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EXECUTIVE SUMMARY

Tylosin phosphate Type A medicated article is approved for use in beef cattle for reduction
of incidence of liver abscesses associated with Fusobacterium necrophorum and
Arcanobacterium pyogenes. The approved dosage regimen is 60 to 90 mg tylosin/head/day
fed continuously as the sole ration (see 21 CFR 558.625). The approved conditions of use
do not define a duration for the use of tylosin phosphate for this indication.

In 2019, FDA'’s Center for Veterinary Medicine (CVM) awarded Texas A&M AgriLife
Research’s Veterinary Education, Research, and Outreach (VERO) Program a grant
through Funding Opportunity Announcement (FOA) number RFA-FD-19-024" titled,
“Conduct Studies to Establish More Targeted Durations of Use for Certain Approved
Antimicrobial New Animal Drugs in Food Animals.” The award project number was
1U01FD007049-012. This study was intended to generate publicly available data that may
be used to help define the duration of use for tylosin phosphate to reduce the incidence of
liver abscesses in beef cattle. This document summarizes the study conducted by Texas
A&M (Study 1U01FD007049-01) and CVM'’s evaluation of the study results.

Study 1U01FDO007049-01 evaluated the effectiveness of tylosin phosphate for reducing the
incidence of liver abcesses in beef steers when fed at a targeted dosage of 90 mg
tylosin/head/day from the time they were placed on finishing ration (21 days after arrival at
the feedlot) until 56 or 84 days before slaughter. The study consisted of a field study
conducted at a single site and a network meta-analysis that evaluated the results of the
field study along with results from studies described in literature.

The results of the field study (when considered alone) suggest that feeding tylosin until 56
days prior to slaughter may be non-inferior to continuous feeding of tylosin, while feeding
tylosin until 84 days prior to slaughter may be inferior to continuous use. However,
limitations of the field study, particularly with regard to verifying the dose of tylosin
administered, prohibit drawing definitive conclusions. The network meta-analysis showed
that non-inferiority to continuous use could not be established for the 56 or 84 day
withdrawal groups in either the proportion of A+ liver abscesses or the proportion of A+ and
A liver abscesses combined, where the proportion was defined as the number of A+ (or A+
and A combined) liver abscesses divided by the total number of livers assessed.

The information and observations from this field study and the network meta-analysis,
along with other available information and experience, may be useful for veterinarians to
consider when determining the actual duration of use to authorize on a Veterinary Feed
Directive (VFD) for the use of tylosin phosphate in beef cattle for the reduction of incidence
of liver abscesses, or in developing future studies to further evaluate and optimize the
timing of administration and duration of use for this indication.

' https://grants.nih.gov/grants/guide/rfa-files/RFA-FD-19-024 .html
2 https://reporter.nih.gov/project-details/10154422
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STUDY SUMMARY

A. Title: “Evaluating duration of tylosin phosphate treatment in feedlot cattle for liver
abscess prevention to ensure efficacy while addressing concerns about antimicrobial
resistance” (Study No. 1U0O1FD007049-01)

B. Field Study Dates: approximately August 2021 to March 2023

C. Field Study Locations: (b) (4) (feedlot); (b) (4)
(processing facility)

D. Field Study Design:

Objectives:

(1) Conduct a randomized controlled field study to compare the efficacy of tylosin
phosphate for the prevention of liver abscesses in beef feedlot cattle when it is:

a) never fed,

b) withdrawn 84 days before slaughter,

c¢) withdrawn 56 days before slaughter,

d) fed continuously throughout the finishing period.

(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 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 liver abscesses in beef cattle.

Study Animals: A total of 16,728 healthy beef (English and Continental beef breeds and
cross-bred animals with minimal Bos indicus influence) steers weighing an average of
422 kg were enrolled in the study. Cattle came from various western states, directly off
grazing pastures, and had not been fed grain prior to arrival. They were housed in large
outdoor dirt-floor pens.

Experimental Design: This was a single site, controlled, randomized, blocked, and
masked clinical field study. The experimental unit was the pen, with an average of 279
animals per pen. There were 60 experimental units.

Steers meeting enrollment criteria were randomly assigned to one of six pens in a ratio
of 1:2:2:1, respectively for the four treatment groups (see Table 1.1 below), until all the
pens within the block were filled. There were 10 blocks of six pens each. Each pen

contained between 276 and 280 animals. Treatments were randomly assigned to pens
via a spreadsheet and a random number generator prior to the randomization of cattle.

Treatment was started after a 21-day step-up to the finishing ration. Cattle in all
treatment groups were on feed for an average of 173 days, calculated from cattle
processing (day of arrival) to the day of slaughter.
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Drug Administration: Tylovet® (tylosin phosphate Type A medicated article,
Huvepharma EOOD, ANADA 200-484) was used to manufacture Type C medicated
feed formulated to target a dose of 90 mg tylosin/head/day. Tylosin phosphate Type C
medicated feed was fed from the start of the finishing period (21 days after arrival) for
the duration indicated by each treatment group. An identical diet that did not contain
tylosin was used as the control article.

Treatment Groups: Treatment groups are described in Table 11.1. Cattle were
prescheduled for slaughter based on their predicted time to desired final body weight.

Table 11.1. Treatment groups

; Number of
Group Treatment Regimen Kelmals
Negative Control - | 0 mg tylosin/head/day for the entire 5 730
Placebo feeding period (from arrival to slaughter) i

tylosin phosphate fed targeting a dose of
90 mg tylosin/head/day* from the start of 5452
the finishing period (21 days after arrival) :
until 84 days prior to slaughter

84 day withdrawal

tylosin phosphate fed targeting a dose of
90 mg tylosin/head/day* from the start of 5 458
the finishing period (21 days after arrival) t
until 56 days prior to slaughter

56 day withdrawal

tylosin phosphate fed targeting a dose of
Positive control - 90 mg tylosin/head/day* from the start of 5798
Continuous the finishing period (21 days after arrival) f
until slaughter
* To achieve a dose of 90 mg tylosin/head/day, the inclusion rate of tylosin was below
the approved low-end concentration of 8 g/ton of Type C feed (as fed basis). FDA/CVM
has acknowledged that this may be necessary due to heavier body weights of cattle fed
in confinement for slaughter.?

Concomitant Therapies: Planned concomitant therapies were consistent with standard
industry practice and administered to all steers in each treatment group. At the time of
arrival and processing, cattle were administered standard preventative treatments of
anthelmintics (ivermectin and fenbendazole), vaccinations for respiratory pathogens
and clostridial bacteria (Bovishield IBR/BVD Gold and UltraChoice 7), and an anabolic
hormone sustained release pellet was implanted to promote growth (200 mg trenbolone
acetate and 40 mg estradiol, Revalor-XS). The intermediate and finishing diets
contained monensin (Monovet®) to provide 200 and 400 mg/head/day, respectively.

Rations, Feeding, and Water: All basal diets consisted of steam-flaked corn, steam-
flaked wheat, corn silage, whey de-lactose permeate, dried distiller’'s grains, alfalfa hay,
cereal hay, tallow, and a liquid supplement containing vitamins and trace minerals. The
percentage of steam-flaked corn started at 40% in the starter diet and increased to

2 FDA/CVM. (2018, December 19). FDA Clarifies Use of Tylosin Phosphate in Beef Cattle —
Veterinarians. Available at https://www.fda.gov/animal-veterinary/product-safety-information/fda-clarifies-
use-tylosin-phosphate-beef-cattle-veterinarians
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73.3% in the finishing diet. The percentage of corn silage was 11.4% in the starter diet
and was progressively increased to 12.4% in the finishing diet. Steers were fed twice
daily (targeting ad libitum feed intake) in bunks. Feed bunks were managed so there
was little to no residual feed at the time of the next feeding. Bi-weekly adjustments were
made based on feed consumption data to ensure that cattle consumed the targeted
dosage of tylosin. Cattle had ad libitum access to unmedicated drinking water.

Measurements and Observations: At the time of arrival and processing, cattle were
individually weighed. When ready for slaughter, all cattle were weighed in small groups
on a certified group platform scale.

Feed consumption was recorded. Pens were checked daily by both feedlot
maintenance personnel and pen riders to ensure that pens, feed bunks, and water
tanks were in good working condition.

Animal health was evaluated daily by trained feedlot personnel under the oversight of a
licensed veterinarian. Cattle were assessed for alertness/depression, weakness,
anorexia, nasal discharge, cough, head position, and movement.

All pens in a randomization block were slaughtered on the same day. Liver abscess
scores and carcass data were collected by trained employees of (b) 4)

who were masked to treatment group assignments. Liver abnormalities
were assigned as follows: normal = edible liver (i.e., no observed abscesses/scars or
other abnormalities); A- = one to two small abscesses or inactive scars; A = one to two
large abscesses or multiple small abscesses; A+ = multiple large abscesses; A+AD =
liver adhered to gastrointestinal tract or diaphragm or both; A+OP = open liver abscess;
cirrhosis; distoma (liver fluke(s)); and telangiectasis.

Additionally, overall carcass quality and yield grades, rib eye area, marbling score, and
backfat thickness were assessed using camera-recorded data. Individual hot carcass
weight was also determined.

Medicated feed was tested for drug concentration and homogeneity on one batch prior
to the study and on four batches throughout the study which were sampled at random
intervals several months apart.

. Field Study Statistical Methods:

The primary variable was the incidence of liver abscesses. Non-inferiority was
concluded if the upper bound of the 95% confidence interval of odds ratio was less than
1.2. Logistic regression with a logit link was used to evaluate the occurrence of liver
abscess and grade, analyzing treatment as a fixed effect and block and pen as random
effects using the sjPlot package of R. Odds ratios, confidence intervals, and P-values
were also obtained using the sjPlot package of R. Secondary variables included feedlot
performance (i.e., cattle weights at enroliment and slaughter, feeding duration,
mortality, average daily gain, feed intake, and feed conversion), and carcass
characteristics (i.e., hot carcass weight, dressing percent, USDA yield grade, and
USDA quality grade).
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F. Field Study Results:

Overall, 37.8% (6,193/10,175) of all cattle had an identifiable liver abscess at the time
of slaughter (39.8% of the placebo group, 37.6% of continuous group, 38.2% of the 84
day withdrawal group, and 35% of the 56 day withdrawal group). With both block and
pen as random effects in the model, the incidence of liver abscesses was not
statistically different among treatment groups when compared to the placebo group or
the continuous use group. CVM re-analyzed the data per protocol with only block as a
random effect and a corrected response denominator in the generalized linear mixed
models. CVM found that for the proportion of A+ liver abscesses and the proportion of
A+ and A liver abscesses combined, where the proportion was defined as the number
of A+ (or A+ and A combined) liver abscesses divided by the total number of livers
assessed, the 56 day withdrawal group was non-inferior to the continuous use group.
Non-inferiority could not be established for the 84 day withdrawal group for either
comparison. The 56 day withdrawal group was statistically significantly different from
the placebo group for the proportion of A+ liver abscesses and the proportion of all
abscesses. The 56 day withdrawal group was not significantly different from the
placebo group for the proportion of A+ and A liver abscesses, although the results
favored 56 day withdrawal group numerically. The 84 day withdrawal group was not
significantly different from the placebo group for any endpoints.

The pre-study medicated feed homogeneity results met the acceptance criteria for both
tylosin and monensin; however, only one batch was evaluated. Therefore, the mixer
was not considered validated. All four batches of medicated feed tested during the
study had out of specification results for the tylosin assay (ranging from 65.1% to
>139.6% of nominal concentration) and 3 of the 4 batches did not meet the acceptance
criteria for the monensin assay (ranging from 66.3% to 141.2% of nominal
concentration). Based on these results, it was concluded that the Type C medicated
feeds used in this study may not have been uniformly mixed. Accordingly, it was not
possible to confirm whether the animals received the target dose of tylosin consistently
throughout the study.

G. Field Study Adverse Reactions: No adverse reactions attributable to tylosin
phosphate were reported.

H. Systematic Review and Network Meta-analysis:

A network meta-analysis was conducted that incorporated the results of the field study
described above along with data extracted from studies described in published and
unpublished literature. Eligible literature data was discovered by systematic review, and
included and analyzed in the meta-analysis according to pre-determined criteria and
procedures.

Literature Search and Eligibility:

MEDLINE and CAB Abstracts databases, FDA Freedom of Information Summaries, and
conference proceedings were searched and major feedlot producers, veterinary
consulting groups, and drug sponsors were contacted to find and obtain information
from studies that met the review criteria.
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The following search and inclusion criteria were used:

Population: feedlot cattle in USA or Canada

Intervention: any preventive uses of antibiotics for liver abscesses

Comparator: placebo or no treatment

Outcomes: liver abscess score at slaughter

Design: controlled trial with random allocation of animals to intervention either in
groups or individually.

Eligible studies had natural disease occurrence and had outcomes reported using an
Elanco-type scoring system, similar to that defined by Brown and Lawrence (2010)* and
used by the Elanco Liver Check Service®. In addition, reports and data had to be
available in full text in English.

Data Extraction and Analysis:

Two reviewers on the investigator’s staff worked independently to extract data in
tandem; disagreements were resolved by review and consensus development. Data
were extracted regarding the population (location, year, animal characteristics), the
intervention and comparator groups (e.g., antimicrobial drug, route, dose, frequency),
and the study outcomes (liver abscess occurrence and severity scoring). Data extracted
also included sample sizes, losses to follow up, raw data for events in each treatment
arm, number enrolled in each arm, number analyzed or relative measure, and
measures of variation.

Overall, 151 unique interventions were extracted, comparing four antimicrobial drugs
(tylosin phosphate, chlortetracycline, chlortetracycline and sulfamethazine, and
virginiamycin) used in various dosing and duration strategies. Trial data from
interventions that did not use one of these antimicrobial drugs were categorized as
placebo. Exposure to ionophores and isolated parenteral treatment with antimicrobial
drugs to treat other diseases were considered to have minimal if any effect on liver
abscess risk and therefore were not included in the network meta-analysis as treatment
arms.

Interventions involving tylosin phosphate in feed were stratified into four
treatment duration categories:

* tylosin phosphate for the entire feeding period (Continuous)
* tylosin phosphate supplemented in the earlier part of the feed period (Earlyfinish).
* tylosin phosphate supplemented in the latter part of the feeding period (Latestart),
* tylosin phosphate supplemented intermittently (Intermittent).

It was possible to extract data regarding liver abscesses in the A+ category from all
studies; however, some studies did not report data regarding A or A- abscess
categories (as scored in the field study) separately. For those studies, it was not
possible to extract the arm-level data to compare A+ & A combined categories to all

4 Brown, TR, TE Lawrence. 2010. Association of liver abnormalities with carcass grading performance
and value. Journal of Animal Science, 88(12): 4037-4043.
5 https://www.elanco.us/liver-check-service
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other categories. Due to these categories for liver abscesses being inconsistently
reported, the final two categories able to be assessed were A+ abscesses vs. all other
categories, and A+ and A abscesses combined vs. all other categories.

The a priori goal of the analysis was to assess the non-inferiority of the early withdrawal
of tylosin (Earlyfinish) with continuous use of tylosin (Continuous) acting as the referent
for analysis of A+ abscesses versus other categories (17 treatment arms), and A+ and
A abscesses versus other categories (26 treatment arms). Non-inferiority was
concluded if the upper bound of 95% credible interval of odds ratio was less than 1.2.
Analyses were implemented using the online NMA calculator Metalnsight in an R-Shiny
app. The Bayesian statistical calculations are performed using R package gemtc and R
package BUGSNET.

Results:

Based on the boundary of interest established, it was not possible to conclude that
Earlyfinish was non-inferior in comparison to Continuous for the proportion of A+ liver
abscesses. Similarly, it was not possible to conclude that Earlyfinish was non-inferior to
Continuous for the proportion of A+ and A categories combined. When Placebo was
used as the reference, the data supported the hypothesis that Continuous and
Earlyfinish are superior to Placebo for reducing liver abscesses.

CVM conducted the statistical analysis again with treatment groups redefined, where
the 56 day withdrawal and 84 day withdrawal groups from the field study were split into
two different early withdrawal groups. Treatment arms from other studies were split
similarly. In this re-analysis, non-inferiority could not be established for either the 56 day
withdrawal group or the 84 day withdrawal group in either the incidence of A+ liver
abscesses or the incidence of A+ and A liver abscesses combined. A meta-analysis
with a different PICOD and pool of studies would be helpful to further investigate the
longest tylosin preslaughter withdrawal period that would not have a negative impact on
the incidence of liver abscesses in feedlot cattle, compared to feeding tylosin until
slaughter.

Discussion:

The results of Study 1U01FD007049-01’s field study were not conclusive, but suggest
that 90 mg tylosin/head/day administered from the start of the finishing ration phase
until 56 days before slaughter may be as effective as feeding tylosin at this dosage level
continuously until slaughter in reducing the incidence of liver abscesses in beef cattle.
However, the network meta-analysis results do not support this conclusion, as non-
inferiority to continuous use could not be established for either the 56 day withdrawal
group or the 84 day withdrawal group in either the proportion of A+ liver abscesses or
the proportion of A+ and A liver abscesses combined.

Though the limitations of the field study prohibit drawing any definitive conclusions, the
information and observations from this study, along with other available information and
experience, may be useful in for veterinarians to consider when determining the actual
duration of use to authorize on a VFD for the use of tylosin phosphate in beef cattle for
the reduction of incidence of liver abscesses, or in developing future studies to further
evaluate and optimize the timing of administration and duration of use for this indication.
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