CLINICAL RELATIONSHIP: Can our functional analytes accurately classify grade of dysplasia in pancreatic

cysts? The reference samples will be used as an external validation of our microvolumetric enzymatic

biomarkers.

BACKGROUND AND SIGNIFICANCE: Pancreatic cystic lesions Dé:g:;:rt;c Cyst Type Risk of Invasive

(PCLs) are incidentally detected in more than a million patients Non-Mucinous Serous Minimal

annually in the U.S. and represent an opportunity for early Cyst CVS(‘g"C‘;,")”"a

detection of pancreatic adenocarcinoma. The presence of a Pseudocyst (PC) None

clinically relevant PCL (>1 cm) is associated with a 10-fold Mucinous | Main Duct (MD) 40-50%"

increased likelihood of adenocarcinoma within 5 years." Most of Branch Duct (BD) 10-15%

the PCLs with the potential to develop high grade NMucilnous((li/\{étrLc) 15%"
eoplasm

dysplasia/invasive adenocarcinoma (“advanced neoplasia”, AN)
are lined by epithelial cells that produce an abundance of mucin,
and thus are broadly classified as mucinous, and about 75% of
mucinous cystic lesions are Intraductal Papillary Mucinous Neoplasms (IPMNs)."2 (Table 1) The accurate
identification of mucinous PCLs with AN that typically warrant surgical intervention represents a critical unmet
clinical need.

Table 1. Classification of cystic lesions of the pancreas and
their associated risk of invasive carcinoma

Limitations of Current Clinical Guidelines and the Burden of Overtreatment. Most patients have
clinically “indeterminate” cysts in which both the type (mucinous vs. non-mucinous) and histologic grade are
radiographically uncertain. There are two major challenges in the management of pancreatic cysts. The first is
to identify non-mucinous cysts with no malignant potential (Tier-1), thereby sparing ~25% of patients that

undergo surgical resection unnecessarily, and the larger number
that are subjected to burdensome prolonged surveillance.® The . :

second major challenge is to identify the mucinous cysts with AN for

early-stage surgical resection (Tier-2) (Figure 1). Patients with e
indeterminate PCLs are typically managed by surgeons and i—‘ﬁ
gastroenterologists according to one of several clinical guidelines R 1 ‘ oo ’

that include clinical and imaging features. When we applied the :

Fukuoka guidelines retrospectively to 251 surgically resected ki s 1
branch-duct IPMNs, the positive predictive value was only 30%.* ' ! ' L
Requiring two or more worrisome features increased guideline ‘ Jomal | Ggaca | | 'arsmasa
specificity, but this came at the cost of reduced sensitivity, which may 0 -
be deemed unacceptable for such a lethal cancer. Refinements in

radiographic imaging and next generation sequencing (NGS) show
promise, but have limited results, especially in indeterminate cysts
with high grade dysplasia.>®” We and others have reported that 40-60% of incidentally-detected mucinous
cysts removed surgically harbored either no dysplasia or, at most, low grade dysplasia, and most of these
patients had no benefit from surgery.®® Pancreatic resections are risky, complex procedures with significant
mortality and long-term morbidity, including 15-25% new-onset diabetes and 25-50% exocrine pancreatic
insufficiency.'® ® Using Markov modeling, we found that surgical decision-making using the current Fukuoka

Guidelines has the potential to lead to more deaths than it prevents."" Accurate classification of PCLs is a
critical unmet need.

Invasive
carcinoma

Advanced neoplasia

Figure 1. Two-tier diagnostic classifier for PCLs.

Current Biomarkers are Inadequate for Pancreatic Cyst Diagnosis and Classification. Clinical
management guidelines recommend that patients with PCLs identified on cross-sectional imaging that are >2-3
cm and lack high risk stigmata (the majority) be examined using endoscopic ultrasound with fine-needle
aspiration (EUS-FNA) of cyst fluid that is typically sent for carcinoembryonic antigen (CEA) measurement,
which is the only routinely used test to identify mucinous cysts.'?> However, this assay requires 500 uL of fluid,
which is not always available. A micro-volumetric assay would improve the diagnostic yield of cyst fluid testing
from ~50% to >90% for patients who undergo an invasive EUS-FNA.” CEA at the clinically used cutoff of 192
mg/dL has a specificity at 73-84%, but only modest sensitivity (38-73%)."*'S Improvement in the sensitivity of
this Tier-1 assay would allow us to identify the ~25% of patients with non-mucinous cysts that may require no
further testing, surveillance, or surgery. Several reports indicate that glucose could improve sensitivity, however




we and others have described limitations in assay performance and reproducibility that may limit clinical
usefulness or require high cyst fluid volumes to maintain accuracy.'®'"®

For mucinous cysts, clinicians aim to identify and resect cysts with high grade dysplasia (HGD) since 5-year
survival is greater than 90% compared to 35-60% for resected cyst-associated invasive cancer.’® Current
diagnostics including radiography, serum biomarkers, and cyst fluid CEA show poor correlation with HGD.>%%2!
Older NGS-based tests (CompCyst, PancraGen) showed promise but their usefulness has been limited by low
specificity of RAS mutations for detection of AN, unproven sensitivity of somatic mutations for detection of
HGD, fluid volume/cellularity needs, and cost.?*?*?* Newer iterations of the NGS-based test (e.g.,
PancreaSeq) include panels with potentially improved performance for detection of invasive adenocarcinoma,
albeit with risks of over-fitting, and with uncertain performance for HGD. Validation and longer follow up for
prospective sampling are both needed to determine performance of the latest panel for the target population of
indeterminate PCLs at the time of EUS. Importantly, the published NGS panel requires 200-600uL of cyst fluid,
which limits clinical usefulness.” Cytologic evaluation of aspirated fluid remains the most widely used test for
detection of high grade/invasive lesions with a specificity at >95%. However, cytology has poor sensitivity (29-
48%).25%27 This low sensitivity for detection of early cancers leaves many clinicians and patients uncomfortable
with a “watch and wait” approach and is a major driver of surgical overtreatment and harm.*?® Given the high
specificity of cyst fluid cytology, the greatest need is for a low-volume Tier-2 assay that would improve upon the
current low sensitivity for detection of radiographically occult AN.

Global substrate profiling Mass Spectrometry-Based Assay for ldentifying Candidate Biomarker
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including representation of current
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products.®' We use a 2-step process for assay
development. First, mass spectrometry and shotgun proteomics are used for substrate discovery, then a simple
micro-volumetric assay that requires only 5 ul of sample is prepared for clinical use. To study cyst fluid
proteolytic activity in a global and unbiased manner, we used our novel Multiplex Substrate Profiling by Mass
Spectrometry (MSP-MS) method.®" This technology involves a direct cleavage assay with mass spectrometry
(MS)-based peptide sequencing for detection of cleaved products in a mixture

of synthetic peptides that cover a wide amino acid sequence space (Figure 2). T
. \ 135
PCA is a statistical technique that allows for increased interpretability of large o | \ N
. g . . . . g by o
multidimensional datasets. By using PCA tools and plotting protein abundance Tl MW
variation, we found that proteomic profiles differentiated pathologically- ¢ - \
confirmed IPMNs from MCNs into independent clusters (Figure 3). These PCLs .. m -
are notoriously difficult to discriminate from one another by current N
radiographical or cytological approaches despite their clinically distinct | !
management strategies. Our results suggest the presence of biomarkers of T e
specific mucinous PCL subtypes that could be pursued to improve clinical Figure 3. Principal component analysis of proteomic
datasets from different types of pancreatic lesions. PCA
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analysis. Patient n = 23, Proteomic datasets n = 69

Retrospective Blinded Evaluation (PRoBE) study design and applied an (three technica replicates for each patient).
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unbiased screening of pancreatic cyst fluid to identify specific proteolytic signatures
Gasticsin actviy for cyst classification.®’ We analyzed 35 pancreatic cyst fluid samples during the

g N discovery profiling screen: 7 non-mucinous (SCAs and pseudocysts) and 28 IPMN
£ (14 HGD, 14 LGD) mucinous samples (Figure 4).*> Mucinous cysts had a marked
£ increase in specific cleavage of MSP-MS library peptides using pH 3.5 assay
g 2 ;) conditions. We identified more than 20 proteolytic enzymes in IPMN cyst fluid with
g i discriminating activity profiles and the top performer was the aspartyl protease,
g G e gastricsin, which exhibited increased activity in mucinous but not in non-mucinous
. = - cysts.*? Gastricsin was confirmed to be more abundant by label-free quantitative MS
yi=ea =11) and western blot in mucinous cysts compared to non-mucinous cysts.*
Figure 4. Performance of While MSP-MS is a powerful discovery tool, it is not a practical clinical diagnostic

gastricsin for identification of
mucinous cysts

test, so we developed a high-throughput, cost-effective, micro-volumetric and easily
exportable diagnostic tool for pancreatic cyst stratification. Using the MSP-MS
cleavage pattern, we developed internally quenched Fluorescence Resonance Energy Transfer (ERET)
substrates that yield, following cleavage by proteases, a fluorescence signal that can be easily detected with a
simple benchtop microplate reader, and the assay requires 5 ul of cyst fluid. Importantly, the use of a benchtop
microplate reader increases exportability of this assay to routine clinical laboratories. The small fluid requirement
mitigates current diagnostic tests’ limitations imposed by small biospecimen
volumes or low cellularity in cyst fluid. In a validation cohort of 110 convenient
pancreatic cyst samples from resected tumors, we found that at the optimal cutoff
of a 1.23-fold change in fluorescence gastricsin demonstrated specificity for
mucinous at 100% and sensitivity of 93% (AUC 0.979) and with a limit of

RFU/sec

detection for gastricsin was 50 ng/mL3? (Figure 5). XX
To discriminate grade of dysplasia, Tier-2, we again used our MSP-MS and Gustcsmn oot
targeted proteomic analyses and identified a pepstatin-insensitive lysosomal Figure 5. Determination of the
serine tri-aminopeptidase, TPP1, that had a demonstrated an AUC of 0.65, limit of detection of enzymatic
sensitivity of 89% and specificity of 40% for AN, with a limit of detection 95 ime‘"’:f]g‘l’l';yq(uﬁgéseic%gfe"s'gem
pg/mL.2* With further MSP-MS we have also identified more candidate markers, substrate for gastricsin.

ELANE, a head-to-head validation of this marker with TPP1 will be explored in
this proposal.

PRELIMINARY DATA AND METHODS: ELANE was tested in pancreatic cysts from our Biorepository. Among

all mucinous PCLs (22 IPMNs and 7 MCNs) ELANE had an AUC of 0.71,
5°°°1 : sensitivity of 82% (Cl 58-93%), specificity of 72% (Cl 43-90%). When we
2800 weo stratified the results by subtype of cyst, ELANE performed better in IPMNs

AN than MCNs. Among 22 main duct, branch duct, and mixed duct IPMNs,
500 ELANE had an AUC of 0.94, sensitivity of 93% (Cl 70-99%), and
specificity of 85% (Cl 48-99%) (Figure 6,
150 manuscript in preparation). Among the 8 MCNs, "]
° N ELANE had an AUC of 0.62, sensitivity of 100% (ClI 3 LoD
*‘*%"%*“’“‘\%%E%I%WW“ 17-100%), and specificity of 50% (Cl 8-91%) <™ AN
ys! . . . . =
— — - (Figure 7). To better identify AN in MCNs, we plan 2
[Fgure & ELANE acity n 22 P to test performance of additional enzymes we have = **]
identified using MSP-MS (including our published analyte TPP1) to determine if
specificity is improved using a panel of analytes for MCNs. We will then use the °'41955,162403339130559
reference set to validate the MCN panel. We also plan to test the hypothesis that the Cyst

Tier-1 assay improves the performance of the Tier-2 assay by identifying the clinically
relevant mucinous cysts.

[Figure 7. ELANE activity in 7 MCNs|

The proteolytic activity of our analytes in cyst fluid samples is analyzed using FRET peptide substrates are
incubated with 5pl cyst fluid, PBS, DNase diluted into assay buffer (50 mM Tris, 1 M NaCl, 0.05% (w/v) Brij-35,
pH 7.5) in black, round-bottom 384-well plates. The increase in fluorescent signal after proteolytic cleavage by
the analytes is monitored with a Biotek Synergy HT plate reader (excitation 328 nm/emission 393nm). The slopes
from this assay are converted to uM product/time with a standard curve of known concentrations of the
fluorescent molecule MCA. We will run the assays normalized to volume, since our previously published data
shown that volume normalization is equivalent to signal normalized to protein concentration.



Pilot testing of ELANE was done using samples from the Kirkwood Pancreatic Cyst Fluid Biorepository. The
biorepository began 7 years ago and has been collecting cyst fluid samples, serum, plasma, urine, and whole
blood from patients who undergo both EUS and surgical resection of pancreatic cysts at UCSF. Cyst fluid,
serum, and plasma samples are collected according to EDRN protocol. Each cyst fluid sample underwent a
maximum of two freeze-thaw cycles.

DATA ANALYSIS PLAN:

We request all samples (current n=275; 54 nonmucinous, 130 mucinous with low grade dysplasia, 91
mucinous with high grade dysplasia). To compute the power to test for non-inferiority margin of our gastricsin
classifier compared to CEA, we used the R package EQUIVNONINF®*, assuming alpha=0.05, power=0.8, and
the discordance p01=p10. If we assume a non-inferiority margin of .05, then we have >80% power for
discordances of <.04 for tier 1 (n=221 mucinous, n=54 nonmucinous) and <.03 for tier 2 (n=130 low grade
mucinous, and n=91 high grade mucinous).

This proposal is supported by a statistician Thomas Hoffman, PhD and epidemiologist Paige Bracci, PhD for
study design planning and data analysis.

FUTURE DIRECTIONS:
Do you plan to approach EDRN for funding and collaboration in proceeding to a Phase I validation study? If
not, do you have other resources where validation can be accomplished? Describe clearly other resources at
your disposal and how they are sufficient to complete a larger Phase II validation study if you will not seek help
from the EDRN.

Yes. We have proposed to work with the EDRN in our PCDC application (impact score 23).
Are you amenable to working within the collaborative framework of EDRN in proceeding to Phase II studies?

Yes, we are amenable to working collaboratively with the EDRN.
If deemed beneficial, will you be amenable to including your biomarker into a larger panel of biomarkers for
Phase II validation?

Yes, we anticipate this biomarker will be incorporated into a larger panel for the detection of advanced
neoplasia.
If refinements will improve the performance of the biomarker test, will you concur with further development of the
test? Will it be advantageous to include resources of EDRN for this purpose?

Yes, we anticipate refinements to this protease and others relevant to MCNs and EDRN resources will
be beneficial.

REFERENCES:

1. Springer S, Masica DL, Dal Molin M, Douville C, Thoburn CJ, Afsari B, Li L, Cohen JD, Thompson E, Allen PJ, Klimstra DS, Schattner MA, Schmidt
CM, Yip-Schneider M, Simpson RE, Fernandez-Del Castillo C, Mino-Kenudson M, Brugge W, Brand RE, Singhi AD, ScarpaA, Lawlor R, Salvia R,
Zamboni G, Hong S-M, Hwang DW, Jang J-Y, Kwon W, Swan N, Geoghegan J, Falconi M, Crippa S, Doglioni C, Paulino J, Schulick RD, Edil BH,
Park W, Yachida S, Hijioka S, van Hooft J, He J, Weiss MJ, Burkhart R, Makary M, Canto MI, Goggins MG, Ptak J, Dobbyn L, Schaefer J, Sillman
N, Popoli M, Klein AP, Tomasetti C, Karchin R, Papadopoulos N, Kinzler KW, Vogelstein B, Wolfgang CL, Hruban RH, Lennon AM. A multimodality
test to guide the management of patients with a pancreatic cyst. Science Translational Medicine. 2019 Jul 17;11(501) :eaav4772. doi:
10.1126/scitransimed.aav4772. PMID: 31316009

2. Wilentz RE, Albores-Saavedra J, Zahurak M, Talamini MA, Yeo CJ, Cameron JL, Hruban RH. Pathologic examination accurately predicts prognosis
in mucinous cystic neoplasms of the pancreas. Am J Surg Pathol. 1999 Nov;23(11):1320-1327. PMID: 10555000

3. Simons JP, Shah SA, Ng SC, Whalen GF, Tseng JF. National complication rates after pancreatectomy: beyond mere mortality. J Gastrointest Surg.
Oct 2009;13(10):1798-805. doi:10.1007/s11605-009-0936-1

4. Sharib JM, Fonseca AL, Swords DS, Jaradeh K, Bracci PM, Firpo MA, Hatcher S, Scaife CL, Wang H, Kim GE, Mulvihill SJ, Maitra A, Koay EJ,
Kirkwood KS. Surgical overtreatment of pancreatic intraductal papillary mucinous neoplasms: Do the 2017 International Consensus Guidelines
improve clinical decision making? Surgery. 2018 Dec;164(6):1178-1184. PMID: 30170819

5. Singhi AD, McGrath K, Brand RE, Khalid A, Zeh HJ, Chennat JS, Fasanella KE, Papachristou Gl, Slivka A, Bartlett DL, Dasyam AK, Hogg M, Lee
KK, Marsh JW, Monaco SE, Ohori NP, Pingpank JF, Tsung A, Zureikat AH, Wald Al, Nikiforova MN. Preoperative next-generation sequencing of
pancreatic cyst fluid is highly accurate in cyst classification and detection of advanced neoplasia. Gut. 2018 Dec;67(12):2131-2141. doi:
10.1136/gutjnl-2016-313586. Epub 2017 Sep 28. PMID: 28970292; PMCID: PMC6241612.

6. Laquiére AE, Lagarde A, Napoléon B, Bourdariat R, Atkinson A, Donatelli G, Pol B, Lecomte L, Curel L, Urena-Campos R, Helbert T, Valantin V,
Mithieux F, Buono JP, Grandval P, Olschwang S. Genomic profile concordance between pancreatic cyst fluid and neoplastic tissue. World J
Gastroenterol. 2019 Sep 28;25(36):5530-5542. doi: 10.3748/wjg.v25.i36.5530. PMID: 31576098; PMCID: PMC6767987.

7. Paniccia A, Polanco PM, Boone BA, Wald Al, McGrath K, Brand RE, Khalid A, Kubiliun N, O'Broin-Lennon AM, Park WG, Klapman J, Tharian B,
Inamdar S, Fasanella K, Nasr J, Chennat J, Das R, DeWitt J, Easler JJ, Bick B, Singh H, Fairley KJ, Sarkaria S, Sawas T, Skef W, Slivka A,
Tavakkoli A, Thakkar S, Kim V, Vanderveldt HD, Richardson A, Wallace MB, Brahmbhatt B, Engels M, Gabbert C, Dugum M, El-Dika S, Bhat Y,
Ramrakhiani S, Bakis G, Rolshud D, Millspaugh G, Tielleman T, Schmidt C, Mansour J, Marsh W, Ongchin M, Centeno B, Monaco SE, Ohori NP,
Lajara S, Thompson ED, Hruban RH, Bell PD, Smith K, Permuth JB, Vandenbussche C, Ernst W, Grupillo M, Kaya C, Hogg M, He J, Wolfgang CL,



10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Lee KK, Zeh H, Zureikat A, Nikiforova MN, Singhi AD. Prospective, Multi-Institutional, Real-Time Next-Generation Sequencing of Pancreatic Cyst
Fluid Reveals Diverse Genomic Alterations That Improve the Clinical Management of Pancreatic Cysts. Gastroenterology. 2023 Jan;164(1):117-
133.e7. doi: 10.1053/j.gastro.2022.09.028. Epub 2022 Oct 6. PMID: 36209796; PMCID: PMC9844531.

Chernyak V, Flusberg M, Haramati LB, Rozenblit AM, Bellin E. Incidental pancreatic cystic lesions: is there a relationship with the development of
pancreatic adenocarcinoma and all-cause mortality? Radiology. 2015 Jan;274(1):161-169. PMCID: PMC4334243

van Huijgevoort NCM, Del Chiaro M, Wolfgang CL, van Hooft JE, Besselink MG. Diagnosis and management of pancreatic cystic neoplasms:
current evidence and guidelines. Nat Rev Gastroenterol Hepatol. 2019 Nov;16(11):676-689. PMID: 31527862

Beger HG, Poch B, Mayer B, Siech M. New Onset of Diabetes and Pancreatic Exocrine Insufficiency After Pancreaticoduodenectomy for Benign
and Malignant Tumors: A Systematic Review and Meta-analysis of Long-term Results. Ann Surg. 02 2018;267(2):259-270.
doi:10.1097/SLA.0000000000002422

Sharib J, Esserman L, Koay EJ, Maitra A, Shen Y, Kirkwood KS, Ozanne EM. Cost-effectiveness of consensus guideline based management of
pancreatic cysts: The sensitivity and specificity required for guidelines to be cost-effective. Surgery. 2020 Oct;168(4):601-609. PMID: 32739138
Tanaka M, Fernandez-del Castillo C, Adsay V, Chari S, Falconi M, Jang J-Y, Kimura W, Levy P, Pitman MB, Schmidt CM, Shimizu M,Wolfgang CL,
Yamaguchi K, Yamao K, International Association of Pancreatology. International consensus guidelines 2012 for the management of IPMN and
MCN of the pancreas. Pancreatology. 2012 Jun;12(3):183-197. PMID: 22687371

de Jong K, Poley JW, van Hooft JE, Visser M, Bruno MJ, Fockens P. Endoscopic ultrasound-guided fine-needle aspiration of pancreatic cystic
lesions provides inadequate material for cytology and laboratory analysis: initial results from a prospective study. Endoscopy. 2011 Jul;43(7):585-
90. doi: 10.1055/s-0030-1256440. Epub 2011 May 24. PMID: 21611945.

Brugge WR, Lewandrowski K, Lee-Lewandrowski E, Centeno BA, Szydlo T, Regan S, del Castillo CF, Warshaw AL. Diagnosis of pancreatic cystic
neoplasms: a report of the cooperative pancreatic cyst study. Gastroenterology. 2004;126(5):1330-1336. doi:10.1053/j.gastr0.2004.02.013
Matthaei H, Schulick RD, Hruban RH, Maitra A. Cystic precursors to invasive pancreatic cancer. Nat Rev Gastroenterol Hepatol. Mar
2011;8(3):141-50. doi:10.1038/nrgastro.2011.2

Zikos T, Pham K, Bowen R, et al. Cyst Fluid Glucose is Rapidly Feasible and Accurate in Diagnosing Mucinous Pancreatic Cysts. Am J
Gastroenterol. Jun 2015;110(6):909-14. doi:10.1038/ajg.2015.148

Carr RA, Yip-Schneider MT, Simpson RE, et al. Pancreatic cyst fluid glucose: rapid, inexpensive, and accurate diagnosis of mucinous pancreatic
cysts. Surgery. 03 2018;163(3):600-605. doi:10.1016/j.surg.2017.09.051

Faias S, Pereira L, Roque R, et al. Excellent Accuracy of Glucose Level in Cystic Fluid for Diagnosis of Pancreatic Mucinous Cysts. Dig Dis Sci. 07
2020;65(7):2071-2078. doi:10.1007/s10620-019-05936-5

Sohn TA, Yeo CJ, Cameron JL, et al. Intraductal papillary mucinous neoplasms of the pancreas: an updated experience. Ann Surg. Jun
2004;239(6):788-97; discussion 797-9. doi:10.1097/01.sla.0000128306.90650.

Nguyen AH, Toste PA, Farrell JJ, et al. Current recommendations for surveillance and surgery of intraductal papillary mucinous neoplasms may
overlook some patients with cancer. J Gastrointest Surg. Feb 2015;19(2):258-65. doi:10.1007/s11605-014-2693-z

Scourtas A, Dudley JC, Brugge WR, Kadayifci A, Mino-Kenudson M, Pitman MB. Preoperative characteristics and cytological features of 136
histologically confirmed pancreatic mucinous cystic neoplasms. Cancer Cytopathol. Mar 2017;125(3):169-177. doi:10.1002/cncy.21806

Springer S, Masica DL, Dal Molin M, et al. A multimodality test to guide the management of patients with a pancreatic cyst. Sci Transl Med. 07
2019;11(501)doi:10.1126/scitranslmed.aav4772

Singhi AD, McGrath K, Brand RE, et al. Preoperative next-generation sequencing of pancreatic cyst fluid is highly accurate in cyst classification and
detection of advanced neoplasia. Gut. 12 2018;67(12):2131-2141. doi:10.1136/gutjnl-2016-313586

Elta GH, Enestvedt BK, Sauer BG, Lennon AM. ACG Clinical Guideline: Diagnosis and Management of Pancreatic Cysts. Am J Gastroenterol. 04
2018;113(4):464-479. doi:10.1038/ajg.2018.14

Cizginer S, Turner BG, Turner B, et al. Cyst fluid carcinoembryonic antigen is an accurate diagnostic marker of pancreatic mucinous cysts.
Pancreas. Oct 2011;40(7):1024-8. doi:10.1097/MPA.0b013e31821bd62f

Zhan XB, Wang B, Liu F, Ye XF, Jin ZD, Li ZS. Cyst fluid carcinoembryonic antigen concentration and cytology by endosonography-guided fine
needle aspiration in predicting malignant pancreatic mucinous cystic neoplasms. J Dig Dis. Apr 2013;14(4):191-5. doi:10.1111/1751-2980.12027
Pitman MB, Genevay M, Yaeger K, et al. High-grade atypical epithelial cells in pancreatic mucinous cysts are a more accurate predictor of
malignancy than "positive" cytology. Cancer Cytopathol. Dec 2010;118(6):434-40. doi:10.1002/cncy.20118

Pancreas ESGoCTot. European evidence-based guidelines on pancreatic cystic neoplasms. Gut. May 2018;67(5):789-804. doi:10.1136/gutjnl-
2018-316027

Salcedo EC, Winter MB, Khuri N, Knudsen GM, Sali A, Craik CS. Global Protease Activity Profiling Identifies HER2-Driven Proteolysis in Breast
Cancer. ACS Chem Biol. 2021;16(4):712-723. doi:10.1021/acschembio.0c01000

Meyer NO, O'Donoghue AJ, Schulze-Gahmen U, et al. Multiplex Substrate Profiling by Mass Spectrometry for Kinases as a Method for Revealing
Quantitative Substrate Motifs. Anal Chem. 2017;89(8):4550-4558. doi:10.1021/acs.analchem.6b05002

O'Donoghue AJ, Eroy-Reveles AA, Knudsen GM, Ingram J, Zhou M, Statnekov JB, Greninger AL, Hostetter DR, Qu G, Maltby DA, Anderson MO,
Derisi JL, McKerrow JH, Burlingame AL, Craik CS. Global identification of peptidase specificity by multiplex substrate profiling. Nat Methods. 2012
Nov;9(11):1095-100. doi: 10.1038/nmeth.2182. Epub 2012 Sep 30. PMID: 23023596; PMCID: PMC3707110.

Ivry SL, Sharib JM, Dominguez DA, Roy N, Hatcher SE, Yip-Schneider MT, Schmidt CM, Brand RE, Park WG, Hebrok M, Kim GE, O'Donoghue
AJ, Kirkwood KS, Craik CS. Global Protease Activity Profiling Provides Differential Diagnosis of Pancreatic Cysts. Clin Cancer Res. 2017 Aug
15;23(16):4865-4874. doi: 10.1158/1078-0432.CCR-16-2987. Epub 2017 Apr 19. PMID: 28424202; PMCID: PMC5712228.

Ivry SL, Knudsen GM, Caiazza F, Sharib JM, Jaradeh K, Ravalin M, O'Donoghue AJ, Kirkwood KS, Craik CS. The lysosomal aminopeptidase
tripeptidyl peptidase 1 displays increased activity in malignant pancreatic cysts. Biol Chem. 2019 Nov 26;400(12):1629-1638. doi: 10.1515/hsz-
2019-0103. PMID: 31256057.

Stefan Wellek and Peter Ziegler (2021). EQUIVNONINF: Testing for Equivalence and Noninferiority. R package version 1.0.2. https://CRAN.R-
project.org/package=EQUIVNONINF



