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Prescription of Gastric Acid Secretion Inhibitors before and
after the Withdrawal of Ranitidine

Jieun Yun

Department of Pharmaceutical Engineering, Cheongju University, Cheongju, Korea

Background: In September 2019, ranitidine, the largest share in the gastric acid secretion inhibitor market, was
identified as a carcinogen, and sales were banned. The purpose of this study was to investigate how the gastric
acid secretion inhibitor market changed after ranitidine withdrawal.

Methods: From January 2010 to December 2021, the prescription dose and cost of gastric acid secretion in-
hibitors were calculated monthly. To investigate the effect of ranitidine withdrawal on the gastric acid secretion
inhibitor market, we developed a time-series autoregressive model using data from January 2010 to October
2019. In addition, the P-value was calculated by interrupted time series analysis using the data dating between
2010 and 2021 (interrupted time: October 2019).

Results: Since 2010, proton pump inhibitors have increased their market share in terms of prescription volume
and drug costs. This trend accelerated since ranitidine was withdrawn from the market in September 2019. In
2021, it was estimated that ranitidine prescriptions would be transferred as follows: famotidine's increased pre-
scription volume was estimated at 323 million (pharmaceutical cost, 53.2 billion won), proton pump inhibitors
(PPIs) at 223 million (89.9 billion won), and lafutidine at 137 million (20.5 billion won).

Conclusions: The market share expansion of PPIs accelerated due to the withdrawal of ranitidine. The raniti-
dine prescription was partially transferred to the same H; blockers, such as famotidine and lafutidine, and there
was also a significant transfer to PPls.
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The pharmaceutical market for gastric acid secretion in-
hibitors can be categorized as H, receptor antagonists (H
blockers), proton pump inhibitors (PPIs), and new potas-
stum-competitive acid blockers (P-CABs). In September
2019, the Ministry of Food and Drug Safety in Korea or-

dered that the manufacture, import, and sales of ranitidine
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were to be immediately discontinued; all products using ra-
nitidine were recalled, and prescriptions were also banned."”
This was because N-nitrosodimethylamine (NDMA), a car-
cinogen designated by the international agency for research
on cancer was detected in the raw materials of seven types
of ranitidine and finished products (269 items) using
ranitidine.”™ In Korea and other countries, the sale of rani-
tidine was banned and the sold drugs were recalled.
Valsartan and metformin were also removed from the mar-
ket for the same reason in 2018 and 2020, respectively.”"”
This event had a major impact on the pharmaceutical market
for gastric acid secretion inhibitors because ranitidine, the
most prescribed single agent from 2010 to 2018, was with-
drawn from the market. However, there is no concrete evi-
dence regarding how ranitidine withdrawal affects the gas-
tric acid secretion inhibitor market. What would happen if,
one day, the drug with the largest market shares suddenly
disappeared? It can be inferred that another drug in the
same H, blocker class would be prescribed. For example, it
is desirable to change the prescription to same-type drugs
such as cimetidine, famotidine, lafutidine, and nizatidine.
However, there is always the possibility that prescriptions
can be switched to PPIs or P-CABs, which are drugs that
are not in the same class.

The purpose of this study was to investigate how the gas-
tric acid secretion inhibitor market changed after ranitidine
withdrawal. We also investigated which drug replaced raniti-

dine and showed the greatest increase in prescriptions.

METHODS
1. Data sources, study design, and population

The National Health Insurance Service (NHIS) in Korea
claim database was utilized to investigate changes in the to-
tal number of prescriptions and expenditure on gastric acid
secretion inhibitors, including all Hy blockers, PPIs, and
P-CABs. We used a retrospective, observational, time-series
study design. The study population included gastric acid se-
cretion inhibitors, including H, blockers, PPIs, and P-CABs,
which were approved and covered from 2010 to 2021 by the
NHIS.

2. Statistical analysis

For the 12 years from January 2010 to December 2021,
the prescription amount and drug cost of gastric acid secre-
tion inhibitors were calculated by month. The market share
was calculated by dividing the prescription volume market
share by the drug cost market share and was expressed as
a percentage. To investigate the effect of ranitidine with-
drawal on the gastric acid secretion inhibitor market, we de-
veloped a time-series autoregressive model using data from
January 2010 to October 2019. In addition, to estimate the
difference before and after the withdrawal of ranitidine, the
P-value was calculated by interrupted time series analysis
using the data date between 2010 and 2021 (interrupted
time: October 2019). The change in overall market share af-
ter the ban on ranitidine prescription was analyzed by divid-
ing it into prescription volume and pharmaceutical ex-
penditures, and subgroup analysis was performed by divid-
ing it into tertiary hospitals, general hospitals, hospitals, and
local clinics.

All statistical analyses were performed using the SAS
Enterprise Guide 7.1 (SAS Institute INC,, Cary, NC, USA)
Statistical significance was defined as a two-tailed P-value
<0.05.

3. Ethics statement

he Institutional Review Board (IRB) of Cheongju University
approved the study protocol (IRB No. 1041107-202206-HR
-007-01) and waived the requirement for informed consent
because anonymized national health insurance data were

used.

RESULTS

1. Time series changes in prescription volumes and
pharmaceutical costs from 2010 to 2021

The total number of prescriptions for gastric acid secre-
tion inhibitors in 2010 was 1,343 million, which increased
by 1.7-fold to 2,250 million in 2018; in terms of pharma-
ceutical costs, it increased 2.1 times from 377.4 billion won
in 2010 to 807.1 billion won in 2018. However, as ranitidine
was banned from prescription in September 2019, the total
prescriptions fell by 28.2% to 1,615 million in 2020, from
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Figure 1. Changes in prescription volume and pharmaceutical expenditures in gastric acid secretion inhibitors from 2010 to 2021. (A)

Prescriptions. (B) Expenditure. P-CAB, potassium-competitive acid blockers; PPI, proton pump inhibitors.

2,250 million in 2018; however, the pharmaceutical cost was
792.9 billion won, a decrease of only 5.2% compared to that
in 2018. The prescription amount in the gastric acid secre-
tion inhibitor market has plummeted, and the increase in

drug costs has slowed significantly (Table 1, Figure 1).

2. Time series changes in market shares among H,
blockers, PPIs, and P-CABs from 2010 to 2021

In 2010, H; blockers had a market share of 90.5% based
on prescription volume and 62.8% based on drug cost, and
PPI had a market share of 9.5% and 37.2%, respectively.
However, PPIs increased their market share every year until
they hit 27% in terms of prescription volume and 57% in
terms of drug costs in 2018; and the market share of H,
blockers, which previously dominated the market, declined
to 73% and 43%, respectively. This trend accelerated since
ranitidine was withdrawn from the market in September
2019. In 2021, PPIs had a market share of 50.1% based on
prescription volume and 72.3% based on drug cost, and H,
blockers had shrunk to 44.5% and 14.0%, respectively. In
addition, P-CABs, which were launched in 2019, are in-
creasing their market share every year, with market shares
of 5.4% and 13.7% in 2021, respectively (Table 1, Figure 1).

3. Time-series changes in ranitidine prescription
volume and its expenditures

In 2010, the most commonly prescribed gastric acid secre-
tion inhibitors were cimetidine (38.3%) and ranitidine (38.9%).
Pharmaceutical expenditure accounted for 6.6% and 45.9%,
respectively. Ranitidine expanded its market share every
year until it was banned from sale in 2019, and in 2018, it
occupied 49.8% of the prescription volume and 35.6% of
the pharmaceutical cost. However, cimetidine gradually lost
its market share by 12.1% in 2018; even after the ranitidine
prescription ban in 2019, cimetidine's market share continued
to decline, dropping to 4.1% in 2021 (Table 1).

4. Ranitidine withdrawal effects on H, blockers and all
gastric acid secretion inhibitor market

Figure 2 shows how the prescription share within the H,
blocker group changed after the ban on ranitidine prescriptions.
Ranitidine has been replaced by famotidine and lafutidine.
However, the prescribed amount of ranitidine was not ab-
sorbed to 100% (Table 2).

Table 2 shows the estimated and actual prescription vol-
umes and pharmaceutical costs for each drug in 2021 if the

market share followed the time series trend from 2010 to
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Figure 2. Changes in prescription volume and pharmaceutical expenditures in H, blockers from 2010 to 2021. (A) Prescriptions. (B)

Expenditure.

2019, assuming that ranitidine has not been withdrawn from
the market. Overall, the predicted prescription amount for
the entire gastric acid secretion inhibitor market in 2021 was
2,434 million; however, the actual prescription amount was
1,648 million, a 32.3% decrease. In terms of pharmaceutical
expenditures, the difference between predicted costs (907.5
billion won; 95% prediction interval: 774.0, 1041.0) and actual
costs (767.1) was 140 billion won, a 15.5% cost reduction.

Famotidine, lafutidine, and PPIs showed positive trends,
which means that they absorbed much of the former ranit-
dine prescription volume. Famotidine’s relative increase was
323 million, followed by PPIs (223 million) and lafutidine
(137 million). Regarding pharmaceutical expenditures, PPIs
are estimated to show the largest increase, as high as 89.9
billion won, followed by famotidine (53.2 billion won) and
lafutidine (20.5 billion won). These results were statistically
significant (P<0.0001). However, cimetidine and nizatidine
had little effect on the prescription-shifting effect of raniti-
dine and decreased faster than expected.

Ranitidine prescription-shifting effects according to the
type of medical institution. It was estimated that the pre-
scription volume of ranitidine had shifted to famotidine, la-
futidine, and PPIs. However, the proportions were different
for each type of medical institution. In tertiary and general
hospitals, the prescribed amount increased in the order of
famotidine, lafutidine, and PPIs, and in hospitals and clinics,

the prescriptions increased in the order of famotidine, PPIs,

and lafutidine. We confirmed that all medical institutions

decreased the prescription of cimetidine and nizatidine

(Table 3).

DISCUSSION

This study has great significance as it examined how the
drug market was reorganized after ranitidine, which had the
largest market share, disappeared from the market. To the
best of our knowledge, this is the first study on the impact
of ranitidine withdrawal on the gastric acid secretion in-
hibitor market. This study confirmed that the market share
expansion of PPIs accelerated due to the withdrawal of
ranitidine. The ranitidine prescription was partially trans-
ferred to the same H, blockers such as famotidine and lafu-
tidine, and there was also a significant transfer to PPIs.

When ranitidine was banned, many people wondered how
much of the ranitidine prescription would be taken over by
H, blockers, PPIs, or P-CABs. If we simply compare the
prescription volume and pharmaceutical expenditures of gas-
tric acid secretion inhibitors in 2018, the year before the ra-
nitidine prescription ban, to those in 2021, the most recent
year, famotidine, lafutidine, and PPIs seem to have absorbed
the decrease in ranitidine prescriptions, and P-CABs, newly
introduced in 2019, seem to have expanded the market.
However, this simple comparative analysis does not reflect

the time trends. Therefore, we developed and compared a
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time series autoregressive model that reflected the pre-
scription volume trend of each drug from 2010 to 2021. In
other words, if ranitidine remained in the market without
being withdrawn and was prescribed according to the pre-
vious trend, it was possible to estimate the predicted pre-
scription amount for each drug in 2021. The difference be-
tween this predicted value and the actual value could be de-
fined as an additional prescription volume owing to the
withdrawal of ranitidine. Thus, famotidine, lafutidine, and
PPIs absorbed the prescribed dose of ranitidine, which was
statistically significant. Although the time series autore-
gressive model enables more sophisticated analysis com-
pared to the simple comparative analysis method, we should
exclude the P-CAB effect from the modeling. If P-CABs are
included in the analysis model, the increase in the amount
will be overestimated because P-CABs have been prescribed
since 2019. In addition, the model assumption should reflect
the time trend from 2010; however, since this is not the case,
P-CABs are excluded from the analysis model. Therefore,
in the case of P-CABs, only the results of a simple com-
parative analysis between 2018 and 2021 can be presented.

As a result, famotidine's increased prescription volume
compared to the predicted volume was estimated to be 323
million, that of PPIs was 223 million, and that of lafutidine
was 137 million. In other words, it was confirmed that a
portion of the ranitidine prescription volume was absorbed
by Ha blockers; however, a portion was transferred to the
PPI. Theoretically, because ranitidine is an H, blocker, it
may be desirable to replace it with another drug in the same
group when it is banned. Moreover, from an economic point
of view, since drugs belonging to PPIs are more expensive
than H2 blockers, there is a possibility that the patient's
co-payment and health insurance expenses will increase. In
our study, how much additional financial burden was
caused by such over-prescriptions? PPIs were 89.9 billion
won, famotidine at 53.2 billion won, and lafutidine at 20.5
billion won. Famotidine and lafutidine are the same class of
H, blockers; therefore, even if it is an unavoidable choice,
the amount of prescription change to PPIs is a matter to be
considered. Although there are various reasons for the pre-
scription change, it may not be desirable for a significant
portion of the ranitidine prescription volume to be changed
to PPIs. A comparative study is needed to determine wheth-
er this phenomenon occurred only in Korea or in other ma-

jor advanced countries also.

This study had some limitations. First, this study esti-
mated the ranitidine ban effect through a trend analysis.
Therefore, we could not define the specific cause of the in-
crease or decrease in drug prescriptions. For example, the
predicted prescription amount for cimetidine differed sig-
nificantly from the actual prescription amount. The main
reason is that cimetidine was naturally withdrawn from the
market, and this decrease was larger than that predicted by
the statistical model. Second, P-CABs are rapidly expanding
their market share, but our research model did not analyze
their effects. This is because they entered the market in
2019, and because of the short period, overestimation may
have occurred if they were included in the analysis. It will
take several more years to analyze the market-entry effect
of P-CABs. Nevertheless, this study presented important re-
sults in the absence of reliable studies on the withdrawal ef-
fect of ranitidine.

In conclusion, we suggest that further studies should be
carried out on this subject matters. This study evaluated on-
ly the short-term effects of ranitidine withdrawal. It will be
necessary to explore long-term trends, patterns of market
changes, and factors affecting market share. It is needed to
identify why prescription patterns differ according to the
type of healthcare organization, such as tertiary hospitals,

hospitals, and local clinics.
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