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Abstract Urine Samples from Bladder Cancer Patients Contain
Higher Levels of Enzymatically-active MMP-2, MMP-9 and Recelver-Operating Characteristic (ROC) Curves for MMP-2,
R round MMP-9/NGAL than that from Cancer-free Individuals MMP-9 and MMP-9/NGAL _ _ _
With increasing cancer therapeutic efficacies and the development of Z"(fD) N N N N NN c c "ROC Curve for MMP-2 __ ROCCurve for MMP-9 Triage of Bladder Cancer Survivors using CIDD
] ] ] ] a J——— @ e
better methodologies for early detection, the cancer survivor population 250— - . = : A
- - . . - — «-— ) M Disease-free - : _ﬂ__ﬂ"'r‘ - ” J_l_,-"_‘ EEEE———————————————
has been growing steadily over the years. As this patient population | e~ TUNPONGAL 107 1 gl MMP-2 98% NPV [95-1009%] with 42% exclusion [37-479%]
grows, there is a clear need for the development of more cost effective — P 2 z / - — _ .
clinical algorithms and assays that would result in more efficient o . MMP-2 96% NPV [92-98%] with 45% exclusion [40-50%]
management of cancer survivors. 50— 1] MMP-9/ NGAL | 97% NPV [93-99%] with 41% exclusion [36-47%)]
We are developing a non-invasive diagnostic assay utilizing urinary . I
Matrix I\/Ietalloproteinase_s (MMPs) as monitors of dis_e_ase-free status - loospecifity  1ooSpecifiity Table Il The table above shows the results of application of CIDD to the ELISA
gnd cancer recurrence in _bladder cancer. In a_dc!ltlon, we hgve Figure 1 Gelatin zymography was used to assess the MMP enzymatic activity found in the ROC Curve for MMP-9/NGAL results presented here. In the case of MMP-9, at 98% negative predictive value,
Incorporated a novel analytical algorithm called Clinical Intervention urine of bladder cancer patients as compared to that from cancer-free individuals. MMP-2, m o~ 42% of disease-free individuals would be excluded from follow-up tests, with the
Determining Diagnostic (CIDD), which results in extremely high MMP-9 and MMP-9/NGAL were detected at significantly higher frequency in the urine of > jf remaining patient population receiving existing standard of care monitoring.
(~100%) Negative or Positive Predictive Value. cancer patients (C) compared to urine obtained from cancer-free controls (N). Results are £ ;f'
shown graphically on the right. A representative zymography gel is shown on the left. & Jf’
Methods i ! . : .. : :
Urine samples were collected by clean catch or catherization and stored Higher Levels of MMP-2. MMP-9 and MMP-9/NG AL = d | Triage of Hematuria Positive Patients using C1DD
in aliquots at -80°C. Samples from 84 bladder cancer patients and 448 'g_ er Leve _S 0 & -Jan _ ki aré roun LT T sty
cancer-free individuals were analyzed via ELISA and zymography to In the Urine of Bladder Cancer Patients than in that from | - | e :
determine the levels of MMP-2, MMP-9 and MMP-9/NGALL. Cancer-Free Individuals Figure 3 To measure the diagnostic accuracy of the markers, receiver-
_ _ operating characteristic (ROC) curves were generated. The area under the oo
Results VIMP hevels In Gancer Patients versus cancerrree Gontrols curve for each marker was 80.6% for MMP-2, 83.9% for MMP-9 and 79.4% 2 ow. . .
3 Healthy Contral
Initial studies using urinary levels of MMP-2, MMP-9 and MMP- for MMP-9/NGAL. §1°'°°° 2 Cancer
9/NGAL to discriminate disease-free patients from those with bladder ® o
cancer resulted in approximately 80% (67/84) sensitivity and 71% g w00 o _ o _ _ 4000
(318/446) specificity, in the case of MMP-9, at a fixed protein level. £ so0 A Clinical Intervention Determining Diagnostic 2.000 -
However, applying our proprietary CIDD algorithm to MMP-9 levels = o (CIDD) 0000 — s oAl
correctly identified 42% of patients who were cystoscopy negative with Standard Analytical Algorithm *Statistically Different from Hematuria(+)/Cysto(-) and Healthy Controls
a Negative Predictive Value of 98%. | |
Disease Free Cancer n Cutoff Sens. Spec. NPV POE
85% Sens./85% Spec. anee
Conclusions 2 (Hema+/Cysto+) 100% | 62% 100% 62%
CIDD deviates from current practice in the cancer biomarker field in that coner [ ot | onem | (%, MMP-2 Hemaffcysto_ 0.284ng/ml | (22022) | (150) | (3131) | (31/50)
instead of providing a likelihood of having cancer, it allows the physician Wean| _oal osad  osidl  osrel o770 100 Healthy [85-100%] | [47-75%] | [89-100%] | [47-75%]
to rule out, with near 100% certainty, those patients who do not have P S gl
cancer and who can be excluded from further intervention. In addition, T — ofomae A\ 1000 aps | e 100% | 4% | 100% | 44%
CIDD COUId be applled to a Symptomatlc pODUIatlon, SUCh aS those Mean (:2(1%;191 ?:222}212 (C:!g(;};g 2::2?\;)?1?190 (nNzEzDzz)le Optimal Cutoff Hema+/Cysto- Oll43ng/m| [8(52-21/0253/] [é%fégg/) ] [8(52'21/5023/] [é(zfégg/) ]
presenting with hematuria, to rule out the possibility of cancer from a Vedian| sesl ool __ozid o oorr For Screening 100 Healthy : ° : :
] ] ] p-value Cancer vs.: 4.62E-12 7.77E-13 2.05E-09 0.00038 ~ !
majorlty o] patlents. MMP-9/NGAL Triage Monitoring (H:ma+/Cysto+)
Cancer Cancer-Free Healthy Symptomatic NED Dlsease Free CanCer MMP' 50 100% 54% 100% 54%
(n=say | Comtols | Controls | Controls | (o5 9/NGAL 0.058ng/ml | (22/22) (27/50) (27/27) (27/50)
Mean 7.408 1.518] 0.971 4.467 1.077 I Hema+/CySt0- 85 100(y 39 680/ 87 1000/ 39 680/
B 1 1 11 1 R R 100 Healthy S el Rl I
- Conteols
StUdy DeSIQn Figure 2 Urine samples obtained from bladder cancer patients (n=84) and disease-free : : . . : .
Individuals (n=446) were analyzed by ELISA for absolute levels of MMP-2, MMP-9 and Figure 5 Bladder cancer pqtlents often |n|t!ally presgnt with !olood " thfe_urlne.
Our lab is developing the use of urinary matrix metalloproteinases to MMP-9/NGAL. Urine obtained from bladder cancer patients contained higher levels of Biomarker, 1000 Eg\évggregéggg ?I'f)n(;aeltlel;:sicr::eo\?vr?ftﬁe(r)?\I/IeMWPItIh bkl)Od ml(tjhg urlnze};]e p(;]S_Itlr:/et_fCI){
manage the care of cancer survivors by monitoring for recurrence in a non- MMPs as compared to controls. The graph above shows the mean protein values for the Results Triage Monitoring @! Standart of e tion) with CIDD 1o distin sish betwee?w iﬁ divi duals\xhi)cuonue ui\(ioucsaell ! dg?] ojtuhng:
Invasive format and at greater frequency than currently possible. Based on cancer and cancer-free controls. Mean and median levels of each marker are also shown Procedure _, 1 J X Y
) . . : ) ) ; L 100% Sens. cancer and those that should follow standard of care, we analyzed a set of 172
previous studies which have shown that MMPs are found in the urine of cancer in the table above. In all three cases, the mean marker concentration was significantly ~100% NPV : les for MMP levels. In all Mi\/IP | nificantl
patients at greater frequency than in the urine of disease-free individuals, an higher in the cancer cohort than in the cancer-free samples with p<0.0001. . . . Urine samples Tor CVEIS. T a7l Cases, Mean VIMIF valles Were sIgniticalitey
initial proof of concept study was designed to compare urinary MMP-2, MMP- Stratify Symptomatic Patients higher in the cancer group than in either the hematuria+/cystoscopy- or normal
9 and MMP-9/NGAL levels in a set of 530 samples, including 84 éamples Disease Free Cancer control group. The Table above shows the performance of each marker when
y i} I - - - 0 0
obtained from bladder cancer patients. “Cancer-free” controls were obtained Biomarker Performance : E\:elDa[t)i\;(sesa\?vpc))llljg.bFeOerxat:IIlutgcggefg?r:kfirrst’h\é\?ttr;s%go/0 NPV, greater than 40% ofiiigg
from patients who have had cancer, have been successfully treated and . : I J '
o : : . Standard Biomarker Performance as Determined by ELISA |
currently have “no evidence of disease (NED), as well as from asymptomatic — : - . , S
individuals (normals). Additional cancer-free controls were obtained from 9 Ses"v'y [M Cll Specificity [95% Cl] ummary
. : " : MMP- % (67/84) | [70%-88%)] | 71% (318/446)| [65%-75%] omarker . _ _ _
:Dr:dé\gdualsb V\t/ho s_uffer_from (_)ther urologlcfelll codndlglons_, such aj kld_ney stones, 0 Slomark ——— L\ 1000 * Initial studies comparing samples obtained from bladder
B cretruction, Incontinence, erectile dystunction and urinary - tract MMP-2 | 62% (52/84) | [51%-72%] | 88% (393/446)| [85%-91%] 000 e cancer patients and control samples demonstrated that MMP-2,
Infections. Urine samples were assayed for MMP enzymatic activity by gelatin frring © SPeC. e -
. . . ~100% NPV ~100% PPV MMP-9 and MMP-9/NGAL are found at significantly higher
zymography and total MMP levels were quantitated via ELISA. To determine : :
. . - - MMP-9/ 73% (61/84) | [62%-82%] | 79% (271/341)| [75%-84%] levels and at greater frequency in the urine of bladder cancer
enzymatic activity, 30ul of unprocessed urine were mixed with 10ul of sample NGAL Figure 4 Figure 4 graphically displays the concept underlying CIDD. In ] ]
- TN 9 : Jrap e P ying atients, as determined both by ELISA and zymograph
buffer, loaded and separated under non-reducing conditions in SDS-PAGE this example, patient urine sample levels of MMPs are measured and then P >, A €d both Dy and zymographny. i
gels_ containing gelatin_. Gels were incubat_ed overnight in byffer c?optaining Standard Biomarker Performance as Determined by Zymography are compared to one or more threshold levels of the same biomarker to  Sensitivity and specificity, as determined by ELISA were 62%
calcium and then stained with coomassie blue. Enzymatic activity was Sensitivity [95% CI] Specificity [95% CI] stratify the patients. Patients are assigned to one of three groups based upon and 88% for MMP-2, 80% and 71% for MMP-9, and 73% and
V|sua_I|zed as a zone of clearance against a dark blue background where the MMP-9 68% (55/81) | [57%-78%] | 78% (331/427)| [73%-81%] the comparison of the patient’s biomarker level and the threshold values. 79% for MMP-9/NGAL.
gelatin was degraded by the MMP. | The first group consists of patients who have biomarker levels that are  Application of CIDD to the data established new cutoffs to be
To determine total MMP levels, 50-100ul of neat urine were run on MMP-2 56% (45/81) | [44%-67%] | 82% (352/427)| [78%-86%] below a threshold level that is unambiguously-associated with non- set for each marker, where at near 100% negative predictive
MMP-2, MMP_'9 anq MMP-9/NGAL .SpelelC EL|SA_\S as  per the recurrence of a disease with which the biomarker is associated. Under value (NPV) this algorithm enables physicians to exclude a large
manufacturer’s Instructions.  Data analysis was accomplished via t-tests MMP-9/ | 58% (47/81) | [47%-69%] | 80% (342/427)| [76%-84%] Triage Monitoring, patients in this group could forego additional tests. The portion of patients from unnecessary follow-up tests.
(assuming unequal variances) and receiver / operator characteristic (ROC) NGAL second group consists of patients who have biomarker levels that are . In addition, MMP levels and CIDD could be used to triage
curves for all marker values. All studies were conducted Iin duplicate In a ‘ - ' ' ' L : -
5 : P ynamblguously_ asg,ouated _Wlth recurrence of the disease, and_ should have symptomatic patients who present with hematuria into those who
Inded fashion. Table | Based on the ROC curves generated, two cutoff values per marker increased monitoring relative to the standard of care. The final group of do not need further tests and those who should continue to receive
were used to calculate biomarker sensitivity and specificity. Results for each patients have biomarker levels that are between the two thresholds and h dard of
marker were calculated from both the ELISA and zymography data. therefore are subject to standard screening assay. the standard of care.
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