Scientific Rationale

Hepatocellular carcinoma (HCC; is a major worldwide health problem and a cancer with increasing
incidence in the United States 9. The increasing incidence of HCC in the U.S, has been associated
with hepatitis C viral infection (HICV), and a further increase in HCC is predicted to occur over the next
few decades @, In the Egyptian population, up to 90% of HCC cases were attributed to HCV infection
@, Approximately 14% of the population in Egypt is infected with HCV and 7 million people are
believed to suffer from a chronic liver disease (CLD) ©. HCC is third in incidence among the cancer
diseases in men with more than 8,000 new cases predicted by 2012 in this population ‘. Studies of HCV
progression to HCC in Egypt are expected to provide new insights mto the management of this
increasingly significant health problem @,

The current diagnosis of HCC relies on clinical information, liver imaging, and measurement of
serum alpha-fetoprotein (AFP). The reported sensitivity (41-65%) and specificity (80-94%) of AFP are
not effective for early diagnosis due to the high proportion of false negatives ®. The identification of
effective markers for the early detection of HCC is an active area of research with several new marker
candidates reported within the last few years 519 1t has been pointed out that many currently used
cancer biomarkers, including alpha-fetoprotein (AFP), are glycoproteins ! Fucosylated AFP was
introduced as a marker of hepatocelular carcinoma with improved specificity 1'%, while other
glycoproteins including GPT3 are currently under evaluation as markers of HCC (™), The analysis of
protein glycosylation seerns particularly relevant to liver ;)atboiogy because of the major influence of
this organ on the homeostasis of blood glycoproteins (6.

An alternative strategy to the analysis of giycoproteins is the analysis of protein-associated
glycans U&19) Results from our laboratory @427 and other groups show that the characterization of
glycans in serun of patients with liver disease is a promising strategy for blomarker discovery G0 we
used matrix-agsisted laser desorption/ionization time-of-flight (MALDI-TOF) mass spectrometric (MS)
guantification of permethylated N-glycan structures, enzymatically released from serum glycoproteins,
to identify novel biomarker candidtates ®'2%, We were able to identify three N-glycans that detect HCC
in the background of chronic liver disease with 90% prediction accuracy. In this study, we propose fo
validate the biomarker candidates in serum samples from the HALT C trial.

Methods and Preliminary Data

Study Population and Sample Collection: We compared N-glycans in serum of HCC cases (n=73)
with two groups of controls, controls without manifest liver disease (n=77) and controls with CLD
{(n=52). HCC cases and matched age- and gender- controls free of liver disease were enrolled in
collaboration with the Cairo

University School of Medicine, Egypt as described previously @ Briefly, adults who were seen at the
cancer institute with newly diagnosed HICC, aged 17 and older, without a previous history of cancer,

W;g’gggibfe fOrf‘}“‘* Sg*f)}" Di';‘lgff‘”is Table 1 Cases (n=73) Controls (n=77)
o was confirmed by pathology,

cytology, imaging (CT, ultrasound), Mean Age (SD) b4.2 9"3’ 52.3 ! 1;9
and serum AFP Jevels. Controls were | Male Gender 53 72% 52 67%
recruited from the orthopedic Smokers 40 56% 41 53%
department of the school of medicine | HCV RNA+ 49 87% 13 17%
® The characteristics (?f thi§ anti HCV+ 84 87% 25 32%
population are sumimarized in Table 1 antl HBV+ 56 779 a0 549
which shows, as expected, increased -~ 2 - i
prevalence of markers of viral HBsAg+ 4 5% 2 3%

infections (HCV RNA, anti HCV, and anti-HBV) in cancer cases compared to controls (see also
Supplemental Table 2) “ This comparison group allowed us fo study the changes in glycans associated
with HCV and HBV viral infections. The controls with CLD (0=52), fibrosis (n=22) and cirrhosis



(n=25), were recruited from Ain Shams University Specialized Hospital and Tropical Medicine
Research Institute, Cairo, Egypt, during the same period. The diagnosis of liver disease in this group of
confrols was confirmed by ultrasound-guided liver biopsy; 5 remaining CLD controls did not have
sufficient clinical information. The CLD controls were all positive for HCV RNA. This comparison
group served to evaluate the ability of selected glycans to identify HCC in the background of chronic
liver disease. All participants signed informed consent, provided a blood sample, and answered a
questionnaire with demographic information, personal habits, medical history, and occupational history,
The study protocol was approved by the institutional review committees of all participating institutions
and conformed to the ethical guidelines of the 1975 Helsinki Declaration. We obtained cancer stage
information on 51 cases, with 18 cases classified as early gStage 1and IT) and 33 cases as advanced
(Stage 1Il and IV) according to the AJCC staging system “?; for the remaining cases, the available
information was not sufficient to assign the stage.

Mass Spectremetrm Quantification of N-glycans. Serum samples were processed as described
previously U** Briefly, samples were reduced, alkylated, and the reaction mixture was diluted with
100 pl of ammonium bicarbonate pH 7.7 for an enzymatic release of N-glycans using 5 mU PNGase F
overnight at 37 °C. N-glycans were cleaned up by solid phase exiraction on C18 Sep-Pak® cartridges
(Waters, Milford, MA) and the combined eluents containing N-glycans were then passed over activated
charcoal micro columns (Harvard Apparatus, Holliston, MA). The purified N-glycans were eluted with 1
ml of 50% aqueous ACN with 0.1% TFA and dried prior to the solid-phase permethytion. Sodinm
hydroxide powder was suspended in ACN and packed into Peek fubes (1 mm i.d.; Polymicro
Technologies, Phoenix, AZ) Purified N-glycans were resuspended in a 50-ul aliquot of DMSO and 22 pl
methyl iodide and passed through a 100 pl syringe from Hamilton (Reno, NV) using a syringe pump
from KD Scientific, Inc. (Holliston, MA) at 2 ul/min. This permethylation procedure has been shown to
rinimize oxidative degradation and peeling reactions and to eliminate excessive clean-up. Al eluents
were combined and permethylated N-glycans were extracted using 200 pl chloroform and dried.
Permethylated glycans were resuspended in 2 pl of (50:50) methanol:water solution. A 0.5-pl aliguot of
the sample was spotted on a MALDI plate and mixed with an equal volume of DHB-matrix. The
MALDI plate was dried under vacuum to ensure uniform crystallization. Mass spectra were acquired
using an Applied Biosystems 4800 MALDI TOF/TOF Analyzer (Applied Biosystems Inc., Framingham,
MA) equipped with a Nd:YAG 355-nm laser. MALDI-spectra were recorded in the positive-ion mode,
since permethylation eliminates the negative charge normally associated with sialylated glycans %,

Data Processing and Analysis: Analyses weze carried out in MATLAB (MathWorks, Naticl,, MA) and
SAS (SAS Inc., Cary, NC? software packages. Raw MALDI-TOF mass spectra were processed as
described prevmusly @426} the data are available at
http://microarray. gcorgetown edu/web/files/glvcans.zip . Briefly, baseline-corrected spectra were
normalized and N-glycan peak identification was carried out on a randomly selected training set of 75
~ samples (25 HCC, 25 disease free controls, 25 controls with CLD) of the total of 202 spectra analyzed,
After scaling the peak intensities to an overall maximum intensity of 100, Iocal maximum peaks above
specified threshold were identified and nearby peaks within 300 ppm mass were coalesced into a single
window to account for drift in m/z location. The threshold intensity for peak identification was set so
that 1sotopic clusters were represented by a single peak. This procedure identified 85 peak-containing
windows; the maximum intensity in each window was used as the variable of interest. For final analysis,
we used 64 of 83 peaks (glycan intensities) associated with known N-glycan structure. Logistic
regression models were used to determine association of the glycans and covariates including age,
gender, and viral infections (independent variables) with HCC status (dependent variable).




For determination of prediction accuracy and construction of ROC curves, the training dataset (75
spectra) was randomly selected. The remaining 127 spectra (48 HCC, 52 disease fiee controls, 27
controls with CLD) served as a blinded validation set. Spectra in the blinded validation set were
processed using the same criteria described above for the training samples. An algorithm that integrates
ant colony optimization

with support vector sl ' ‘ ' i LT e
machine (ACO-SVM) '
was used to select three
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(n=T77) showed marked inset: example of individual reflector specira of a case (red) and a contro! (blue,
differences in glycan inverted) zoomed into the mass reglon 2,800-3,100 Da
abundance (Figure 1),

About half of the glycans were significantly different by t-test at p<0.01, Three of the N-glycans were
selected with greater than 50% frequency in 100 repeats of the ACO-SVM algorithm; they are evaluated
below as candidate markers. Association of the glycans and covariates (age, gender, HCV and HBV
viral infections, and smoking) with HCC (dependent variable) was analyzed by logistic regression.
Glycan intensities

were dichotormized || Table 2. | Mass (Da) Structure OR 85% CI p value
by the median -

value in Glyeant | 32419 003 |0.01 |024 |0.0007
population

controls; the Giycan 2 24729

. 8.07 1.51 24.34 | 0.0110
analysis of glycans

as continuous
variables did not

substantiaily affect : : N 0.09 ?'01 06 | 0.0135
the outcome (data Association of glycans with HCC; multivariate logistic regression controlled for gender,
ot shown). The age and HOV infection comparing 73 HOC cases and 52 CLD contrels.

three selected glycans remain associated with HCC after adjustment for all covariates including viral
infections; this is true for the comparison with disease free controls (n=77; data not shown) and for the
comparison of HCC cases (n=73) and controls with CLD (n=52) (Table 2).

Figure 2 shows ROC curves of the three individual glycans that are different compared to CLD
controls, and their combination, in 2 blinded, independent validation set of HCC cases (n=48) ad CLD
controls (n=27). AuROC for individual glycans ranged from 89-93%, while the combined classifier has
a sensitivity of 90% and specificity of 89% in the blinded independent validation set. Glycan 1 and 6 are
tri- and tetra-antennary complex glycan that decrese in HCC. Glycan 5 is a bisecting glycan that increase

Glycan 3 40562.2
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in HCC patients. This is consistent with the general trends of changes observed in our study. To further
evaluate the potential of the three glycans for early detection of HCC, we analyzed the progressive
glycan changes from fibrosis to cirrhosis and early cancer, stage 1 and 2 disease (Figure 3). It is
interesting to note that 17 of the 18
early cancers and 23 out of 25 CLD 1
controls were classified correctly by osl
the three glycans. Both prediction
accuracy results and Figure 3
suggest that the three selected
ghycans separate efficiently cirrhosis

2 06+
con'trols from carly stage HCC; we % 05 e G = 0.8
verified by regression analysis that Boa 4| Glycan5 (AURDC = 0.92)
all three glycans are significantly " ~=~Glyean 6 (AURCC = 0.87)
different at p< 0.05 between o0& = Combined (AUROC = 0.96)
cirrhosis controls (n=25) and early 02}

stage HCC (n=18). Determination of sl
AFP in our study showed that 30%
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of the cases had AFP <200 ng/ml; of 000z 03 44 915 08 97 0B 03 1
these 22 HCC cases 18 were ) . T-Spectily
correctly classified by the three Figure 2, Area under the ROC curve for three glycans comparing a

glycans. Our results strongly blinded validation set of HCC cases (n=47) and CLD controls {n=27}.

suggests that these N-glycans should be further evaluated as markers for early detection of HCC.

Patient sample Glyean 1 (3241.9 Da) Glycan 5 (2472.9 Da) Glycan 6 (4052.2 D)
size: We propose | smop[™™ g : g
to analyze 50 g
HCC cases and g 8
100 controls b : T : T
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study. In addition |Figure 3. Box plots comparing three glycans in the following groups: A. fibrosis {n=22),
10 the 150 B, cirrhosis (n=25), C. eatly HCC (stage 1/2) (n=18).

samples from the HALT C trial, we will analyze in parallel 25 HCC cases and 25 CLD controls from the
Egyptian population. This will allow us to demonstrate long term stability of our analytical
measurements and define appropriate cutoff values for the determination of prediction accuracy in the
HALTC samples. The order of the analysis of the total 200 samples will be randomized. Matching of
cases and conirols on age, gender, and viral infection status could be considered but can be adjusted at
analysis. Previously, we have used frequency matching to avoid an imbalanced study design. The effect
of age, gender, and viral infections on N-glycosylation of serum proteins is not well studied; in our
analyses, we were able to adjust for effects other than HCC in the regression models.

Suggested data analysis: D5.5 Sample size considerations: The sample size should be as large as
possible to assess better the variability of these new markers in the population. The required sample size
can be approximated on the basis of comparisons of a single glycan for two different classes and the
ability to control the control false-discovery rate. From the preliminary data set, we have found that the
standard deviation of the *V(intensity)-transformation for MALDI-TOF is around 0.465. Therefore, we
deduce that if there are 20 patients in each group, we have 99% power at ¢ = 0.0001 level to detect a 2-
fold difference in glycan concentration. Additional estimation ¢an be based on the power to detect
associations of a glycan clagsifier with disease-status and progression. We used the PS software



5
developed by Dupont {Dupont, 1990 9884 /id}, based on Schlesselman’s method {Schlesselman, 1982
6076 fid} for determining statistical power in case control studies. We have estimated the power we will
have to detect odds ratios of 5.0 or 10.0 with e = 0.05 for a given glycan classifier that is expressed in at
Jeast 5% of the controls (Table 3). The main comparison in sufficiently powered; power for the analysis
of subgroups decreases Table 3
accordingly. At this point, it is o
not clear whether HCC with ; R R R R

| Prgvalence (%) of controls with the glycan

different etiology has identical

glycan changes; this could be 106 elrrhosls
further evaluated in the proposed gg zg&:ﬁ l 7 ‘ 9 l o [100| o ’190‘ o ‘ 100

study using regression analysis.

100 HCC vs.

The performance of the markers in etiological subgroups can be evaljuated as well.

The major focus of the study should be the determination of sensitivity and specificity for the
detection of early stage HCC in the background of chronic liver disease. We propose to evaluate the N-
glycans individually and in combination. To determine sensitivity and specificity of the markers, an
appropriate cutoff needs to be defined. The cutoff values will be defined at GU based on our existing
data in the Egyptian population. In addition, we will combine the three N-glycans in a joint SVM
classifier or a classifier based on a liner combination of the variables. In our experience, the SVM
classifier works equally well or better than other methods in terms of prediction accuracy. However, the
SVM is less transparent than other possible combinations of the three variables that can be vsed and
achieve a comparable prediction accuracy. The determination of sensitivity, specificity, ROC curve
analysis, and regression analysis should be sufficient to evaluate the performance of the N-glycan
markers in the HALT C dataset.
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