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Executive Summary:

Tylosin phosphate is a macrolide antimicrobial drug that is approved for use in the U.S. for the
prevention of liver abscesses in beef feedlot cattle through continuous supplementation of diets
with 60-90 mg/day until cattle are harvested. This study was conducted to investigate the efficacy
of alternative methods of treating cattle with tylosin phosphate for this purpose. Three projects
were used to address goal. First, we conducted a randomized controlled trial (RCT) in beef feedlot
cattle comparing four treatment groups: supplementing tylosin (90 mg/day) continuously
throughout the feeding period [Continuous], supplementing tylosin until 56 days before slaughter
[-56], supplementing tylosin until 84 days before slaughter [-84], and no tylosin supplementation
[Placebo]. Second, a systematic review was also conducted to identify previously conducted RCTs
evaluating the effectiveness of antimicrobial treatments for prevention strategies for liver
abscesses in beef feedlot cattle. Third, we used data from our primary RCT in combination with
data from RCTs identified by the systematic review in a Bayesian network meta-analysis (NMA).

A total of 16,728 animals were enrolled in the RCT conducted at (b) (4)

in a randomized design trial from August 2021 to March 2023. Overall, 37.8%
(6,193/10,175) of all cattle had an identifiable liver abscess at the time of harvest: 39.8% of the
Placebo group, 37.6% of Continuous group, 38.2% of the -84 group, and 35% of the -56 group.
Mixed-effects logistic regression analysis of the primary trial data did not identify any statistically
significant (P > 0.19) differences in liver abscess occurrence among any of the treatment groups
when comparing A+ abscess category to other outcome categories, or A+ and A categories
combined compared to other outcomes. It was not unexpected that significant differences were
not identified in the primary trial results as the study was designed and powered to allow valid
comparisons using the NMA.

The systematic review of peer-reviewed publications, proceedings, FOI reports, and unpublished
trial data identified through professional contacts identified a total of 17 data sources evaluating
the efficacy of 26 different comparisons regarding intervention groups for tylosin phosphate,
chlortetracycline, chlortetracycline and sulfamethazine, virginiamycin, and untreated controls
(Placebo). These studies contributed data to the network regarding 58,300 study subjects, with a
significant majority enrolled in Continuous or Placebo trial arms. This was important, as our
primary RCT was designed with the assumption that data regarding these treatment groups would
be available from prior studies to supplement the final comparisons of interest in the NMA.
Results of the NMA did not support conclusions that early withdrawal of tylosin (Earlyfinish) was
non-inferior to Continuous for the either outcome of interest (A+ vs other categories, or A+ & A
categories combined compared to other categories). However, Earlyfinish and Continuous were
both found to be superior to Placebo in the NMA for prevention of A+ abscesses in beef feedlot
cattle. Data from the primary trial were important in providing power to adequately address the
research question using NMA, as effects on NMA results were notable when the primary trial data
were excluded.
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INTRODUCTION

Liver abscesses are a common ailment of feedlot cattle, affecting roughly 17.8 % of cattle
in the U.S. and 22.0% of cattle in Canada according to 2016 surveys. !> Most recent estimates
suggest that carcass value lost from LA occurrence can range from $8-189/carcass depending on
severity and level of trim. 3 Overall estimates suggest that LA causes a total annual loss of $64
million in the U.S. and $61.2 million in Canada. While the true pathogenesis of LA is still unclear,
it is generally accepted that LA are formed as an immune response to bacterial translocation from
the gastrointestinal tract to the liver). +¢

Currently, the best method for the prevention and control of LA is through dietary
supplementation of tylosin phosphate. > Tylosin phosphate is a macrolide antimicrobial drug that
has been approved for this purpose since 1969. Current regulations state that tylosin must be fed
at a rate of 60 to 90 mg/animal/day and should be continuously once initiated
(https://animaldrugsatfda.fda.gov/adafda/app/search/public/document/downloadBBL/552).
However, with growing scrutiny around antimicrobial use in production agriculture, alternative
methods are desirable.

Therefore, the objectives of this study were to:

1) Conduct a randomized controlled trial (RCT) to compare the efficacy of tylosin

phosphate for the prevention of liver abscesses in beef feedlot cattle when it is:
a) Supplemented continuously throughout the feeding period [Continuous]
b) Removed 56 days before slaughter [-56],
c) Removed 84 days before slaughter [-84],
d) Never supplemented [Placebo].

2) Conduct a systematic review to identify all relevant randomized, controlled trials
evaluating the effectiveness of prevention strategies for liver abscesses in beef feedlot
cattle.

3) Using the clinical trial data produced from Objective 1 and the historical data identified
in Objective 2, conduct a network meta-analysis to make direct and indirect
comparisons of the efficacy of interventions described in Objective 1, as well as other
antimicrobial drug interventions when used to prevent LA in beef feedlot cattle.

MATERIALS AND METHODS

Experimental Design

A total of 16,728 animals were enrolled in a randomized block design trial from (August

2021 to March 2023). Cattle were housed at (b) @)
in accordance with the trial protocol. Cattle were blocked by enrollment

period and randomly assigned to a pen. All pens within a block had comparable starting
headcounts, bunk space, and stocking density. Cattle were randomly assigned to pens using the
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feedlot owner’s proprietary computer software (b) (4) in groups of
6 animals (one for each pen) to ensure a 1:1:2:2 assignment to treatments until pens were filled
(typically within 1 to 2 weeks of starting enrollment). Because of the randomization strategy,
cattle assigned to different pens within an enrollment block had similar distributions of body
weight, background sourcing, prior histories, genetic makeup, etc. Treatment was randomly
assigned to pen using a random number generator. Treatments consisted of 1) Negative Control
(cattle fed typical finishing ration with no supplemental tylosin phosphate; Placebo), 2) Positive
Control (cattle fed typical finishing ration with 90 mg/animal x day! of tylosin phosphate (Tylovet,
Huvepharma, Sofia, Bulgaria) for the duration of the finishing period; Continuous), 3) 84 d
withdrawal (cattle fed a typical finishing ration with 90 mg/animal x day™! of tylosin phosphate
(Tylovet) until 84 d prior to harvest; -84), 4) 56 d withdraw (cattle fed typical finishing ration with
90 mg/animal x day! of tylosin phosphate (Tylovet) until 56 d prior to harvest; -56). Since final
analysis of this trial was intended to be paired with the novel network meta-analysis, blocks were
unbalanced with 1 pen of Placebo and Continuous per block, and 2 pens of -56 d and -84 d per
block; for a total of 6 pens/block, and 10 unique blocks for a total of 60 pens.

All animal management procedures and facilities were evaluated and approved for use in
this research prior to study initiation by the West Texas A&M University Institutional Animal
Care and Use Committee (protocol # 2021.08.002).

Cattle Enrollment and Management

Cattle enrolled in this trial were purchased through commercial marketing sources, and
buyers were instructed to target English and Continental beef breeds and cross-bred animals with
minimal Bos indicus influence. Cattle weighed 401 — 438 kg (mean 422 kg, SD 9.9 kg) at the time
of purchase and were previously raised without substantial grain supplementation. At the time of
arrival, cattle were individually weighed and administered standard preventative treatments of
anthelmintics (Ivermectin, Zoetis, Kalamazoo, MI, and fenbendazole, Safe-Guard Products
International, Atlanta, GA), vaccinations for respiratory pathogens and clostridial bacteria
(Bovishield IBR/BVD Gold, Zoetis; and UltraChoice 7, Zoetis), and an anabolic hormone
sustained release pellet was implanted to promote growth (200 mg trenbolone acetate and 40 mg
estradiol, Revalor-XS, Merk Animal Health, Rahway NJ).

Cattle were fed a starting ration high in forage until all pen mates had been enrolled. Using
industry standard methods for diet transition in feedlot cattle, a high concentrate ration was then
introduced over 21 d with a multiple ration “step-up” system to transition to a typical finishing
ration. Study treatments were initiated once cattle were completely transitioned to the finishing
ration. Feed management was conducted by trained feedyard personnel as described in the
protocol. Feed bunks were managed so there was little to no residual feed at the time of the next
feeding. Cattle were fed in bunks allowing for 22.86 - 25.40 cm of linear bunk space per animal.
Diets were delivered twice daily. Bi-weekly adjustments were made to feed consumption data to
ensure that the proper dosage of treatment was administered. In addition to the experimental
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treatments, the intermediate and finishing diets contained monensin (Monovet, Huvepharma)
provided at 200 and 400 mg/d (DM basis) in the intermediate and finishing diets, respectively.
Cattle were prescheduled for harvest based on the final body weight predictions by the investigator
overseeing feedlot activities (TB). Once a harvest date was scheduled, tylosin phosphate was
withdrawn from diets for the -84 and -56 treatment groups at the designated time relative to
harvest. All rations were prepared in accordance with the best-practice standards and FDA
regulations pertaining to medicated feed articles in an approved medicated feed mill (b) (@)
, and in accordance with the established Trial Protocol.

Animal health overseen by a licensed veterinarian ®® with the assistance of trained feedlot

personnel that evaluated all animals daily. Any animals showing signs of illness were removed
from their pen, examined in a hospital facility, and treated when appropriate according to
established standard operating procedures of the feedlot. If feasible, treated animals were returned
to their home pen. However, at the discretion of the veterinarian and his staff, animals could be
removed from the trial because of health concerns, as established in the Trial Protocol. All cattle
that died or euthanized were necropsied to determine the cause of death, and data were recorded.

Mixer Homogeneity Testing

Throughout the study, samples of diets were tested for homogeneity as established in the
Trial Protocol. Results are presented in the appendix. Since the assay to test for tylosin relies on
determining the viability of Staphylococcus aureus, other medicated articles can interfere with this
test. Relative to this study, monensin is potentially problematic as it can inhibit the growth of
Staphylococcus aureus and consequently result in overestimate the concentration of tylosin.
Therefore, homogeneity testing for monensin was used as a supplementary test to ensure that all
medicated articles were properly distributed throughout the diet, as established in the Trial
Protocol.

Power Calculations

To conduct a priori evaluations of sample size and statistical power primary trial and the
planned summary analysis of data using network meta-analysis, we created a preliminary data
network using results of 7 studies available to us prior to study initiation. This allowed creation
of a network of 8 possible interventions for prevention of liver abscesses. Four of these studies
have been previously published and 3 additional datasets were unpublished proprietary data prior
to study initiation. This example network contained data from 7 negative control groups and 7
study groups that were supplemented continuously with tylosin. There were also several single
arm intervention comparisons. We then stochastically simulated the addition of a 4-arm trial with
a positive control (continuous supplementation) arm, a negative control arm, and two intervention
arms (tylosin supplementation with removal 56 d and 84 d before slaughter) that were added to the
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hypothetical data network. In our simulation parameters, the two intervention arms were defined
as being equivalent in efficacy to the continuous supplementation positive control.

Using a fixed population structure of 60 total pens for our hypothesized RCT, we simulated
results to assess our ability to demonstrate non-inferiority using 4 permutations of treatment group
allocations (1.e., numbers of pens per treatment group): 15:15:15:15; 10:10:20:20; 5:5:25:25;
2:2:28:28 (for negative control, positive control, 56-d removal, and 84-d removal, respectively).
A conclusion that a simulated trial would be classified as being non-inferior was said to have
occurted when the upper limit of the estimate for simulated effect size when comparing
intervention arms to the positive control was <0.2 (log OR scale). This limit for an acceptable
delta value was based on the assumption that an OR of 1.2 would be considered non-inferior
relative to expected variability among different cattle populations, consistent with the established
Trial Protocol.

The goal of the non-inferiority design was to determine whether the two new treatments
were inferior to the active control by an unacceptable margin. During the simulation, an indicator
was used to denote if the upper limit of the 95% confidence interval of log(odds ratio) is less than
or equal to 0.2. Given that the underlying design used for the simulation is that the treatments
were truly equivalent (i.e., the distributions of possible results for 56-d removal and 84-d removal
regimens had the same distribution as the positive control) we calculated the proportion of studies
where the upper limit of the 95% confidence interval was <0.2 as an indicator for statistical power

Table 1. Simulation results for statistical power under conditions of bio-equivalence (non-inferiority) between the
new interventions and the positive control group, assuming results were analyzed using network meta-analysis with

the data illustrated in Figure 4. Values for P are the true probability of events in the distributions used to generate

simulated data. Ope is the between study standard deviation and 0, pen denote the standard deviation of the pen effect
distribution. Allocation of pens indicates the number of pens assigned to each treatment, for groups representing
negative control, positive control, 56-d removwal, and 84-d removal, respectively (e.g., (10, 10, 20, 20) indicates that 10
pens were assigned to both negative control and positive control while 20 pens were assigned to both 56d and 84d
removal groups. The proportions given below these allocations represent the upper limit of the one-sided 95%
confidence interval of the log odds ratio for the delta comparing the new intervention to the positive control would
be less than or equal to 0.2, based on 10,000 simulations.

allocation of pens

(5. 15, 5. 13 [ (10, 10, 20. 200 | (5. 3. 25, 25) 2.2, 28, %)
Preg Fpos p-56d M-84d Ure Upen ->0d -84d =>0d =o4d -30d =54d =J0d -o4d
[0.1332  0.0300 0.0300 0.0390 0 [ 0-7180 O.JT7L [ 0-7428 0.7501 | 0.6781 0.6771 | 04837 04838 |
0.1332 0.0590 0.0590 0.0590 0.1 | 0.6928 0.6993 | 0.7261 0.7129 | 0.6542 0.6557 | 0.4747 0.4727
0.1332 0.0590 0.0590 0.0590 02 | 0.6269 0.6241 | 0.6465 0.6413 | 0.5814 0.5813 | 0.4198 0.4115
0.1332 0.0590 0.0590 0.0590 0.3 | 05283 0.5242 | 0.5477 0.5516 | 04531 0.4645 | 0.3297 0.3246
0.1332 0.0590 0.0590 0.0590 04 | 04299 0.4433 | 0.4497 0.4526 | 0.3840 0.3799 | 0.2634 0.2603
0.1332 0.0590 0.0590 0.0590 05 | 03681 0.3701 | 0.3601 0.3718 | 0.3057 0.3054 | 0.2155 0.2141

S o0 oo

for the different design options. From the results of these simulations (Table 1), the configuration
0f 10:10:20:20 for enrollment study pens was estimated to be the most powerful design among all
simulated scenarios. It should be noted that this « priori estimate of statistical power would only
be equal to the final effective study power if we were not able to include more results from
additional previous studies in the network meta-analysis.
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We also conducted an analysis to investigate the study power that we would achieve if the RCT
were analyzed 1in isolation (i.e., we did not use a Bayesian approach to inform the priors using
meta-analysis - Table 2). Comparing results from the two approaches, a great deal of statistical
power was expected to be obtained when the network meta-analysis was used as the approach to
the analysis of the study goals for the primary RCT (Tables 1 and 2). For example, in the scenario
where the baseline risk of A+ liver abscess i1s 13.32%, and expected risk of liver abscesses is 5.9%
for the positive control group, the study power is ~65% if the pen effect was 0.2 (Table 2). This
can be compared to the power that was estimated when analyzing the trial in 1solation using the
same study parameters, which was ~40% (Table 2). This illustrates the dramatic increase in study
power that was anticipated using the network meta-analysis as the final analysis and interpretation
of the primary data.

Table 2: Simulation results for statistical power under conditions of bio-equivalence (non-inferiority) between
the new interventions and the positive control group, assuming trial results were analyzed in isolation without
using Bayesian analysis to leverage results of prior research.

allocation of pens
(15, 15, 15, 15) | (10, 10, 20,20) | (5.5, 25,25) | (2. 2. 28, 28)
Preg Ppos  P-56d P-84d Ore Open -56d -84d -56d -84d -56d -84d -56d -84d
0.1332 0.059 0.059 0.059 0.0 | 0.5068 0.5068 | 0.4648 0.4631| 0.3370 0.3440| 0.2094 0.2101
0.1332 0.059 0.059 0.059 0.1 | 04839 04942 04499 04455| 03357 03361| 02203 02151
0.1332 0.059 0.059 0.059 0.2 | 04386 04379 04045 04056 | 03060 03087] 0.2141 0.2084
0.1332 0.059 0.059 0.059 0.3 | 03637 0.3587| 03410 03401 | 0.2517 0.2568| 0.1806 0.1783
0.1332 0.059 0.059 0.059 0.4 | 02930 0.3001 | 02795 0.2846| 0.2134 02133 ] 0.1555 0.1510
0.1332 0.059 0.059 0.059 0.5 | 02514 0.2560 | 02373 0.2377| 0.1827 0.1864| 0.1297 0.1279

OSSOSO O

Cattle Harvest

When ready for harvest, all cattle were weighed in small groups on a certified group
platform scale and then transported by truck approximately 21 km to a commercial abattoir (®) (4)
. Cattle were transported in groups of 30-40 animals by pen. All pens in a
randomization block were harvested on the same day. Liver abscess scores and carcass data were
collected by trained employees of (b) (4) that were
blinded to treatment group assignments. Liver abscess scores were collected as previously
described using an Elanco-type scoring system. ° Additionally, camera data was collected at
harvest to assess quality and yield grades (https://www.ams usda.gov/grades-standards/carcass-

beef-grades-and-standards), rib eye area, marbling score, and backfat thickness. Each carcass was

also weighed individually by the processor to provide a hot carcass weight.
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Blinding and Masking

The study site personnel performing animal health observations, diagnosis, and therapy
were blinded to treatments during the study period. This included pen riders and animal health
technicians; these employees did not have access to the treatment assignments. Position
assignments at this feedlot are specialized, and there was no crossover of personnel between
departments (e.g., Cattle Department to Mill or Feed Departments). Additionally, analysis of the
primary trial was completed with blinded outcomes, and interpretations were made prior to
inclusion in the network meta-analysis and unblinding of results.

Statistical Analysis for Primary Trial

All data from the primary study were analyzed using R version 4.2.2. All data was analyzed
blind and performance data was analyzed as a “dead’s out” model. Logistic regression was used
to evaluate the occurrence of liver abscess, analyzing treatment as a fixed effect and block and pen
as random effects using the sjplot package of R (Liidecke D, 2023). Continuous performance and
carcass data were analyzed using a mixed-effects linear model, with treatment as a fixed effect and
block as a random effect using the Ime4 package of R (Bates et al., 2015). Count data related to
carcass outcomes and feedlot performance were analyzed using a generalized mixed linear model.
Pairwise comparisons of fixed effects were adjusted using Tukey’s method for multiple
comparisons.

Systematic Review

Overall summary of the approach. The conduct of the systematic reviews followed international
recognized standards 014,
Systematic Reviews of Animals and Food (SYREAF — http://www.syreaf.org/protocol/ ) website.
The specific PICOD elements that defined the eligibility criteria were:

The protocol for the systematic review will be made available on the

'] Population: Feedlot cattle in U.S. or Canada

[ Intervention: Any preventive uses of antimicrobial drugs for liver abscess

[J  Comparator: Placebo, or no antimicrobial treatment

[J Outcomes: 1) Liver abscess score at slaughter of A+ (including any subcategories such as
A+ and open, etc) compared to all other scoring categories; 2) Liver abscess score at
slaughter of A+ & A combined compared to all other scoring categories.

'] Design: Controlled trials with random allocation of animals to intervention in either groups
or individuals.

Eligibility criteria: In addition to the PICOD criteria described above, reports and data had to be
available in full text in English. Both published and non-published studies were eligible for
inclusion, provided they reported a primary research study with a concurrent comparison group

Page 8 of 32



using an eligible study design, and outcome occurrence was reported using an Elanco-type scoring
system similar to that described by Brown and Lawrence to characterize liver abscess occurrence
and severity. * Outcome data were recorded per animal in 4 categories: no liver abscesses, any liver
abscesses, A abscesses (1 to 2 large abscesses or multiple small abscesses), and A+ abscesses
(multiple large abscesses). !° Eligible study designs were controlled intervention trials with natural
disease occurrence.

Information sources: Searches were conducted using multiple electronic databases using the (b) (4)
Web of Science license (CAB abstracts® and Medline). Additional sources were the reference lists
of relevant manuscripts, the Proceedings of the American Association of Bovine Practitioners, and
the FDA Freedom of Information New Animal Drug Approvals (NADA) summaries. Further, we
contacted major feedlot producers, veterinary consulting groups, and drug sponsors to identify
studies that met inclusion criteria but had not been previously reported. No restrictions on date or
language were applied during the search phase.

Search strategy: The search terms used in the electronic databases included a combination of
terms that described the eligible population and the outcome. An example of the search strategy
used for Medline® is provided in Table .

Table 3: Medline search strings

Terms Search | String
#
Population 1 MH=(Cattle OR Cattle Diseases )
2 TS=(cow or cows or cattle or heifer$ or steer or steers or bull or

bulls or calf or calves or youngstock$ or young-
stock$ or beef or veal or bovine$ or bovinae or buiatric$)

3 1or2
Outcome 4 TS=(liver or hepat$)
5 TS=Abscess
Combined 6 4 AND 5
7 3AND6

Relevant study selection process: lIdentified citations were uploaded into the reference
management software EndNote® and de-duplicated. Resulting citations were then managed in
DistillerSR (Evidence Partners, Ottawa) for conduct of the systematic review. Forms for eligibility
screening and data extraction were created in DistillerSR®.

For peer-reviewed studies, reviewers worked independently to screen title and abstracts
record for eligibility. The forms were initially piloted using 30 citations for each question. We then
used the built-in machine-assisted citation prioritization in DistillerSR. To be eligible for inclusion,
Publications must have been more than 500 words in length to be considered a full text. Reports
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that passed initial screening were then included in the full text screening will be conducted by two
reviewers working independently. The same questions will be used for full text eligibility
screening.

Data collection process, data items, and data outcomes: Forms used in data collection were pre-
tested using three full text publications to ensure clarity and consistency. Two experienced
reviewers then worked independently to extract data in tandem; disagreements in extracted
information were resolved by review and consensus development. Study-level data were extracted
regarding the population (location, year, animal characteristics) and details of the intervention and
comparator groups (e.g. antimicrobial drug, route, dose, frequency). Data were extracted for the
study outcomes (liver abscess occurrence and severity scoring). Results for each of the outcomes
were extracted, including sample sizes, losses to follow up, raw data for events in each arm,
number enrolled in arm and number analyzed or relative measure (RR, OR) and measures of
variation.

Network Meta Analysis

The a priori goal of the analysis was to assess the non-inferiority of the early withdrawal
of tylosin (Earlyfinish) based on the distribution of the credible interval of the posterior distribution
of the comparison of interest. This was accomplished by evaluation of the 97.5th percentile of the
posterior distribution of the log(OR) comparison of the continuous treatment with tylosin
(Continuous) acting as the referent compared to the early finish treatment. The a priori upper limit
of 0.2 log(OR) of the boundary of interest for non-inferiority, for analysis of A+ abscesses vs other
outcomes, and A+ and A abscesses vs. other outcomes.

These estimates of interest were obtained from a Bayesian network meta-analysis (NMA)
as previously described. %1627 The data obtained from the systematic review that were used in the
Bayesian network meta-analysis were treatment arm-level outcome data. The fit of the model was
assessed on the basis on the log odds ratios (log(OR)) by examining the residual deviance between
the predicted values from the NMA model and the observed values from each study. To present
these results, each data points' contribution to the residual deviance was plotted for the NMA with
consistency (horizontal axis) and the unrelated mean effect (ume) inconsistency models (vertical
axis) along with the line of equality. The points located on the equality line indicate there was no
improvement in model fit when using the inconsistency model, suggesting that there is no evidence
of inconsistency. Points above the equality line indicate that they have a smaller residual deviance
for the consistency model indicating a better fit in the NMA consistency model and points below
the equality line indicate they have a better fit in the ume inconsistency model. 2%

These analyses were implemented using the online NMA calculator Metalnsight in an
R-Shiny app (https://crsu.shinyapps.io/Metalnsight/).>° The Bayesian statistical calculations are
performed using R package gemtc (Gert van Valkenhoef, Joel Kuiper 2016) gemtc: Network
Meta-Analysis Using Bayesian Methods R package version 0.8-2. and R package BUGSNET
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(Audrey Beliveau, Devon J. Boyne, Justin Slater, Darren Brenner & Paul Arora) BUGSnet:
Bayesian inference Using Gibbs Sampling to conduct NETwork meta-analysis version 1.0.3.

RESULTS

Primary Trial Results:

All data regarding cattle enrolled in the study, feedlot performance, and data collected at
harvest is provided in detail by pen are provided in electronic spreadsheets accompanying this
report (“1U01FD007049-01 Performance Carcass Data.xlsx” and  “1UO01FD007049-
01 Liver Abscess Data.xlsx™). A total of 16,368 cattle enrolled in the RCT were harvested: 2,730
in 10 pens assigned to the Placebo group (no tylosin supplementation), 2,728 in 10 pens assigned
to the Continuous group (tylosin supplemented continuously), 5,452 in 20 pens assigned to the
tylosin -84 group (tylosin withdrawn 84 days before harvest), and 5,458 in 20 pens assigned to the
tylosin -56 group (tylosin withdrawn 56 days before harvest; Table 4). The average number of
cattle assigned to all pens was 279 (SD 1.7); numbers of cattle assigned to pens was equal within
enrollment blocks. Data regarding cattle weights at enrollment and harvest, feeding duration,
mortality, average daily gain, feed intake, and feed conversion are summarized in Table 4.

Table 4. Feedlot performance of cattle fed tylosin phosphate for different durations
during the finishing phase.!

Treatment Groups

Variable Placebo Continuous -84 -56 SEM? P-value?
N, total* 2730 2728 5452 5458

n, initial 279 279 279 279 - 1.00
n, final 276 276 276 276 - 0.94
DOF’ 173 173 173 173 3.10 1.00
Mortality, % 0.97 1.11 1.13 1.04 - 0.92
Initial weight, kg 421 421 422 421 3.26 0.94
Final weight, kg 681 682 681 681 6.79 1.00
ADGS, kg 1.51 1.51 1.50 1.51 0.041 0.98
DMI’, kg 11.2 11.2 11.2 11.2 0.202 1.00
G:F? 0.14 0.14 0.13 0.14 0.002 0.95

'Values are least-square means calculated by the emmeans function of R. Except for N total,
which is a raw count. 2Standard error of the mean. 3P-values are for Wald chi-square for the
fixed effect variable. “Total number of livers scored at harvest. Days on feed. SAverage daily
gain calculated on a pen-average basis. "Dry matter intake. 3Gain-to-feed ratio calculated on a
pen-average basis.
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No significant differences were identified among study groups (P > 0.92) regarding any of
the feedlot performance data (Table 4), or any of the carcass variables characterized at harvest
(P >0.30; Table 5).

Table 5. Carcass outcomes of cattle fed tylosin phosphate for different durations during the

finishing phase.!
Treatment Groups
Variable Placebo Continuous -84 -56 SEM?  P-valué?
HCW*, kg 434 434 434 435 4.12 1.00
Dressing Percent, % 63.5 63.5 63.5 63.6 0.002 0.93
Quality Grade, %
Prime 7.1 8.2 8.8 8.5 - 0.59
Choice 81.5 81.8 81.3 79.9 - 0.48
Select 8.2 6.9 6.5 7.7 - 0.54
Yield Grade, %
1 1.1 0.6 0.8 0.7 - 0.30
2 27.7 24.7 23.8 24.7 - 0.66
3 60.8 63.9 64.1 62.5 - 0.56
4 7.4 8.0 7.6 7.9 - 0.96
5 0.3 0.5 0.4 0.5 - 0.78

'Values are least-square means calculated by the emmeans function of R. ?Standard error of the
mean. *P-values are for Wald chi-square for the fixed effect variable. “Hot carcass weight.

Detailed liver abscess grading results are provided in a spreadsheet accompanying this report
(“1U01FD007049-01 Liver Abscess Data.xlsx). Overall, 37.8% (6,193/10,175) of all cattle
had an identifiable liver abscess at the time of harvest (39.8% of the Placebo group, 37.6% of
Continuous group, 38.2% of the -84 group, and 35% of the -56 group; Table 6). The adjusted
estimates (least-square means) for cattle classified as having different categories of liver abscess
outcomes are presented, by Treatment Group, in Tables 6.

Page 12 of 32



Table 6. Liver abscess outcomes of cattle fed tylosin phosphate for different durations

during the finishing period.!

Treatment Groups

Variable Placebo Continuous -84 -56
Edible (no lesions), % 60.2 62.4 61.8 65.0
A-, % 10.5 11.3 9.8 9.2
A, % 4.7 4.9 5.1 5.1
A+, % 9.1 7.0 8.7 7.3
A+ open, % 5.6 5.0 5.6 53
A+ adhered, % 3.0 2.5 2.8 24
A+ open and adhered, % 2.8 2.1 2.6 2.2
Cirrhosis, % 0.7 1.0 0.8 0.8
Flukes®, % 0 0 0 0
Telangiectasis®, % 0 0 0 0
'Values are least-square means calculated with the emmeans function of R. 2Observations were
recorded, but calculated LS Means = 0.0.

Using mixed-effects logistic regression to investigate differences different categories of
liver abscess outcomes, there were no statistically significant differences identified between the
Placebo group and other treatment groups (P >0.19; Table 7 and Table 8). As such, data from the
primary trial do not support conclusions that any of the tylosin interventions were associated with
statistically significant differences in the occurrence of liver abscesses when compared to untreated
cattle. However, it is notable that all groups of tylosin interventions had numerically higher
numbers of cattle with edible livers, and numerically fewer cattle with severe abscesses (A+) when
compared to the Placebo treatment group (Table 6).
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Table 7. Results of mixed-effects logistic regression models comparing liver abscess outcomes
among different treatment groups in the primary study --
Using Continuous (tylosin supplemented continuously) as the reference.

Odds Ratios (95% Confidential Intervals) for
Treatment Group Comparisons!

Variable Continuous  Placebo -84 -56
(P-value for overall treatment comparison)

A+ vs. other categories Reference 1.32 1.27 1.04
(P=0.19) (0.93-1.89) (0.93-1.73) (0.76-1.42)
Severe (A+ and A) vs. other categories Reference 1.29 1.23 1.07
(P=0.43) (0.90-1.83) (0.91-1.68) (0.79-1.45)
All abscesses vs. edible livers Reference 1.14 1.08 0.94
(P=10.56) (0.80-1.64) (0.79-1.48) (0.68-1.28)

!0dds ratios, confidence intervals, and P-values were obtained using the sjplot package of R.

Table 8. Results of mixed-effects logistic regression models comparing liver abscess outcomes
among different treatment groups in the primary study --
Using Placebo (no treatment for liver abscess prevention) as the reference.

Odds Ratios (95% Confidential Intervals) for
Treatment Group Comparisons!

Variable Placebo Continuous -84 -56
(P-value for overall treatment comparison)

A+ vs. other categories Reference 0.75 0.95 0.79
(P=0.19) (0.51-1.11)  (0.68-1.32) (0.57-1.10)
Severe (A+ and A) vs. other categories Reference 0.78 0.97 0.84
(P=0.43) (0.54-1.14)  (0.70-1.34) (0.60-1.16)
All abscesses vs. edible livers Reference 0.87 0.95 0.82
(P=10.56) (0.61-1.26)  (0.69-1.29) (0.60-1.12)

!0dds ratios, confidence intervals, and P-values were obtained using the sjplot package of R.
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Systematic Review and Network Meta Analysis

Literature search results: A summary of search results obtained from electronic literature
databases are provided in Figure 1. The searches of MEDLINE and CAB Abstracts were conducted
on November 21, 2021. The search of the FDA FOI NADA files was conducted on November 25,
2021. Dates of searches for the Conference Proceedings are provided in the PRISMA flowchart
(Figure 1). Additionally, in July 2023, email and phone contact with major feedlot producers,
veterinary consulting groups, and drug sponsors led to identification of two unpublished studies

that met inclusion criteria.

Figure 1. Results of the literature search of electronic citation databases and conference proceedings,
and the screening process. Two other reports were identified by contact with producers and two
additional peer reviewed studies were identified by hand after concluding the search.
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In the October 2023, we also searched for studies citing the three most recently published
studies®!-3? identified in the systematic review to identify new publications that might have been
missed using the citation chaser tool. 3* This search identified 61 unique publications that had
cited those studies, which provided two additional studies meeting review criteria. 3¢ Finally,
we incorporated the results of the primary RCT conducted to meet study Objective 1 into the
dataset used for the NMA

Management of the extracted data: Data from the original 61 citations were combined with data
from the two unreported trials. Overall, these trials characterized 151 unique interventions
described by authors. 31-33-33-9 Some publications reported more than one trial, and data for each
trial was extracted separately if possible. However, some author groups reported separate trials in
the aggregate, and it was not feasible to separate these in the database.

It was necessary to collapse categories for the 151 unique interventions as there were
insufficient data to create the network for meta-analysis. As such, we refined the intervention
categories as follows: First, we removed studies and comparison arms that did not investigate
antimicrobial drug efficacy for liver abscess prevention as this study was conducted with the
primary purpose of evaluating methods for treatment with tylosin phosphate for liver abscess
prevention. An example of the study identified by the review but excluded using this approach
was conducted by Brand, et al. °’ That study intended to evaluate the effect of a phytogenic feed
additive (Digestarom [DA]; Biomin, Getzersdorf, Austria) on multiple outcomes including liver
abscess prevention in finishing steers. Treatments of 0, 0.5g, and 1.0g per day per animal were the
compared. Therefore, this study did not assess any antimicrobial drug intervention and was
therefore excluded.

This process yielded studies comparing four antimicrobial drugs (and combinations), in
various dosing and treatment strategies: tylosin phosphate, chlortetracycline, chlortetracycline and
sulfamethazine, and virginiamycin. Diets and other interventions (e.g., ionophores) were not
considered relevant to the study question and therefore not considered in categorization of
treatment arms. Other antimicrobial drug exposures such as dietary treatment with ionophores,
and parenteral treatment with antimicrobial drugs to treat or prevent respiratory disease, etc., are
not considered to affect liver abscess risk and were therefore not included in the NMA. Trial arms
that did not include an antimicrobial drug treatment of interest were defined as a Placebo arm.

Trial data from interventions that did not include in-feed treatment with tylosin phosphate,
chlortetracycline, chlortetracycline and sulfamethazine, or virginiamycin were categorized as
Placebo. Interventions regarding tylosin phosphate supplementation were stratified into 5
treatment duration categories:

'] Protocols that supplemented diets with tylosin phosphate for the entire feeding period
(Continuous). NOTE: This is how outcome data for the Continuous intervention group
from the primary RCT were categorized.
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"1 Protocols that did not supplement diets with tylosin phosphate for the entire feeding period,
but it was supplemented in the earlier part of the feed period (Earlyfinish). NOTE: this is
how outcome data for the -56 and -84 interventions from the primary RCT were
categorized.

'l Protocols that did not supplement diets with tylosin phosphate for the entire feeding period,
but it was supplemented in the latter part of the feeding period (Latestart),

'l Protocols that did not supplement diets with tylosin phosphate for the entire feeding period,
but it was supplemented intermittently (Intermittent).

To illustrate the approach for categorization of study exposures, we use a study published
by Depenbusch, et al. *® This study used a 2 x 3 factorial design with one treatment factor being
diet: a steam-flaked corn finishing diet (SFC), or SFC plus 25% corn wet distillers grains with
solubles (WDGS). The second treatment factor was antimicrobial drug additives: no added
antimicrobial drugs (NONE), 300 mg of monensin daily (MON), or 300 mg of monensin + 90 mg
of tylosin daily (MON+TYL). Data from this study were included in the database by combining
the arm-level data for the NONE + SFC, NONE+WDGS, MON+SFC, and MON+WDG arms into
a single Placebo group. Data from the MON+TYL+ SFC and MON+TYL+ WDGS arms were
combined and categorized as Continuous relative to the tylosin treatment, as further described
below.

An example of categorization for duration of tylosin supplementation is provided by the study
from Davedow, et al. *° This study investigated management strategies that reduce in-feed tylosin
phosphate to control liver abscesses in feedlot cattle with three treaments and 10 replicate. Tylosin
phosphate intervention groups included dietary supplementation a) for the first 125 days on feed
(DOF); b) for 41 to 161 DOF; or c) for the entire feeding period. Data from arm a) was categorized
as Earlyfinish, arm b) was categorized as Latestart, and arm c¢) was categorized as Continuous.

We categorized interventions regarding virginiamycin into three dosage categories:

[l Protocols supplementing < 15 mg/kg daily (VMLT15)
'] Protocols supplementing 15-24 mg/kg daily (VM1524)
[l Protocols supplementing > 24 mg/kg daily (VMGT24).

An example affected by this categorization would be the study by Rogers, et al. 1% in which

cattle with a five different virginiamycin dosages (0, 10, 25, and 50 mg/kg daily) over multiple
replicates throughout a 245d growing-finishing period. For this report, the 0 mg/kg/day arm was
Categorized as Placebo, 10 mg/kg daily was categorized as VMLT15, and the data for the 25
mg/kg and 50 mg/kg trials were combined into a single arm categorized as VMGT24.

Another synthesis consideration was that outcomes for liver abscesses have been inconsistently
reported. Most often, liver abscesses data in cattle have been reported on a 3- or 4-category system
(Elanco-type categories, as described by Brown and Lawrence).!s It was possible to extract data
regarding liver abscesses in the A+ category from all studies and make comparison to all other
outcome categories. However, some studies did not report data regarding A, or A- abscess
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categories separately. For those studies, it was not possible to extract the arm-level data to compare
A+ & A combined categories to all other outcomes. For example, multiple studies reported the
liver outcome data as A+ and also all abscesses categories combined (A+ & A & A-).32338487 Tt
was not possible to extract data from these reports to summarize as a combined A+ & A category
and compare that to other categories. Additionally, the absolute numbers of liver abscesses
sometimes had to be inferred based on the authors reporting. An example of this issue occurred
with the study by Wilson et al.*® This study reported enrolling 640 steers that were randomly
assigned to pens (20 steers/pen), and four treatments were randomly to pens. However, they did
not explicitly report the numbers of pens per treatment, or the number animals assigned to each
treatment group, or the number of cattle within each abscess outcome category. We therefore
assumed that there were 32 pens (640 / 20), and with four treatment groups there would be a total
of eight pens and 160 animals per treatment group. We then used the percentages reported in the
publication to calculate the number of cattle categorized into each liver abscesses outcome
category.

The number of animals evaluated at harvest (as opposed to the number initially enrolled) also
was not reported consistently. For example, it was sometimes necessary to infer the number of
cattle evaluated at harvest from the number reportedly enrolled and information about deaths
occurring prior to harvest. However, if information about deaths or other trial removals were not
explicitly reported, we used the number of animals enrolled as a proxy for the number of animals
evaluated for liver abscesses. For example, the study by Linneen, et al 3¢ reported enrollment and
allocation as follows “A total of 3,625 cross-bred bred heifers were used in a randomized complete
block design at a commercial feedyard in Oklahoma. ... A total of 48 pens were used containing
71 to 80 heifers per pen for a total of 8 replications per treatment.” However, Linneen et al*® did
not provide information about mortalities so the arm-level enrollment numbers were recorded as
denominator data relative to liver abscess occurrence.

Characteristics of the data used in each network meta-analysis:

Tables 9 and 10 summarize the characteristics of the final data networks used in
investigation of the two outcomes of interest: A+ abscess category vs. all other outcome categories,
and A+ & A categories combined vs. other outcome categories.
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Table 9: Characteristics of the studies included in the A+ liver abscesses
versus all other categories.

Characteristic Value
Number of Interventions 10
Number of Studies 26
Total Number of Subjects in Network 58,300
Total Possible Pairwise Comparisons 36
Total Number of Pairwise Comparisons with Direct Data 17
Is the network connected? TRUE
Number of Two-arm Studies 14
Number of Multi-Arms Studies 12
Total Number of Events in Network 6,697
Number of Studies With No Zero Events 25
Number of Studies With At Least One Zero Event 1
Number of Studies with All Zero Events 0

Table 10: Characteristics of the studies included when comparing A+ & A
liver abscesses categories combined versus all other categories

Characteristic Value
Number of Interventions 8
Number of Studies 21
Total Number of Subjects in Network 48,809
Total Possible Pairwise Comparisons 28
Total Number of Pairwise Comparisons with Direct Data 14
Is the network connected? TRUE
Number of Two-arm Studies 12
Number of Multi-Arms Studies 9
Total Number of Events in Network 7,114
Number of Studies With No Zero Events 21
Number of Studies With At Least One Zero Event

Number of Studies with All Zero Events
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Bayesian NMA results: There were 17 sources of data included in the NMA for analysis of A+
versus all other categories (Table 9), 31-33:35,36,39.48:49,53,58,76,83,84.87.95.96,101 and these provided 26
study comparison. For the analysis of A+ & A versus other outcome categories, four studies were
excluded that did not report outcome data for A category liver abscesses. 32338487 Qverall, no
concerns were identified in the conduct of the analysis and model fit assessment for either analyses
(See Figure 2).

Figure 2: Deviance plots for NMA models for A+ score livers versus other outcome
categories and A+ & A combined versus other outcome categories.
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Figure 3 shows the resulting data network when comparing A+ liver abscesses to all other
categories, illustrating connections between interventions and the relative “weight” of
information available for each of the intervention nodes.

Figure 3. Treatment arm network for the examination of the relative efficacy of
antimicrobial drug treatments for prevention of liver abscesses in feedlot
cattle, comparing A+ liver abscess scores to all other outcome categories.
Circle sizes indicate the relative number of observations contributing to the network
for an intervention and the width of the lines indicates the relative number of direct
comparisons of interventions.

Virginimycin Virginimycin
GT24 1524
Virginimycin .
LT15 Chilortetracyclinesulpha
earlyfinish Chlortetracycline
intermittent placebo
latestart longcontinuous

The primary goal of the NMA to assess the non-inferiority of the early withdrawal of
tylosin (Earlyfinish) compared to continuous supplementation (Continuous) based on the
distribution of the credible intervals of the posterior distributions for the comparisons of interest.
This was conducted by evaluating the value of the 97.5™ percentile of the posterior distribution of
the log(OR) to assess whether it was >0.2 (Table 11). Based on the boundary of interest established
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a priori of 0.2 log(OR), we were not able to conclude that the early finish treatment was non-
inferior in comparison to Continuous for the investigation of the outcome A+ liver abscesses
compared to all other categories; the 97.5" percentile for this comparison is 0.6669 (Table 11).
Similarly, we are not able to conclude that Earlyfinish was non-inferior to Continuous for the
outcome A+ & A categories combined compared to all other categories as the 97.5" percentile was
0.9848 (Table 11).

Table 11: Posterior estimates for 2.5 and 97.5 percentiles of credible interval of the
log(OR) of treatment comparisons regarding the efficacy of early withdrawal
(Earlyfinish) of tylosin phosphate, based on results of random effects Bayesian
network meta-analysis

Reference Comparison 2.5th credible interval | 97.5th credible interval
(denominator) | (numerator)

Comparing A+ liver abscesses to all other categories

Continuous Early Finish -0.1292 0.6669
Placebo Early Finish -0.9165 -0.1050
Comparing A+ & A liver abscess categories to all other categories

Continuous Early Finish -0.2439 0.9848
Placebo Early Finish -0.9501 0.2807

For comparison, Figures 3 and 4 show the OR and 95% credible intervals derived from
the NMA for all antimicrobial treatment categories when compared to tylosin continuous
supplementation (Continuous) for A+ vs other categories as the outcome.

However, Figure 5 shows treatment comparisons from the NMA when Placebo (no
antimicrobial intervention) was used as the reference. These data support the hypothesis that
treatment protocols for both tylosin supplementation throughout the feeding period (Continuous)
and early withdrawal prior to the end of the feeding period (Earlyfinish) are superior to Placebo
for reducing liver abscesses (97.5™ percentile limit for the odds ratio confidence intervals was
0.593 for Continuous, and 0.904 for Earlyfinish, Figure 5).
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Figure 3. Forest plot showing odds ratios and 95% credible intervals obtained from
Bayesian NMA evaluation of trials evaluating antimicrobial drug treatments for
prevention of liver abscesses in cattle (A+ vs. other outcome categories).

The reference for comparisons among treatments was continuous supplementation of

tylosin phosphate throughout the

feeding period.

CTC=chlortetracycline; CTCS=chlortetracycline and sulfamethazine; see text for definitions of

other abbreviations.
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Figure 4. Forest plot showing odds ratios and 95% credible intervals obtained from NMA
evaluation of trials evaluating antimicrobial drug treatments for prevention of
liver abscesses in cattle (A+ & A categories combined vs. other outcome

categories).

The reference for comparisons among treatments was continuous supplementation of
tylosin phosphate throughout the feeding period.

CTC=chlortetracycline; CTCS=chlortetracycline and sulfamethazine; see text for definitions of

other abbreviations.
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Figure 5. Forest plot showing odds ratios and 95% credible intervals obtained from
NMA evaluation of trials evaluating antimicrobial drug treatments for
prevention of liver abscesses in cattle (A+ vs. other outcome categories).

Placebo (no antimicrobial drug treatment) was the reference for comparisons.

CTC=chlortetracycline; CTCS=chlortetracycline and sulfa; see text for definitions of other

abbreviations.

Compared with Placebo

Continuous
CTC

CTCS
Earlyfinish
Intermittent
Latestart
VM1524
VMGT24
VMLTA15

Odds Ratio (95% Crl)
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0.481 (0.181, 1.27)
0.628 (0.208, 1.79)
0.602 (0.401, 0.904)
0.639 (0.0183, 9.29)
0.622 (0.370, 1.05)
0.468 (0.242, 0.889)
0.554 (0.290, 1.04)
1.07 (0.570, 1.95)
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