 
Nat. Chem. Biol. 12, 682-8.
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GLOBAL SALES OF THERAPEUTIC MONOCLONAL ANTIBODIES, 2009-2016 
($ BILLIONS)

	 	 “The global market for therapeutic monoclonal antibodies (mAbs)    
is expected to rise at a compound annual growth rate (CAGR) of 
5.3% to nearly $58 bill ion in 2016.”

BCC Research LLC, 49 Walnut Park, Building 2, Wellesley, MA 02481, USA 
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Many types of “non-natural” mAbs also being pursued



mAb therapeutics	

in Oncology



Scott AM, Wolchok JD, & Old LJ, Antibody therapy of cancer, 
Nature Reviews Cancer 12, 278-287 (April 2012)

Mechanisms of tumour cell killing by antibodies. 



Table 3. Monoclonal antibodies currently FDA-approved in oncology 

Scott AM, Allison JP, and Wolchok JD. Monoclonal antibodies in cancer therapy, Cancer Immunity (2012) Vol. 12, p. 14  
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Hudis CA. Drug Therapy: Trastuzumab — Mechanism of Action 
and Use in Clinical Practice, N Engl J Med 2007;357:39-51.

Trastuzumab (Herceptin®) is a humanized immunoglobulin gamma 1 (IgG1) mAb, 
directed against the human epidermal growth factor receptor-2 (HER2/neu), 
which is over-expressed in about 25% of breast cancer patients.

Trastuzumab binds to the juxtamembrane portion of the extracellular domain of the HER2 
receptor, prevents the activation of its intracellular tyrosine kinase, and recruits immune 
effector cells that are responsible for antibody-dependent cytotoxicity (ADCC).

Model mAb/receptor project 

Human epidermal growth factor receptor (HER) 
pathways play a critical role in cancer biology. 
Dysregulation of HER-mediated signaling pathways 
results in the growth and spread of cancer cells. The 
HER family consists of 4 structurally related 
receptors: HER1 (EGFR), HER2, HER3, and HER4. 
HER family receptors are activated by ligand-induced 
dimerization, or receptor pairing.[Genentech]



Trastuzumab (Herceptin) is a humanized IgG1 kappa light chain
mAb inwhich the complementary-determining regions (CDR) of a
HER2-specific mouse mAb were joined to human antibody frame-
work regions through genetic engineering (12, 13). Trastuzumab
has been approved by the U.S. Food and Drug Administration
(FDA) for the treatment of HER2-overexpressing breast cancer in
adjuvant and metastatic settings (6, 14–16). Nevertheless, a sig-
nificant number of patients with HER2-overexpressing breast can-
cer will be initially or eventually resistant to anti-HER2-based
therapy with trastuzumab (14, 17). Understanding the mechan-
isms of resistance to trastuzumab is therefore crucial for the devel-
opment of new therapeutic strategies.
This CCR Focus will discuss targeted therapy resistance in dif-

ferent settings, including the treatment of non-small cell lung
cancer (18), colorectal cancer (19), gastrointestinal stromal tu-

mors (20), chronic myeloid leukemia (21), and here, trastuzu-
mab resistance in HER2-positive breast cancer. Resistance to
anti-VEGF will also be discussed (22).

Trastuzumab

Trastuzumab complementary-determining region amino
acids complement and bind to amino acids present on domain
IV of theHER2 ectodomain (13, 23). Themechanismof action of
trastuzumab is not fully understood and it is likely multifaceted.
Being an IgG1, its proposed functions may be divided into those
mediated by Fab (fragment, antigen binding) or Fc (fragment,
crystallizable) regions, as represented in Fig. 2. The Fab contains
the antigen-binding sites of the antibody, whereas the Fc
contains the binding sites for Fc receptors present on immune

Fig. 2. Trastuzumab schematic structure. The structure of HER2 ectodomain in complex with trastuzumab Fab was described by Cho et al. (23). A, schematic
of trastuzumab (IgG1 kappa). Brackets indicate the Fab and the Fc portions of IgG1. CH1 to CH3 indicate the heavy chain constant domains 1 to 3, whereas
CL indicates light chain constant domain. VH and VL denote variable heavy chain and variable light chain respectively. B, structural model of human
IgG1 VL adapted from Edmundson et al. (129). Complementarity-determining regions 1 to 3 represented in black, yellow, and red are also known as
hypervariable regions. Complementarity-determining regions from variable heavy chain and from variable light chains are aligned and form a surface that
complements the tridimensional antigen structure. The two sets of six complementarity-determining region loops in the antigen-binding sites are the
only murine components of a humanized antibody such as trastuzumab. C, trastuzumab Fab-related function results from its binding to domain IV of HER2.
HER2 indicates the human EGFR 2 (in purple). Pertuzumab, another anti-HER2 humanized mAb, binds to an epitope present on domain II of HER2.
D, trastuzumab Fc-related functions result from the binding of its Fc portion to other cells that express Fc receptors, such as immune cells, hepatocytes, and
endothelial cells. The Fc region of trastuzumab can bind to Fcγ receptor III (RIII) present on the surface of effector cells from the immune system and trigger
tumor cell death via ADCC (29). WBC indicates white blood cell.

7481 Clin Cancer Res 2009;15(24) December 15, 2009www.aacrjournals.org

Trastuzumab Resistance

Research. 
on November 14, 2013. © 2009 American Association for Cancerclincancerres.aacrjournals.org Downloaded from 

Pohlmann PR, Mayer IA, and Mernaugh R, Resistance to Trastuzumab in Breast Cancer,  Clin Cancer Res 2009;15(24):7479-7491 



Shed or soluble receptors	

as biomarkers?



Metastatic breast cancer

Baseline serum
HER-2/neu ≤15 ng/mL

Baseline serum
HER-2/neu >15 ng/mL

Test Periodically
May become elevated in patients
whose initial level is <15 ng/mL

Negative
If serum HER-2/neu 
>15 ng/mL, further 
investigation using 

FISH/IHC may
be warranted

Routine Monitoring
Decreasing levels reflect response

Increasing levels reflect disease progression
A ≥20% decrease is associated with better outcomes

Positive
Candidate for HER-2-

targeted therapy

Estabslish HER-2/neu status
(IHC) or FISH)

Figure 1. A Serum HER-2/neu testing algorithm for metastatic breast cancer.

Siemens Healthcare Diagnostics!
ADVIA Centaur® Serum HER-2/neu test

Serum HER-2/neu Test Utility at a Glance!
The Serum HER-2/neu Test is used to monitor a patient’s HER-2/neu status once a diagnosis 
of metastatic breast cancer has been established. The chart summarizes the clinical utility of 
the Serum HER-2/neu Test as a monitoring tool complementary to tissue testing.



Siemens Healthcare Diagnostics!
ADVIA Centaur® Serum HER-2/neu test

Outstanding Assay Performance!
• Broad assay range (0.5-350 ng/mL)!
• Excellent reproducibility!
(Total %CV Range 3.2-5.7%)!
!
Clinical Utility!
• HER-2/neu values obtained may be used in 
the follow-up and monitoring of patients with 
metastatic breast cancer whose initial Serum 
HER-2/neu level is greater than 15 ng/mL!
• No interference from HER-2/neu-based 
therapy!
• 95% of normal patients have Serum 
HER-2/neu levels below 15.2 ng/mL!
• Serial changes in Serum HER-2/neu have 
been correlated with changes in clinical status 
for all patients whose pre-treatment Serum 
HER-2/neu values exceeded 15 ng/mL!
• For each pair of serial measurements, an 
increase of equal or greater than 15% is 
considered to indicate progression 
(predictive value of 67%)!
• For each pair of serial measurements, a 
change of less than 15% increase is 
considered to indicate a lack of progression 
(predictive value 71%)

FDA approved serum HER2/neu assay



a) 59-year-old female with disease progression.
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Feb 2008
Levels increased before 
CT  evidence of progression

May 2008
CT: progression
in liver and lung
metastases

March 2008
CT shows liver and lung metastases
Starts Trastuzumab  + vinorelbine
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(a) A 54-year-old female with response to treatment.
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Example serum HER2/neu clinical profiles



)LJXUH��� Clinical course and serum HER-2/neu levels (logarithmic scale). 
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Figure 6. Clinical course and serum HER-2/neu levels.

Example serum HER2/neu clinical profiles



Serum HER-2 values from healthy controls (age 30–56) ranged from 5.4 to 15.5 μg/L; higher 
values were seen in postmenopausal women compared with premenopausal (p = 0.01).	

!
Serum HER-2 increased in 69 % of patients up to several months before the detection of symptomatic 
metastatic disease by the conventional clinical methods. We conclude that serum HER-2 is a useful 
marker for monitoring tissue HER-2-positive patients in order to detect metastatic recurrence.

cancer. An overview of the patient population is presented

in Fig. 1. Patients and tumor characteristics are presented
in Table 1.

Serum HER-2 before metastatic recurrence
in tissue-positive patients

From the tissue-positive group of 154 patients, 42 patients
experienced recurrence in the form of metastases, 29 were

serum HER-2 positive ([15 lg/L) before the event, giving
a sensitivity of 69 % (95 % CI 53–80 %). One hundred and

twelve patients did not have metastases in the period, 80

were serum HER-2 negative giving a specificity of 71 %
(95 % CI 62–78 %). Thus, the positive predictive value in

tissue-positive patients is 47 % (95 % CI 35–59 %) and the

negative predictive value 86 % (95 % CI 77–91 %).
If the cutoff value of 15 lg/L was combined with a delta

value of [100 % increase from the individual baseline

after primary therapy, the sensitivity, specificity, PPV and
NPV were 50 % (95 % CI 35–64 %), 96 % (95 % CI

91–98 %), 84 % (95 % CI 65–93 %), and 83 % (95 % CI

76–89 %), respectively.
A higher discrimination value for serum HER-2 posi-

tivity of 32 lg/L, as previously suggested in the pilot work

(Sorensen et al. 2009), gave in the current population a
sensitivity for detecting metastatic recurrence of 47 %

(95 % CI 33–62 %), specificity 96 % (95 % CI 91–98 %),

PPV of 83 % (95 % CI (64–93 %) and NPV 83 % (95 %

CI 75–88 %).
Lead time between serum HER-2 increase (cutoff

15 lg/L) and the clinical diagnosis of symptomatic

metastases could be calculated in 23 tissue-positive
patients and has a range of 0–38 months (mean 7.2 months

(95 % CI 3.6–10.8), median 4 months). The v2 test and the

logistic regression analysis performed in this group showed
a statistically significant correlation between the test result

(serum HER-2 taken before metastases detection) and the

outcome (metastatic disease) (p \ 0.001) (Tables 2, 3, and
4). Also in the tissue-positive group, we have estimated the

probability for metastatic recurrence as a function of serum

HER-2 using serum HER-2 values taken at the time of
confirmed metastatic recurrence by CT/MR/UL in patients

with recurrence. For the patients without recurrence, the

highest serum HER-2 value for each patient was used
(Fig. 2).

Preoperative serum HER-2 values were available in 69
out of 154 tissue-positive patients with primary breast

cancer. Nineteen patients had elevated preoperative values,

7 of them developed metastatic recurrence in the follow-up

Table 2 Serum HER-2 before metastases detection in tissue-positive
patients using the cutoff value of 15 lg/L

Serum HER-2 before metastases
detection (cutoff 15 lg/L)

With
metastases

Without
metastases

Total

Elevated 29 32 61

Normal 13 80 93

Total 42 112 154

Sensitivity: 69 % [95 % CI (53–80 %)] PPV: 47 % [95 % CI
(35–59 %)]

Specificity: 71 % (95 % CI (62–78 %)] NPV: 86 % (95 % CI
(77–91 %)]

Table 3 Serum HER-2 before metastases detection in tissue-positive
patients using a higher cutoff value of 32 lg/L

Serum HER-2 before metastases
detection (cutoff 32 lg/L)

With
metastases

Without
metastases

Total

Elevated 20 4 24

Normal 22 108 130

Total 42 112 154

Sensitivity: 47 % [95 % CI (33–62 %)] PPV: 83 % (95 % CI
(64–93 %)]

Specificity: 96 % [95 % CI (91–98 %)] NPV: 83 % [95 % CI
(75–88 %)]

Table 4 Serum HER-2 before metastases detection in tissue-positive
patients using a combined cutoff of 15 lg/L ? a delta value of[ 100
% increase from individual baseline after primary therapy

Serum HER-2 before metastases
detection (combined cutoff)

With
metastases

Without
metastases

Total

Elevated 21 4 25

Normal 21 108 129

Total 42 112 154

Sensitivity: 50 % [95 % CI (35–64 %)] PPV: 84 % [95 % CI
(65–93 %)]

Specificity: 96 % [95 % CI (91–98 %)] NPV: 83 % [95 % CI
(76–89 %)]

Fig. 2 Serum HER-2: estimated probabilities for metastatic recur-
rence in tissue HER-2-positive patients

J Cancer Res Clin Oncol (2013) 139:1005–1013 1009

123Sørensen PD, Jakobsen EH, Madsen JS et al, Serum HER-2: sensitivity, specificity, and predictive values	

for detecting metastatic recurrence in breast cancer patients, J Cancer Res Clin Oncol (2013) 139:1005–1013

Serum HER-2: predictive values for detecting 
metastatic recurrence in breast cancer patients



microcantilever sensors (PEMS) with 5 fold higher sensitivity than
ELISA and was able to detect HER2 ECD in serum at concentrations
below the low end of normal range (2 ng/ml) [79]. A new assay
based on linear RNA amplification termed Fluorescent Amplification
Catalyzed by T7 RNA polymerase Technology (FACTT) reported even
higher sensitivities [80].

In FACTT, the antigen of interest is captured by the plate-
associated antibody and detected by antibodies coupled to a double
stranded DNA template that accommodates the attachment of the T7
RNA polymerase enzyme. The interaction of T7 leads to the produc-
tion of RNA species that is monitored with a fluorescent RNA inter-
calating dye (RiboGreen, InVitrogen). We have applied FACTT to
multiple protein targets, including HER2 ECD, TNFα, G-CSF, and the
prion protein, and demonstrated at least 1000-fold higher sensitivity
than ELISA [81]. In addition, FACTT is not subjected to background
noise that is associated with substrate in ELISA assays. In a study of
ten women with FISH+ tumors, FACTT detected elevated HER2 ECD
in eight, while ELISA only detected elevated levels in two [80].

5.2. Approaches to enhance selectivity in serum test

One persistent problem that plagues serum biomarker tests by
ELISA is the false results caused by the heterophilic human anti-
animal immunoglobulin antibodies (HAIA), including human auto-
antibodies that bind to animal antibodies by cross reactivity [82,83].
An example of HAIA is the human anti-mouse antibodies (HAMA),
which are generated in people who have come in contact with
mouse immunoglobulins or present as human auto-antibodies but
with cross reactivity.

HAIA are easily acquired through blood transfusions, vaccinations,
treatment with mouse monoclonal antibodies, or from handling
animals [16]. The prevalence of HAIA is varied in different reports,
ranging from b1% to 99% of the population and from μg/ml to mg/ml
concentrations in serum [16]. In one study, human anti-bovine
antibodies were detected in 99% of the donor serum samples [84].

HAIA or HAMA is known to interfere with a number of immu-
nological assays used for detecting cancer biomarkers, including
serum HER2 ECD. It has also been reported to interfere with ELISA
tests used for measuring IL-8, prostate specific antigen, and serum
thyroglobulin levels in melanoma, prostate, and thyroid cancers,
respectively [85–87]. In ELISA assays, HAMA can crosslink the capture
and signal antibodies giving a false positive result, or it can bind to the
capture antibody, sterically blocking binding of the signal antibody,
resulting in a false negative reading [85,88,89].

Misleading results often result in inappropriate or unnecessary
therapies, evident from the nationally publicized Rufer case. Rufer
was diagnosed to have a form of cancer in her uterus by a human
chorionic gonadotropin (hCG) blood test. The test stayed positive
after she underwent chemotherapy and later hysterectomy. In fact,
the test was repeated 44 times with the assay made by Abbott
Laboratory, all showing abnormal levels of hCG. More chemotherapy
was administered and a full-body CT-scan identified a suspicious
nodule in her lung. As a result, a portion of her lung was removed to
prevent further “metastasis”. Eventually, an hCG test manufactured
by a different company was performed and the result was negative.
It turned out that the previous results were all false positives.

To avoid HAIA-related problems in ELISA assays, many approaches
have been reported to reduce interference, including removing
immunoglobulin from serum samples [90], using mouse IgG-derived
blocking reagents [91], and replacing antibody with non-IgG detec-
tion agents [92]. A unique approach was developed to resolve this
issue using a universal blocking buffer to dilute serum samples [86].
In the ELISA assay, non-specific signals caused by HAIA mediated
serum interference can be noticed when a positive reading is re-
corded with the use of a non-matching pair of antibodies that

recognizes different unrelated proteins. A specially designed MBB
buffer was shown to eliminate such an interaction [86].

To visualize the potential for serum interference in a serum HER2
ECD test, we performed an ELISA with recombinant HER2 ECD serially
diluted in PBS, a standard buffer used in ELISA assays, as the standard
curve. In parallel, the same dilution was performed but each sample
was spiked with a HAIA serum sample (at 1:20 dilution). As shown in
Fig. 2, the calculated concentrations of HER2 ECD in the spiked
samples were statistically different from the expected concentrations
(paired t test, p=0.012). A background reading (20–30 ng/ml)
appeared when there was no or very low concentration of recom-
binant HER2 ECD. On the other hand, a very high reading of 162.9 ng/ml
was detected when the sample only contained 50 ng/ml recombinant
protein. In contrast, when theELISAwas performedwith theMBB buffer,
a close correlation between the detected and expected concentration in
samples containing HAIA was observed (p=0.975).

Considering the lack of information on the serum interference
issue in a considerable number of previous studies, it is highly
possible that some HER2 ECD levels in the literature might be mis-
leading. The issue of HAIA could be significant if results of these
studies were based on a single pair of antibodies and only a very small
number of patients were surveyed. However, as most of these studies
involved a sufficient number of subjects, the impact of serum
influence is minimized. Nevertheless, it is highly recommended that
future HER2 ECD tests should include a HAIA-preventing mechanism
such as the MBB buffer.

6. Summary

Prevalence of elevated serum HER2 ECD in breast cancer patients
has been documented in many studies. The abnormal serum HER2
ECD levels are more frequently observed in metastatic breast cancers.
The concentration of HER2 ECD in serum is dynamic during disease
progression and treatment. Baseline levels may not correlate with
tissue status, especially in early stage breast cancer patients, while
serumHER2 ECD inmetastatic breast cancer is more closely correlated
with tissue expression of HER2/neu proteins. Monitoring of HER2 ECD
will not replace FISH/IHC assays but definitely will complement the
tissue assay to offer a real time picture of HER2/neu status in patients.
The decline of serum HER2 ECD levels after treatment (>20%) might
indicate a response to treatments. While other assays exist that may
offer increased sensitivity over ELISA in measuring serum HER2 ECD,
there are also methods (MBB buffer) that may further refine the
specificity of ELISA testing.

Supplementary materials related to this article can be found
online at doi:10.1016/j.bbcan.2012.03.012.

Fig. 2. Detection of recombinant HER2 ECD in samples containing HAIA serum.
Recombinant HER2 ECD (eBioscience, Inc.) at different concentrations but with
consistent levels of HAIA serum (5%) was detected using anti HER2/neu monoclonal
antibodies 6E2 and biotin-A21. The presence of MBB buffer corrected the influence of
the HAIA serum and showed good correlation between detected and expected HER2
ECD levels.
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Fig. 2. Detection of recombinant HER2 ECD in samples containing HAIA serum. Recombinant HER2 ECD 
(eBioscience, Inc.) at different concentrations but with consistent levels of HAIA serum (5%) was detected 
using anti HER2/neu monoclonal antibodies 6E2 and biotin-A21. The presence of MBB buffer corrected the 
influence of the HAIA serum and showed good correlation between detected and expected HER2 ECD levels

Lam L et al. Biochimica et Biophysica Acta 1826 (2012) 199–208

… the calculated concentrations of HER2 
ECD in the spiked samples were statistically 
different from the expected concentrations.	

!
Considering the lack of information on the 
serum interference issue in a considerable 
number of previous studies, it is highly possible 
that some HER2 ECD levels in the literature 
might be misleading.	

!
…, it is highly recommended that future HER2 
ECD tests should include a HAIA-preventing 
mechanism such as the MBB buffer.

False ELISA results caused by heterophilic 
human anti-animal immunoglobulin antibodies (HAIA)



Why consider LC-MS/MS?



• Simultaneous analysis - mAb and receptor 

• Trastuzumab - range: 100 ng/mL to 100 μg/mL 
• HER2/neu - range: 1.00 ng/mL to 1000 ng/mL 
• Generic IgG extraction - Fc-affinity capture 
• Analysis of unique peptides - CDR and other 
• Freedom from LBA interferences - e.g. HAIA

LB-LC-MS/MS approach 

goals 



mAb-receptor complex capture

Therapeutic

mAb

Receptor

target

Trypsin
Peptides

LC-MS/MS

Hybrid LB-LC-MS approach    

__________________________________
Protein A Solid


support



‣ Generic 
-  Protein A, G, A/G (binds to Fc of IgGs)

- Protein L (binds to kappa light chains VκI, VκIII and VκIV subtypes)

- Anti-human IgG, anti-human Fc, anti-human kappa (nonclinical)  

‣ Analyte-specific

- Anti-idiotype (anti-ID) mAbs (not to receptor binding paratope)


- Anti-target mAb (biotinylated) for receptor only assay   

Affinity capture

alternatives



Affinity capture

Serum/Plasma

Isolated mAb/rcp

Reduced/alkylated proteins

Tryptic digest

LC-MS/MS

12.5-μL aliquot

Protein A mag beads, RT 2 hr

wash to remove unbound

add internal standard
Rapigest + TCEP, 60°C 1 hr

IAA, RT 0.5 hr

HCl, 37°C 0.5 hr Trypsin, 37°C ov/n
    remove from beads

  filter

Assay workflow



LC-MS/MS method

LC-MS/MS System 
 Waters nano-Acquity 

 Waters Xevo TQ-S triple quadrupole with TRIZAIC source

 Electrospray positive ionization (+ESI) multiple reaction monitoring (MRM) mode

!

HPLC Columns 
Trapping: Waters PEEK-SIL, 300 μm x 50 mm, 5 µm Symmetry C18

Analytical: Waters T150 Nanotile (prototype), 150 μm x 50 mm, 1.7 µm BEH C18

!

Mobile phases  

A: 99.5:0.5:0.1 Water / ACN / Formic Acid, v/v/v

B: 90:5:5:0.1 Acetonitrile / DMSO / Water / Formic Acid, v/v/v/v 




12

54

63

12

54

63

BSM 1

A B

150 µm Tile

Sample 
Needle

Waste

Trap

1 

2  
300 um x 50 mm PEEK-Sil 

3 

LC trapping scheme with Waters TRIZAIC 150

1. Injection of 2-10 μL sample


2. Trapping on 300 μm x 50 mm column


3. Back-transfer to 150 μm x 50 mm T150 Nanotile analytical column

©2011, Waters Corporation



Some results to date
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16RAZL-A_Blk1-1 Smooth(Mn,2x2)
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7.014e+0043.74

3.66
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4.43
4.09

6.865.04 5.19

Trastuzumab 
IYPTGYTR m/z 542.8>404.7
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MRM of 10 channels,ES+
542.775 > 404.701

16RAZL-A_Cal1-1 Smooth(Mn,2x2)
HcP:ErbB2  250/25 
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min
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50

%

0

100

MRM of 10 channels,ES+
485.248 > 721.393

16RAZL-A_Blk1-1 Smooth(Mn,2x2)
Blank 

1.706e+0054.34
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100

MRM of 10 channels,ES+
485.248 > 721.393

16RAZL-A_Cal1-1 Smooth(Mn,2x2)
HcP:ErbB2  250/25 

8.889e+0044.35

HcP_FTISADTSK-721
4.18

1726.18
41890

4.11

3.95

5.39

5.48

5.94

Trastuzumab 
FTISADTSK m/z 485.2>721.4

250 ng/mL

blank
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Comparison of 25.0 ng/mL 
HER2/neu SRM signals

min
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50

%

0

100

MRM of 7 channels,ES+
445.542 > 538.235

SX84_10RAZL_MatrixComparison_28OCT2013_080 Smooth(Mn,2x2)
Plasma Matrix_IC+ Digestion_ Cal1 

7.589e+0043.15

4.21
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3.80
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5.10
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%

0

100

MRM of 7 channels,ES+
445.542 > 912.197

SX84_10RAZL_MatrixComparison_28OCT2013_080 Smooth(Mn,2x2)
Plasma Matrix_IC+ Digestion_ Cal1 

2.484e+0034.94

3.13

0.12

4.19
4.123.22

4.08

3.923.34
3.84 5.09

Product ion-538

S/N= 5.3

Product ion-912

S/N=9.0



HER2/neu 
VCYGLGFMEHLR m/z 445.5>912.5

25.0 ng/mL

blank
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%
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MRM of 10 channels,ES+
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16RAZL-A_Cal1-1 Smooth(Mn,2x2)
HcP:ErbB2  250/25 

3.455e+0033.71
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Blank 
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Receptor-mAb saturation effects

HER2/neu vs. constant Trastuzumab



min
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50

%

0

100

MRM of 8 channels,ES+
485.248 > 721.393

SX84_10RAZL_ChromatographyTroubleshooting_29OCT2013_003 Smooth(Mn,2x2)
Plasma Matrix_IC+ Digestion_ Cal4_2uL 

1.186e+006FTISADTSK-721
4.16

65352.26
1169167
2731.44

3.91

4.39

5.45

5.57

min
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50

%

0

100

MRM of 8 channels,ES+
485.248 > 721.393

SX84_10RAZL_ChromatographyTroubleshooting_29OCT2013_006 Smooth(Mn,2x2)
Plasma Matrix_IC+ Digestion_ Cal4_5uL 

9.317e+005FTISADTSK-721
4.13

54909.46
923033
1017.53

4.01

4.32

5.36

5.46

min
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50

%

0

100

MRM of 8 channels,ES+
485.248 > 721.393

SX84_10RAZL_ChromatographyTroubleshooting_29OCT2013_008 Smooth(Mn,2x2)
Plasma Matrix_IC+ Digestion_ Cal4_10uL 

5.167e+005FTISADTSK-721
4.07

36147.46
509112
1122.23

3.99

3.81

4.26

5.33

5.42

2uL Injection 5uL Injection

10uL Injection

PLAMSA- HcP Diluted
Injection Number 2uL 5uL 10uL 2uL 5uL 10uL

1 65352 63376 41472 27410 41442 46311

2 52205 54909 36147 27563 38102 42923

 Average 58779 59143 38810 27487 39772 44617

% Increase over 
2uL injection   0.6 -33.8   44.7 43.1

% Increase over 
2uL injection 
(undiluted)

      -53.2 -32.3 -24.1

Trastuzumab - injection volume impact 
with undiluted plasma digests

distortion →



Trastuzumab - injection volume impact 
with 2x-diluted plasma digests

2uL Injection 5uL Injection

10uL Injection

PLAMSA- HcP Diluted
Injection Number 2uL 5uL 10uL 2uL 5uL 10uL

1 65352 63376 41472 27410 41442 46311

2 52205 54909 36147 27563 38102 42923

 Average 58779 59143 38810 27487 39772 44617

% Increase over 
2uL injection   0.6 -33.8   44.7 43.1

% Increase over 
2uL injection 
(undiluted)

      -53.2 -32.3 -24.1

min
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50

%

0

100

MRM of 8 channels,ES+
485.248 > 721.393

SX84_10RAZL_ChromatographyTroubleshooting_29OCT2013_011 Smooth(Mn,2x2)
Diluted(2x) Plasma Matrix_IC+ Digestion_ Cal4_2uL 

6.658e+005FTISADTSK-721
4.26

27409.65
660292
3252.65

4.11

4.47

5.52

5.65

min
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50

%

0

100

MRM of 8 channels,ES+
485.248 > 721.393

SX84_10RAZL_ChromatographyTroubleshooting_29OCT2013_013 Smooth(Mn,2x2)
Diluted(2x) Plasma Matrix_IC+ Digestion_ Cal4_5uL 

9.507e+005FTISADTSK-721
4.20

41441.58
935550
2117.44

4.06

4.39

5.42

5.54

min
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50

%

0

100

MRM of 8 channels,ES+
485.248 > 721.393

SX84_10RAZL_ChromatographyTroubleshooting_29OCT2013_016 Smooth(Mn,2x2)
Diluted(2x) Plasma Matrix_IC+ Digestion_ Cal4_10uL 

7.984e+005FTISADTSK-721
4.13

42923.12
792618
1598.88

4.02

4.32 5.35

5.45improved→



LB-LC-MS/MS approach

issues 

• Sensitivity/ranges - 1.0 ng/mL(?) for HER2/neu, 
with 100-fold difference in analyte ranges


• Sample volume - restricted by total IgG load with 
generic capture media (use agarose beads?)


• Overload effects - on chromatography and 
total eluting peptides impact on ESI microspray  

• Comparability with approved assays? - unknown 
• Potential value of combo assays? - unknown



• Implement 2D-UPLC/μLC heart-cut techniques 


• Evaluate other capture reagent formats


• Extend concept to other mAb/receptor models


• Analyze incurred patient samples


• Compare LC-MS/MS to LBA formats

LB-LC-MS/MS approach 

future plans 
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