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saon provide the practical tools for targeting $tatd clinically.
Thus, the setting is ideal for validating clinical trials whether
Stat3 is the long sought Achilles’ heel of HNSCC,
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ABBREVIATIONS

CML = chronic mycloid leukemia,

CTL = cytotoxic T jymphocyte

DC =  dendritic cell

EGFR = epidermal growth factor

EMT =  epithelial mesenchymal transition

HNSCC = head and neck squamous cell carcinoma

IAP = inhibitor of apoptosis

IFN = interferon

L = interleukin

P-10 = interferon induced protein 10

Jak = Janus kinase

NF = puclear factor

NK = patural killer

RANTES = regulated on activation normal T cell ex-
pressed and secreted

SH2 = src-homology 2

siRNA = small interfering RNA

SOCS = suppressor of cytokine signaling

STAT s;’gnai transducer and activator of transcrip-
tion

TGF = transforming growth factor

TNF = tumor necrosis factor

VEGF = vascular endothchal growth factor

V-§TC =  viral-sarcoma
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Abstract

Background Opioid analgesics possess a number of side
effects, among which constipation and nausea/vomiting
occur most frequently. Although pretreatment with laxa-
tives and antiemetics for the prophylaxis of opioid-induced
constipation and nausea/vomiting, respectively, is recom-
mended, such side effects are still a matter of concern in
clinical setting.

Methods We first surveyed the prevalence of premedication
in 83 cancer patients who took opioid analgesics and the
incidence of such side effects. Subsequently, intervention
was carried out to promote premedication, and the effective-
ness of the intervention was evaluated in 107 patients.
Results Prophylactic treatment with laxatives and antiemetics
were conducted in 57% and 52%, respectively. The most
frequently prescribed laxatives and antiemetics were magne-
sium oxide in combination with pantethine, a mild stimulant
laxative, and prochlorperazine, respectively. The lack of
premedication increased the risk of constipation {odds ratio,
5.25; 95% confidence intervals, 1.93-14.31; p=0.001) and
vomiting (4.67, 1.04-21.04; p=0.045). Intervention such as
provision of drug information to physicians, verification of
prescription orders, and instructions to patients increased the
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rates of prophylactic medications to 93% (p<0.001) for
laxatives and 81% (»p<0.001) for antiemetics. The incidence
of side effects was lowered from 36% to 9% (»<0.001) for
constipation, from 28% to 17% for nausea (p=0.077), and
from 16% to 4% for vomiting (p=0.0085).

Conclusion Intervention to promote prophylactic medica-
tion was highly effective in reducing the risk of opioid-
induced constipation and nausea/vomiting.

Keywords Opioid analgesic - Constipation -
Nausea/vomiting - Prophylaxis - Laxatives - Antiemetics

Introduction

A number of patients with advanced stage of cancers
complain of pain that requires treatment with opioid
analgesics [1-3]. Several preparations of strong opioid
analgesics have been developed in recent years. Although
opioid analgesics have a potent and effective antinocicep-
tive action, the incidence of side effects sometimes leads to
the reduction in the medication compliance and pain control
[4-%]. In particular, constipation and nausea/vomiting are
the most frequent side effects induced by opioid analgesics,
since the minimal doses that induce constipation, nausea,
and vomiting are even lower than those causing analgesia
[7-9]. Opioid analgesics inhibit peristalsis of the small
intestine through activation of opioid u- and k-receptors
[16], which leads to constipation, while opioids cause
nausea and vomiting through different mechanisms, includ-
ing stimulation of the chemoreceptor trigger zone [!1] and
inhibition of gut motility [f2]. Less common side effects
are drowsiness, urinary retention, delirium, and respiratory
depression [13—15]. Thus, several clinical practice guide-
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lines for cancer pain recommend the premedication with
laxatives and antiemetics during therapy with opioid
analgesics [16~18]. The duration of the treatment with
antiemetics such as prochlorperazine is recommended to be
about | week [19] because of an induction of tolerance to
opioid-induced emesis [20]. In contrast, laxatives are
suggested to prescribe continuously for the prevention of
constipation [21], since the side effect prolongs as long as
opioid analgesics are used [22].

In the first part of the present study, we retrospectively
surveyed from medical records the prevalence of the
prophylactic treatment with laxatives and antiemetics and
the incidence of constipation and nausea/vomiting in cancer
patients who took opioid analgesics in our hospital.
Subsequently, we tried to promote prophylactic treatment
by providing drug information to physicians, verifying
prescription orders, and instructing to patients. Then, the
effectiveness of such intervention on the incidence of opioid-
induced constipation and nausea/vomiting was evaluated.

Patients and methods
Patients

The present study was carried out in accordance with the
guidelines for the care for human study adopted by the

Table 1 Patient characteristics before and after intervention

ethics committee of the Gifu Graduate School of Medicine
and notified by the Japanese government (approved no. 19-
97 of the institutional review board). Eighty-three cancer
patients who admitted to Gifu University Hospital and
received opioid analgesics during January 2007-August
2007 were the subjects for the survey of the prevalence of
premedication and the incidence of opioid-induced consti-
pation and nausea/vomiting. Intervention was provided to
107 cancer patients who were admitted to our hospital
during November 2007 to August 2008. Patients’ character-
istics are shown in Table 1. Patients with disease-modified
constipation or nausea/vomiting and those who received
antiemetics, including 5-HT; antagonists, for the prevention
of chemotherapy-induced nausea/vomiting were excluded
from the present study.

Survey of the prevalence of premedication in patients
who took opioid analgesics

Constipation was defined as the lack of stools for more than
3 days in a week [23]. The number of days with stool in a
week was also counted. Nausea and vomiting were graded
according to the Common Terminology Criteria for Ad-
verse Events v3.0 [24], and the incidence of grade >1
events was measured. Risk factors for the side effects
induced by opioid analgesics were analyzed using multi-
variate logistic regression analysis.

Before intervention

After intervention Statistical significance

(p value)
No. of patients Percentage No. of patients Percentage
Age (years) 66.1 (41-92) 63.7 (14-83) 0.424°
Total patients 83 107
Male 43 518 67 62.6 0.177°
Female 40 48.4 40 374
Type of cancer
Lung cancer 19 22.9 23 21.5 0.957°
Gastroenterological cancer 42 50.6 51 47.7 0.798°
Gynecological cancer (uterine/ovarian) 6 7.2 5 4.7 0.664°
Head and neck cancer 6 7.2 7 6.5 1.0
Urologic cancer 4 4.8 6 5.6 1.00°
Hematological cancer 1 1.2 7 6.5 0.146°
Others S 6.0 8 7.5 0.917°
Opioid analgesic preparations taken
Sustained-release tablet of oxycodone 64 77.1 87 81.3 0.596°
Sustained-release tablet of morphine sulfate 12 14.5 6 5.6 0.069°
Codeine phosphate 4 48 13 12.1 0.134°
Suppository of morphine hydrochloride 3 3.6 1 0.9 0.443°

# Mann-Whitney U test
* 2 test
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Intervention

The following intervention was provided: (1) provision of
drug information about side cffects and prophylaxis of
opioid analgesics to physicians on the basis of the clinical
practice guidelines for cancer pain [16-1R], (2) careful
verification of prescription orders involving opioid analge-
sics, and (3) instruction to patients using a document. For
patient education, we prepared a written form (A4 size)
describing the incidence of adverse drug reactions associ-
ated with opioid analgesics and prevention or cure against
such symptoms.

Statistical analyses

Data were analyzed using Statistics Program for Social
Science for Windows (SPSS X, version 11, SPSS Incorpo-
rated, Chicago, IL, USA). Patients' characteristics before
and after intervention were statistically compared by
Mann-Whitney U test (age) or x° test. A multivariate
logistic regression” analysis was carried out to determine
odds ratio (OR) for opioid-induced constipation, nausea,

Fig. 1 Prevalence of the
prophylactic treatment with
laxatives in patients who took
opioid analgesics (a) and the
incidence rate of constipation in
patients with or without
prophylactic laxative treatment
(b). Data were analyzed by
Fisher's exact probability test

With
prophylaxis
(N=47)

(56.7%)

and vomiting. The absence of premedication, gender, age
over 65, and high daily doses (>20 mg) of opioid analgesics
were analyzed as independent variables. The prevalence of
premedication and the incidence of side effects were
statistically compared before and after providing interven-
tion by Fisher's exact probability test.

Results

Prevalence of premedication and the incidence

of constipation and nausea/vomiting induced by opioid
analgesics in cancer patients

Among 83 in-patients who took opioid analgesics, 47
patients (57%) were prescribed with laxatives concomitantly
with opioid analgesics (Fig. iz). The incidence of constipa-
tion was 56% in patients who did not receive premedication
with laxatives, which was significantly (p=0.0024) higher
than those who underwent prophylactic treatment (21%).
The number of days with stool in 1 week was significantly
{p=0.005) larger in the latter (5.6 days) than in the former

a) Prevalence of prophylactic treatment

SorbitolPi Na Pi
(N=1; 2.1%) Na+MgC+pantsthine
Picosulfate Na W=1; 21%)
(N=1; 2.1%)
Picosultate Na

(N=1;2.1%)

MgO+sennosides+pantethige
(N=2; 4.3%)

MgOc\sennosidek

(N=2; 4.3%) e

MgO+pantethine

(N=19; 40.4%)

S {N=10; 21.3%)

b} Incidence of constipation

pry
o
(=)

90
80
70
60
50
40
30
20

Incidence of constipation (%)

10-

[ without prophylactic laxatives (N=36)
7] With prophylactic laxatives (N=47)
Days with stool/iweek

p=0.005

Constipation

0=0.0024
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(3.9 days). Magnesium oxide and the colon-stimulating
agent such as pantethine [25], a precursor of coenzyme A
26] with dyslipidemic action {27-29], and sennosides were
commonly used as laxatives (Fig. !a). The incidence of
constipation decreased as the number of laxative prepara-
tions increased (Fig. 2a). In particular, the incidence of
constipation was lowest in patients with prophylactic
treatment with magnesium oxide in combination with
pantethine (Fig. 2b). As shown in Fig. 2¢, multivariate
logistic regression analysis showed that the lack of
prophylactic laxatives increased the risk of constipation
compared to the presence of prophylactic laxative, in which
the odds ratio was 5.25 (95% confidence intervals, 1.93—
14.31, p=0.001).

On the other hand, 43 of 83 patients (52%) were
prescribed with antiemetics for the prophylaxis of nausea
and vomiting when they took opioid analgesics (Fig. 3a).
The incidence of nausea and vomiting were 38% and 25%,
respectively, in patients without prophylactic regimen;
whereas the rates were 19% and 7%, respectively, in
patients with prophylactic antiemetic agents (Fig. 3b).
There was a significant (»=0.0339) difference in the rate

Fig. 2 Relationship between the
incidence rate of constipation
and the number of prescription

a) Number of prescribed laxatives

of vomiting but not nausea between the two groups. The
most commonly used antiemetic was the dopamine D,
receptor blocker prochlorperazine (Fig. 3a). Other D,
receptor blockers such as domperidone and metoclopramide
were prescribed in a few patients (Fig. 3a). As shown in
Fig. 4z, a multivariate logistic regression analysis revealed
that female was at a significant risk of nausea (4.37, 1.42~
13.47, p=0.01) and vomiting (17.57, 2.04-151.8. p=
0.009). In addition, the lack of treatment with prophylactic
antiemetics was a risk for vomiting (4.67, 1.04-21.0, p=
0.045) but not for nausea (2.59, 0.88-7.62, p=0.08).

Evaluation of the effectiveness of intervention

Subsequently, intervention was provided to 107 patients
who initiated therapy with opioid analgesics. There were no
significant differences in the patients’ characteristics, cancer
types, and opioid analgesic preparations before and after
interventions (Table !). As shown in Figs. 32 and 6a,
provision of intervention significantly enhanced the preva-
lence of the prophylaxis to 93% (100 of 107 patients, p<

b) Effects of individual laxatives

of laxatives (a) or between the 100 - 100
incidence of constipation and ¥ 90F < 90t

the individual laxatives (b) and g 80k et 80t

forest plots of the odds ratio and 8 L2
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parentheses (a and b) represent 5 30 g 30r

the number of patients. In ¢, e o0} 2 20}

odds ratio was analyzed by £ ok s = ok
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C) Risks for constipation induced by opioid analgesics

No premedication with antiemetics
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Dose >20 mg
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Fig. 3 Prevalence of
prophylactic treatment with
antiemetics in patients who took
opioid analgesics {2) and the
incidence rates of nausea and
vomiting in patients with or
without prophylactic antiemetic
treatment (b). Data were
analyzed by Fisher's exact
probability test

a) Prevalence of prophylactic treatment

Dexamethasone
\ (N=1;2.3%)

Metoclopramide
(N=1; 2.3%)

Domparidone
(N=3; 7.0%)

Prophyiactic

Prochlorperazine
(N=38)

(88.4%)

b) Incidence of nausea and vomiting
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Incidence (%)
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0

[C1 without prophylactic antiemetics (N=40)
With prophylactic antiemetics (N=43)

p=0.0339

0.001) for laxatives and 81% (87 of 107 patients, p=0.001)
for antiemetics. Figure 3b shows the incidence of constipa-
tion before and after intervention. The incidence rate of
constipation was significantly reduced from 36% (30 of 83
patients) to 9% (ten of 107 patients, p<0.001), thereby
indicating that the risk reduction was 74% (relative risk,
0.259; 95% CI, 0.134-0.498).

On the other hand, as shown in Fig. 6b, the incidence
rate of vomiting was significantly reduced from 16% (13 of
83 patients) to 4% (four of 107 patients, p=0.0085),
although the rate of nausea was not significantly (p=
0.078) lowered from 28% (23 of 83 patients) to 8% (18 of
107 patients).

Discussion

Morbidity associated with malignant carcinoma has increased
in recent years. Most patients with end-stage advanced cancer
suffer from intolerable pain that requires strong opioid
analgesics, such as morphine, oxycodone, and fentanyl. The
World Health Organization has published guidelines for

Nausea

Vomiting

improving the freatment of cancer pain worldwide, in which
pain control is carried out according to the three-step analgesic
ladder (from non-opioid analgesics through weak to strong
opioids) depending on the pain intensity [30-32].

Opioid analgesics have various side effects, among which
the most common side effects are constipation and nausca/
vomiting. Opioid analgesics inhibit peristalsis of the small
intestine through activation of opioid p- and k-receptors [16]
at doses even lower than those required for antinociceptive
action, indicating that constipation occurs in most cases in
patients who take opioid analgesics. Without laxatives,
opioid analgesics sometimes cause intractable constipation,
coprostasis, and paralytic ileus, which may reduce the
medication compliance, leading to poor control of pain. On
the other hand, opioid analgesics elicit nausca and vomiting
at doses that induce antinociceptive action, which may also
cause a reduction in medication compliance. Several
clinical practice guidelines, such as NCCN Clinical Practice
Guideline in Oncology—Adult Cancer Pain 2009 [!§] and
the American Pain Society Guideline for Acute and Cancer
Pain Management [17] have recomimended the prophylactic

eatment with laxatives and antiemetics.
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Fig. 4 Forest plots of the odds
ratio and 953% confidence
intervals for factors that affect
the incidence of nausea (a) and
vomiting (b) associated with
opioid analgesics in patients

a) Nausea

who took opioid analgesics. Age >05
Odds ratio was analyzed by
multivariate logistic Female

regression analysis

Dose >20 mg

b) Vomiting

No premedicatior with antiemetics

Age >65
Female

Dose >20 mg

In the present study, 43% and 48% of patients who took
strong opioid analgesics did not receive prophylactic
treatment with laxatives and antiemetics, respectively.
Constipation was significantly (p=0.002) more frequent in
patients without premedication (56%) than in those with
premedication (21%). The incidence of vomiting was
significantly (p=0.034) higher in patients without prophy-
lactic treatment (25%) than in patients with antiemetic
treatment (7%). In the present study, drugs were handed
directly to patients every time they should be taken,

b) Incidence of constipation

1 Before intervention (N=83)
After intervention (N=107)

a) Prophylactic treatment

0.001
100 = 100
90 £ 9ot
2380— § 80 -
g 70 F § 70
£ 60F @ 60r
% 50 8 50t p<0.001
£ a0b S 4of '
3 3
o 30t g 30
k=]
20 g 20r
10 - = 10t
0 0

Fig. 5 Effect of intervention to facilitate prevalence of prophylactic
medication on the incidence rate of constipation in patients who took
opioid analgesics. Intervention was provided to 107 patients. Data
were statistically evaluated by Fisher's exact probability test
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indicating a good compliance with drugs. Therefore, it is
unlikely that the incidence of side effects in patients who
prescribed with premedication is due to the low drug
compliance, thereby suggesting that the conventional
premedication with laxatives and antiemetics was not able
to completely prevent opioid-induced constipation and
emesis. The most frequently prescribed laxatives were
magnesium oxide in combination with pantethine, a mild
colon-stimulating laxative [25] with anti-hyperlipidemic
action [27-29], while prochlorperazine was predominantly
prescribed as the antiemetic agent. To effectively prevent
the adverse reactions associated with opioid analgesics, we

a) Prophylactic treatment b) Incidence of nausea and vomiting

100+ 100 [ Before intervention (N=83)
90+ After intervention (N=107)
= 80 80+
E 70+ = 70t
§ 60f & 6ol
5 8
g 50 £ 50r p=0.077
g 40r gL
2 sop Eaof | p=0.0085
20+ 20 - |
10+ 10+ |
0 0

Nausea Vomiting
Fig. 6 Effect of intervention to facilitate prevalence of prophylactic
medication on the incidence rates of nausea and vomiting in patients
who took opioid analgesics. Intervention was provided to 107 patients.
Data were evaluated by Fisher's exact probability test
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carried out the following attempts to facilitate prescription
of prophylactic regimens: provision of drug information
about the side effects of strong opioid analgesics and the
preventive measures, intensive verification of prescription
orders involving strong opioid analgesics, and patient
education. Such intervention was effective in reducing the
incidence of constipation, nausea, and vomiting by pro-
moting prescription of prophylactic laxatives and antiemet-
ics. The incidence of constipation significantly reduced
from 36% to 9%, while the incident rate of vomiting was
significantly lowered from 16% to 4%, although such side
effects were not completely prevented.

In conclusion, the prophylactic regimens for prevention
of opioid-induced constipation and nausea/vomiting were
not fully prevailed in our clinical setting. Several attempts,
including provision of drug information about side effects
and prophylaxis of opioid analgesics to physicians, verifi-
cation of prescription orders involving opioid analgesics,
and patient education using a document describing opioid-
induced side effects and their prevention or cure, increased
the prevalence of prescription for prophylaxis of opioid-
induced side effects and ultimately led to the marked
reduction in the incidence of constipation and nausea/
vomiting. Therefore, laxatives and antiemetics should be
prescribed in case opioid analgesics are prescribed.
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