
Quantification of Anaplastic Lymphoma Kinase Protein 
Expression in Non–Small Cell Lung Cancer Tissues from 
Patients Treated with Crizotinib

Todd Hembrough1,2, Wei-Li Liao1,2, Christopher P. Hartley3,9, Patrick C. Ma4,5,10, 
Vamsidhar Velcheti5, Christopher Lanigan6, Sheeno Thyparambil1,2, Eunkyung An1,2, 
Manish Monga7, David Krizman1,2, Jon Burrows1, and Laura J. Tafe3,8,*

1OncoPlex Diagnostics, Rockville, MD

2NantOmics, LLC, Rockville, MD

3Department of Pathology, Dartmouth-Hitchcock Medical Center, Lebanon, NH

4Department of Translational Hematology and Oncology Research, Taussig Cancer Institute

5Department of Hematology and Medical Oncology, Taussig Cancer Institute

6Robert J. Tomsich Pathology and Laboratory Medicine Institute, Cleveland Clinic, Cleveland, OH

7Mary Babb Randolph Cancer Center, West Virginia University, Morgantown, WV

8Geisel School of Medicine at Dartmouth, Hanover, NH

Abstract

BACKGROUND—Crizotinib has antitumor activity in ALK (anaplastic lymphoma receptor 

tyrosine kinase)-rearranged non–small cell lung cancer (NSCLC). The current diagnostic test for 

ALK rearrangement is breakapart fluorescence in situ hybridization (FISH), but FISH has low 

throughput and is not always reflective of protein concentrations. The emergence of multiple 

clinically relevant biomarkers in NSCLC necessitates efficient testing of scarce tissue samples. 
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We developed an anaplastic lymphoma kinase (ALK) protein assay that uses multiplexed selected 

reaction monitoring (SRM) to quantify absolute amounts of ALK in formalin-fixed paraffin-

embedded (FFPE) tumor tissue.

METHODS—After validation in formalin-fixed cell lines, the SRM assay was used to quantify 

concentrations of ALK in 18 FFPE NSCLC samples that had been tested for ALK by FISH and 

immunohistochemistry. Results were correlated with patient response to crizotinib.

RESULTS—We detected ALK in 11 of 14 NSCLC samples with known ALK rearrangements by 

FISH. Absolute ALK concentrations correlated with clinical response in 5 of 8 patients treated 

with crizotinib. The SRM assay did not detect ALK in 3 FISH-positive patients who had not 

responded to crizotinib. In 1 of these cases, DNA sequencing revealed a point mutation that 

predicts a nonfunctional ALK fusion protein. The SRM assay did not detect ALK in any tumor 

tissue with a negative ALK status by FISH or immunohistochemistry.

CONCLUSIONS—ALK concentrations measured by SRM correlate with crizotinib response in 

NSCLC patients. The ALK SRM proteomic assay, which may be multiplexed with other clinically 

relevant proteins, allows for rapid identification of patients potentially eligible for targeted 

therapies.

Targeted cancer therapies designed to disrupt proteins in oncogenic signaling pathways are 

the current focus of cancer drug development. Several targeted therapy regimens have been 

approved by the US Food and Drug Administration for the treatment of advanced lung 

cancer. The first targeted therapy regimens are the epidermal growth factor receptor 

(EGFR)11 tyrosine kinase inhibitors (TKIs), such as erlotinib and afatinib, which show 

efficacy against tumors harboring activating mutations in EGFR (epidermal growth factor 

receptor)12 kinase domain. In 2013, ALK (anaplastic lymphoma receptor tyrosine kinase) 

2p23 rearrangements were validated as additional molecular targets in TKI-based therapy 

for late-stage non–small cell lung cancer (NSCLC) with US Food and Drug Administration 

approval of the anaplastic lymphoma kinase (ALK) inhibitor crizotinib. This was followed 

by the recent approval of the second-generation ALK TKI ceritinib, which is active in the 

majority of patients who have acquired crizotinib resistance (1, 2). Other therapeutic agents 

for patients with ALK-rearranged disease are currently in clinical trials (3).

ALK rearrangements are found in 2%–5% of NSCLC patients; most patients are relatively 

young, with a history of never or light smoking, and have tumors with nonsquamous 

histology. Current evidence-based guidelines recommend testing all patients with advanced, 

nonsquamous NSCLC for ALK rearrangements (4). In patients with ALK-rearranged 

NSCLC, crizotinib yields better response rates (65% vs 20%) and higher progression-free 

survival (7.7 vs 3 months) than standard cytotoxic chemotherapy (5).

11Nonstandard abbreviations: EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor; NSCLC, non–small cell lung 
cancer; ALK, anaplastic lymphoma kinase; FISH, fluorescence in situ hybridization; IHC, immunohistochemistry; FFPE, formalin-
fixed paraffin-embedded; SRM, selected reaction monitoring; MS, mass spectrometry; BLAST, Basic Local Alignment Search Tool; 
Pfu, Pyrococcus furiosus complex matrix; LOD, limit of detection; LOQ, limit of quantification.
12Human genes: ALK, anaplastic lymphoma receptor tyrosine kinase; EML4, echinoderm microtubule associated protein-like 4; 
EGFR, epidermal growth factor receptor; KRAS, Kirsten rat sarcoma viral oncogene homolog; BRAF, B-Raf proto-oncogene, serine/
threonine kinase.
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Under typical physiological conditions, ALK is not expressed in the adult lung, whereas it is 

embryonically expressed in early developmental regulation. ALK rearrangement leads to 

aberrant expression of the ALK fusion protein and constitutive activation of the ALK kinase 

domain (5, 6). Oncogenic activation of ALK occurs owing to intrachromosomal inversion in 

chromosome 2, leading to fusion of the tyrosine kinase domain of ALK with a 5′ end partner 

such as EML4 (echinoderm micro-tubule associated protein-like 4). EML4 is the most 

common ALK fusion partner in NSCLC; however, > 20 EML4-ALK transcript variants have 

been described, and ≥ 6 other partner genes have been identified (7–11). The clinical 

significance of different types of ALK rearrangements is under investigation (12).

Presently, fluorescence in situ hybridization (FISH) is the standard test to detect ALK 

rearrangements. The ALK Break-Apart FISH Probe Kit (Abbott Molecular) was used in 

clinical trials of crizotinib and approved by the Food and Drug Administration as a 

companion diagnostic in 2013. However, the presence of ALK gene rearrangement is not 

always reflective of ALK protein concentrations. In patients with advanced disease, a small 

tissue biopsy is often the only material available; hence, extracting as much phenotypic and 

molecular information as possible from a limited tissue sample is desirable and warranted.

Although ALK FISH detects the breakpoint of the ALK gene, ALK immunohistochemistry 

(IHC) detects ALK protein overexpression. Multiple studies have demonstrated ALK IHC to 

be tightly correlated with ALK FISH, suggesting that IHC could be used as the routine 

screening method to identify pathologic ALK rearrangement in NSCLC (13–16). 

Consequently, many groups have attempted to standardize and validate IHC methods to 

supplement or replace ALK FISH (17–19). Others have reported discrepancies between IHC 

and FISH (20 –22). A study of 3244 consecutive NSCLC cases found that FISH and IHC 

were discordant in 46.6% of ALK-rearranged tumors; both types of discordant cases 

(FISH+/IHC− and FISH−/IHC+) responded to crizotinib (22). IHC testing of a single protein 

requires 1–2 formalin-fixed paraffin-embedded (FFPE) sections, and testing of multiple 

proteins can rapidly deplete small tissue samples.

Both IHC and FISH have technical limitations. IHC is sensitive to preanalytical variables 

such as delayed fixation, fixation time, and the age of cut tissue sections (23). FISH is a 

DNA-based assay, and many preanalytical tissue handling steps may lead to DNA 

degradation and test failure (24). Both FISH and IHC are semiquantitative, and their 

interpretation can be somewhat subjective and challenging. McLeer-Florin et al. reported 

that, in their hands, 19 of 100 lung adenocarcinomas analyzed by FISH were uninterpretable 

(16).

To overcome these limitations, we have developed a proteomic assay to detect and quantify 

ALK expression in FFPE tumor tissue. Liquid Tissue® selected reaction monitoring (SRM) 

is a mass spectrometry (MS)-based multiplexed assay that allows simultaneous 

measurement of the absolute amount of dozens of targeted proteins in FFPE tissues, 

including ALK (25–27). The assay results were compared with ALK testing results by FISH 

and IHC and correlated with response to crizotinib therapy.

Hembrough et al. Page 3

Clin Chem. Author manuscript; available in PMC 2017 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Materials and Methods

PATIENTS AND TISSUE SAMPLES

After institutional review board approval at the medical center sites, we identified FFPE 

tissue sections (n = 18) from 17 NSCLC patients who had been tested for ALK 

rearrangement in 2006–2013 (14 ALK FISH+; 4 ALK FISH−). The samples were 14 lung 

resection samples, 2 lymph node metastases, and 2 brain metastases. The tissues had been 

archived at Dartmouth-Hitchcock Medical Center, Lebanon, NH (n = 12; 11 patients); 

Cleveland Clinic, Cleveland, OH (n = 5); and West Virginia University (n = 1). All tissue 

samples and clinical annotations (extracted from medical records) were anonymized.

SAMPLE PREPARATION

Tissue sections (10 μm) were cut from FFPE blocks, placed onto the energy transfer coating 

of Director® microdissection slides, and deparaffinized. We used laser microdissection to 

isolate tumor cells from FFPE sections and prepare Liquid Tissue lysates, as previously 

described (25–27). Total protein concentration for each lysate was measured with a 

bicinchoninic acid protein assay (Micro BCA™, Thermo Fisher Scientific).

SRM ASSAY DEVELOPMENT

We used trypsin digestion mapping of recombinant ALK protein (UniProtKB acc. no. 

Q9UM73) to identify candidate peptides from the intracellular domain for assay 

development. The resulting peptides were analyzed with a TSQ Vantage triple quadrupole 

mass spectrometer (Thermo Scientific) equipped with a nanoAcquityLC system (Waters). 

We used Pinpoint1.0 and Xcalibur2.1 (Thermo Scientific) software to identify the optimal 

tryptic peptides for SRM analysis. Peptides containing methionine or cysteine residues were 

excluded because of ongoing unpredictable oxidation. Candidate peptides were then 

screened in FFPE tumor samples and in the ALK-rearranged H3122 cell line to assess the 

capability of the assay for detecting ALK protein.

The selected optimal peptide, DPEGVPPLL-VSQQAK, encoded by exon 29 of the ALK 

gene, was C-terminal to the ALK kinase domain and found to be unique to ALK compared 

to the entire human proteome with the Basic Local Alignment Search Tool (BLAST), as 

previously described (25–27). Unlabeled (DPEGVP-PLLVSQQAK) and isotopically labeled 

[ ] versions of this peptide were synthesized to develop 

and perform the assay (Aqua Ultimate grade peptide; Thermo Scientific). SRM transitions 

used for quantification of the unlabeled DPEGVP-PLLVSQQAK peptide were m/z 

789.43/498.22 (b5 +1), 540.82 (y10
+2 ), and 1080.64 (y10

+1) (Q1/Q3), and the transitions 

used for the isotopically labeled internal standard were m/z 793.44/498.22 (b5 +1), 544.83 

(y10 +2), and 1088.65 (y10 +1) (Q1/Q3). The optimized collision energy was 24V for all 3 

transitions. We used the same liquid chromatography gradient and MS parameters as those 

previously described (25–27), except that Pronto-SIL 200-5-C18AQ reversed-phase particle 

(C18, 5 μm, 200-Å pore size; Bischoff Chromatography) was used for column packing in 

this study.
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A calibration curve was generated in a Pyrococcus furiosus complex matrix (Pfu; Agilent 

Technologies) to determine the assay’s limits of detection (LOD) and quantification (LOQ). 

Briefly, we added unlabeled peptide to 11 separate tubes containing Pfu and a constant 

concentration of isotopically labeled internal standard peptide (5000 amol) to provide a final 

concentration ranging from 75 to 25 000 amol unlabeled peptide per concentration point, 

including a zero sample (matrix sample processed without unlabeled peptide but with 

internal standard). Each concentration point was run in quintuplicate on the LC-MS system.

We identified optimal quantification peptides for 11 other proteins by trypsin digestion 

mapping of recombinant proteins specific for each target and similarly developed an assay 

for each protein.

MEASUREMENT OF ALK IN FFPE TISSUE SAMPLES AND DATA ANALYSIS

A known amount of isotopically labeled internal standard peptide was added to each lysate 

prepared from the microdissected tissue. We calculated the amount of ALK in each sample 

(attomoles per microgram of total protein) from the ratio of unlabeled to labeled peak areas 

multiplied by the known amount of spiked isotopically labeled internal standard, normalized 

to the amount of total protein injected. Unlabeled and labeled peptide peak areas were 

exported from Pinpoint 1.0. Lysates were analyzed in triplicate except for samples DH3 and 

DH5, for which measurements were from a single SRM analysis because of sample 

limitations.

IHC, FISH, AND DNA SEQUENCING

We selected tumor samples on which ALK IHC and/or ALK FISH had been previously 

performed. IHC was performed on 4- to 5-μm-thick FFPE tumor samples with the D5F3 

ALK antibody (1:100, Cell Signaling Technology) at the respective institutions. Any ALK 

immunoreactivity within the tumor cells was interpreted as a positive result. ALK FISH 

results had been obtained with the ALK Break Apart FISH Probe Kit (Abbott Laboratories). 

A minimum of 50 cells were counted by 2 observers. The orange-green split signals and the 

single orange signal (with loss of the 5′ green signal) were counted as rearranged patterns; a 

rearrangement rate of >15% was considered positive for ALK rearrangement. DNA 

sequencing for the region encoding the optimal ALK peptide was performed by Macrogen 

(Rockville, MD). Briefly, a 210-bp DNA fragment generated by PCR amplification was 

analyzed by Sanger sequencing with a 3730XL DNA analyzer (Life Technologies). DNA 

concentrations in tumor tissue lysates were determined with a Qubit ssDNA Assay Kit (Life 

Technologies). Primer sequences used for PCR amplification were ALK-F (5′-

ATCTCTGCAGCTGTGGGTTT-3′) and ALK-R (5′-TGTAATCAACACCGCTTTGC-3′).

Results

TISSUE AND PATIENT CHARACTERISTICS

Eighteen tissues were identified from 17 patients with adenocarcinomas (n = 15) and 

adenosquamous carcinomas (n = 2). All patients had been tested with both ALK FISH and 

ALK IHC except 1 with only FISH results. There were 14 ALK-rearranged cases (by FISH) 
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and 12 cases with ALK protein expression (by IHC). Eight FISH-positive patients had 

received crizotinib treatment (Table 1).

SRM ASSAY DEVELOPMENT

For development of the ALK SRM assay, multiple peptides obtained from a tryptic digest of 

recombinant ALK were measured with MS. When ALK translocation occurs, breakpoints in 

the N-terminal fusion partner can vary; however, the usual ALK breakpoint occurs at exon 

20 of the kinase domain. Consequently, we focused on peptides within the intracellular 

domain including peptides in or C-terminal to the kinase domain. The resulting 2 

intracellular candidate peptides, SNQEV-LEFVTSGGR and DPEGVPPLLVSQQAK, were 

then extensively screened in formalin-fixed cell lines and FFPE clinical samples. The H3122 

cell line expressed 396 amol/μg ALK protein. Some tumors expressed amounts of ALK that 

were so low (<150 amol/μg) that only the DPEGVPPLLVSQQAK peptide was detected 

(LOD 75 amol); therefore, this peptide was selected for clinical assay development. CVs for 

the various concentration points in the calibration curve ranged from 1.1% to 20.1% for 

samples analyzed in quintuplicate. The amount of light peptide recovered (attomoles) was 

plotted against the amount of light peptide spiked (attomoles) to create a calibration curve 

(see Supplemental Table 1, which accompanies the online version of this article at http://

www.clinchem.org/content/vol62/issue1). The LOD was determined by identifying the 

lowest concentration in the calibration curve where the CV from replicate measurements 

was ≤25% and accuracy from replicate measurements was ≥80%; the LOQ was determined 

by identifying the next-highest concentration of the calibration curve above the LOD. The 

LOD and LOQ were 75 and 100 amol, respectively, with a linear regression value of R2 = 1 

for the calibration curve with 10 spiking concentration points (Fig. 1A), and R2 = 0.93 when 

excluding the 3 highest concentrations (Fig. 1A inset). The calibration curve showed 

linearity (R2 = 0.9) and low variations over a protein concentration range of 2 orders of 

magnitude.

ALK QUANTIFICATION

The SRM assay detected ALK in 11 tissue samples (from 10 patients) with concentrations of 

106–453 amol/μg of tumor protein (Table 1). ALK was not detected by SRM in any of the 

FISH−/IHC− samples (n = 4), nor was it detected in 3 FISH+ cases. Of these 3 cases in 

which SRM absolute protein concentrations were discordant with FISH, 1 was IHC−, 1 was 

IHC+, and 1 had not been tested by IHC.

To evaluate the ALK SRM assay reproducibility and precision, ALK concentrations were 

measured in 8 of the 14 FISH+ tissues on 2 different LC-MS systems (systems R and S) by 2 

different operators. Each sample was analyzed in triplicate on each system. The 

interinstrument CVs for 6 measurements from the same sample were 1.6%–17.7%. Results 

from systems R and S had an R2 value of 0.9694 (Fig. 1B, online Supplemental Table 2), 

demonstrating that the SRM assay reproducibly generated a low level of variance between 

the 2 systems.
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RESPONSE TO CRIZOTINIB

Of 8 patients treated with crizotinib, 5 had a positive tumor response (progression-free 

survival 7–29 months; 1 was lost to follow up); all 5 patients were ALK-positive by FISH, 

IHC, and SRM. The 3 remaining patients were discordant between ALK protein 

concentrations and ALK FISH and had nonresponse or partial response to crizotinib (Table 

1; Fig. 2).

VERIFICATION OF ASSAY BY DNA SEQUENCING

Because 3 of 14 ALK rearrangement–positive tissue samples (DH9, DH12, and CD0370) did 

not have detectable concentrations of ALK protein, we sought to investigate the DNA 

sequence of a 210-bp region on exon 29 of the ALK gene, where the ALK targeted peptide 

and its flanking amino acids sequences are encoded. Thirteen of the 14 samples sequenced 

carried no mutation within the 210-bp region tested (Fig. 3A), but sample DH9, the 

FISH+/IHC−/SRM− case, was found to carry a heterozygous nonsense point mutation (G-

>A) within ALK targeted peptide–encoding DNA sequence. The point mutation introduced 

a stop codon (p.Q1429X); therefore, a nonfunctional (truncated) fusion protein would likely 

be produced, possibly resulting in total lack of any protein product (Fig. 3B).

Discussion

Quantitative mass spectrometry represents an emerging clinical method that is highly 

specific, reproducible, and quantitative and has decreased sensitivity to preanalytical 

variation. In addition, MS-based proteomic analysis of FFPE tissue is capable of 

multiplexing analysis of 100 analytes from a small amount of tissue (25–27). The cost of 

reagents, instrument time, and personnel are greater with the ALK-SRM assay compared 

with ALK IHC. However, multiplexing the ALK protein with additional predictive/

prognostic proteins in a single SRM assay makes the overall cost comparable to or less than 

performing IHC or FISH for each of these proteins individually. Also, in contrast to IHC, 

this SRM method quantifies proteins on the basis of a unique sequence of amino acids, and 

thus does not have the same limitations as traditional antibody-based protein detection 

methods and is less susceptible to problems resulting from preanalytical tissue handling and 

time elapsed from tissue sectioning (27).

In this study, we evaluated ALK protein expression in 18 NSCLC tissues (14 FISH+ and 4 

FISH−) with ALK FISH, ALK IHC, or both. Of the 14 samples with ALK rearrangement by 

FISH, 11 had measurable ALK protein expression by MS, whereas 3 ALK FISH+ samples 

had undetectable amounts of ALK protein. Among the patients who responded to crizotinib 

treatment, all but 1 (5 of 6) had measureable ALK protein by mass spectrometry.

Interestingly, the 3 FISH+/SRM− instances represent 2 cases in which the ALK-targeted 

crizotinib therapy was ineffective and 1 in which a modest response was seen followed by 

prompt tumor progression. In 1 such case (DH9), the patient had immediate disease 

progression upon crizotinib initiation. We confirmed nonexpression of ALK protein by IHC 

in this patient, and with DNA sequencing identified a DNA point mutation in the ALK gene 

that predicts a truncated ALK protein. In this case, ALK protein quantities appeared to be 
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more predictive of response than FISH testing. A second patient with a FISH+/SRM− ALK 

profile was treated with crizotinib without response for a brief period (progression free 

survival <2 months). Again, for this patient, the unsatisfactory crizotinib response could be 

predicted by the absence of ALK protein expression. The third FISH+/SRM− case was ALK 

IHC+; this patient with stage IV disease had a partial response of liver metastases and 

stabilization of lung disease on crizotinib therapy but died of progressive disease after 10 

months. Of note, upon review of other proteins analyzed by multiplex SRM, this patient’s 

tumor expressed high concentrations of MET protein (Fig. 4), a second target of crizotinib 

activity, and a possible explanation for the partial response in this patient’s liver lesions; 

similar responses have been previously reported (28 –30).

Other studies have reported FISH+ cases that were negative for ALK by IHC (20 –22), 

supporting the conclusion that in such cases there is an ALK rearrangement that leads to a 

nontranslated or nonfunctional fusion protein. There are also reports of FISH− cases that 

showed genomically complex ALK rearrangements by next-generation sequencing. In 2 

separately reported cases, ALK FISH was negative, ALK IHC was positive, and next-

generation sequencing showed atypical ALK rearrangements; both patients rapidly 

responded to crizotinib (31, 32), again supporting the contention that ALK expression is 

necessary for crizotinib activity.

Of note, ALK SRM was evaluated against gold standard FISH testing for ALK 

rearrangement, which is inherently limited. In a large study of consecutive NSCLC cases 

tested with both FISH and IHC, 70 of 150 ALK-altered cases were detected by 1 method but 

not the other; either test alone would have missed approximately 30% of ALK-positive 

cases. In a small sample of these patients (n = 44), both types of discordant cases 

(FISH+/IHC− and FISH−/IHC+) responded to crizotinib (22). Other studies found similar 

discrepancies between IHC and FISH (20 –22). Although we applied the benchmark of 

crizotinib response/nonresponse, the results of this study should be considered in light of 

certain limitations. First, 1 criticism of SRM technology in FFPE tissue is its inability to 

identify very low expression concentrations (i.e., <LOD). Second, a potential problem with 

peptide-based measurements is that any deviation from the canonical sequence will prevent 

detection; the expansion of the assay to multiple peptides, even if the confirmatory peptides 

do not have the same level of diagnostic sensitivity, would help to address this problem. 

Finally, this study’s sample size was small; crizotinib response data from a larger group of 

patients will be necessary to confirm the clinical sensitivity, specificity and utility of the 

SRM assay.

To reduce testing costs, some have proposed hierarchical ALK screening algorithms on the 

basis of patient characteristics (e.g., young age, never or light smoker), histology 

(adenocarcinoma), and absence of other oncogenic driver mutations (33). However, ALK 

rearrangements have been found in older patients and smokers (34), squamous cell and 

adenosquamous carcinoma cases (35, 36), and rarely, patients with mutations in EGFR, 

Kirsten rat sarcoma viral oncogene homolog (KRAS), and B-Raf proto-oncogene, serine/

threonine kinase (BRAF) (20 –22, 37, 38). Although the triage of samples based on 

clinicopathological features does increase the success rate of detection of ALK 
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rearrangements (33), it is not an optimal strategy, since a portion of patients who could 

benefit from ALK inhibitors would unavoidably be excluded (4, 39, 40).

The ALK SRM assay was multiplexed to enable concurrent assessment of clinically 

actionable proteins indicative of gene rearrangement (ALK, ROS1, RET, TRK, and others), 

histology markers (K7, TTF1, K5, p63), receptor tyrosine kinase targets (EGFR, HER2, 

HER3, MET, IGF1R, FGFR2), proteins involved in immune checkpoints (PD-L1), and 

predictive/prognostic protein markers for chemotherapy agents. For example, as 

demonstrated in Fig. 4, multiplex SRM analysis of biomarkers in FFPE NSCLC tissues 

identified moderately high MET expression (732 amol/μg) in a brain biopsy tissue of patient 

who was SRM−/FISH+/IHC+ for ALK. Metastatic diseases tend to have greater tumor 

heterogeneity; it is possible that there was a higher expression of MET in the metastatic liver 

tumor than in the primary lung tumor, and this may have contributed to the partial response 

to crizotinib (which is active against both ALK and MET).

Proteomics analysis of ALK as part of a multiplexed proteomic screening of patient tissue 

on initial biopsy could save time, tissue, and the expense of multiple FISH or IHC testing to 

detect different biomarkers. In the event that ALK expression is detected by SRM, ALK-

positive cases could be reflexed to FISH to confirm eligibility for treatment with ALK-

targeted therapy (Fig. 5). After critical testing of the assay’s performance, the proposed 

testing protocol would provide clinicians with valuable diagnostic information and ensure 

that all patients whose lung cancers express ALK and other clinically actionable markers 

have the opportunity to receive treatment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Development of ALK SRM assay and assessment of assay precision
(A), Calibration curve generated in Pfu. Inset, Calibration curve omitting the 3 highest 

concentrations (25 000, 5000, and 1000 amol). (B), Assessment of assay precision and 

reproducibility for measuring ALK protein concentrations in 8 ALK FISH+ NSCLC FFPE 

tumor tissues. Each sample was analyzed on 2 different LC-MS systems.
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Fig. 2. Duration of response among patients treated with crizotinib
Arrows indicate patients in complete remission (no evidence of disease). Numbers in the bar 

indicate ALK protein expression determined by SRM. Patients in green had positive 

response (progression-free survival 7–29 months), patient in purple (DH12) had partial 

response, and patients in orange had progressive disease while on crizotinib.
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Fig. 3. Comparison of SRM with ALK FISH, IHC, and DNA sequencing in selective cases
FISH and paired IHC for patient DH5 to represent FISH+/IHC+ cases; DNA sequence 

within the MS targeted peptide from DH1 to represent wild-type sequence. (A), ALK FISH 

testing shows deletion of the 5′ (green) signal with retained 3′ (orange) signal, consistent 

with rearrangement. Arrows indicate the rearranged red signal. (B), The FISH+, SRM−, and 

IHC− case (DH9) showed a nonsense point mutation that resulted in a stop codon 

(p.Q1429X); therefore, nonfunctional fusion protein would be produced.
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Fig. 4. NSCLC tissue expression for each of the targets in a multiplex SRM analysis, sorted by 
K7 expression from low to high, left to right
The 15 samples represent a mixture of 13 ALK rearrangement positive controls and 2 ROS1 

rearrangement positive controls. Note that DH12 showed an increased expression of MET 

(highlighted in yellow).
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Fig. 5. Potential ALK testing algorithm in NSCLC
The proposed strategy would allow the opportunity for patients with lung cancer to be tested 

for ALK expression and multiple predictive/prognostic biomarkers.
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