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The amount of cimetidine used by hospital-
ized patients is more difficult to estimate direct-
ly, but such use is widespread. In addition to be-
ing used in patients with ulcer disease, the drug
has been used to prevent and treat stress-related
gastritis and bleeding (39,100). Many physicians
are probably using cimetidine in seriously ill pa-
tients who are susceptible to gastrointestinal
hemorrhage (48). A recent randomized trial of
patients hospitalized in an intensive care unit
found that regular antacid therapy is more effec-
tive than cimetidine in preventing gastrointes-
tinal bleeding (117).

From a commercial viewpoint, cimetidine is a
spectacularly successful product. In 1977, cime-
tidine was marketed in 65 countries; in 1978, it
was sold in 90 countries. In 1977, SmithKline
reported sales of gastrointestinal drugs of $90.5
million; in 1978, sales of these drugs were $315
million. In its 1978 annual report, SmithKline
stated that Tagamet® was its most important
single product (135). Worldwide sales to hospi-
tals and pharmacies in 1979 probably exceeded
$400 million. This translates into a rough esti-
mate of 10 million patients per year consuming

cimetidine worldwide .10 A conservatively esti-
mated 1.5 million to 2 million ambulatory U.S.
patients with ulcer disease and ulcer-like symp-
toms were treated with cimetidine in 1978."

Cimetidine has thus become one of the most
widely used pharmaceuticals in the world in a
remarkably short time. Part of the reason for
this success rests in the widespread prevalence
of ulcer disease and ulcer-like symptoms. Smith-
Kline pioneered and persevered in developing
and marketing a new class of pharmaceutical
agents. Furthermore, as discussed in the next
part of this case study, a substantial number of
controlled trials attest to the effectiveness and
relative safety of this drug in the treatment of
ulcer disease.

“This estimate follows from high and low estimates, as shown:
High estimate Low estimate

Retail value of sales $500 million $300 million
— Retail price per tablet $0.25 $030

= Number of tablets (A) 2 billion 1hillion
Weekly number of tablets 28 28

x Mean weeks of treatment 5 6

= Number of tablets patient (B) 140 168

Estimated number of patients (A/B) 14,300,000 6,000,000

“This estimate IS based on a conservative projection of the num-
bers of Americans living at home who report ulcer disease in 1968
and 1975 and the proportion who visit their physicians for this
problem at least once in the year (36).

THE BENEFIT-AND-COST MODEL APPLIED TO CIMETIDINE

Elements in the Analysis

The major components of the benefit-and-
cost model presented earlier in this case study
are shown in table 9. Listed under each compo-
nent are a number of measures pertinent to
cimetidine. ldeally, benefit and cost estimates
would be made separately for each class of pa-
tients that might be treated with cimetidine. The
basis for separating groups of patients could be
demographic features (e.g., age, race, sex), clin-
ical diagnosis (e. g., duodenal ulcer, gastric
ulcer, Zollinger-Ellison syndrome), or stage of
disease (e.g., number of days since diagnosis,
previous treatments, complications).

Figure 4 is a paradigm decision-tree that dis-
plays the sequence of decisions and chance
events that follow from the initial choice of in-
tervention in a particular group of patients with

ulcer disease. Clearly, the model requires a very
large amount of data. It is not possible in this
review to discuss potential sources of data for
every estimate that follows each choice of strat-
egy. Rather, we select for discussion the major
elements of information required by the model
and the available evidence.

Our primary emphasis is on patients with
duodenal ulcer, the most common form of ulcer
disease; we discuss patients with gastric ulcer in
less detail. In addition to being used in these pa-
tients, cimetidine is sometimes used in patients
with gastrinoma. = The traditional treatment for
patients with gastrinomas includes gastrectomy

| 2This is a gast rin-secreting tumor, usua ly located in the Pan-
creas. It causes the Zollinger-Ellison syndrome of severe ulcers, in-
tractable pain, and diarrhea. First described in 1955, the Zollinger-
Ellison syndrome has been recorded in more than 2,000 casesin the
literature (101).
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Table 9.—Components and Measures of
Components in a Benefit-and-Cost
Analysis of Cimetidine

Clinical effects

Short-term

.Healing

. Relief of symptoms

. Side effects and
adherence

. Complications

. Recurrence

Long-term
Recurrence

. Side effects and
adherence

. Complications

Health system effects

Medication

. Antacids

. Anticholinergics

. Diet

. Other

Diagnostic tests

7 Laboratory

. Monitoring chemistries
Imaging
—X-ray
—Endoscopy

. Physiologic function

. Gastric acid

Physician visits

. Number/time period
Hospitalization

. Number/time period

. Duration

Surgery

. Number/time period
.Type

Other

.Non-M. D. provider visits
. Nursing care

Outcome
Health
. Mortality
—Number of deaths
—Age-adjusted mortality
—VYears of life lost
. Morbidity
—Days and severity of
pain
— Days of disability
Resource costs and savings
. Days of work lost
—Premature death
—Temporary and
permanent disability
. Cimetidine purchase
. Implications of health
system effects

Figure 4.—Paradigm Decision Tree:

Patient population:
Disease/stage/
demographic features

|

Initial treatment
decision

0 : Decision node (matters of choice)

O: Chance node (probabilistic events)

Patient adherence
to treatment
I regimen (spectrum)

(excision of the whole or part of the stomach)
time of surgery for the primary tumor, but
cimetidine has been employed successfully as an
alternative to gastrectomy in these patients
(99,138). Because of the rarity of gastrinoma as
a cause of ulcer disease, the costs and benefits of
the use of cimetidine in patients with this disease
are not significant from a societal viewpoint.
Since the clinical value of cimetidine for
nonulcer disease such as dyspepsia (94) and up-
per gastrointestinal hemorrhage (41) is outside
the scope of this report, we do not address it
below. We limit our focus to elements of the
cost effectiveness of cimetidine in peptic ulcer
disease and do not attempt a global assessment
of the value of this drug.

Clinical Effects

No treatment for duodenal ulcer has been
subjected to as many randomized, controlled,
double-blind studies as cimetidine has (68).
These studies of cimetidine vary in their metho-
dological stringency and completeness. In a re-
view of the quality of 10 published, random-
ized, controlled trials of H,antagonists (includ-

Cimetidine and Alternative Intervention Strategies

Clinical effect:
Pain relief in a
| given time period
(spectrum)

Clinical effect:
Healing (in a given
time period)

| spectru |

Partial ‘ Partial
resolution ™ relief
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Figure 4— Paradigm Decision Tree: Cimetidine and Alternative Intervention Strategies (Continued)

Clinical effect: Clinical effect: Health system effect: Health system effect: Health system effect:
Treatment side Disease course and Change in use of other Number of physician Tests used (yes/no
effects (spectrum) complications medication (by type visits/time period choice for each test
(short and long | (short and long | of medication related | in each time period)
term) term) | to change in clinical l

status) ‘

Health system effect: | Health system effect: | Outcome. Health | Outcome: Resource
Hospitalization (in each Surgery (by type, (for each strategy) costs (net, for each
ime period), in e ime period), | | strategy)

Deaths

Productivity
loss/gain

Pain and
discomfort
(spectrum)

Physical
disability
(spectrum)

Initial intervention

Induced costs
and savings

Physiologic/
emotional
(spectrum)

0 Decision node (matters of choice)
O Chance node (probabilistic events)
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ing several on metiamide), Chalmers, et al. (25)
rated only one “poor”—a record that compared
quite favorably with Chalmers, et al. ’s assess-
ment of clinical trials of other treatments for
ulcer disease.

There is one important methodological differ-
ence between the controlled studies of ulcer dis-
ease done in the 1970’s and those done earlier. In
the more recent studies, fiberoptic endoscopy
replaced gastrointestinal X-rays as the means
used to verify the presence and healing of ulcers.
This direct visual confirmation of ulcer status
can reduce diagnostic errors and consequent
variability in experimental results. As a result,
endoscopy-controlled studies may be more like-
ly to find statistically significant differences in
the clinical effectiveness of various treatments,

In addition to controlled studies, several sym-
posia have been devoted to cimetidine (22,52,
150), and a number of review articles have ap-
peared in major medical journals (e.g., 48,126).
This work has provided reliable information
that can contribute to estimates of clinical bene-
fits and risks in a CEA, but a number of impor-
tant areas of uncertainty remain.

Short-Term Clinical Effects

HEALING

At least 10 double-blind, placebo-controlled
studies examining the short-term clinical effects
of cimetidine in patients with duodenal ulcers
have been published in the English language.
Together these 10 studies (see table 10) provide
compelling evidence that cimetidine promotes
healing of duodenal ulcers. Overall, the rate of
healing in 4 to 6 weeks among cimetidine-
treated patients was approximately 70 percent,
almost twice the level achieved by placebo-
treated patients (36 percent). Similar results
were obtained in a half-dozen additional studies
conducted in France, West Germany, lItaly, and
Spain (7).

One notable exception to the almost uniform-
ly significant findings of cimetidine’s superiority
over placebo is the large, multicenter U.S. study
by Binder, et al. (11). Among outpatients assess-
ed at the end of 4 and 6 weeks (57 on cimetidine;
54 on placebo), no significant differences were

observed in the proportions healed (67 and 56
percent, respectively). [t is evident that the
statistical conclusions from this study are dif-
ferent from the others not because of worse per-
formance of cimetidine, but because of a sub-
stantially higher rate of healing within the pla-
cebo group.

It is possible that the patients in the U.S. trial
differed from those in the European studies
either because of differences in the natural
history of the disease in different countries or
because the U.S. subjects tended to be at a dif-
ferent stage of illness. For example, some of the
earlier European studies were restricted to pa-
tients who were considered candidates for sur-
gery. The importance of criteria for patient
selection and evaluation, as well as possible
variation in the course of disease in different
countries, was stressed in a Swiss study that
found a very high proportion of patients with
peptic ulcer healing under placebo treatment
(125).

It is possible that the discrepant results are
partly related to differences in antacid consump-
tion. With one exception (108), all the con-
trolled studies permitted ad libitum antacids for
all patients. Patients in the European studies
were usually provided tablet antacids, which
are less potent than the type of liquid antacid
used in the U.S. study (81,106). Overall, the
U.S. patients consumed more antacid than their
European counterparts. More to the point,
among the subjects in the U.S. study, placebo-
treated patients whose ulcers healed consumed
more antacid than those whose ulcers did not
heal. (Mean antacid consumption was 12 per-
cent higher among inpatients whose ulcer healed
and 112 percent higher among outpatients than
in those whose ulcers failed to heal; differences
in median antacid consumption were 68 and 21
percent, respectively. )

This raises the possibility that a partial
therapeutic effect was realized in the placebo
group in the U.S. study. Underlying this pos-
sibility is the assumption that antacids promote
ulcer healing. Antacids have been shown in at
least two endoscopy-controlled studies to have a
greater effect than placebo on healing of duo-
denal ulcer (93,116). One, a study by Lam, et al.
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Table 10.—Short-Term, Double-Blind, Placebo-Controlled Studies of Cimetidine:
Effect on Duodenal Ulcer Healing

Cimetidine v.

. o placebo;
Cimetidine Placebo Cimetidine significant
Investigator * daily dose  Duration Number of  Number/o/. Number of Number/o/o difference
Study year/country __ __ (grams) (weeks) patients”® healed patients”® healed (ps0.05)
D1 Bank, et al. (6) 1.2 8(8) 7(86%) Yes (p< 0.01)
1976/South 16 6 19 (19) 8 (420/0) 11 (12) 9 (82°/0)
Africa
43 (61 %) Y < 0.001
D2 Bardhan, et al. (8) ! 4 46 (50) 13 (28°/0) 70(78) (61 %) Yes (p )
1979/United 2 64 (72) 45 (70%)
Kingdom
D3 Binder. et-al. (11) “ 12 2 (inpatient) 49 (53) 18 (37%) 43 (45) 24 (56%)  Yes (p< 0.05)
1978/United
States 2 (outpatient) 27 7(260/.) 26 12 (46%) Yes (p< 0.05)
4 (outpatient) 27 (103)  13(48°/0) 28 (107) 16 (570/") No
6 (outpatient) 27 17 (63%) 29} 22(76%) No
D4 B-lack wood, et al. (13) 1.6 - 6 12 (NA)* 3 (25%) 11 (NA) 9(82%) Yes (p< 0.025)
1976/United
Kingdom*®
D5 * Bodemar and
Walan(15) 0.8 15 (15) 12 (80°/0) Yes (p< 0.001)
6 14 (15 2(14°/0
19761 Sweden 1 (15) (14°/0) 15 (15) 14 (93°00)
D6 Gray, et al.
West Germany 1 4 20 (20) 5 (20°/0) 20 (20) 17 (850/0)  Yes (p< 0.0005)
D7 Hetzel, et al, (76) 12 ° 6 42 (44) 16 (380/0) 43 (44) 36 (840A) Yes (p< 0,001)
1978/Australia
D8 Moshal, et al. (108)
191 7/South 08 6 19 (21) 8 (42°10) wia0) MO0 yes (o< 0.05)
1.2 17| 11 (65%)
D9 Northfield and 6 21 4 (19°/0) 21 13 (620/0)
Blackwood (1 10) 16 (NAY* (NA)’ Yes (p< 0.05)
1977/United .
Kingdom® 12 15) 4 (27%) 17 15 (88°/0)
D10  Semb, et al. (129)
1977/Norway 1.2 4 20 (20) 12 (60°/0) 20 (22) 17 (850/0) No

ANumbers n parentheses refer to references listed at the end of this case study
bNyumbers , n parentheses are numbers entering study
Cpatients included in study D9

‘NA Not available
€includes Patients from study D4

SOURCE Modified after K D Bardhan Cimetidine in Duodenal Ulceration ** 1978 (7). and D H.Winship,*‘Cimetidinen the Treatment of Duodenal Ulcer,” 1978 (154)

(93) found that 20 (77 percent) of 26 Chinese pa-
tients experienced ulcer healing after 4 weeks’
treatment with aluminum-magnesium antacid
tablets (25 mEq per dose; seven doses per day).
Only 8 of 24 patients treated with placebo ex-
perienced healing at the end of 4 weeks, a sig-
nificantly lower fraction (p < 0.005). Relatively
low doses of antacids were effective in the Lam
study; Chinese patients have similar parietal cell
masses and lower acid production than Oc-

cidental patients (93). The second study, by
Peterson, et al. (116) in the United States, used
higher doses of liquid aluminum-magnesium an-
tacid (150 mEq per dose; seven doses per day).
In this double-blind trial, 28 (78 percent) of 36
patients on high-dose antacids experienced heal-
ing ulcers at 28 days, compared to 17 (45 per-
cent) of 38 patients on placebo (p < 0.005). A
recent British review, prompted by the lesser
reliance on antacids by British clinicians com-
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pared to Americans, concluded that antacids
were effective in promoting healing of duodenal
ulcer (106).

Notice that the rates of healing with antacids
in the Lam (93) and Peterson (116) studies (77
and 78 percent, respectively) are much higher
than the healing rate (56 percent) in the placebo
group using ad libitum antacids in the multi-
center U.S. trial of cimetidine (11). In fact, the
healing rates with antacids in the Lam and Pe-
terson studies were even higher than the rate of
healing with cimetidine (67 percent) in the U.S.
multicenter trial (11)

This observation leads to an important ques-
tion: Is cimetidine more effective than a con-
certed antacid program in promoting ulcer heal-
ing? The question is important because a CEA
should seek to compare the incremental effects
of competitive alternatives with one another, as
well as with a do-nothing strategy.

It is statistically unsound and maybe mislead-
ing to compare selected groups from different
studies. Fortunately, at least one randomized,
double-blind study has compared cimetidine
with intensive antacid therapy in patients with
duodenal ulcers (80). This multicenter trial
found that in 15 (52 percent) of 29 patients tak-
ing antacids seven times daily, and in 40 (62 per-
cent) of 65 patients taking cimetidine, ulcers
healed after 4 weeks .13 The rate of healing in pa-
tients taking cimetidine was not significantly
better than the rate in patients taking antacid (p
> 0.1), and the authors concluded that “800 and
1,200 mg of cimetidine daily produced duodenal
ulcer healing and pain relief equivalent to 210
ml of Al-Mg antacid daily” (80).

This conclusion should be qualified. Conven-
tional tests of significance, as employed by these
investigators, are concerned with the risk of
falsely rejecting the null hypothesis of “no dif-
ference” between treatments (the a or type |
error). In the Ippoliti study, the observed dif-
ference did not justify a conclusion to reject the
hypothesis of “no difference” at a 95-percent

1The cimetidine patients were divided into two groups with dif-
ferent dosage regimens: 33 patients received 1,200 mg daily and 21
(64 percent) experienced healing; 32 patients received 800 mg daily
and 19 (59 percent) experience healing.

level of confidence. However, also of concern is
the complementary error, namely the failure to
reject the null hypothesis when in fact a differ-
ence in treatment outcomes in present (the B or
type 11 error) (49). This error, which may be
clinically important, has been overlooked
frequently in trials of the treatment of duo-
denal ulcer (27), as well as in other medical re-
search (54).

We have estimated that if cimetidine truly
healed 10 percent more ulcers than did antacids
(62 v. 52 percent, the findings of the Ippoliti
study), then, given the number of patients in the
trial, there was less than one chance in three that
the investigators would have found a statistical-
ly significant difference.” This would argue for
a more tentative clinical conclusion. It argues as
well for more extensive research on the ques-
tions of the relative clinical effectiveness of
cimetidine and antacids. *

Several double-blind randomized trials have
compared cimetidine to placebo in patients with
gastric ulcer. These are summarized in table 11.
(A number of additional reports of interim re-
sults (150) and studies without endoscopic as-
sessment of healing (95) are excluded. ) Two of
the European trials—one by Bader, et al. (5), the
other by Frost, et al. (56)-—found a statistically
significant improvement in healing with cimeti-
dine at 4 and 6 weeks, respectively. However,
this finding was not borne out in the trials by
Ciclitira, et al. (28) and Dyck, et al. (40). The
latter trials did tend to favor cimetidine (14 perc-
ent more patients healed at 4 weeks in the Cicli-
tira study (28) and 19 percent more at 6 weeks in
the Dyck study (40)), but these differences were
not statistically significant. The point made
above concerning the chance of B-error applies
to the interpretation of these studies as well.
Also pertinent is the earlier discussion of the
tendency of U.S. patients to consume greater

““More precisely, given the stated assumptions, the power of the

experiment (1 -B3) is estimated to be 0.68.

sIppoliti has conducted a second, unpublished randomized trial
of patients with duodenal ulcers, treating 65 patients with
cimetidine and 62 patients with an intense antacid regimen. In this
study, the proportion showing healed ulcers at 4 and 6 weeks was
virtually identical in the two groups. At 4 weeks, the proportions
with healed ulcers were 62 percent for patients taking cimetidine
and 66 percent for patients taking antacids; at 6 weeks, the propor-
tions were 85 percent and 84 percent, respectively (67).
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Table 11 .—Short-Term, Double-Blind, Placebo-Controlled Studies of Cimetidine:
Effect on Gastric Ulcer Healing

Cimetidine v.

o placebo;
Cimetidine Placebo Cimetidine significant
Investigator® daily dose Duration Number of  Number/O/O  Number of Numberl% difference
Study year/country (grams) (weeks) patients”® healed patients’ healed (p<0.05)
Gl Bader, et al. (5)
19771 France 1 4 27 10 (37°/0) 26 18 (690/0)  Yes (p <0.02)
G2 Ciclitira, et al. (28)
1977 United
Kingdom 1 4 25 13 (52%) 35 23 (66°/0) No
G3 Dyck, et al. (40)
19781
United States 1.2 2 28 4 (14%) 29 7 (24%) No
G4 Frost, et al. (56)
1977/
United Kingdom 1 6 22 6 (270/0) 23 18(78°/0) Yes (p< 0.002)

aNumbersin parentheses refer to references listed at the end of this case study

SOURCE Based on J W Freston, “Cimetidinen the Treatment of Gastric Ulcer Review and Commentary,* 1978 (55), and H R Wultf and S J Rune, “A Comparison of
Studies on the Treatment of Gastric Ulceration WithCimetidine, 1978 (156)

amounts of antacid, which hinders comparison
among studies done in the United States and
Europe.

The effectiveness of antacids alone in the
healing of gastric ulcer is debatable, with con-
trolled studies reaching conflicting conclusions
(55). One multicenter, randomized study of pa-
tients with gastric ulcer in the United States
compared three treatment regimens: cimetidine
alone, antacid alone, and cimetidine plus ant-
acid (43). This study found no significant differ-
ences in healing among these three groups at 12
days or 6 weeks.  N. control group taking pla-
cebo only was included, apparently because of
ethical concerns about withholding a potentially
effective treatment (i. e., antacids) from all pa-
tients (55). This omission, subsequently la-
mented by at least some of the investigators
(53), leaves open the question of whether treat-
ment with either cimetidine or antacids is supe-
rior to placebo in patients with gastric ulcer.

In summary, cimetidine has been shown con-
clusively to promote healing of duodenal ulcer,
and some evidence suggests it is more effective

i*After 12 days, 16 percent ot 67 patients taking antacids, 20 per-
cent of 71 patients taking cimetidine. and 25 percent ot 65 patients
taking both experienced ulcer healing: after 6 weeks, the results
were, respect ivel y, 61 percent ot 62 patients, 59 percent ot 68 pa-
tients. and 70 percent ot 60 patients.

than placebo in patients with gastric ulcer .17 In
general, European studies have found more fa-
vorable results with cimetidine than have U.S.
trials. In patients with gastric ulcers, cimetidine
has not been shown convincingly to be more ef-
fective than an intense course of antacids.
Whether cimetidine is more effective than an in-
tense antacid program in healing duodenal
ulcers is still open to question. Of course, pro-
motion of healing is only one aspect of short-
term clinical performance (see table 9, p. 26).

PAIN RELIEF

Seven of the 10 randomized, controlled stud-
ies of duodenal ulcer listed in table 10 also com-
pared cimetidine to placebo in terms of pain
relief. Those findings are summarized in table
12. Comparison across studies is complicated by
the variety and subjectivity of measures em-
ployed. These measures include frequency of
painful days and nights, number of pain-free
weeks, severity of pain, proportion of asympto-
matic patients, and days of treatment required
to achieve symptom relief. An additional com
plication arises because the time frame for meas-

VIn addition to cimetidine and antacids, three other drugs have
been shown in controlled clinical trials to promote heaing of
ulcers better than a placebo: colloidal bismuth, carbenoxolone,
and trimipramine (139). None is now used for this purpose in the
United States.
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Table 12.—Short-Term, Double-Blind,
Placebo-Controlled Studies of Cimetidine:
Effect on Duodenal Ulcer Pain Relief

Study*Summary of results

D1 Cimetidine group asymptomatic for mean of 4 out
of 6 weeks; placebo group free of symptoms for
a mean of 2.4 out of 6 weeks; in other words,
the cimetidine group had a 44% reduction in
the mean number of weeks with some pain.
(Statistical significance not reported.)

D2 Cimetidine group experienced a 34% reduction in
days with pain and a 36% reduction in nights
with pain compared to the placebo group. Dif-
ferences in the frequency of pain were sig-
nificant in each of the 4 weeks of the study (p
< 0.005).

D3 Inpatients: significantly more patients taking
cimetidine than taking placebo had day and
night pain relief at the end of 3 days (61 v. 30%;
p < 0.01); difference not significant at the end
of 1 week (69 v. 55%).

Outpatients: significantly more patients taking
cimetidine had day and night pain relief at the
end of 1 week (45 v. 31 o; p < 0.05); difference
not significant after the first week.

D4 Not reported.

D5 Cimetidine group had “significantly lower pain
score” (p range < 0.02 to < 0.1) both day and
night during the first 3 weeks (method of meas-
urement and computation not fully explained).
After 3 weeks, cimetidine group had “signifi-
cantly” (p < 0.1) less day pain in weeks 5
and 6.

D6 Cimetidine group had significantly more pain-free
days each week of the study (p < 0.01).

07 Not reported.

Da At the end of 6 weeks, cimetidine group had sig-
nificantly more asymptomatic patients (780/")
than did the placebo group (47°/0) (p < 0.025).

D9 Not reported.

D10 Cimetidine group required significantly fewer days
to achieve symptom relief (8.1 £ 9.9 [S. D.]) than
did the placebo group (20.6 + 9.1 [S.D.]) (p¢
0.01).

agge table 10 for investigator, year, and country

urement varies from study to study. Nonethe-
less, these studies fairly consistentl report
greater pain relief with cimetidine than with pla-
cebo. Again, the multicenter U.S. trial (11)
shows less striking differences than the other
trials.

The Ippoliti study (80) comparing cimetidine
to antacid found prompt symptom relief with
both treatments (55 percent of cimetidine-
treated patients and 58 percent of antacid-
treated patients became asymptomatic by day).

At the end of 4 weeks’ treatment, 63 percent of
patients taking antacids and 80 percent of those
taking cimetidine were asymptomatic, a differ-
ence that was not statisticall significant (p >
0.1).

Placebo-controlled studies of patients with
gastric ulcer varied in the extent to which
cimetidine-treated groups experienced more
rapid or complete pain relief than those treated
with antacids (see table 13). The Englert study
(43) comparing antacids and cimetidine found
similar symptom response in all groups.

Investigators differ in their conclusions about
the correspondence between ulcer healing and
pain relief. Several investigators report a poor
correlation between healing and symptom relief
e, 6,62,108), and others say the correlation is
good (e.g., 8,61,80). Part of the reason for dif-
fering assessments may be a difference in what
various investigators consider a good or a poor
correlation. For example, Bardhan (8) found the
association between healin;and symptom relief
to be significantl different from what would
have been expected to occur by chance. On the
other hand, the same data show that the abilit,
of pain relief to predict ulcer healing is not very
strong. *

As in our discussion of B-error above, this
points out the important distinction between the
interpretation of results based on statistical
criteria and that based on clinical criteria:
Results that fail a test of statistical significance
may still be clinicall, meaningful; conversely,
statisticall ;significant differences may not be
particularl ,meaningful clinically. The degree of
association between healing and pain relief is
pertinent to a cost-effectiveness assessment,
because a patient’s decision to return to normal
activity depends at least as much on symptoms
as on the physical repair of the ulcer. If esti-
mates of a drug’s comparative effectiveness in
returnin patients to work are based primaril,
on healing, the,may be misleadin insofar as

"*The probability of ulcer healin given symptom improvement
1s 50 60 = 0.77, and the probabilit y of nonhealing given no
improvement insymptomsis 42/72 = 0.58. These are not par-
ticularly large predictive values. In the Ippoliti study (80), the cor-
responding values are a bit lower in the first case (42 '60 = O 70)
and somewhat higher in the second (18 20 = 0.90).
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Table 13.—Short-Term, Double-Blind,
Placebo.Controlled Studies of Cimetidine:
Effect on Gastric Ulcer Pain Relief

Study® Summary of results

G1 Patients taking cimetidine tended to have more
rapid and greater relief of pain, but differences
were not statistically significant.

G2 Cimetidine-based group had significantly fewer
attacks of pain during each week of the study.

G3 No systematic or significant differences in the
severity or frequency of pain at 2 weeks or at 6
weeks between the cimetidine-treated and
placebo-treated groups.

G4 Group taking cimetidine had fewer days of pain,
but differences were not statistically
significant.

‘See table 11 for Investigator year and country

pain relief and healing do not correspond to one
another, Almy (2) suggests a further possibility
if a patient returns to work after symptoms have
remitted but before healing has occurred: Work-
days gained might be lost later on owing to late
consequences of unhealed ulcer.

In summary, evidence from most controlled,
double-blind studies suggests that cimetidine
promotes faster and more complete pain relief
than does a placebo in duodenal ulcer, but not
necessarily in gastric ulcer. An intense antacid
program appears to be about as effective as
cimetidine, but more evidence on this question
is needed. The correspondence between healing
and symptom relief is imperfect: The associa-
tion is not random, but relief of symptoms is not
a reliable clinical predictor of healing.

SAFETY AND ADHERENCE

No pharmacologic agent is perfectly safe. A
drug’s side effects depend on its toxicity, the
dosage and duration of administration, and the
individual susceptibility of the patient. The im-
portance of side effects of any one treatment
should be judged in relation to the severity of
the disease being treated and the risks of alter-
native interventions.

Before turning to cimetidine, let usbriefly
consider the alternative of antacid therapy as a
baseline. Unlike cimetidine, the Al-Mg antacid
suspensions usually prescribed are, for the most

part, not systemically absorbed. The most com-
mon adverse side effect of these antacids is diar-
rhea, which is related to the dose of magnesium
salts. In studies with intense antacid regimens,
27 percent (80) and 36 percent (43) of patients
taking antacids developed diarrhea. In the
Peterson study (116) comparing antacids with a
placebo, 66 percent of the antacid group and 21
percent of the placebo group were switched for
at least 7 days to an alternative medication
because of diarrhea. Mild diarrhea may not be
very important medically, but this effect, along
with the need for frequent administration, does
discourage patient adherence to high-dose an-
tacid regimens. Aluminum salts bind phosphate
ions, and this may produce hypophosphatemia
in patients who have intestinal malabsorption
problems. This rare consequence may be
countered by selecting a different type of an-
tacid or giving phosphate supplements. *

Cimetidine in short-term use has been associ-
ated with a wide range of side effects. The
manufacturer instituted a formal, postmarked
surveillance system that covered 9,907 ambula-
tory patients and found a total of 577 adverse
events in 442 patients (4.4 percent of all pa-
tients) (59). Only a fraction of the adverse
events were believed to be attributable to cimeti-
dine; for example, 30 of 254 adverse gastrointes-
tinal events occurred in circumstances that
strongly suggested an association with cimeti-
dine. No deaths were attributed to use of the
drug. An extensive review by Kruss and Littman
in 1978 (92) of publications, manufacturers’
files, and submissions to FDA concluded that
cimetidine was safe enough to be used in pa-
tients with duodenal ulcer disease for up to 8
weeks, and indeed, this is the use currently ap-
proved by FDA. A high proportion of patients
develops clinically insignificant elevations in
serum creatinine which resolves promptly with
cessation of therapy (92). Gynecomastia (ex-
cessive development of breast tissue in males)
has been reported in under 1 percent of patients
on short-term treatment; the incidence increases

“Adifferent array ot metabolic problems may follow use of
calcium carbonate antacid (which is absorbed systemically ), but
+1 nce this is notusually prescribed by physician+ in the United
States, we will not consider 1t furt her
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with longer term use (72). Mental confusion
(102), reversible hepatitis (145), and several
cases of severe allergic reaction (33) have also
been reported. Agranulocytosis, the principal
problem with cimetidine’s predecessor, meti-
amide, has been reported to occur transiently
with cimetidine (32,90). In addition, at least one
fatality due to aplastic anemia has been reported
in association with cimetidine (26).

Recent bacteriological studies of the gastric
juice of patients before and after 4 weeks’ treat-
ment with cimetidine found major increases in
total bacterial counts, including large numbers
of fecal-type organisms, following treatment
(122), This effect, noted after short-term use,
would be of greater concern with long-term use
of cimetidine, as explained below. The principal
determinant of gastric flora in humans is the
acidity of the stomach, and increases in fecal
types of bacteria are found in the stomachs of
achlorhydric patients such as those with per-
nicious anemia (38). Patients with pernicious
anemia have long been recognized to have a sig-
nificantly increased risk of developing gastric
cancer (107). Possibly, the increased incidence
of cancer is related to the metabolic activity of
fecal-type bacteria that reduce nitrates and may
lead to the development of carcinogenic N-ni-
troso compounds in the stomach (123). At pres-
ent, however, this long-term risk of cimetidine
(or any agent that chronically reduces gastric
acidity) is speculative.

In the past year, new evidence has accumu-
lated concerning the effects of cimetidine on the
reproductive function in males. Earlier animal
studies had clearly shown an antiandrogenic ef-
fect of large doses of cimetidine administered for
6 to 12 months (92). During the past year, at
least one case of reversible impotence has been
attributed to cimetidine (155). In addition, a
study of seven patients with ulcer disease, duo-
denitis, gastritis, or esophagitis found a 30- per-
cent reduction in mean sperm count after 9
weeks of cimetidine treatment; the luteinizing
hormone response to luteinizing hormone-
releasing factor was also reduced (144).” This

»The mean sperm counts were 134.3 million per ml before
cimetidine and 94.0 million per ml at ter treat ment. The in ves-
tigators state that the reductionwas 43 percent, but this over-

study included no control group of ill patients
not taking cimetidine. Sperm counts remained
within the wide fertile range, but the antiandro-
genic side effects of cimetidine should be eval-
uated further. *

Thus, cimetidine used for up to 2 months ap-
pears to be a relatively safe drug, but reported
increases and shifts in gastric flora and en-
docrinologic effects are disturbing. Cimetidine
is more risky than antacids, but less trouble-
some to the patient. The more extensively a
drug is used, the more difficult it is to impute a
causal relation to sporadically reported side ef-
fects or case fatalities. On the other hand, truly
associated but rare side effects can affect sub-
stantial numbers of patients if a drug is very
widely prescribed, as is cimetidine. One’s at-
titude toward the safety of cimetidine depends
in part on the weight placed on the possibility of
unanticipated and remotely occurring side ef-
fects such as those that have occurred with other
medications like diethylstilbestrol (75).

COMPLICATIONS

The major complications of ulcer disease are
bleeding from the base of the ulcer, obstruction
due to swelling or fibrosis, perforation through
the intestinal wall into the peritoneal cavity,
and penetration into the pancreatic bed. As
noted previously, these complications are rela-
tively uncommon and rarely occur as the initial
manifestation of ulcer disease.

The principal question of interest here is
whether short-term use of cimetidine alters the
likelihood of near-term complications. Several
British investigators have reported patients who
developed perforation of peptic ulcers shortly
after the cessation of cimetidine therapy
(60,148). An increased risk of perforation fol-
lowing cimetidine therapy is not substantiated
by controlled studies comparing longer term use
of cimetidine and placebo following an initial
course of cimetidine. These studies, discussed in
the section on long-term clinical effects below,

statement IS apparently based on dividing the difference in mean

sperm count (40. 3 million per ml°) by the final, rather than the in-
itial, count,
!'Additional studies are underway, according to FDA (51 1.
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assess whether maintenance doses of cimetidine
can reduce the likelihood of ulcer recurrence,

ULCER RECURRENCE FOLLOWING SURGERY

Cimetidine has been used to treat ulcers that
recur following surgery for ulcer disease. We are
aware of two randomized, controlled trials of
cimetidine’s effectiveness in preventing ulcera-
tion after surgery (71,88). These studies reached
different conclusions. In Britain, Kennedy and
Spencer (88) compared cimetidine with placebo
in patients who had undergone one of a variety
of surgical procedures (including gastrectomy
and vagotomy with and without a drainage pro-
cedure) and who, after surgery, had developed
ulcers at various locations (stomach, duo-
denum, or jejunum). The 12 patients treated
with 1 g of cimetidine daily did not show signifi-
cantly more healing at 6 weeks than the 12 pa-
tients treated with placebo.

A more recent study in West Germany (71)
was restricted to patients who had undergone
partial gastrectomy and developed ulcers at or
near the site of the surgery. After 4 weeks of
treatment, ulcers had healed in six of seven pa-
tients treated with 1 g of cimetidine daily, but
none of the eight treated with placebo had heal-
ed (difference significant, p < 0.01). After 8
weeks, all seven cimetidine-treated patients, but
only one of eight placebo-treated patients had
healed (difference significant, p < 0.01). The in-
cidence of relapse after cessation of cimetidine
and effects of maintenance on preventing recur-
rence after surgery have not yet been reported in
controlled trials.

RECOMMENDATIONS FOR TREATING NEWLY
DIAGNOSED, UNCOMPLICATED ULCER

Gastroenterologists differ in their recom-
mended treatment for patients with newly diag-
nosed, uncomplicated duodenal ulcers. Some,
stressing comparable rates of healing, long ex-
perience with antacids, and uncertainties atten-
ding any recently introduced drug, recommend
an initial trial of intense antacid therapy (140).
Others, impressed with cimetidine’s per-
formance and concerned about lack of patient
adherence to an antacid regimen, prefer to use
cimetidine (98).

The choice between antacids and cimetidine is
clearly closely balanced. Rather than adopt ei-
ther approach exclusively, a conscientious clini-
cian might better weigh the choice for each pa-
tient individually, taking account of present
uncertainties as well as each patient’s personali-
ty and preferences. For example, patients vary
in their willingness to persevere with antacids in
the face of mild to moderately uncomfortable
side effects. In addition, patients, as well as doc-
tors, vary in their attitudes toward known and
unknown risks. Thus, a young man trying to
start a family would surely view possible anti-
androgenic effects differently than would a
woman or elderly man.

As times goes on, new evidence may reduce
present uncertainties about the comparative
benefits and risks of cimetidine. Individual pa-
tient characteristics and values might still make
the preferred treatment different for different
patients who are all classified in the same gen-
eral diagnostic category.

Long-Term Clinical Effects

The use of cimetidine beyond the short-term
treatment of ulcer may take two forms: 1) inter-
mittent administration if symptoms or ulcera-
tions recur, and 2) maintenance treatment with
the aim of preventing ulcer recurrence.

Cimetidine is probably very commonly used
for intermittent treatment of ulcers (7), but we
are aware of no controlled studies comparing
cimetidine to alternative approaches. One study
(64) suggests that with cimetidine, healing of a
second ulcer is slower than healing of an initial
ulcer. In 25 patients with recurrent ulcers, 52
percent healed after 4 weeks of treatment with
cimetidine compared to 76 percent who had
healed within 4 weeks after diagnosis of their
first ulcer. Interpretation of the results of this
study, however, is clouded by differences in the
initial treatment history of these patients and
ambiguity in the report. For example, the 25 pa-
tients with recurrent ulcers included a majority
whose first ulcers had been treated with cimeti -
dine and others whose first ulcers had healed
spontaneously. In addition, most of the 25 pa-
tients had been maintained on placebo, but an
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unspecified number (between 1 and 7) had been
maintained on low-dose cimetidine.

We are aware of no studies comparing main-
tenance cimetidine to maintenance antacids.
Perhaps it has been assumed that few patients
would adhere to long-term treatment with effec-
tive doses of antacids. Grossman (67) suggests
that this might be reconsidered in light of the re-
cent study by Lam, et al. (93), who found that
relatively small doses of antacids given in the
form of tablets were effective in promoting the
healing of duodenal ulcers.

Most research on long-term use has compared
maintenance doses of cimetidine to placebo
(with antacids ad libitum). These studies form
the basis for the following discussion.

ULCER RECURRENCE

Table 14 summarizes the results of six double-
blind controlled studies, published in English,
comparing maintenance cimetidine to placebo
for periods ranging from 80 days to 1 year. Pa-
tients in these studies were given 400 or 800 mg

of cimetidine daily. Investigators consistently
report a statistically significant reduction in
symptoms and recurrent ulceration during the
period of treatment in the cimetidine-treated
group compared to those given placebo. The
consistency of results is particularly striking
given the range of criteria used to select
patients —with some studies including patients
with recently treated new ulcers (e. g., 70),
others limited to chronically ill patients (e.g.,
16), and others restricted to patients considered
candidates for surgery (e. g., 64).

The conclusions from these studies are rein-
forced by a recent review by Burland, et al. (23).
These authors compiled results from 15 double-
blind maintenance trials, either completed or in
progress, involving 695 patients. Overall, the
number developing recurrent ulcers while tak-
ing placebo appears to be twice that observed
with maintenance cimetidine. Approximately 10
percent of patients treated with placebo and 50
percent of cimetidine-treated patients remained
in remission during 12 months of treatment.

Table 14.—Controlled Trials of Maintenance Cimetidine in Peptic Ulcer

Symptomatic relapse

Ulcer recurrence
(by endoscopy)

Initial Duration Difference
Investigator (premaint.) of maint. Maint. Number  Number/% Number Number/% significant
Study year/country treatment (months) treatment analyzed relapse analyzed recur (p <0.05)
M1  Bardhan, et al. (9) 53 cimetid. 6 P bid 31 18 (58%) 27 20 (74%) Yes
1979/United 7 other C 400 mg 29 4 (14%) (p< 0.005)
Kingdom bid recurrence
M2  Blackwood, et al.

(13) Not 6 P hs 24 12 (50%) 24 21 (88%) Yes
1976/United specified C 800 mg hs 21 8(380/.) 21 5 (250/.) (p< 0.0005)
Kingdom recurrence

M3  Bodemar & Walan

(1e)y 65 cimetid. 12 P bid 36 30 (83%) 36 38 (83%) Yes
1978/United 3 other C 400 mg 32 12 (38%) 32 6 (38%) (P< 0.0005)
Kingdom bid

M4 Gray, et al.(64)

1978/United 52 cimetid. 6 P hs 30 24 (80%) 29 24 [83%) Yes

Kingdom 8 other C 400 mghs 26 11(42%) 22 7 (32%)
M5  Gudmand-Hbyer, Not 12 P bid 25 20(80%) — - Yes
etal. (70) specified C 400 mg 26 3(12%) - — (p< 0,1301)
19781 Denmark bid
M6 Hetzel, et al. (78) Not 223 P bid 31 10 (32%)c — - Yes
Australia specified 14 (4570) — —
C 400 mg 36 0
bid

aNumbers in parentheses refer to references listed at the end Of this case study.
bp - placebo; C = cimetidine; bid = twiCe daily; hs = at bedtime.

CThe report States in the same paragraph both that 10 patients on placebo suffered relapse and that 45 percent of those on placebo had relapsed
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Results were identical with 400 and 800 mg of
cimetidine daily.

The performance of different maintenance
regimens may depend on the initial treatment
received by patients. Those whose ulcers have
healed initially with placebo, antacids, or cime-
tidine may differ in their susceptibility to recur-
rence. Consider the possibility that patients
with newly developed ulcers fall into two clini-
cally indistinguishable subpopulations, one
(type A) being more resistant to treatment and
prone to relapse than the other (type B). Now
consider the hypothetical experimental situation
illustrated in table 15. Seventy patients in each
of two groups are assigned randomly to initial
treatment with cimetidine or with antacids. In
each group of 70, 40 are type A and 30 are type
B. Both treatments produce healing in 75 per-
cent of type A patients, but cimetidine is twice
as effective as antacids (67 v. 33 percent) in pro-
ducing healing in type B patients.

After initial treatment, only those patients
who have healed are followed for possible re-
lapse. (In the case of maintenance studies, only
patients initially healed are tested with mainte-
nance therapy. ) Assuming that a given propor-
tion (one-third) of all type A patients and that a
larger proportion (one-half) of all type B pa-
tients both relapse within 6 months, then cimeti-
dine-treated patients will appear to be more
prone to relapse (40 v. 38 percent). This can be
true even when, as shown in the last column of
table 15, cimetidine results in a greater fraction
of the initial population of patients remaining
asymptomatic.

Empirical evidence consistent with such an
adverse selection of patients whose ulcers heal
initially with cimetidine may be found in the
results collected by Burland, et al. (23). Among
patients treated with maintenance placebo, 245
(50 percent) of 290 patients initially treated with
cimetidine developed symptomatic re-ulcera-
tion, compared to 9 (30 percent) of 30 patients
initially treated with placebo (difference signifi-
cant, p ¢ 0.05). On the other hand, there may
not be an adverse selection of patients who heal
following cimetidine treatment as compared to
those who heal after antacid treatment. Ippoliti
followed patients with duodenal ulcer who had
been assigned randomly to treatment for up to 6
weeks with a concerted antacid program or with
cimetidine. 22 Among those whose ulcers healed,
the rate of recurrence at 6 months (as deter-
mined by endoscopic examination at 3 and 6
months) was 54 percent among the 41 patients
who had been treated with cimetidine and 60
percent among the 35 patients who had been
treated with antacids.

Following cessation of treatment, patients
who had been taking cimetidine begin to relapse
at the same rate as the initial rate of relapse
among patients who were treated with mainte-
nance placebo. This important finding is dem-
onstrated in the study by Gudmand-Hgyer, et
al. (70). Once it is discontinued, maintenance
cimetidine appears neither to accelerate recur-
rence nor to effect any more permanent cure.

“Unpublished study (79).

Table 15.—Results of Treatment With Two Hypothetical Subpopulations of Ulcer Patients:
Type A More Resistant to Treatment and Prone to Relapse Than Type B

Starting population

Response to initial
treatment: Number
healed (o/o of those

Initial treatment of patients entered)

Cimetidine Total = 70 Total =50 (71 O/.)
Type A = 40 Type A = 30 (75°/0)
Type B = 30 Type B = 20 (67%)

Antacids Total = 70 Total = 40 (570/.)
Type A = 40 Type A =30 (750/.)

Type B = 30

Type B = 10 (33%)

Relapse in 6 months

| memn e e e — e

2 after treatment

2 discontinued: Number Number remaining
= relapsed (o/o of initially asymptomatic (°/,of
5 healed) starting population)
2 Total = 20 (400/. ) 30 (43°/0)

2 Type A =10 (33°/0) 20 (50°/0)

S Type B =10 (500/. ) 10 (33°/0)

£ Total = 15 (380/. ) 25 (36°/0)

® Type A =10 (330/.) 20 (50°/0)

= Type B =5 (500/.) 5(1 70/0)
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The implications drawn from these studies are
less consistent than are the findings. To some in-
vestigators, the high relapse rate after cessation
of treatment “suggests that prolonged cimeti-
dine therapy is necessary to retain most patients
in remission” (76). Others, cognizant of the
potential unknown risks in treatment for longer
than 12 months, wonder whether “those pa-
tients would have been better off if surgery had
been advised at a much earlier stage. A year has
been wasted in which they have been taking tab-
lets daily when the end-result was surgery after
all” (Wulff, quoted in 150). But not all patients
who relapse become candidates for surgery, and
a key question is the likelihood of their healing
without surgery. Even if maintenance cimeti-
dine accomplished nothing more than a Il-year
delay in surgery, it might be worthwhile for
some patients to defer the small, but definite,
mortality risk from surgery in favor of the risks
of cimetidine for 12 months. Indeed, as a pa-
tient’s surgical risk increases, cimetidine’s un-
known consequences become more acceptable
(29).

In summary, compared to placebo, mainte-
nance treatment with cimetidine significantly
reduces the chance of ulcer recurrence. Once
cimetidine is discontinued, patients begin to
relapse at the same rate as they would have
without maintenance treatment. We found no
controlled studies of maintenance cimetidine
comparing alternative treatments other than
placebo and no published reports studying peri-
ods longer than 1 year of maintenance therapy.

SAFETY

Long-term studies with cimetidine turn up no
important new side effects other than those
mentioned in relation to short-term treatment.
The incidence of gynecornastia may be as high
as 4 percent in patients treated for 2 months to 1
year (131). Presumably, changes in the bacterial
flora of the stomach found after 4 weeks of
cimetidine treatment would persist with long-
term therapy (122). As discussed earlier, this
raises the possibility that patients taking
maintenance cimetidine might have an increased
risk of developing gastric cancer. Experienced

clinicians express concern that rare, but severe,
side effects may not be evident in relatively
small controlled trials and that risk of toxicity is
greatly magnified if treatment continues for pro-
longed periods of time (70).

COMPLICATIONS

Available controlled trials tell us very little
about possible effects of cimetidine on long-
term complications of ulcer disease (hemor-
rhage, obstruction, perforation, and penetra-
tion). The reasons rest mainly in the nature of
the disease, absence of reliable estimates of
baseline rates (no randomly selected population
of ulcer patients has been followed over many
years), and the comparative rarity of severe
complications, believed to be not more than a
few percent per year following initial diagnosis
(140).

As stressed by Grossman (70), the size of a
study needed to detect clinically relevant
changes in complication rates would be enor-
mous. If, as he posits, 5 per 1,000 recurrences
result in perforation, and we wanted to detect at
a 0.05 significance level a treatment that would
halve the rate of recurrence, we would need
more than 15,000 patients in each of two ex-
perimental groups to have a 90-percent chance
of finding that difference (49).

It may be that insofar as a treatment such as
cimetidine therapy can reduce or delay recur-
rence, it will reduce or delay complications.
However, insofar as patients at higher risk of
complications are also more resistant to treat-
ment that delays recurrence, reductions in com-
plication rates will be less than reductions in
recurrence. The reasons are analogous to the ad-
verse-selection bias hypothesized above. There
is little convincing evidence that cessation of
cimetidine treatment can promote complica-
tions (see earlier discussion), and likewise, there
are no convincing data from clinical trials that
cimetidine reduces complications. Given the size
of studies that would be required, it seems un-
likely that compelling evidence on this question
will be forthcoming from controlled clinical
trials.
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PENDING APPROVAL BY FDA

At the present time, FDA is considering ap-
proval of cimetidine for use longer than 8 weeks
in patients with duodenal ulcer disease. Its ad-
visory committee reportedly recommended in
October 1979 the approval of maintenance
cimetidine for patients who are at “high risk” for
surgery (50). This probably includes both pa-
tients who are more likely to require surgery
and patients who are less likely to survive sur-
gery. We understand that final decisions on this
guestion, as well as revised limits on the ap-
proved duration of treatment, are not yet for-
mulated. The principal drawback to longer term
use is the risk of unknown side effects. Avail-
able evidence supports the effectiveness of cime-
tidine in delaying recurrence. Physicians and
patient attitudes toward the unknown risks of
cimetidine will vary, but for those with relative-
ly large and tangible risks from surgery,
cimetidine is likely to be judged as a less danger-
ous course.

FDA has not yet approved cimetidine for use
in patients with gastric ulcer. This is apparently
related to the conflicting evidence about the ef-
ficacy of cimetidine for gastric ulcer (see table
11, p. 31) and to a more general policy concern
about the possible role of nitrosoaminated com-
pounds in the development of cancer.

Health System Effects

Empirical data on the health system effects of
cimetidine are more sparse than available in-
formation about clinical effects. Some pertinent
information is available, and several studies are
in progress that may shed more light on these ef-
fects, but at the present time, available evidence
is suggestive rather than conclusive. As dis-
cussed in the next part of this case study, the
lack of empirical evidence to inform estimates of
cimetidine’s health system effects seriously
handicaps available benefit-and-cost analyses.

Medication

Eight of the 20 placebo-controlled studies of
cimetidine shown in table 16 (D1, D2, D3, D5,
D6, G2, G3, M3) compared antacid consump-

tion among patients in the experimental and
control groups. Five (D2, D5, D6, G2, M3) of
the eight studies were conducted in Europe and
one (D1) in South Africa. In these six studies,
cimetidine-treated patients consumed between
47 and 84 percent less antacid. In the remaining
two studies (D3 and G3), both done in the
United States, differences were less marked, and
there were no consistent trends toward de-
creased antacid consumption among cimetidine-
treated patients.

Possible effects of cimetidine use on the con-
sumption of other drugs have not been reported.

Diagnostic Tests

Insofar as persistent or recurrent ulcer symp-
toms lead physicians to perform diagnostic
tests, and insofar as cimetidine reduces or delays
symptoms, the drug could result in fewer diag-
nostic tests if used without the constraints of
controlled triail protocols. It is important to bear
in mind that cimetidine’s effectiveness in long-
term use has been tested against placebo, but
not, to our knowledge, against an antacid pro-
gram or other regimen. To the extent that cime-
tidine produces biochemical or other abnormal-
ities that physicians choose to evaluate further,
it could increase the number of laboratory tests
performed.

In addition, if physicians felt obliged to screen
for unlikely but potentially serious side effects,
such as granulocytopenia, the number of diag-
nostic tests in patients treated with cimetidine
could increase. The presence and extent of these
different effects are currently matters for spec-
ulation.

Physician Visits

The range of potential effects posited for diag-
nostic tests applies as well to physician visits.
Secondary induced effects are also possible: If
physicians are visited less often for a principal
problem of ulcer disease, then less medication
and fewer procedures may be used for a less
troublesome problem, such as mild to moderate
joint pain, that in itself might not prompt a per-
son to seek medical care.
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Hospitalization and Surgery

Costs of hospitalization and surgery are the
largest single component of medical expendi-
tures for ulcer disease (see table 6, p. 19). Hence,
the effects of an intervention such as cimetidine
on the rates of hospitalization and surgery are
particularly important to a CEA.

Because, as discussed earlier, cimetidine was
disseminated widely in a short period of time, it
seems possible that its effects might be reflected
in global trends of hospitalization and surgery.
Data we have compiled and analyzed from
NCHS do indicate an unexpectedly sharp de-
cline in surgery in the first calendar year (1978)
following the introduction of cimetidine in the
United States. According to data from CPHA
compiled by Elashoff and Grossman (42), how-
ever, the decline was less precipitous. Hospital-
related effects that are linked more directly to
the use of cimetidine may emerge in the next few
years from several studies currently in progress,
which we will describe briefly.

Table 16.—Short-Term, Double-Blind,
Placebo-Controlled Studies of Cimetidine:
Effect on Antacid Consumption

Antacid consumption of
cimetidine group compared to

Study*® Time period that of placebo group

D1 6 weeks 83% reduction
D2 4 weeks “Significantly” fewer tablets’
03 First week’ Inpatients: no differences

Outpatients: 40% reduction
D4 - Not reported
D5 6 weeks 84% reduction
D6 4 weeks 47% reduction
D7 - Not reported
D8 — No antacids permitted
D9 - Not reported
D10 - Not reported
Gl - Not reported
G2 4 weeks 61% reduction
G3 2 weeks No significant differences

6 weeks

G4 - Not reported
MI — Not reported
M2 - Not reported
M3 12 months 700/. reduction (approximately)
M4 - Not reported
M5 - Not reported
M6 - Not reported

agee tables 10,11, and 14 for Investigator, year, and country
bscatter plots of antacid consumption presented, no numbers provided or sta-

tistical tests reported.
cN,t reported for later weeks of study

Two principal sources of nationwide hospital
data are the Hospital Discharge Survey of
NCHS and the Hospital Record Study of
CPHA. Data from both sources are used in this
analysis. Unless otherwise stated, Hospital
Record Study data are taken from a review by
Elashoff and Grossman (42). Hospital Discharge
Survey data were obtained directly from NCHS
and then compiled for this case study.

Information from NCHS and CPHA is not in
perfect agreement. Estimates in both the
Hospital Record Study of CPHA and the Hos-
pital Discharge Survey of NCHS are based on
samples of non-Federal, short-term hospital
discharges, stratified by hospital size and loca-
tion. The fraction of records sampled is inverse-
ly proportional to hospital size, so that the
overall probability of selecting a particular
discharge is approximately the same for each
class of hospital size. Both sources estimate
discharges, not patients, so multiple admissions
for an individual patient are indistinguishable
from one-time-only admissions.

One major distinction between the two
sources is the difference in parent populations of
hospitals. For the Hospital Discharge Survey,
NCHS selects a representative sample from all
U.S. hospitals. CPHA draws its sample for the
Hospital Record Study from the more than 750
hospitals in its parent file. These hospitals com-
prise approximately 13 percent of all U.S. hos-
pitals, but they account for nearly 40 percent of
all hospital discharges. Thus, large hospitals are
overrepresented in the CPHA parent file. The
subset selected for the Hospital Record Study
data is chosen to represent the size distribution
for all U.S. hospitals, but the extent to which
any bias is introduced by the inclusion or exclu-
sion of U.S. hospitals in the CPHA parent set is
not well defined .23

Table 4 (p. 16) showed NCHS Hospital Dis-
charge Survey data for peptic ulcer disease for
the years 1966 and 1970 through 1978. The first-

Z *One ind ica tor of the represen tat iveness ot Hospital Record-
Study based figures is a comparisonof Hospital Record Study es
timated deaths from peptic ulcer and total counts (not projections)
tabulated by the NCHS Divisionof Vital Statistics. Between 1970
and 1978, Hospital Record Study estimates of annual deaths from
peptic ulcer were 92 to 114 percent of U, S. Vital Statistics counts
(42).
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listed diagnoses count those discharges for
which one of the ulcer diseases was listed as the
primary diagnosis. These data, plotted in figure
3 (p. 17), show a distinct downward trend over
the past decade for hospitalization of patients
whose first-listed diagnosis was ulcer disease.
The CPHA Hospital Record Survey data show a
similar and significant downward trend, with an
even greater difference in the total decline from
1970 to 1978 (42).” According to both sets of
data, the number of hospitalizations for ulcer
disease in 1978 is approximately what would be
expected by extrapolating the trend established
through 1977.

Furthermore, both sets of data confirm that
hospitalizations during the 1970’s have declined
for duodenal ulcer and remained constant for
gastric ulcer. Between 1970 and 1978, the ratio
of hospitalizations for duodenal ulcer to those
for gastric ulcer declined by 37 percent ac-
cording to the Hospital Record Study and by 49
percent according to the Hospital Discharge
Survey. This is further evidence for the epidemi-
ologic distinction between duodenal and gastric
ulcer. The figures are incomplete because a rela-
tively small number of diagnoses categorized as
“peptic ulcer—site unspecified” is omitted, but
their inclusion would not alter the trends
indicated.

Data from CPHA'’s Hospital Record Study
can also be used to estimate the number of ad-

#Elashott and Grossman define a trend as significant if: 1) the
Spearman rank order correlation is significant (p< 0.05), and 2}
the difference between the 1970 and 1978 values exceeds the size ot
the 95-percent contidence interval tor the median value (42).

missions for uncomplicated ulcer disease and
those for ulcer disease associated with hemor-
rhage or perforation (42). Between 1970 and
1978, uncomplicated duodenal ulcer admissions
declined by 46 percent; admissions for hemor-
rhage declined by 37 percent; and admissions
for perforation declined 24 percent, though fail-
ing to reach statistical significance because of
the small number of admissions for perforation.
Uncomplicated gastric ulcer admissions showed
a small, but significant, decline (18 percent). No
clear trend emerged for complicated gastric
ulcer admissions.

The number of surgical procedures for ulcer
disease has shown a decline during the 1970’s
that roughly parallels that for hospitalizations.
Both NCHS and CPHA collect data on surgical
procedures, but neither routinely relates oper-
ations to discharge diagnoses. The principle sur-
gical procedures used for ulcer disease are par-
tial gastrectomy (excision of part of the stom-
ach) and vagotomy (cutting of the vagus nerve),
with pyloroplasty (enlargement of the pyloric
canal) or other drainage procedure (134). The
numbers of these procedures performed during
selected years from 1966 through 1978 are
shown in table 17 (NCHS data). During this
period, pyloroplasty and drainage procedures
were almost invariably performed in association
with vagotomy. Virtually all vagotomies were
probably undertaken for the treatment of ulcer
disease. Presumably, the great majority of par-
tial gastrectomies were also done for ulcer
disease, but there are also several less common
indications for partial gastrectomy (e.g., gastric
carcinoma and trauma).

Table 17.—Number of Selected Surgical Procedures
(Partial Gastrectomy, Vagotomy, Pyloroplasty and Drainage”) in the United States, 1966-78

Pyloroplasty
Year Partial gastrectomy Vagotomy and drainage
1966 ............ 74,500 61,000 56,800
1970 . ...l 55,800 62,800 45,500
1972 e, oL 63,300 59,300 42,000
1975., .oy oot 53,300 52,800 38,500
1976 .. .......... 54,200 48,300 31,200
1977 o, ..o 51,100 45,500 26,300
1978 ... ... ... 39,700 29,200 20,600

dyjcer disease is b far the most common indication for these surgical procedures Over the time period shown, pyloroplasty

and drainage were almost invariably associated with vagotomy

SOURCE National Center for Health Statistics,National Hospital Discharge Survey, Hyattsville, Md
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Thus, the sum of partial gastrectomies and
vagotomies can serve as a reasonable prox for
the number of surgical operations done for pep-
tic ulcer disease. Summing these two procedures
may double count some patients who undergo
surgery, because a patient who receives both
partial gastrectomy and vagotomy is recorded
under both procedures. Despite the possibility
of some double counting, the trend over time in
the total of these two procedures would remain
a useful index.

Estimates for the number of partial gastrec-
tomies and vagotomies from NCHS tend to be
higher than estimates from CPHA, but data
from both sources show a distinct downward
trend over time in the number of operations (see
table 8, p. 22). An acceleration (or deceleration)
of this downward trend in surgery following the
advent of cimetidine might be ascribable to the
introduction of this new, widely used medica-
tion.

We tested whether the number of surgical
procedures performed in 1978 was different
from that which would be predicted by the
previous trend in the following way. First, we
fitted a least-squares, linear regression line to
the surgical data available through 1977. The
predicted number of procedures in 1978 is based
on a direct extension of the regression line. This
is shown in figures 5 and 6, respectively, for the
NCHS and CPHA surgery data. The NCHS es-
timates of surgery are consistentl higher than
the CPHA estimates, but the rates of decline
(slopes of the regression lines) are quite similar,
within one standard error of each other .25 The
plots also show the 95- percent confidence inter-
val about this regression line for individual
estimates in each year for which data are
available.

According to the NCHS data (figure 5), the
rate of surgery in 1978 is significantly (p< 0.01)
below the rate that would have been predicted
on the basis of the trend through 1977. The drop
in 1978 is less striking in the CPHA data (figure
6), but even here there is only about a 10-
percent chance that the estimated amount of

*The slope ot the regressionlinetor the® NCHS data1s 0.3361;
that tor the CPHA datais 0.3945.

Figure 5.— NCHS Data on Number of Selected
Surgical Procedures (Partial Gastrectomy and
Vagotomy) in the United States, 1966.78
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. Best fit computed by least-squares method. Confidence intervals
shown for curve fit to years 1966-77,

SOURCE Based on data from the Nat ional Center for Health StatisicsHyatts
vile Md

Figure 6.—CPHA Data on Number of Selected
Surgical Procedures (Partial Gastrectomy and
Vagotomy) in the United States, 1966-78
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SOURCE Based on data from the Commission on Professional and —ospital
Activities compiled by J D Ela shoff and M | Grossman 1981)(42)
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surgery in 1978 is in line with the preceding
trend. The number of surgical procedures in
1978 was approximately 11,000 fewer than the
predicted number based on CPHA data, and
26,000 fewer than the predicted number based
on NCHS data.

Further evidence for the apparent excessive
drop in surgery in 1978 compared to earlier
years comes from a comparison of the number
of surgical procedures as a proportion of hos-
pitalizations for ulcer disease for various years
(see table 18). Each year from 1966 to 1977, the
number of operations was between 25 and 29
percent of hospital admissions; in 1978, the
number of operations for ulcer disease was 19
percent of hospitalizations. Roughly speaking,
for the decade before 1978, more than one in
four patients hospitalized for peptic ulcer re-
ceived surgery; in 1978, the proportion dropped
below one in five.

If an unexpected decline in ulcer surgery did,
in fact, occur in 1978, the question is, why? Did
cimetidine play any role in the apparent drop?
Are there other plausible explanations? What
sorts of data might be obtained that could
answer these questions?

Table 19 shows numbers and rates of surgical
procedures for all abdominal surgery and for
selected abdominal surgical procedures for
selected years from 1970 through 1978. There
was no general decline in abdominal surgery
over these years. Only surgery for peptic ulcer
disease shows a marked decline in 1978 com-
pared with the rates in earlier years. Some
surgery for peptic ulcer is elective, and one
might imagine that part of the decline could be
related to a newly emerging, more cautious at-
titude toward elective operations. This might
occur, for example, as a result of more patients
seeking second opinions or of greater cost-con-

Table 18.— Proportion of Patients With First-Listed Diagnosis
of Ulcer Disease Having Surgery, 1966-78

B

A Number of patients
Number of surgical discharged with
Year procedures_ diagnosis of ulcer’ AB
1966 135,500 526,000 0.258
1970. ..., . 118,600 438,000 0.271
1 9 7 2 , 122,600 429,300 0.286
1975. ... 106,100 411,700 0.258
976 . . . . 102,500 385,400 0.267
1977 oy o oo 96,600 385,400 0.251
1 9 7 8 68,900 360,400 0.191

am"audes part ialgastrectomy and vagotomy

Bincludes gastric duodenal, gastrojejunal and peptic ulcer (site unspecitied)

SOURCE National Center for Health Statistics, National Hospital Discharge Survey, Hyattsville, Md

Table 19.— Number and Rate of All and Selected Abdominal Surgical Procedures in the United States, 1970-78

Partial gastrectomy

All abdominal surgery and vagotomy Appendectomy Cholecystectomy* Herniorrhaphy °
Year Number _ Rate® Number Rate® Number Rate® Number Rate® Number Rate®
1 9 7 O 2,440,000 122 119,000 6 325,000 16 367,000 18 496,000 25
1975 . . . . 2,894,000 138 106,000 5 319,000 15 442,000 21 549,000 26
1976 ...., ., 2,809,000 133 102,000 5 306,000 14 442,000 21 507,000 24
1 9 7 7 2,937,000 139 97,000 4 342,000 16 446,000 21 533,000 25
1 9 7 8 2,830,000 132 69,000 3 299,000 14 432,000 20 510,000 24

g0 rgicalremoval of the gal Ibladder
Surgicalrepair of a hernia
C Rates Shown are per 10.000 population

SOURCE Based on data from the National Center for Health Statistics. National Hospital Discharge Survey, Hyatt sville, Md
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sciousness on the part of physicians. However,
we find no parallel decline between 1977 and
1978 in other abdominal surgery, such as her-
niorrhaphy (surgical repair of a hernia), which
is probably more frequently elective than is
surgery for ulcer disease.

A dramatic change in the criteria used to
decide on surgery or use of a different type of
surgery for patients with ulcer disease might ac-
count for some decline. To our knowledge,
however, neither the recognized indications for
surgery nor the types of operations have
changed dramatically in the past few years.
Also we know of no changes in the standard
coding for operative procedures in 1978 that
might account for the observed decline. Diag-
nostic advances, such as fiberoptic endoscopy,
may provide greater- assurance of benignity of a
slowly healing gastric ulcer and thus avert some
surgery that would have been performed
previously. Even if present, however, such ef-
fects seem very unlikely to reach the propor-
tions of the evident decline in 1978.

Results from at least one of the maintenance
trials comparing cimetidine with placebo sup-
port the possibility that the decline in surgery in
1978 is related to the availability of cimetidine.
In a year of maintenance treatment, Bodemar
and Walan (16) found that 1 patient in 32 who
received cimetidine and 15 in 36 who received
placebo underwent surgery because they had
two recurrences or because of severe symptoms
at the first recurrence (difference significant,
p < 0.0005).“Thus, one possible explanation
for the decline in surgery for ulcer disease in
1978 is that the dramatic growth in the use of
cimetidine enabled more patients to be treated
successfully medically. If cimetidine were
responsible, the effect could be temporary. Pa-

*In a second maintena 1ce study that reported surgical e X -
perience, possible effects ot cimetidine onsurgery are obscured by
the practice of treating “placebotail ures” with a course ot ¢ i met i-
dine rather than surgery; th settectedaremissionin most ‘placebo
failures” during the 6 months ot the study (64) In this study, 30
patients were treated initially with maintenance placebo; 24 re-
Iapsed, all ot whom were then trea ted with <1 met i dine, and 4
underwent Surgery wit hintheo-month periodot t hestudy. Ot the
26 patients in it ially t rea ted withma in tenance (imetidine, 7 re-
lapsed; 1 received surgery then ando rec eived a second course ot
(higher dose) cimetidine: 2 <t t hose o underwentsurgery within the
6-month period ot the study

tients who were scheduled for an elective opera-
tion may have decided with their physicians to
delay surgery in order to try the new drug. Since
patients appear to relapse at the same rate
following cessation of cimetidine, the decline in
surgery might be followed by a compensatory
rebound, especially if more reports (e. g., 121)
suggest increased risks or adverse side effects
with long-term use of cimetidine.

To date, only circumstantial evidence and
argument by exclusion can make the case for the
role of cimetidine in decreased rates of surgery.
However, more direct evidence may be forth-
coming from several sources. Murray Wylie of
the University of Michigan is engaged in a
detailed analysis of CPHA data on patients hos-
pitalized with ulcer disease .27 Wylie has data on
all patients discharged with a diagnosis of ulcer
disease from a cohort of 790 hospitals that par-
ticipated continuously in the CPHA data system
from January 1974 through October 1978. Al-
though the data do not specifically identify pa-
tients who did and did not receive cimetidine, he
is able to examine surgical rates on a month-to-
month basis. Thus, he can test the corre-
spondence between any accelerated decline in
surgery and the introduction of cimetidine in the
United States in August 1977.

Wylie’s preliminary impression is that the fre-
guency of surgery began to drop even a few
months before the release of cimetidine. He
speculates that this might be attributable to a
delay in elective surgery in anticipation of the
new medication. It would be very informative
to compare changes in rates of surgery separate-
ly for uncomplicated cases (presumably ad-
mitted because of pain) and for those with hem-
orrhage or perforation. If cimetidine is reducing
surgery by effecting a medical remission after
patients are hospitalized, the largest drop in
surgery as a proportion of admissions should be
for patients hospitalized because of pain.

Wylie will also be able to analyze his data
separately for surgical and medical admissions,
including length of stay. This is of particular in-
terest to a cost-effectiveness assessment of the

“NE'e are gratetulto Protessor Wlieto Jsharing thisdescription
othisworkin progress.
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number of days of hospital care that might be
saved by cimetidine. Presumably, some fraction
of the reduction in surgery that might be at-
tributable to cimetidine is due to patients not
being hospitalized, and another fraction is due
to hospitalized patients being treated medically
only. (The large drop in surgery in 1978 com-
pared with the drop in hospitalizations suggests
that the latter fraction may be the larger. ) On
the average, surgical lengths of stay would be
expected to be longer than medical, and a shift
from surgical to medical care in a hospital
should typically produce a reduction in hospital
days. If a very large number of patients who are
considered potential candidates for surgery are
first treated medically, however, any failures on
the medical regimen would then undergo sur-
gery after a delay, and this could add to the
average length of stay for patients. In addition,
successful medical treatment with cimetidine
might or might not take longer than a medical
regimen without the drug. A few points of data
would be preferable to a lot of speculation.

Another approach to assessing cimetidine’s
effects on the health system has been undertaken
by Professors Burton Weisbrod and John
Geweke at the University of Wisconsin .28 They
are analyzing patient records developed for ac-
counting purposes by the Texas medicaid pro-
gram. Weisbrod and Geweke aim first to recon-
struct medicaid expense records on a patient-by-
patient basis for all patients with a diagnosis of
ulcer disease. They have identified 1,206 pa-
tients with ulcers in a sample that begins in
January 1976 and will extend to August 1979.
These investigators have conducted a pilot
study with 81 patients randomly selected from
this population, 36 with and 45 without a his-
tory of cimetidine use. Their intent is to com-
pare the health and expenditure history (includ-
ing nearly 50 categories of various expenses for
hospitalization, physicians, drugs, nursing
homes, etc. ) for patients treated with and with-
out cimetidine.

Weisbrod and Geweke recognize some in-
herent limitations in the available data. For ex-
ample, approximately one-fifth of the medicaid

*We are gratet ul to Protessor Geweke tor sharing intormation
abouttheirstudytor t hisreport

claims do not include the patient’s diagnosis;
medicaid patients over 65 years old are also
covered by medicare, about which the investi-
gators have no information; and the data do not
include information concerning patient status at
discharge or work history. The major difficulty
Weisbrod and Geweke face, however, is con-
trolling for selectivity bias in those patients who
do receive cimetidine. Their approach is to
stratify patients according to demographic fac-
tors and clinical history. Although it will be im-
possible to overcome the aforementioned bar-
riers completely, Weisbrod and Geweke’s study
promises to be the first large-scale, patient-
based study providing data on the direct and in-
duced health system effects of cimetidine. The
data base can also be used to describe the diffu-
sion of the drug in a given patient population
and the pattern of present use by medical practi-
tioners in one State.

We are aware of a few additional studies of
the health system effects of cimetidine that are
in more preliminary stages of development. At
least one of these involves a health maintenance
organization (HMO); if the HMO’s population
is sufficiently stable, it may be a particularly
valuable setting for study. ldeally, one would
seek results from a long-term, randomized, con-
trolled study of patients with ulcer disease who
are or are not treated with cimetidine, but for
ethical and practical reasons, such a study is
unlikely to materialize.

In summary, hospitalization and surgery for
peptic ulcer disease have both declined signifi-
cantly during the past decade. The decline in
hospital admissions for 1978 is consistent with
earlier trends. However, the fall in surgical pro-
cedures for ulcer disease in 1978 is unexpectedly
large, amounting to 11,000 to 26,000 fewer pro-
cedures in 1978 than would be expected from the
trend leading up to that year. The introduction
and widespread use of cimetidine is one plausi-
ble explanation for this unexpected decline.
More specific information from studies in prog-
ress, including a month-by-month tracing of
surgical rates and a comparison of health
resources used by patients who did and did not
receive cimetidine, would help strengthen or
refute this inference.
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Outcome

The outcome effects of cimetidine are conse-
guences of its clinical and health system effects.
We have already discussed how clinical and
health system effects interest and lead to the two
components of outcome: health status and re-
source costs. In this section, we present addi-
tional empirical evidence about cimetidine’s
possible effect on outcome.

The available empirical evidence plus meth-
odologic and other considerations raised in a
later section entitled “Guidelines for Review of
Health Care Benefit-and-Cost Analyses” serve
as a basis for our review of published analyses
of cimetidine’s benefits and costs in the next part
of this case study.

Health Status

As we have already discussed, it is convenient
and usual to think of health status in terms of
mortality and morbidity.

MORTALITY

We are aware of no empirical studies of the
effects of cimetidine on mortality from peptic
ulcer disease. This is not surprising, because
mortality from this disease is relatively low. A
controlled cohort study would require enor-
mous numbers of patients, for reasons presented
earlier in the discussion of possible effects of ci-
metidine on complication rates. One might
argue that insofar as cimetidine delays or sup-
plants surgical intervention and attendant sur-
gical mortality and delays the development of
complications, it will forestall some deaths.
However, it is conceivable that patients who
would naturally develop the more virulent com-
plications of peptic ulcer might benefit less from
cimetidine or that complications following
cessation of the drug would be more severe than
they might have been had cimetidine not been
administered. Any of these circumstances
would counter potential improvements in sur-
vival related to cimetidine. In addition, any
severe and unanticipated side effects from long-
term use would further compromise cimetidine’s
beneficial effects on mortality.

Table 3 (p. 16) shows that mortality from
ulcer disease has been declining steadily over the
past 15 years. Figure 7 shows NCHS ulcer mor-
tality statistics on a quarterly basis from 1976 to
mid-1979. It shows both a continuing down-
ward trend and a seasonal variation in mor-
tality, No unexpected mortality reduction fol-
lowing the introduction of cimetidine in August
1977 is evident. If cimetidine has saved lives of
ulcer patients, the lives saved are too few to
have a substantial effect on overall mortality to
date. Of course, these figures are mute on the
guestion of whether even more widespread and
consistent use of cimetidine might demonstrably
delay or prevent deaths from ulcer disease in the
future.

In summary, there are some reasons to be-
lieve cimetidine might have beneficial effects on
ulcer mortality and other reasons to doubt it. If
cimetidine did have a small beneficial effect on
mortality, it would be very difficult to detect in
controlled cohort studies or from national mor-
tality trends.

Figure 7.— Number of Deaths in the United States
From Ulcer Disease (Gastric, Duodenal, and Peptic—
Site Unspecified), 1976-79
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SOURCE Based on data from the Nationai Center for Health Statistics, ivision
of vital Stat istics, Hyattsvitte. Md
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MORBIDITY

From the perspective of BCA, in which there
is an effort to translate morbidity into social
resource costs, an important consideration is the
effect of cimetidine on disability and days lost
from work. Cimetidine produces more prompt
and consistent relief from ulcer pain than does
placebo. In the short-term treatment of peptic
ulcers, it is reasonable to expect that faster heal-
ing and pain relief can mean earlier return to
work. This potential benefit may be reduced in-
sofar as doctors prescribe and patients follow
“rest at home” for a set number of days or weeks
following diagnosis of a new ulcer, irrespective
of the promptness of symptom remission. That
policy would be reasonable, for example, if
clinicians believed that patients returning to the
stress of work with unhealed ulcers would be
more likely to develop bleeding or other com-
plications of ulcer disease.

A number of the randomized clinical trials of
cimetidine in the United States included a spe-
cial protocol to assess time lost from work
(118). A preliminary report presented results in
64 outpatients, 37 treated with cimetidine and
27 with placebo. (Many of the 217 potential
subjects were disqualified because of uncertain
employment status, a problem that is being rec-
tified with a revised protocol. ) Among the pa-
tients analyzed, there was a striking tendency to
be absent full time or to work full time. Com-
pared to the number of days lost from work
during the week prior to treatment, the group
receiving cimetidine averaged significantly more
days of work in weeks one, two, and four
(p< 0.001) and in week six (P< 0.05) following
the initiation of treatment. This report is
notable not only for its results, but because it
represents an admirable effort to collect data
pertinent to the economic consequences of a
medical practice in the context of a controlled
clinical trial.

One of the trials comparing maintenance ci-
metidine with placebo also reported on the work
experience of patients (15). During the year of
the study, 1 of 32 patients taking cimetidine did
not report to work for 79 days, and 23 of 26 pa-
tients taking placebo did not report to work for
a total of 1,405 days because of symptoms.

Thus, the cimetidine-treated patients reported to
work an average of approximately 36 more days
per patient during the year of the study (dif-
ference significant, p < 0.001).

The effectiveness of cimetidine compared to
other treatments, such as antacids, in enabling
patients to return to work is not addressed in
any of the controlled trials we have reviewed.

Resource Costs

The economic implications of an intervention
such as cimetidine include the costs of the in-
tervention itself, the resource costs and savings
related to induced effects on the health care
system, and indirect effects on productivity re-
lated to change in mortality and morbidity. In
this section, we offer a few observations on the
direct costs of cimetidine compared to alter-
natives. We defer consideration of the resource
value attached to the induced and indirect ef-
fects of cimetidine until the next part of this
study, in which we review some of the benefit-
and-cost analyses that have been carried out.

The daily cost of cimetidine is less than the
daily cost of antacid in doses that have been
shown to be as effective in promoting the heal-
ing of newly discovered duodenal ulcers (80).
The retail cost of cimetidine is approximately
$0.25 to $0.30 per 300-mg tablet.” Assuming
consumption of four tablets daily, the daily cost
of cimetidine is $1.00 to $1.20.

Antacids vary in their compositions, neu-
tralizing capacities, and costs (115). Two of the
more popular blends of aluminum hydroxide
and magnesium hydroxide are Maalox® and
Mylanta 11®. “The latter was the antacid used in
the studies by Peterson, et al. (116) and Ippoliti,
et al. (80). Mylanta II® has approximately 50-
percent more neutralizing capacity than the
same quantity of Maalox® and costs approx-
imately $3.80 per 12-ounce bottle compared to
$1.80 for Maalox®."

**Based on intormation provided by tour Boston-area drug
storesandconsistent with estim ates otthe manutacturer.

“Mylanta 11 contains, in addition to antacid, the detoaming
siliconeandantiflatulentsimethicone.

HCost estimates based on average charges at tour Boston-area
drug stores.
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If we assume administration of the same
amount of antacid as used in the studies cited
above (seven daily doses, each with approx-
imately 120 mEq of buffering capacity), the
daily cost would be approximately $1.58 for
Maalox® (seven 45-ml doses) and $2.22 for
Mylanta® (seven 30-ml doses). If patients who
are prescribed cimetidine consume three or four
additional doses of antacid daily, their medica-
tion costs would still be comparable to those of
patients who follow an intense antacid regimen.
Thus, a typical patient can expect to pay no
more, and possibly somewhat less, for ci-
metidine than for a therapeutically equivalent
course of popular, brand-name antacids .32

Summary

Organized according to the benefit-and-cost
model for medical interventions presented earli-
er, this part of our case study has described
available information about the effects of cime-
tidine—its clinical effects, its health system ef-
fects, and its potential impact on outcome.

Numerous controlled studies of patients with
duodenal ulcer confirm that cimetidine pro-
motes healing and provides faster and more
complete pain relief than placebo. Less con-
clusive evidence suggests the drug may be more
effective than placebo for patients with gastric
ulcer. An intense antacid program appears to be
about as effective as cimetidine for patients with
duodenal ulcer, but more evidence on this mat-
ter is needed. Clinical studies have also shown
that relief of symptoms is not a reliable in-
dicator of healing. In general, European studies
have found more favorable results with
cimetidine than have’ U.S. trials.

Cimetidine used for up to 2 months appears
to be a relatively safe drug. Most known side ef-
fects are minor or reversible, but recently re-
ported changes in gastric flora and endocrino-
logic effects are disturbing. Available studies of

[t may be possible to tind less expensive, generic brands ot an-
tacids with equivalent neutralizing capacity, but the costs ot
Maalox ” and Mylanta ” are no more than those ot most other
brands ot aluminum-magnesium antacids (63). Antacids are avail-
able wit hout aprescrip tion, and their use does notnecessari 1y en-
tail the costot a physician visit, but in this discussionwe have
assumed that a high -dose antacid regimen or cimet i dine wouldbe
consumedon | ytollowing aph ysiciansadvice.

maintenance cimetidine do not alter this assess-
ment. As with any new drug, uncertainty exists
as to possible long-term consequences of the
drug’s use.

Compared to an intense course of antacids,
cimetidine is comparably effective, more risky,
and less troublesome to the patient with duo-
denal ulcer. Cimetidine plus a moderate amount
of antacids costs no more than a therapeutically
equivalent course of intense antacid therapy,
Experts now differ in their recommendations for
initial therapy of duodenal ulcer, some favoring
cimetidine and others antacids. A reasonable
approach is to select therapy based on each pa-
tient’s preferences and personality.

Compared to placebo, maintenance treatment
with cimetidine as long as 1 year significantly
reduces the chance of ulcer recurrence. Once
cimetidine is discontinued, patients appear to
relapse at the same rate as they would have
without maintenance treatment. We are aware
of no controlled trials comparing maintenance
cimetidine to treatments other than placebo.
There is little empirical evidence either that
cimetidine prevents future complications of
ulcer disease or that cessation of cimetidine pro-
motes complications. At present, FDA is con-
sidering approval of cimetidine for use longer
than 8 weeks in patients with duodenal ulcers
who are at high risk for surgery.

In European trials, but not in U.S. studies,
cimetidine-treated patients tend to consume less
antacid than placebo-treated patients. Very
limited empirical data are currently available on
the possible effects of cimetidine on use of other
medication, on diagnostic tests, or on physician
visits. Several studies are underway that may
shed light on these matters.

Data we have compiled from NCHS show an
unexpectedly sharp decline in the rates of sur-
gery for ulcer disease in 1978, the first full calen-
dar year after the introduction of cimetidine.
This drop occurred against a background of fall-
ing rates of surgery and hospitalization for ulcer
disease over the previous decade. Other expla-
nations are possible, but the widespread use of
cimetidine may have contributed to the mag-



