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of variance was performed to examine the difference in SPCTC by type of culture (blood
vs. all other culture types), severity categories (sepsis, severe sepsis, and septic shock),
and the interaction of these two factors. The interaction between the type of culture and
severity categories (F = 0.098, dfn = 1, dfd = 50, p-value = 0.906) and the type of culture
category (F = 1.419, dfn = 1, dfd = 50, p-value = 0.239) were non-significant. However,
there was a significant difference between the severity categories (F = 3.627, dfn =2, dfd
=50, p-value = 0.034). While there was a difference between the transformed means for
severity, there is no difference between the SPCTC levels for subjects with positive blood
cultures and positive non-blood cultures.

Because the sepsis category did not, by definition exist in the ALF population,
SPCTC results were examined with the sepsis severity category combined with the severe
sepsis severity category. When the SPCTC results were examined without the sepsis
severity category, there were no significant differences between the categories (y* =
5.038, df = 3, p-value = 0.169).

The Neg SIRS and SIRS categories that were presumed to have no infection
demonstrated mean SPCTCs at or above the 2.0 ng/mL cut-off and while the Sepsis
category which had documented infections had a mean SPCTC that was below the 2.0
ng/mL cut-off. For this reason, there was still some uncertainty as to the actual cut-off
value denoting the presence of infection was for this population. To address this, the
SPCTC data from all categories were re-categorized based upon infection and non-
infection and a ROC analysis was performed. Samples were entered into the analysis

listwise and the coordinates of the ROC curve were generated based upon sensitivity and
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1-specificity at each value for SPCTC (Figure 6). The sensitivity indicates the percentage
of samples correctly identified as infected when they are actually infected. The specificity
is the percentage of samples correctly identified as not infected when they do not have an
infection. The tests results for the ROC produced an area under the curve (AUC) equal to
0.697 (SE = 0.044, p-value <0.001). Upon examining the results of the coordinates of the
curve, it was determined that the best cut-off value for this set of data, using a
combination of criteria, was 1.62: 1) the point on the curve that was at the greatest
distance (0.186) from the 0.5 reference line at a 45° angle to the line, 2) accuracy, 3)

sensitivity (0.643), 4) specificity (0.620), and 5) likelihood ratio (1.693).
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Figure 6: Receiver Operator Curve for the Detection of Infection in ALF and ALI
patients Using SPCTC

The ROC analysis resulted in an AUC of 0.697 with a sensitivity of 64.3% and a specificity of 62.0% for
the use of PCT in the detection of infection this population of ALF and ALI patients.
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When the biodata between the ALF subjects with a SPCTC, that was less than the
1.62 ng/mL cut-off and those with a SPCTC that was greater than or equal to the cut-off
are compared, with the exception of creatinine, AST, ALT, and bilirubin, all biodata
parameters had similar results (Table 16). It is uncertain how the differences in these
laboratory results impacted the SPCTC values, but they were noted. However, there are
several features of note about the > 1.62 ng/mL group. First, 52.2% of the subjects in the
> 1.62 ng/mL group had a diagnosis of acetaminophen toxicity, which was 84.5% of all
APAPs in the study. This raised a question as to whether APAP toxicity and the resulting
liver damage it caused was a factor in the increased SPCTC. In addition, the majority
(65.0%) of subjects in the Neg SIRS and SIRS categories had an outcome of death or
received a liver transplant. This will be discussed more fully later, in the discussion of
Specific Aim Three.

Fifty percent of all ALF cases in the ALFSG database are a result of APAP
toxicity. To ensure an equal distribution of etiology types in this section of the study,
equal numbers of samples were requested for each of three etiology types:
acetaminophen toxicity, viral hepatitis, and all other etiologies. An interesting trend was
noted when SPCTC results were examined based upon etiology. The SPCTC median
values for subjects with APAP toxicity were higher than the other etiologies in all of the
severity categories (Figure 7). The median SPCTC results for the severity categories with
APAP etiology were 3.0 to 6.6 times higher than the results for the respective severity
categories for all other etiologies (Table 17), again suggesting that patients with APAP

toxicity may have elevated SPCTC values unrelated to infection. However, the patterns
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Table 16: Demographic and Biodata Results Based Upon the Calculated Infection Cut-
off Value of 1.62 ng/mL

Mean (£ SD) or SPCTCs > 1.62 ng/mL | SPCTCs < 1.62 ng/mL| p-value
Number (%) n=067 n =48
ALF Etiology
APAP 35(52.2) 6 (12.5)
Viral hepatitis 11(16.4) 17 (35.4)
Other 21 (31.3) 25(52.1)
Outcome (TFS)
APAP 21(31.3) 3(6.2)
Viral Hepatitis 3(4.5) 5(10.4)
Other 6 (9.0) 5(10.4)
WBC 13.7 (£ 9.7) 144 (+12.9) 0.732
Platelet 120 (£ 91) 146 (£ 76) 0.104
INR 28 (1.7) 3.1 (+2.1) 0.409
Glucose 149.0 (+97.7) 121.2 (+43.3) 0.215
Creatinine 2.8 (+1.9) 1.4 (£0.8) 0.000
AST 2828 (+4142) 739 (+ 1862) 0.001
ALT 2870 (+ 3873) 1179 (+ 1925) 0.006
Lactate 17.4 (+£30.2) 7.2 (+7.5) 0.222
Bilirubin 10.4 (+9.9) 19.2 (+9.7) 0.000
pO2 111.3 (+41.9) 120.3 (+ 68.5) 0.428
pCO2 27.7(7.1) 28.8 (£ 4.8) 0.388
Pulse 51 (+49) 68 (+45) 0.108
Respiration 11 (+£10) 14(+9) 0.204
Min Temp 36.6 (£1.2) 36.5(£0.9) 0.663
Max Temp 372 (+1.3) 36.9 (£0.8) 0.303
Coma Grade
0 / Not reported 4 3
1 9 7
2 9 11
3 12 9
4 33 18
Means were calculated based upon the available data
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Figure 7: Median SPCTCs by SIRS Categories Sorted by Etiologies
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This graph represents the median transformed SPCTC values for the five patient severity groups sorted by
etiologies: APAP and All Others etiologies (combined viral and other).

Table 17: Comparison of Median SPCTC Results of Subjects in Specific Aim One Sorted
by Category and Etiologies

Neg SIRS SIRS Sepsis Severe Sepsis | Septic Shock
Median Median Median Median Median
N | (ng/mL) | N | (ng/mL) | N | (ng/mL) | N | (ng/mL) | N | (ng/mL)
All Etiologies 30 1.57 30 2.29 13 0.69 26 3.46 16 5.89
APAP 10 4.53 10 3.38 1.48 10 | 11.34 5 11.37
All Other Etiologies | 20 1.05 20 1.07 0.50 16 2.41 11 1.71

of the results for the APAP and All Other Etiologies groups remain same as the overall

data: SPCTC results in the Neg SIRS and SIRS severity categories were higher than

those of the sepsis category, while the Severe Sepsis and Septic Shock categories had the

SPCTC highest levels. When Kruskal-Wallis statistical analyses were performed on the
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two etiology groups (APAP vs. all other etiologies), there were significant differences
among the severity categories for the All Other Etiologies group with a x* = 12.942 (df =
4, p-value = 0.012). However, there were no significant differences among the severity
categories for the APAP etiology group with a y> = 8.515 (df = 4, p-value = 0.074). The
patterns of the mean ranks for each subgroup were similar to the pattern of the mean

ranks for all subjects (Figure 8).
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Figure 8: Comparison of Kruskal-Wallis Mean Ranks for All, APAP, and Other
Etiologies

The patterns of the mean ranks of the APAP and Other Etiologies across the five categories were similar to
the pattern for all subjects. The levels of the three etiology groupings are different due to the differing
number of subjects in each grouping.

A ROC analysis was performed on non-APAP subjects only, the AUC was 0.612
(SE = 0.066, p-value = 0.099). Upon examining the results of the coordinates of the
curve, it was determined that the best cut-off value for the non-APAP data was 1.62, with

a sensitivity of 0.543 and a specificity of 0.692.
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Specific Aim Two

The purpose of Specific Aim 2 was to determine the utility of SPCTC as a
screening biomarker for infection in ALF patients. To accomplish this, subjects with a
confirmed infection and with samples available on the day of infection and the three days
prior to the day of infection were tested to determine the SPCTC values. Results were
analyzed to determine if SPCTC results increased relative to the day of infection and on
which day — Dol, Day -1, Day -2 or Day -3.

Sample Selection

From the 1863 patients that were available from the ALF and ALI databases, 130
subjects had an infection identified on Days 4, 5, 6, or 7 without a confirmed infection on
the prior days. A list of these subjects was given to the Program Manager to randomly
select 45 subjects who had samples available for each of the four days required for this
portion of the study (Dol and 1, 2, and 3 days prior to Dol). A total of 34 subjects met
these criteria.

Demographic Information

These subjects had a mean age of 40.2 years (SD = 13.9, median = 41.0, range 18
to 73), were 61.8% female, and 88.2% Caucasian. The proportion of etiologies
represented (APAP = 44.1%, viral hepatitis = 8.8%, and all other etiologies = 47.1%)
were similar to that described by the USALFSG overall for the ALF and ALI studies
(APAP — 50%, viral hepatitis — 12%, and all other causes 38%) (Lee & Seremba, 2008;
United States Acute Liver Failure Study Group, 2011). The types of cultures that were

positive for bacterial growth were equally distributed between blood (35.3%), tracheal
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aspirates (29.4), and urine (32.3%) cultures. There was a single positive catheter culture
(2.9%). Within the blood and tracheal aspirate cultures, seven subjects had multiple
positive culture sites on the Dol (20.5% of total). Table 18 provides the demographic
information for the patients included in the analysis for Specific Aim Two.

Statistical Results
When all SPCTC values for each subject (Days -3, -2, -1, and Dol) were plotted,
the concentrations vary greatly across all days (Figure 9). There is no readily apparent
overall trend to the values. The median values for all days are in fact very similar, as can
be seen from the box plots in Figure 10. A Friedman test for non-parametric related
samples was used to test the hypothesis for this part of the study.
Hy: There is no difference in SPCTC in ALF/ALI patients between the first day a
positive culture was collected and the three days prior to a positive culture.
The results of the analysis gave a y° = 6.741 (n = 34, df = 3, p-value = 0.081) indicating
no significant difference in the PCT concentrations for the four days.
Because there appeared to be some patterns within the samples, the samples were
sorted based upon the Day -3 (D-3) and Dol serum PCT concentrations.
e Subgroup A — D-3 samples were greater than the 3.0 ng/mL
e Subgroup B — D-3 samples were less than 3.0 ng/mL and had an increase by Dol
e Subgroup C — D-3 samples were at or below the 1.62 ng/mL cutoff and SPCTC

values remained below the 1.62 ng/mL cut-off or decreased by Dol



Table 18: Demographic Information for 34 Patients Analyzed for SPCTC to Detect
Bacterial Infection

Mean (+ SD) or Number (%) n=34
Gender
Female] 21 (61.8)
Male] 13 (38.2)
Race / Ethnicity
Hispanic 4(11.8)
Caucasian 30 (88.2)
African-American| 1(2.9)
Asian| 1(2.9)
Native American 2(5.9)
Age (years) 40.2 (£ 13.9)
Sample age (years) 83(x£2.7)
Days In Hospital Prior Dol 8.0 (£5.0)
Etiologies
Acetaminophen| 15 (44.1)
Viral Hepatitis 3(8.9)
All others| 16 (47.1)
Outcomes (TFS)
Acetaminophen| 11 (32.4)
Viral Hepatitis 0(0.0)
All others| 7 (20.6)
Culture types
Blood culture -1 6(17.6)
Tracheal aspirates - 2 9 (26.5)
Urine - 3 11 (32.4)
Catheter - 5 1(2.9)
*Multiple w Blood — 7 6(17.6)
**Multiple wo Blood — 8 1(2.9)
Antibiotic
Prophylaxis 11 (32.4)
Antibiotic Therapyj 20 (58.8)
Antibiotics Used 25 (73.5)
Coma Grade (Dol)
Not Reported/0| 8 (23.5)
1 6 (17.6)
2 6 (17.6)
3 4(11.8)
4 10 (29.4)
*Blood culture in combination with other culture types
** Multiple culture types in combinations that do not include blood cultures
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Figure 9: SPCTC Results for All Subjects for Three Days Prior to and the Day of

Infection
Each series of results represents one subject’s SPCTC results for Day of Infection (Dol), one Day prior to

Dol (D-1), two Days Prior to Dol (D-2), and three Days prior to Dol (D-3).
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Figure 10: SPCTC Values for Dol and Three Days Prior to Dol

The lines within the box represent the medians for the transformed SPCTC values for the Day of Infection
(Dol) and three days prior to Dol.
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Table 20: Friedman Test for SPCTC Results for All Samples and Subgroups A, B, and C

Median Chi-

Mean Rank N D-3 D-2 D-1 Dol Square | df |p-value
All samples 34 2.04 2.11 1.16 2.37 6.741 | 3 | 0.081
2.91 2.62 2.18 2.29
Subset A 14 7.16 5.28 4.78 3.40 18.257 | 3 | <0.001
3.50 2.86 2.07 1.57
Subset B 8 1.96 1.99 2.09 5.34 10.050 | 3 | 0.018
2.13 2.00 2.13 3.75
Subset C 12 0.44 0.47 0.40 0.39 1.900 | 3 | 0.593
2.75 2.75 2.33 2.17

antibiotics and twelve (85.7 %) received antibiotics (therapy or prophylaxis). The two
subjects who did not receive antibiotics had the highest and the lowest values for all days
in this group and had documented urinary tract infections on Dol. Also of interest in this
group is the large number of APAP cases. It was noted earlier, the SPCTC results of
APAP cases appeared to have increased levels compared to the SPCTC levels for the
other etiologies. This may be influencing the results in this subgroup irrespective of any
evidence of infection.

Patients from Subgroup B also showed a significant change in the SPCTC values
between days. The median SPCTC values increased from 1.96 ng/mL on D-3, 1.99
ng/mL on D-2, 2.09 ng/mL on D-1 to 5.34 ng/mL on Dol. The Freidman test gives a
x> =10.050 (df = 3, p-value = 0.018). The Wilcoxon Signed Ranks test showed
significant differences between Dol and both D-3 and D-2 (Z = -2.380, p-value = 0.017
and Z = -2.521, p-value = 0.012, respectively). No other pairs were significant.

Patients from Subgroup C had median SPCTC values for all days that were below

the 1.62 ng/mL cutoff. In fact there were only two values from the whole group (n = 12)
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that were at or above the cutoff on D-3 but decreased below the cutoff by D-2 and
remained there. Both patients had confirmed bacterial positive cultures on tracheal
aspirates (one also had a positive blood culture) and both received antibiotics. There were
12 subjects in C group of which 75% received antibiotics (prophylaxis or therapy). Urine
cultures accounted for 41.7% of the positive bacterial cultures followed by 33.4% blood
cultures and 25.0% tracheal aspirate cultures.

Specific Aim Three

The purpose of Specific Aim 3 was to determine if changes in the SPCTC in ALF
and ALI patients, with a confirmed bacterial infection on Day 1, would predict which of
two outcomes these patients would achieve — 1) transplant free survival or 2) death or
transplant.

Sample Selection

Of the 1863 available ALF and ALI subjects, 259 subjects had a documented
positive culture on Day 1, of which 207 had a positive culture on day 1 only. The 52
subjects with cultures on multiple days were eliminated to avoid a potentially
confounding variable. The sample list was sorted by outcome (TFS or DoT) and the list
was given to the Project Manager. Samples from 30 subjects from both outcome groups,
TFS and DoT, with serum samples for each of the seven days of the ALF or ALI studies
were requested. It was determined that there were too few subjects in either group with
all seven samples available. There are several reasons that samples might be missing that

included:



Subjects no longer enrolled in the study due to death, transplant, discharge, or

withdrawal of consent

ALF and ALI studies are a non-treatment study that collects clinical data and

samples if available

Sample aliquot inventory from individual days may have been depleted and

therefore unavailable

The requirements were adjusted to include subjects based upon the following minimum

requirements for each subject:

The final available sample sets were 26 subjects for the TFS group and 21 subjects for the

Days 1 — 4 samples were available

Single days could be missing if more than 5 days were available

Missing days could not be Day 1 or any consecutive days (except at the end of the

series)

DoT group. Table 21 shows the number of available results for each group by day. As

can be seen, the number of available samples decreases on Days 5, 6, and 7 for both

groups but the decrease is greater in the DoT group.

Table 21: Number of Samples Tested by Days and Outcomes

N | Dayl | Day2 | Day3 | Day4 | Day5S | Dayé6 Day7
TFS 26 26 26 25 23 22 18 16
(100%) | (100%) | (96.2%) | (88.5%) | (84.6%) | (69.2%) | (61.5%)
DoT | 21 21 20 20 21 13 9 6
(100%) | (95.2%) | (95.2%) | (100%) | (61.9%) | (42.9%) | (28.6%)
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Demographic Information

Demographic information for both groups (TFS and DoT) is described in Table
22. Both groups were similar in all characteristics described except the etiology of ALF.
The TFS group had a higher percentage of APAP subjects (73.1%) compared to DoT
group (19.0%), while the DoT group had a higher percentage of Other etiologies (76.2%)
compared to APAP (23.1%).

A comparison of the laboratory values for TFS and DoT on Dol (see Table 23)
indicated that except for bilirubin and lactate (which are higher in the DoT group) the two
groups were similar.

Statistical Results

The SPCTC values ranged from 0.13 ng/mL to 103.75 ng/mL. Because of the
non-normally distributed SPCTC results and the large number of missing samples, a
mixed models analysis of covariance was used to test the longitudinal hypotheses. This
model has two assumptions regarding the sample data: 1) the sample results are normally
distributed and have equal variances and 2) the missing data are randomly missing.
Because the SPCTC results were widely distributed, the SPCTC values were transformed
using the following formula: Log;o (SPCTC +1) = transformed SPCTC (tSPCTC) to
address the first assumption. One was added to the SPCTC so that SPCTC results
transformed using Log;o would normalize the variances without introducing negative
numbers into the data set. Figure 14 shows the box plot representation of both categories

of tSPCTC:s for all seven days. Days five, six, and seven had the largest number of



Table 22: Demographic Information Based on Outcomes for Patients with a
Documented Infection on Day of Admission to the ALF or ALI Studies
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Mean (= SD) or No. (%) TFS (n = 26) DoT (n=21)
Gender
Female 20 (76.9) 16 (76.2)
Male 6 (23.1) 5(23.8)
Race / Ethnicity
Hispanic 0 2(9.5)
Caucasian 23 (88.5) 16 (76.2)
African-American 2(7.7) 3(14.3)
Native American 0 1(4.8)
Native Hawaiian / Pacific Islander 1(3.8) 0
Other 0 1(4.8)
Age (years) 40.6 (£ 14.5) 44 .8 (+13.9)
Sample age (years) 6.5 (£2.9) 7.4 (£2.6)
Days In Hospital Prior Dol 2.5(+2.0) 5.6 (£ 10.0)
Etiologies
Acetaminophen 19 (73.1) 4 (19.0)
Viral Hepatitis 1 (3.8) 1(4.8)
All others 6 (23.1) 16 (76.2)
Culture types
Blood culture - 1 4(15.4) 4 (19.0)
Tracheal aspirates - 2 5 (19.2) 4 (19.0)
Urine — 3 9 (34.6) 7 (33.3)
Ascites - 6 1(3.8) 1 (4.8)
*Multiple w Blood — 7 3(1L.5) 4 (19.0)
**Multiple wo Blood — 8 4(15.4) 1(4.8)
Antibiotic
Antibiotics Used 18 (69.2) 18 (85.7)
Prophylaxis 8 (30.8) 12 (57.1)
Antibiotic Therapy 15 (57.7) 14 (66.7)
Coma Grade ***
1 6 (23.1) 3(14.3)
2 7 (26.9) 6 (28.6)
3 6 (23.1) 5(23.8)
4 7 (26.9) 7 (33.3)

***Based on Day 1 Coma Grade

*Blood culture in combination with other culture types
** Multiple culture types in combinations that do not include blood cultures




Table 23: Laboratory Values for Patients with a Documented Infection on the
Day of Admission to the ALF or ALI Studies

Mean (+ SD) TFS (n =26) DoT (n =21) p-value
WBC 8.5(%£3.8) 14.4 (= 15.1) 0.060
Platelet 148 (£ 95) 183 (£ 132) 0.300
INR 3534 29 (+1.8) 0.410
Bilirubin 7.4 (£6.6) 18.0 (£ 11.8) <0.001
AST 3718 (+4833) 2876 (= 4657) 0.549
ALT 2876 (+2821) 2392 (£ 3763) 0.616
Glucose 132 (= 50) 112 (£ 46) 0.183
Creatinine 1.6 (£ 1.3) 2.4 (£ 1.4) 0.058
Lactate 2.9 (£2.0) 6.3 (£4.5) 0.017
pCO2 31 7) 29 (£ 10) 0.367
Pulse 101 (+ 30) 101 (+24) 0.964
Respiration 21 (£7) 20 7) 0.623
Min Temperature 355 7.3) 37.0(x£0.9) 0.373
Max Temperature 358 (x=7.4) 37.1 (= 1.1) 0.420
tSPCTC for Days 1 - 7 by Outcome
Qutcome
WTFS
- o [ DoT

VISIT_DAY

Figure 14: Median tSPCTC per Day Sorted by Outcome
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This graph represents the median transformed SPCTC results for Days 1 - 7 for the TFS (blue) and ToD
(green) outcome groups.
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missing samples (see Table 21). Six of 47 subjects had samples missing prior to their last
day in the study. All other missing samples were after Day 4. The mixed effects model
controls for Type 1 error better than other models when the missing samples rates are
different for each group, and the missing samples can be attributed to the outcome
(Mallinckrodt, Kaiser, Watkin, Molenberghs, & Carroll, 2004). In this case, the DoT
group was missing more samples than the TFS group on days five, six, and seven in large
part due to the subjects’ death or discontinuation from the study because they received a
liver transplant. The mixed model was used to test the hypotheses:

Ho: There is no difference in SPCTC between ALF/ALI patients with a bacterial

infection/sepsis who have transplant free survival and those who die or receive a

liver transplant.

Hy: There is no difference in changes in the serial SPCTCs between ALF/ALI

patients with a bacterial infection/sepsis who have transplant free survival and

those who die or receive a liver transplant.

There appeared to be little difference between the SPCTC results for the TFS
subjects and the DoT subjects when the transformed data was examined (Figure 14).
However, the TFS group had a larger and faster decrease in the median SPCTC results
than the DoT group. The TFS group had a decrease of 66.6% during Days 1 — 5 with an
overall decrease by Day 7 of 70.3%. The DoT group that had a 43.7% increase in the
median SPCTC values by Day 4 after which the values began falling. The overall

decrease in the median SPCTC values for the DoT group (Days 1 through 7) was 49.3%
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(Table 24). However, it should be noted that by Day 7 there were only 6 of 21 subjects
available for analysis in the DoT group compared to 16 of 26 in the TFS group.

Table 24: Change in Medians of SPCTC From Day 1 in TFS and DoT Subjects

Medians
Day1| Day2 | Day3 | Day4 | Day5S | Day6 | Day 7
TFS 2.90 2.18 1.49 1.07 0.97 1.12 0.86
Change per day (%) 24.8 31.7 28.2 9.3 -15.5 23.2
DoT 1.42 1.30 2.03 2.04 1.9 0.82 0.72
Change per day (%) 8.5 -56.2 -0.5 6.9 56.8 12.2

To examine differences in the two outcome groups in the longitudinal
measurement of SPCTC we considered the following factors: outcome (TFS vs. DoT),
visit day, diagnosis (APAP vs. Other Etiologies), severity of illness (sepsis, severe sepsis,
and septic shock), use of antibiotics (prophylaxis and/or therapy), antibiotic prophylaxis,
antibiotic therapy, coma grade (1-2, mild vs. 3-4, severe), and interactions of these
factors. Additional analyses examined those with positive blood cultures (n = 15)
however, the number of cases was too small to adequately model the data. The final
mixed models analysis of covariance with 1-repeated measure (visit days 2, 3, 4, 5, 6, and
7), 2-between groups (outcome and antibiotic use), interaction of outcome * visit day,
and baseline SPCTC as a covariate were fit to the data. Baseline covariate of Day 1
SPCTC values was significant (p<0.0001). The interaction of outcome * visit day was
significant (p-value = 0.0403). After accounting for the baseline covariate, the least
square mean estimates for the interaction (Figure 15) show that while the values on Day 2
are similar, the tSPCTC values fell faster in the TFS group than the tSPCTC values in the

DoT group. Overall, the TFS SPCTC values were lower than the DoT SPCTC values (p-
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Figure 15: Estimates of Visit Day * Outcome by Day

This graph represents the graphical representation of the estimated least square means of Days 2 — 7 for
each of the outcome groups. Day 1 SPCT results are used as a covariate in the statistical calculation of the
means. The error bars represent the standard error for each day/outcome.

value = 0.0134) and the SPCTC values decline from Day 2 to Day 7 (p-value = 0.0011).
When comparing antibiotic use between the two groups, the TFS group had a SPCTC
mean of 0.460 ng/mL (SE + 0.027) and DoT group had a SPCTC mean of 0.591 ng/mL
(SE £ 0.049). The two groups were statistically different with a p-value = 0.023.
Summary

This chapter presented the descriptive and statistical analyses for each of the study
objectives and hypotheses. Relationships between the serum procalcitonin concentrations
and the biodata variables of the ALF and ALI subjects were explored. Procalcitonin did
not appear to be a good indicator of infection as it did not adequately detect documented

infections in the ALF subjects and was elevated when there was no documented evidence
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of infection in this study. The data showed that in the presence of infection, SPCTC
values increased as the severity of illness (determined by biodata and laboratory results).
As noted, there were numerous cases of increased SPCTC values with no documented
infection present. The SPCTC results appeared to be affected by physiologic factors
associated with various ALF etiologies, particularly APAP toxicity. Changes in SPCTC
values over time did appear to be a predictor of outcome with faster and larger decreases
in SPCTC values in subjects who survived compared to slower and smaller changes
noted for subjects who died or received a liver transplant. Interpretations of the three
specific aims will be presented in the next chapter. The interpretations will be related to

the results of the literature review.



CHAPTER FIVE: DISCUSSION

This chapter presents a review of the results presented in Chapter Four. The
results are presented in the context of the listed hypotheses, clinical implications and in
comparison to the literature review. Limitations of the study are discussed as well as
recommendations for future studies.

Overview of the Problem

Infection and sepsis is a significant problem in the general population with
mortality ranging from 10% for patients with SIRS to 50% for patients with septic shock
(Brun-Buisson, 2000; Rangel-Frausto et al., 1995). ALF patients are particularly
susceptible to infection for several reasons with a reported occurrence of 40% — 90%
(Rolando et al., 2000; Vaquero et al., 2003). ALF and ALI patients have impaired
immune function, are subject to invasive procedures, and have an increased chance of
lung infections when chest physiotherapy and bronchial suction are contraindicated due
to cerebral edema. Because of their extremely critical condition, the majority of ALF
patients spend at least a portion of their hospital stay in the ICU. Studies have shown that
admission to the ICU and use of devices (catheters, ventilators, invasive monitors, etc.)
increase the risk of acquiring an infection (Clapperton, Rolando, Sandoval, Davies, &
Williams, 1997; Rolando et al., 1990; Rolando et al., 2000; Stravitz, 2008; Suljagic et al.,

2005; Wade, Rolando, Philpott-Howard, & Wendon, 2003).
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As was noted previously, identification of infection can be difficult and is time
consuming. Therefore, finding a method that can quickly and reliably identify a bacterial
infection is of great importance. It would be an added benefit if that method could also be
used to guide antibiotic therapy. PCT has been shown in the general population to be a
reliable marker of infection and is useful as a guide for antibiotic therapy. The purpose of
this study was to determine if PCT could be utilized in the acute liver failure and acute
liver injury populations to detect infection and by utilizing SPCTC levels, improve
outcomes in this difficult situation.

Discussion of the Study

Of the 1683 patients listed in the USALFSG ALF and ALI databases, 632
subjects had an infection identified by standard bacterial culture techniques. This study
was undertaken to determine if SPCTC could be used to identify bacterial infections
sooner than standard bacterial culture in the ALF and ALI populations. Samples from
patients in the ALF and ALI databases were obtained and SPCTC concentrations were
measured to answer this question. While a study of SPCTC guided antibiotic therapy
could not be accomplished using these retrospective samples, by looking at SPCTC
results from serial samples of ALF patients based upon their outcome, this study
attempted to determined if SPCTC values for subjects who achieved TFS differed from
those who died or received a liver transplant. The study compared the differences in the
SPCTC change over time in these two groups of patients.

As can be seen in the summary of the null hypotheses in Table 25, the results of

this study were mixed.
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Table 25: Summary of Study Hypotheses

Expected | Actual

NULL HYPOTHESES Results | Results

Specific Aim One
HO: There is no difference in SPCTCs between non-infected ALF/ALI Supported Rejected
patients, and non-infected chronic liver disease patients.
HO: There is no difference in SPCTSs between non-infected patients with Supported Rejected
liver disease (chronic and ALF/ALI) and the published PCT

reference range (<0.1 ng/mL) for non-infected patients in the general
population.

H0: There is no difference in SPCTC between ALF/ALI patients with Rejected Rejected

different degrees of severity of infection (i.e., Neg SIRS, SIRS,
sepsis, severe sepsis, and septic shock).

Specific Aim Two
HO: There is no difference in SPCTC in ALF/ALI patients between the Rejected Supported

first day a positive culture was collected and the three days prior to
the positive culture.

Specific Aim Three

HO: There is no difference in SPCTC between ALF and ALI patients with Rejected Rejected
a bacterial infection/sepsis who have transplant free survival and
those who die or receive a liver transplant.

HO: There is no difference in changes in the serial SPCTCs between Rejected Rejected

ALF/ALI patients with a bacterial infection/sepsis who have
transplant free survival and those who die or receive a liver
transplant.

Specific Aim One
In reviewing the data from this portion of the study, the SPCTC results varied
between the different illness severity categories. The chronic liver disease patients’
SPCTC values were at or near the expected PCT level of <0.1 ng/mL for “normal”
subjects with no infection, partially confirming the hypothesis:
Hy: There is no difference in SPCTSs between non-infected patients with liver
disease (chronic and ALF/ALI) and the published PCT reference range (<0.1

ng/mL) for non-infected patients in the general population.
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While SPCTC results from cirrhotic patients in the literature (Bota,et al., 2005; Connert,
et al., 2003; Spahr, et al., 2001; Viallon et al., 2000) are mixed, the data from this study
indicate that PCT is not elevated in the presence of mild or inactive liver disease.
However, the results of ALF subjects, where the liver disease is much more severe, were
not as clear.

When looking at ALF subjects across the full SIRS spectrum (Neg SIRS, SIRS,
sepsis, sever sepsis, and septic shock) in relation to the hypotheses for this portion of the
study, there were significant differences between the severity and etiology categories.

Hy: There is no difference in SPCTCs between non-infected ALF/ALI patients,

non-infected chronic liver disease patients.

Hy: There is no difference in SPCTC between ALF/ALI patients with different

degrees of severity of infection (i.e., no infection, SIRS, sepsis, severe sepsis, and

septic shock).
As noted earlier in chapter four, when looking at the ALF subjects in the severity
categories with no documented infection (Neg SIRS and SIRS) in this set of samples,
there was a significant difference between both categories and the <0.1 ng/mL reference
value and the chronic patients’ levels, but no significant difference between the two
categories themselves. Thus, the milder severity of illness and presumably infection free
categories displayed at least in many instances, values that approximated those
observed in the presence of active bacterial infection. There were also significant
differences between the sepsis category and the severe sepsis and septic shock categories,

but not between Neg SIRS, SIRS, severe sepsis, and septic shock.
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Within the Neg SIRS and SIRS categories, there were 31 subjects who had
SPCTCs of 1.62 ng/mL or greater. This value was determined from the ROC analysis. Of
these subjects, 13 had indications of infection later during their hospital/study course that
could have affected the SPCTC results. These indications ranged from cultures positive
for yeast or fungus, bacterial infections one or more days after the day the tested sample
was obtained, and other evidence of infection (i.e., pancreatitis, left lower lobe infiltrate
on x-ray, tooth abscess, and VAP). Five subjects had positive bacterial cultures at some
point in the seven day course of the ALF or ALI studies after the day the PCT was
measured. It was noted earlier that there are many similarities between signs and
symptoms associated with ALF and those associated with severe sepsis. These
similarities may have resulted in a delay in identifying a bacterial infection. The possible
confounders (except yeast/fungal infections) were not captured as a variable in the
algorithm used to select samples. Therefore, they were not found until a closer
examination of the subject case report forms (CRFs) was made to determine possible
causes of the increased SPCTCs. Yeast and fungal infections are captured in the infection
data but were eliminated from the dataset as bacterial infection was use as the indication
for a positive culture. Five subjects had yeast/fungal infections during the course of the
ALF study. There is evidence that yeast and fungal infections can cause an increase in
SPCTCs, but these values on average are lower than those seen with bacterial infection
(Dornbusch et al., 2005; Martini et al., 2010; Nakamura, Wada, Takeda, & Nobori,

2009).
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The most interesting feature in this grouping of data was that the sepsis category
had a median value of 0.69 ng/mL that was significantly lower than the 1.62 ng/mL
calculated cutoff value. Surprisingly, the sepsis group levels were lower than the median
values of the Neg SIRS and SIRS categories (1.59 ng/mL and 2.29 ng/mL, respectively).
A closer examination of the subject CRFs for this category did not reveal any clear idea
as to why the results from this category with proven infections were so much lower than
the Neg SIRS and SIRS categories. There were two subjects with tracheal aspirate
cultures that were in the category with minimal evidence of infection (yeast and WBCs),
but removing them from the category does not change the median value.

All but two of the subjects in the sepsis category (84.6%) received antibiotics,
which may have been a factor in the lower SPCTC values for this category. However, all
other categories had a high percentage of antibiotics use (Neg SIRS = 63.3%, SIRS =
79.3%, Severe Sepsis = 81.5%, and Septic Shock = 81.2%) as well. There was no
difference in antibiotic use across etiologies (APAP, viral, and other) based upon the
results of the Fisher’s Exact test (p-value = 0.647). It must be noted that the timing of the
antibiotic use in relation to the time/day that the serum samples were collected was not
known. The study CRFs did not indicate when antibiotic prophylaxis or treatment was
initiated or discontinued.

When the results were examined based upon etiology, subjects with APAP
toxicity demonstrated higher SPCTC levels than those with any other etiology within
each group. Clinically, SPCTC values in subjects with APAP toxicity may not be

indicative of infection. There is evidence that APAP toxicity activates macrophages,
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resulting in the release of cytokines and proinflammatory regulators, including TNFa that
contribute to APAP induced liver injury (Dragomir, J. D. Laskin, & D. L. Laskin, 2011;
Jaeschke, McGill, & Ramachandran, 2012) . While the exact origin and pathogenic
pathway of PCT is still unknown, it has been suggested that PCT is produced by
neuroendocrine cells in the liver while other data suggest that it is released by
macrophages (Matzaraki, 2007). However, there is some evidence that the increase in
PCT may be initiated by TNFa and IL-1b (Whang, 1999; Domensch, 2001). The
elevated PCT may be a result of the APAP toxicity itself, but the mechanism of the sterile
inflammation remains unclear. The SPCTC levels increased as severity of disease
increased suggesting that SPCTC may still provide useful information regarding
outcomes for APAP subjects, regardless of the presence or absence of infection. If
procalcitonin is to be useful in this population, the cut-off indicating infection may need
to be set differently from the cut-offs of the general population and other ALF etiologies.
This will have to be examined in future studies.

The median values of the last two categories, severe sepsis (3.46 ng/mL) and
septic shock (5.89 ng/mL), were both well above the 1.62 ng/mL calculated cutoff and
2.0 ng/mL literature cutoff for severe sepsis (Harbarth et al., 2001). These values were
significantly different from the sepsis value of 0.69 ng/mL but not different from the Neg
SIRS and SIRS category values. In these groups, only 7 of 27 severe sepsis subjects and 3
of 16 septic shock subjects had SPCTC values less than the 1.62 ng/mL cutoff. As with
the sepsis category, there is no obvious explanation for the decreased SPCTC values in

the presence of an identified infection, except possibly the use of antibiotics. Only 5 of 27
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severe sepsis subjects and 3 of 16 septic shock subjects did not receive antibiotics. Again,
full bacterial culture reports were not available. The CRF did not contain information
related to quantity of bacterial growth or antibiotic sensitivities that might have helped
determine some of the differences among the various severity groups.

The SPCTC values of the ALF subjects when categorized by SIRS criteria appear
to be similar to those obtained in the general population noted in the literature, as can be
seen in Table 26. However, ALF Neg SIRS and SIRS values were higher than the
literature values in all but one case (Giamarellos-Bourboulis), and might be a result of the
severe liver damage, with or without bacterial infection. There have been some previous
indications in the literature that PCT values may be increased in subjects with severe liver
damage. Subjects with solid tumors that had metastasized to the liver had a higher mean
PCT value than control subjects and those with non-metastasized solid tumors (Matzaraki
et al., 2007). The sepsis and severe sepsis ALF results were similar to the literature
reports while the septic shock results were lower than all but one of the literature reports
(Brunkhorst et al., 2000; Castelli et al., 2004; E. J. Giamarellos-Bourboulis et al., 2002b;
Harbarth et al., 2001; Oberhoffer, Vogetsang, Rubwurm, Hartung, & Reinhart, 1999).

In this study when SPCTC values were compared to AST and ALT values
(indicative of the degree of liver damage) there were significant correlations. Spearman’s
rho analysis produced a correlation coefficient of 0.229 (df =111, p-value = 0.015) for
AST and 0.192 (df = 110, p-value = 0.042) for ALT supporting the idea that SPCTC may

be increased in severe liver disease even in the absence of infection.
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Table 26: Comparison of SPCTC Results by SIRS Category Between This Study and
Previously Published Studies

ALF Giamarellos- | Harbarth | Castelli | Brunkhorst | Oberhoffer
Bourboulis
Mean / Median Mean Median
[ng/mL] [ng/mL] [ng/mL]
Neg SIRS /
Not Infected 3.38/1.57 0.61 <0.2 0.14 na na
SIRS 3.74/2.29 5.45 0.6 0.38 041 1.3
Sepsis 5.43/0.69 7.29 3.5 3.0 0.53 2.0
Severe Sepsis 11.99/3.46 6.26 6.2 5.58 6.91 8.7
Septic Shock 13.14/5.89 38.76 21.3 13.1 12.89 39

Missing data, might have led to false classification of subjects. Because the
missing data were treated as negative values, subjects may have been classified in a
severity category that was lower than the severity category they might have been
classified in if all data were available.

Specific Aim Two

The purpose of this portion of the study was to determine the utility of SPCTC as
a screening biomarker for infection in ALF and ALI patients.

Hy: There is no difference in SPCTC in ALF/ALI patients between the first day a

positive culture was collected and the three days prior to a positive culture.

Serial samples from 34 subjects were examined for this purpose. The selection process
for this set of samples prescribed that there was no documented infection prior to the day
of infection, which was the day of collection of a culture that resulted in growth of a
bacterial pathogen. However, when the data were examined, there was no significant
difference in SPCTC results between the four days (d-3, d-2, d-1, and Dol) with a y* =

6.741 (n = 34, df = 3, p-value = 0.081). There were individual cases for which the
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SPCTC of the Dol increased over that of the D-3. Other cases within the category had
higher SPCTC results on D-3 than those on Dol and other cases had low SPCTC results
on D-3 that did not increase by Dol. When the subjects were sorted based upon the
SPCTC from D3 and Dol, there is some indication as to possible reasons for the results
that were obtained. The subjects were sorted based upon the following criteria:

Subgroup A samples, categorized based upon a D-3 level of > 3 ng/mL, had a
decrease in the PCT values between D3 and Dol. As discussed earlier, there are several
possible factors that may have affected the results. Subgroup A had the largest use of
antibiotics (85.7%) of all of the subgroups (B = 50.0% and C = 75.0%) and antibiotics
were more frequently used than for the whole group (73.5%). Based upon the literature
(Christ-Crain et al., 2004; Schuetz et al., 2009), this may be an indication that there were
unreported or unrecognized infections that antibiotics use were helpful in resolving.
Again, there was no documentation of negative cultures to confirm a diagnosis of no
infection and cultures were ordered at the treating physician’s discretion. Also noted, the
majority of the cases with the highest SPCTCs were from the acetaminophen toxicity
etiology. It is uncertain what the physiological process in the acetaminophen toxicity
patients is that might result in higher SPCTC results than in other ALF etiologies or if
these subjects had underlying infectious processes that went unrecognized. The later
would seem less likely because APAP subjects tend to do well. The possible link of
APAP toxicity resulting in increased SPCTC discussed earlier, seems a more likely

explanation and will have to be examined in future studies.
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Subgroup B samples were categorized based upon a D-3 SPCTC level of <3
ng/mL and increased by Dol. Overall, there was an increase in the SPCTC median values
from 1.96 ng/mL (D-3), 1.99 ng/mL (D-2), 2.09 ng/mL (D-1), to 5.34 ng/mL (Dol).
While the D-3 median SPCTC was above the 1.62 ng/mL cutoff calculated earlier, the
SPCTC increased to above the literature documented 2.0 ng/mL cutoff for severe sepsis
(Harbarth et al., 2001) by D-2. The SPCTC increased further by D-1 and Dol. This group
also had the lowest usage of antibiotics and only contained 25% APAP etiology. This
small subset of cases, counter to the other results, would support the idea that SPCTC can
be indicative of an infection even prior to Dol, similar to results seen in the general

population (Guven et al., 2002; Brunkhorst et al., 1999; Luyt et al., 2005).

Data from Subgroup C, categorized by having a D-3 result of <1.62 ng/mL, the
calculated cut-off value, and decreased or remained below the cut-off by Dol, was the
least interpretable of the subgroups. While 75.0% of this group had been prescribed
antibiotics possibly suppressing bacterial growth, their antibiotic use was not different
from antibiotic use by the whole group (73.5%). Again, there was insufficient
information concerning bacterial growth and antibiotic sensitivity and dose
administration to fully understand the results obtained. There were no other striking
features of the group with the exception, that over half of the group has ALF etiologies in
the “other” category (i.e., anything other than acetaminophen toxicity and viral hepatitis).

Again, it is unknown how much, if any, affect ALF etiology had on the SPCTC values.
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Overall, data from this group of subjects did not support the use of SPCTC as a
predictor of infection. However, it could be argued that SPCTC results for Subgroups A
and B were indicative of infection. Subgroup A may have had undetected infections at or
prior to D-3 and SPCTC predicted infections in Subgroup B at or before Dol. Future
controlled studies will be needed to better understand how useful SPCTC is in detecting
infection in ALF and ALI patients.

Specific Aim Three

The purpose of Specific Aim 3 was to determine if changes in the SPCTC of ALF
and ALI patients with a confirmed bacterial infection on day one would predict the
outcome of the patients — either TFS or DoT.

Ho: There is no difference in SPCTC between ALF/ALI patients with a bacterial

infection/sepsis who have transplant free survival and those who die or receive a

liver transplant.

Ho: There is no difference in the changes in the serial SPCTCs between ALF/ALI

patients with a bacterial infection/sepsis who have transplant free survival and

those who die or receive a liver transplant.
Serial samples from 47 subjects, 26 with TFS and 21 with DoT outcomes, were tested to
determine the SPCTCs. The largest difference between the two groups is that 73.1% of
the TFS group had APAP etiology while 76.2% of the DoT group had etiologies other
than APAP and viral hepatitis. This overall difference in etiologies fits with the outcomes
based upon etiology in the literature (Lee & Seremba, 2008) in which APAP etiology has

a survival rate of 58% to 64% compared to only about 20% to 25% survival for other
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etiologies including drug-induced, autoimmune, and indeterminate ALF. Use of
antibiotics was also slightly higher in the DoT group 85.7% compared to 69.2% for the
TFS group. Despite these differences, when etiology (APAP vs. Other Etiologies) was
examined as a potential covariate in the statistical model, it was not significant.
Prophylactic antibiotic use alone and antibiotic therapy alone were not significant. Coma
grade (1 —2 vs. 3 —4) was also examined, for significance to the model. The distribution
of coma grades between the TFS and DoT groups was similar and there was no
significance in the statistical model. While infection is associated with higher HEs, higher
HEs are also associated with lower rates of spontaneous survival (Vaquero, 2003). The
lack of difference between coma grade and the two groups may be attributed to the
differences in etiology. While both groups have similar coma grade results, APAP has a
better survival rate than other etiologies, even in the presence of higher coma grades and
infection (Vaquero, 2003).

The only other differences noted, were an increase in the bilirubin and lactate
values on Dol (Day 1) in the DoT group when compared to the TFS outcome group.
Although there were no other significant differences in other indicators of liver function
(i.e., AST, ALT, and INR), the bilirubin and lactate differences may be a function of the
differences in etiologies or the severity of the liver disease.

The composite data from this portion of the study would suggest that there was
little difference in SPCTC values between the two outcome groups. However, on closer
examination, the median SPCTC values for the TFS group (which had a large percentage

of APAP cases — 73.1%) were higher than the DoT group (76.2% etiologies other than
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APAP) median SPCTC values. Both groups demonstrated elevated median values on Day
1, TFS = 2.90 ng/mL and DoT = 1.42 ng/mL, however, the median SPCTCs for the TFS
survival group decreased faster than those for the DoT group. When the use of antibiotics
was factored into the results, the difference between the two groups was even more
apparent (see Figure 15 above). These results were similar to those reported in the
literature by others (P. E. Charles et al., 2009) when looking to use of PCT to guide
antibiotic therapy. In the PCT guided antibiotic therapy study, the decrease in SPCTCs in
patients who received appropriate antibiotic therapy was larger than the decreases seen in
patients who did not receive appropriate therapy. It cannot be determined from our data
whether appropriate antibiotic therapy was used because the ALF CRFs did not include
full microbiology reports with antibiotic sensitivities or specific information documenting
when a specific antibiotic therapy was initially given. However, when the SPCTC
profiles from the two studies are compared, the TFS group had a profile similar to the
“appropriate use of antibiotics” profile, while the DoT profile was similar to that of
subjects who received “inappropriate antibiotic therapy” (or those who did not respond to
therapy). It would appear that ALF subjects with a documented infection who have a
larger and faster decrease in SPCTC have a better outcome (i.e., TFS) than subjects
whose SPCTC do not decease as much or as rapidly (DoT group). However, further study
in which antibiotic use and etiology are controlled for will be required to confirm these

findings.
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Conclusions

Procalcitonin has proven to be useful in detecting and monitoring treatment for
infection and sepsis in the general population. While the results of this study were
hampered by factors that could not be totally controlled for or eliminated, there are some
important conclusions that can be made. High SPCTC values in ALF subjects are not
indicative of bacterial infection in many cases. While there were cases of high SPCTC
values in the presence of infection, there were some subjects who had a high SPCTC but
did not have a documented infection to justify the high SPCTC result. Further elucidation
of the relationship between increased SPCTC and severe liver disease, particularly acute
liver damage such as that resulting from APAP toxicity, is required. In addition, the
SPCTC values do appear to fall in the presence of antibiotic therapy in patients who
achieve transplant free survival but may also have simply been the result of the recovery
process itself.

What was not answered clearly is ‘“What is the best cut-off value to indicate the
presence or absence of a bacterial infection in this unique patient population?’ The results
of the study were confounded by the presence of antibiotics, missing data, and small
sample sizes in some categories, despite the fact that this study utilized the largest
collection of data and samples ever amassed for this rare condition. While a cutoff of
1.62 ng/mL was calculated for the ALF/ALI population, the sensitivity (the ability of a
test to detect an infection in the presence of the infection) and specificity (the ability of a
test to not detect an infection when an infection is not present), 64.3% and 62.0%

respectively, were lower than those obtained in general population studies. When a ROC
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analysis was performed on non-APAP results, the cut-off remained the same (1.62
ng/mL), but sensitivity decreased (54.3%) and specificity increased (69.2). Whether these
changes reflect the differences in etiology or were a result of a smaller sample size, will
have to be determined by later studies. In a study by (Harbarth et al., 2001), a 97%
sensitivity and a 78% specificity were obtained at a cutoff of 1.1 ng/mL. Strong evidence
was provided that etiology affects these results. The sample size of the various etiologies
was too small for a clear determination of this effect. Further studies are needed to
discern the true utility of procalcitonin adequately in the acute liver failure population.

Infection was not readily detected in all cases. While in a small subset of subjects
infection was marked by an increased the SPCTC value on the Dol, other subjects had
increased SPCTC values up to three days (this was the maximum amount of time studied)
prior to the Dol while other subjects no elevated SPCTCs prior to or on the Dol. Again,
this is an indication that SPCTC may not be useful in this population.

The one promising aspect of this study was the fact that SPCTC values over time
were suggestive of outcome. SPCTC values that had a larger and faster decrease over
time were indicative of TFS while, slower, smaller decreases were indicative of DoT.

Limitations of the Study

The use of retrospectively collected data and samples allowed for a relatively
quick completion of this study despite the small target population, but it was also the
greatest limitation to this study. The acute liver failure databases are prospectively
collected studies designed to study acute liver failure not bacterial infection. The low

incidence of acute liver failure in the US (approximately 2500 cases per year) makes



120
studying ALF challenging. The number of different etiologies confounds this even more.
In addition, only about 30% of the ALF cases (based upon the number of documented
infections in the USALFSG acute liver failure and acute liver injury databases) have a
documented infection.

While this large retrospective database allowed for quick examination of many
types of problems affecting patients with ALF, there were factors that had to be
addressed. The ALF and ALI databases contain a large amount of missing data. The
databases were prospectively collected observational studies. This means that the
database and biosample repository were compiled from available data and samples.
Unlike a clinical trial in which data and samples are collected at prescribed times, an
observational study relies on available data. ALF subjects may not have certain labs or
samples collected for a variety of reasons: labs not ordered, dis-enrolled because of liver
transplant, death, and protocol changes over the course of the 10+ years of the ALF study
changed what information was collected on the CRFs. Another reason for missing
samples was that the supply of aliquots of samples from certain time-points was depleted.

All of these factors undoubtedly affected the results of this study. Missing data
may have affected how samples were classified. The SCCM/ESICM/ACCP/ATS/SIS
International Sepsis Definitions Conference included a long list of biodata parameters
that can be used to classify patients along the SIRS continuum. While many of the ALF
and ALI parameters recorded in the CRFs of ALF and ALI subjects are among those
identified by the sepsis conference, many other parameters that could have been used

were not routinely recorded. Of those that were routinely collected, some were not
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collected on each day of the study. For this reason, subjects in the study were classified
based upon available data. This meant that subjects may have been mis-classified. An
example —a subject classified in the sepsis category should actually have been in the
severe sepsis or septic shock category because laboratory parameters that would have
changed the classification were missing. The best option would be not to use this subject,
but a review of the available data showed that of the 12,492 patient days, for the 1863
subjects of this study, available for use in this study only 3% of the all days for all
subjects had complete data. The study could not have been accomplished with only 3% of
the database available. Therefore, to maximize the sample availability, use of subjects
with missing data was allowed. In Specific Aim One, for the purpose of classifying
subjects, missing values were treated as negative values.

Missing data did not change the status of samples in the SIRS and septic shock
categories because samples in the categories were included only if specific criteria were
met. Neither a positive nor a negative value for any missing data changed the result of a
sample included in these two categories. However, missing data may have affected the
sepsis and severe sepsis categories. If a sepsis sample had missing data that had a positive
result, it could mean the sample should have been in the severe sepsis group (or severe
sepsis should have been in the septic shock group). However, it is unclear whether the
sepsis and severe sepsis groups can be clearly separated in the ALF population because
by definition all septic ALF patients should have been considered in the severe sepsis
category because of the liver failure. The attempt to separate these two groups was to

show a progression of severity. By allowing samples with missing data to be categorized,
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sample availability was maximized for categories with fewer available samples. The non-
infected category was filled with subjects who are negative for SIRS and do not have a
documented infection.

Limited availability of samples in the sample repository also affected all sections
of this study. The sepsis and septic shock categories in the Specific Aim One section had
less than half of the samples requested for the study. Part of the problem with these
categories, was there were more subjects with available biodata than had available serum
samples. This was also true for Specific Aims Two and Three. Specific Aim Two was
limited to 34 subjects from a requested 45 due to limited availability of sample aliquots.
Specific Aim Three was limited to 47 subjects from a requested 60.

Missing data and samples also affected how the results were analyzed. In Specific
Aims One and Three, the analyses used were adjusted to account for missing data. In
Specific Aim One, data related to etiology were not analyzed because in the cases of the
sepsis and septic shock categories and the viral hepatitis group, there were not enough
samples to provide an adequate statistical analysis. In the case of Specific Aim Three, a
mixed methods analysis of covariance was used instead of a standard ANOVA and/or
ANCOVA. The mixed methods approach allows for the missing data without losing
degrees of freedom.

The ALF databases were not primarily designed to study infection. A prospective
study designed to examine the use of SPCTC as a biomarker of infection, would control
for antibiotic use, collect complete culture and sensitivity reports, and collect laboratory

results relevant to correct classification to the subjects. This was not the case in the ALF
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databases. While antibiotic use (both prophylaxis and therapy) was captured, dates and
times of initiation of antibiotics were not captured. Also only minimal culture
information was collected (i.e., culture type, day of the study the culture was collected,
and organisms reported). No sensitivity information relevant to the pathologic organism
was collected. Collection of cultures was based upon physician discretion and not under
set conditions. Infection was determined as present in all parts of the study only if a
positive culture was present. It was possible that an infection was present, in the
population but was not found by standard culture techniques and therefore not
documented. All of these factors affected the ability to interpret the results of this study
correctly.

Another limitation of the use of retrospective samples from the ALF repositories
was the age of the samples. There is evidence that long-term storage of samples results in
a decrease in the SPCTC results. Schuetz, et al. (2010) studied two sets of samples that
were store at -80° C for 4.8 to 5.5 years and 3.3 to 4.6 years. The SPCTCs for each set
decrease by 11.4% and 13.5% respectively. ALF samples used in this study, were stored
an average of approximately 6.75 years at -80° C storage. While it is assumed, that the
length of time in storage has decreased the SPCTCs obtained, the exact amount of
decrease is unknown and an estimate of the extent of the effect cannot be calculated. The
assumption made for this study was that the affect is equal for all samples but in reality,
this 1s probably not the case.

The use of the ALF databases addressed a potential threat to external validity. The

databases collect samples from subjects enrolled in the studies from medical centers
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across the US. The USALFSG has 13 active clinical sites. Prior to 2010, there were a
maximum of 23 clinical centers in the study. All of the clinical sites are major
medical/academic centers. Because smaller medical facilities are not included in this
study, this could be considered a threat to external validity. However, due to the severity
of illness presented by patients with ALF, many of these patients were transferred to
larger facilities to take advantage of a possible liver transplant (to date - the only
approved treatment for ALF other than supportive care) (Bower et al., 2007).

The one threat to external validity that has not been addressed by this study was
the use of only one PCT testing platform and only one instrument on that platform. To
date, FDA approval is limited in the US to the BRAHMS KRYPTOR and bioMérieux
Clinical Diagnostics Vidas analyzers. These platforms were not available for use in this
study. Siemens Healthcare Diagnostics has developed the ADVIA Centaur BRAHMS
PCT assay that is currently in the FDA approval for use process but has not received final
approval. The assay has been approved for use in the European Union. The ADVIA
Centaur PCT assay has shown good comparison to the KRYPTOR PCT assay. Despite
the fact that BRAHMS licenses all available assays, there is no standardization between
the assays. Due to the limited sample volume for each serum aliquot, only one result for
each sample was obtained and all samples for this study were tested on one analyzer. All
of these factors allow for potential differences in results if this study were to be repeated

on a different instrument or assay system.
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Recommendations for Future Studies
Despite the valuable information provided by this study, the best method to
answer the questions left unanswered by this study would be a controlled clinical trial of
prospectively enrolled subjects. A clinical trial with controlled conditions would diminish
or eliminate the effect of many of the problems encountered in this study. A prospective,
controlled clinical trial could:

e cstablish minimum sample sizes for all categories (i.e., severity of illness,
etiology, outcome, etc.)

e control the use of antibiotics — which antibiotics were used, documentation of
times of antibiotic initiation and discontinuation, availability of antibiotic
sensitivities for the identified bacterial organism to determine appropriateness of
prescribed antibiotics, and guidelines for antibiotic prophylaxis and therapy;

e screen for the presence or absence of bacterial infections;

e inclusion/exclusion criteria to provide a better categorization of subjects within
the study;

e limit the amount of missing data — specific biomarkers and laboratory values
would be collected for all subjects at all specified times; and

e limit missing samples — appropriate samples and sample volumes would be
collected for all subjects for all required time points.

Procalcitonin has been described as a “homokine”, a protein that has some
characteristics of a hormone and some characteristics of a cytokine. Cytokine results vary

greatly depending upon disease and immune response. This study did not have enough
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sample size to study this. Based upon the results of this study, a closer look at different
ALF etiologies in relation to SPCTC values in the presence and absence of infection may
prove useful. There was some indication in this study, that SPCTC results in subjects
with acetaminophen toxicity may be different from the SPCTC results from other
etiologies. A prospective study with a larger sample size in which determination of
infection and antibiotic use in a comparison of acetaminophen toxicity vs. non-APAP
ALF patients should be studied to adequately determine if APAP toxicity affects the
procalcitonin results.

A prospective, controlled study could potentially identify the best SPCTC cut-off
value(s) for identifying infection and sepsis in ALF patients (and if necessary specific
populations within ALF such as APAP toxicity) which could speed the identification of
bacterial infection and sepsis in this critically ill population. It could determine the utility
of antibiotic guided therapy in ALF which could shorten exposure to hepatotoxic drugs
and eliminate unnecessary prophylaxis. And, it would provide more information
regarding the relationship between PCT and severe liver disease, particularly APAP

toxicity.
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APPENDIX A

Algorithms to Determine SIRS Category for Specific Aim One Samples



Appendix A: Algorithms to determine SIRS category for Specific Aim One samples

1=Yes

0=No

SIRS - If column I has a value of 1, the sample is categorized as positive for SIRS.

Sample#

Sepsis - If column L has a value of 1, the sample is categorized as positive for Sepsis.

Sample#

A B C D E F G H 1

Temp pCO2 WBC

<36 >38 Sum | Temp <32 >12 <4 SIRS

IF IF IF IF IF IF

A<36=1 A>38=1 C=1,then 1 |IF E<32=1 F>12=1 G<4=1 D+E+ | H>1, then 1
otherwise =0 | otherwise =0 | A + B | otherwise =0 | otherwise =0 | otherwise =0| otherwise =0 | F+G otherwise =0
0 0 0 0 0 1 0 1 0

J K L
Infection Infection
+ SIRS SEPSIS
IF
Infection =1, K>1, then 1
No infection=0 | I+]J otherwise =0
1 1 1

84!



Severe Sepsis - If column AF has a value of 1, the sample is categorized as positive for Severe Sepsis. The group doesn’t
include patients with only liver failure in the group for septic shock. Patients with only liver failure will be

Sample#

Sample#

included in the sepsis category.

M N (0] P Q R S
pO2/Fi02 Creatinine - Acute Renal Failure
previous
Creatinine >0.5 ARF Adm | Dialysis | ARF
IF
IF IF P, Q, OR
M<300=1 0<0.5=1 R>0=1,
otherwise =0 otherwise =0 otherwise =0
281 1 -0.50 0 0 0 0
T U Vv AW X Y Z
INR Platelet Bilirubin Lactate MAP HE / CG
>1.5 <100,000 >4 >1 <70
IF IF IF IF IF Y<70=1
T>1.5=1 U<100=1 V>4=1 Ww>1=1 otherwise
otherwise =0 | otherwise =0 | otherwise =0 | otherwise =0 =0
1 0 1 0 71 0 1

ol



Sample#

AA AB AC AD AE AF AG
with liver without liver
components Severe components Severe Compare
N+S+T+U+ Sepsis N+S+U+ Sepsis AC to
V+W+Y+Z w Liver W+Y wo Liver AF
IF IF IF IF IF
AA>0,then1 | L+AB=2,=1, AD>(0, then 1 | L+AE=2, =1, AC=AF, =1,
otherwise =0 otherwise =0 otherwise =0 | otherwise =0 otherwise =0
4 1 1 1 1 1 1

Septic Shock - If column AK has a value of 1, the sample is categorized as positive for Septic Shock.

Sample#

AH Al Al AK
D1 Septic Shock
MAP Pressor | map+prss+
<60 therapy | sepsis
IF IF
AH<60=1 L+AI+AJ=3, =1,
otherwise =0 otherwise =0
55 1 1 1

evl
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