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ABSTRACT

Background: The indication of denosumab for osteoporosis was expanded from second-line to first—line therapy in 2019, The aim
of this study was to evaluate the efficacy of denosumab as both first— and second-line therapy in postmenopausal women with
osteoporosis and osteopenia with risk factors by using the Fracture Risk Assessment Tool (FRAX). Methods: We conducted a
medication use evaluation of denosumab in 98 patients who had been treated three or more times for osteoporosis or osteopenia
at Chungnam National University Hospital from July 1, 2017 to January 31, 2020, Risk factors were identified using quantitative N—
gram analyses of FRAX estimations, Patient information, including menopause status and results of bone mineral density tests (T—
score), was obtained from electronic medical records, Results: Age, body mass index (BMI), prior medication use, and T—score
were identified as risk factors and were included as variables in the evaluation of denosumab use. Since no significant differences
were detected between groups, denosumab is likely effective regardless of age or BMI, In addition, no significant difference was
detected in T—scores following denosumab treatment, between groups who took bisphosphonates and selective estrogen receptor
modulators (SERMs) with denosumab as first—line therapy for postmenopausal osteoporosis, Denosumab may, therefore, be
effective as second—line therapy. Conclusion: Efficacy of denosumab was evaluated in postmenopausal women with osteoporosis,
Denosumab may be used as first— and second—line therapy regardless of age, BMI, and prior use of bisphosphonates and SERMs,
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Fig. 1. Study design of medication use evaluation for denosumab. RO: examination result at freatment starting point, R1: result af first

year after treatment, R2: result at second year after treatment
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Table 1. Baseline characteristics of study subjects (T-score)

N MeanzSD Median Min Max
below 70s 29 -3.13+0.6 -3 -4.4 -1.7
70s 31 -3.38+0.5 -3.3 -4.5 2.3
Age (years)
above 70s 38 -3.62+0.7 -3.5 -5.7 -1.9
total 98 -3.400.6 -3.4 -5.7 -1.7
normal 39 -3.55+0.6 -3.5 -4.9 2.6
pre-obesity 13 -3.2810.6 -3.2 -4.3 -2.3
BMI (kg/m?) )
obesity 25 -3.36+0.8 -3.3 -5.7 -1.7
total 77 -3.44x0.7 -34 -5.7 -1.7
BMI: Body Mass Index
Min: minimum, Max: maximum
SD: Standard deviation
Table 2. N-gram analysis result
Unigram (counts) Bigram (counts) Trigram (counts)
bone 10085 bone mineral 846 bone mineral density 603
denosumab 8680 zoledronic acid 813 skeletal related events 401
patients 5901 mineral density 681 receptor activator nuclear 334
treatment 5151 bone mineral density 603 activator nuclear factor 327
osteoporosis 3618 denosumab freatment 557 mineral density BMD 245
clinical 2340 bone resorption 541 human monoclonal antibody 202
risk 2338 postmenopausal women 538 bone turnover markers 156
therapy 2299 skeletal related 495 related osteonecrosis jaw 156
fracture 2027 osteonecrosis jaw 489 fully human monoclonal 155
fractures 1769 receptor activator 476 nuclear factor kB 152
RANKL 1720 fracture risk 475 factor kappa B 136
women 1505 monoclonal antibody 471 medication related osteonecrosis 130
surgery 1502 bone turnover 465 nuclear factor kappa 129
bmd 1471 vertebral fractures 315 calcium vitamin D 127
disease 1410 patient's bone 304 denosumab fully human 126

LAY ARSIt Code 15). FHes ABAR 2ol= HHM denosumab £0 HE T-score HEH 24
denosumab 60 mg (ZZo}®)e} FY AR th2 {9 983 9] A= tldeAl 15 5A3S Esked 700 FIRt,
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Below 70s

70s Above 80s
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Fig. 2. Change of T-score between before denosumalb treatment (R1) and after 3 fimes of denosumab freatment (R2) on below age
70s, 70s and above 80s. Bold line in the box: 50th percentile AT-score, Upper end of the line: Maximum AT-score (1.5 interquartile
range), Upper end of the box: 75th percentile AT-score, Lower end of the line: Minimum AT-score (1.5 interquartile range), Lower end

of the box: 25th percentile AT-score

AT-score in 1 year

Normal

Pre-obesity
Groups

Obesity

Fig. 3. Change of T-score according to BMI after 3 times of denosumab treatment. Bold line in the box: 50" percentile AT-score,
Upper end of the line: Maximum AT-score (1.5 interquartile range), Upper end of the box: 75™ percentile AT-score, Lower end of the
line: Minimum AT-score (1.5 interquartile range), Lower end of the box: 25" percentile AT-score, Dots: Outliers
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Table 3. Change of T-score among Groups 1 year before study treatment (RO)

Group Medication usage N Age BMI Initial T-score DT-score DT-score
(RO-R1 — R1-R2) (MeantSD)  (RO-R1, MeantSD) (R1-R2, MeantSD)
A Denosumab — Denosumalb 11 74.64+8.8 22.58+3.5 -3.22+0.5 0.2455+0.281*t -0.2+0.141*
B Bisphosphate — Denosumab 64 74.38%£9.0 23.62+3.5 -3.3240.6 -0.0797+0.520* 0.4410.441*
C SERM — Denosumab ) 69.17+£12 21.89+3.8 -3.05+0.7 -0.25+0.235t 0.50+0.283
Kruskal-Wallis test (p-value) 0.0067 0.081

In pairwise Wilcoxon tests between the groups, meaningful (p<0.05) relations were paired with *' or '{'

RO: examination result at treatment starting point (Group B, C were treated with bisphosphonate and SERM)

R1:result at first year after treatment (Group B, C changed their medication into denosumab from the starting of this year)
R2: result at second year after treatment (All of the groups were treated wih denosumab
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Fig. 4. T-score versus time profile after denosumab freatment. BMI: Body Mass Index, Shaded area: 95% confidence interval of

regression line

Table 4. Change of T-score after denosumalb treatment

Period RO R1 R2
Number of Denosumab
L 1 3 5
SC injection
T-score -3.45+0.7  -3.00£0.5 -2.94+0.5

AT-score (=Ri-R0) - 0.45 0.06

RO: examination result at treatment starting point
R1:result at first year after treatment
R2: result at second year after treatment
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Table 18. Patient Size by T-score by period

RO R1 R2

-2.5 < BMD < -1.0 2 6 18
BMD < -2.5 69 92 80
Missing value 27 0 0
Total 98 98 98

RO: examination result at treatment starting point
R1: result at first year after the initiation of treatment
R2: result at second year after the initiation of treatment

Code 18. R script for n-gram analysis

#install.packages(c("wordcloud","RColorBrewer","NLP","tm","ggplot2","dplyr","tau"))
#install.packages("RWeka")

#install.packages("devtools")

# Downgrading package "tm"

#require(devtools)

#install_version("tm", version = "0.6-2", repos = "http://cran.us.r-project.org")

library(RWeka)
library(wordcloud)
library(RColorBrewer)
library(NLP)
library(tm)
library(ggplot2)
library(dplyr)
library(tau)

# Loading data from text files:
txt <- c(readLines("pubmed_abstract.txt"))
save(txt,file="sample.RData")

# Cleaning raw data

# words to be deleted
delete.word <- c("the“, “Wil]", "also", “that“, "and", "for", "il’l", "iS", ”it", "nOt", ”T,O”,

non non non non non non non

"doi", "epub", "author", "university", "pmid", "medline", "indexed", "issn", "school", "elsevier", "centre", "jbmr", "pmcid", "pmc",

non

"all", "rights", "reserved", "Itd", "oak", "thousand", "department", "medicine", "hospital", "copyright",

"spain”, "australia", "france", "switzerland", "germany", "usa", "japan", "italy")
stopwords <- stopwords("en")

# cleaning
toSpace <- function(x, pattern) {gsub(pattern, " ", x)}
corpus <- Corpus(VectorSource(txt), readerControl=list(reader=readPlain, language="en US", load=TRUE))

corpus <- tm_map(corpus, content_transformer(toSpace), "/|@|//|$]:|:)|*|&l!?]_|-[#")
corpus <- tm_map(corpus, content transformer(tolower))

corpus <- tm_map(corpus, FUN=stripWhitespace)

corpus <- tm_map(corpus, FUN=removeNumbers) # consider this factor

corpus <- tm_map(corpus, FUN=removePunctuation)

corpus <- tm_map(corpus, FUN=removeWords, stopwords)

corpus <- tm_map(corpus, FUN=removeWords, delete.word)

save(corpus, file="sample corpus.RData")
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Code 18. R script for n-gram analysis

NGramTokenizer] <- function(x) unlist(lapply(NLP::ngrams(words(x), 1), paste, collapse=" "), use.names=FALSE)
NGramTokenizer2 <- function(x) unlist(lapply(NLP::ngrams(words(x), 2), paste, collapse=" "), use.names=FALSE)
NGramTokenizer3 <- function(x) unlist(lapply(NLP::ngrams(words(x), 3), paste, collapse=" "), use.names=FALSE)
NGramTokenizer4 <- function(x) unlist(lapply(NLP::ngrams(words(x), 4), paste, collapse=" "), use.names=FALSE)

ngl <- tm::TermDocumentMatrix(corpus, control=list(tokenize=NGramTokenizer1))
ng2 <- tm::TermDocumentMatrix(corpus, control=list(tokenize=NGramTokenizer2))
ng3 <- tm::TermDocumentMatrix(corpus, control=list(tokenize=NGramTokenizer3))
ng4 <- tm::TermDocumentMatrix(corpus, control=list(tokenize=NGramTokenizer4))

save(ngl,file="NGram-1.RData")
save(ng2,file="NGram-2.RData")
save(ng3,file="NGram-3.RData")
save(ng4,file="NGram-4.RData")

# DATA ANALYSIS
# Load N-Grams

load(file=paste("NGram-1.RData",sep=""))
load(file=paste("NGram-2.RData",sep=""))
load(file=paste("NGram-3.RData",sep=""))
load(file=paste("NGram-4.RData",sep=""))

# Plot a word cloud / histogram
w <- findFreqTerms(ng4, lowfreq = 10)

wf <- rowSums(as.matrix(ng4[w,]))

wf <- data.frame(trigram=names(wf), frequency=wf)

wf <- arrange(wf, desc(frequency))

df <- data.frame(wf[,c('trigram','frequency')], row.names = NULL)

dfl <- dff1:20,] # filter criteria for word cloud

wordcloud(dfl$trigram, dfl$frequency, random.order=F, random.color=F, colors=brewer.pal(3, "PuBu"))
df2 <- dff1:40,] # filter criteria histogram

# Plot N-gram results. Customize it before plotting

ggplot(df2, aes(x=reorder(trigram,frequency), y=frequency)) +
geom_bar(stat= "identity") +

coord_flip() +

xlab("4-Gram words") +

ylab("Frequency in the sample") +

ggtitle("Most common 4-Grams")




