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Based on the observation that administration of clarithromycin led to an attenuation of the inflammatory
response induced by surgical trauma in a guinea pig model, we investigated the potential beneficial effects of
clarithromycin on the local and systemic inflammatory response in patients undergoing mastectomy in an
open-label prospective study. During a 16-month period, 54 patients who underwent mastectomy were ran-
domly divided into two groups. In one group, the patients received oral clarithromycin at a dose of 500 mg twice
a day, from the day before to 3 days after mastectomy. There was no significant difference in the incidence of
antibiotic prophylaxis-related toxicities or postoperative infections between the patients who received clar-
ithromycin and those who did not. Clarithromycin treatment was significantly associated with an attenuation
of febrile response, tachycardia, tachypnea, and an increase in monocyte counts (P, <0.0001, <0.01, <0.05, and
<0.01, respectively). Clarithromycin also reduced the intensity and duration of postoperative pain (P, <0.05
and <0.005, respectively) and increased the range of motion of the involved shoulder (P < 0.05 for abduction
and flexion). We conclude that clarithromycin effectively modulates the acute inflammatory response associ-
ated with mastectomy and produces a better clinical outcome.

Surgical operations induce major physiological and immu-
nological changes. These changes are activated by various stim-
uli, such as nociceptive stimulation, tissue injury, tissue isch-
emia, reperfusion, and hemodynamic disturbances. The
clinical response is the result of complex changes, which in-
clude dysregulation of T-cell function, changes in the balance
of cytokines and counterregulatory hormones, and increased
hepatic synthesis of acute-phase reactants. In most patients,
the systemic changes are minimal and self-limiting. However,
in patients with complicated surgery or major trauma, the
response becomes extensive and prolonged, resulting in sys-
temic inflammatory response syndrome (SIRS), which is char-
acterized by increased or suppressed body temperature, in-
creased heart rate, hyperventilation, and an abnormal
peripheral leukocyte count (2). Although an inflammatory re-
sponse is an inevitable and essential part of the repair process
and a natural defensive reaction to prevent infections associ-
ated with trauma, such undesirable fallout from surgical treat-
ment is associated with significant morbidity and even mortal-
ity.

The macrolide group of antibiotics is associated with in vitro
and in vivo immunomodulating activities (18, 31-33). Erythro-
mycin, one of the macrolides, has been used extensively for
antimicrobial prophylaxis in colorectal surgery (22). Recently,
it has also been shown that clarithromycin attenuates the in-
flammatory response induced by surgical trauma in a guinea
pig model (32).

Mastectomy is a suitable surgical procedure for the study of
the acute inflammatory response to surgery because the exten-
sive dissection causes significant tissue damage and bacterial
contamination of the surgical site is uncommon. In this study,
we report the clinical profile of the local and systemic inflam-
matory responses due to mastectomy and the effects of clar-
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ithromycin on the mastectomy-induced acute inflammatory re-
sponse in an open-label, prospective, randomized-control trial.

MATERIALS AND METHODS

Preoperative protocol. Approval from the local ethics committee was obtained
for this trial. Patients were recruited between February 1997 and May 1998. The
diagnosis of breast cancer was confirmed by mammographic examinations and
cytological examinations of fine-needle aspirates before the operation. Patients
who were pregnant and those with diabetes mellitus, cirrhosis of the liver,
chronic renal failure, myasthenia gravis, a bleeding tendency, history of allergy to
macrolides, antibiotic treatment within 2 weeks of the study, or long-term im-
munosuppression were excluded from the study. If there were no reasons for
exclusion, the nature and purpose of the trial were explained to the patients and
informed consent was obtained for inclusion in the trial. Fifty-six patients with
breast cancer were recruited for the randomized trial. Two patients in the control
group dropped out due to refusal of venipuncture. One patient from each group
underwent additional transrectus abdominal myocutaneous (TRAM) flap sur-
gery for breast reconstruction.

Blood was drawn from patients the day before the operation for a preanes-
thetic workup that included complete blood counts, differential white cell counts,
renal and liver function tests, coagulation profiles, erythrocyte sedimentation
rate (ESR), and C-reactive protein (CRP) level. Levels of interleukin-6 (IL-6)
and tumor necrosis factor alpha (TNF-a) in serum were also determined.

Randomization. Consecutive patients (except those excluded) were enrolled
and randomized into two groups by computer. Patients in the study group were
given oral clarithromycin (500 mg twice a day) from the day before to 3 days after
the operation. Patients in the control group did not receive any clarithromycin.
All surgeons and medical staff responsible for assessing the outcome were un-
aware of the randomization results because separate prescription sheets were
given for the clarithromycin prescription.

Anesthesia. All patients underwent standard general anesthesia. They were
not given any premedication except for the single morning dose of clarithromy-
cin. Induction was done with thiopenal, fentanyl, and vecuronium, and mainte-
nance was achieved with nitrous oxide and isoflurane. Fentanyl and vecuronium
were given as required.

Surgical procedures. The operation involved the total removal of the breast
and axillary dissection up to the level II lymph nodal station. The raising of the
flaps and tissue dissection during mastectomy were performed by electric cau-
tery. Closed-suction drains were placed at the chest and axilla after the mastec-
tomy and a deep culture swab was taken from the surgical wound before closure.
The wound was closed by interrupted subcuticular sutures.

Two patients underwent additional TRAM flap reconstruction. This involved
the raising by electric cautery of extensive abdominal skin and subcutaneous
tissue from the underlying muscle and fascia. The rectus muscles and the over-
lying flap were harvested and placed at the mastectomy site. The defect in the
abdominal wall was closed by primary closure.
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TABLE 1. Patient characteristics of control and
clarithromycin groups

Control group® Clarithromycin group”

Characteristic

(n = 26) (n = 28)
Age (yr) 521 %21 511 =x21
Area of dissection (cm?) 575.0 £ 51.5 581.9 = 45.0
Blood loss (ml) 336.5 =554 330.4 = 29.5
Operation time (min) 141.4 £ 12.0 134173

Amt of parenteral fluid (ml) 1,380.8 = 207.8 1,600.0 * 134.3

“ Values are means = SEM. P values, calculated by using Student’s ¢ test, were
not significant.

Patients were closely monitored during the operation. Blood loss, operative
time, administration of anesthetic drugs, and intravenous fluid were recorded. A
deep wound swab for bacterial culture was taken at the operation site. The area
of dissection for mastectomy and TRAM flap reconstruction was measured by
placing the specimen or the harvested flap on a piece of paper and marking out
the surface area.

Postoperative management. The patients were monitored at 4-h intervals after
the operation for elevation of temperature, respiratory rate, and heart rate.
Postoperative pain was treated with oral acetaminophen and intravenous
propoxyphene hydrochloride, given on an as-needed basis every 4 h. The inten-
sity of pain was charted every 4 h and whenever analgesics were given, using a
visual log scale from 0 to a maximum of 10 (1). The intravenous-fluid require-
ment and the urine output for the first 48 h were monitored. The amount of drain
fluid was charted daily until the drains were removed. The wound was inspected
daily and any development of flap necrosis, infection (cellulitis with a purulent
discharge), or blister formation was charted. Blood samples were taken at the
peak of the febrile episodes and cultured to monitor for any possible transient
bacteremia. Each set of blood cultures consisted of an aerobic bottle with resin
and an anaerobic bottle, and the BACTEC 9240 blood culture system (Becton
Dickinson, Gaithersburg, Md.) was used. The range of movement of the shoulder
on the corresponding side of the surgery was charted on postoperative day 5 by
an experienced physiotherapist who was not aware of the randomization results.

Blood was drawn immediately after the operation in the recovery room and on
postoperative days 1, 2, and 5. Except for the renal and liver function tests, the
samples were tested for the parameters listed in the preoperative protocol. Drain
fluid was also collected on postoperative days 1, 2, and 5. The drain fluid was sent
for bacterial culture and tested for total cell and differential counts. Biochemical
assays of serum and drain fluid were also performed to analyze the levels of CRP,
IL-6, and TNF-a.

Measurement of IL-6 and TNF-a by enzyme-linked immunosorbent assays.
Commercial kits (Boehringer GmbH, Mannheim, Germany) were used for all
enzyme-linked immunosorbent assays. Serum samples were centrifuged at high
speed to remove turbidity and particles. Immunoreagent solution was prepared
by adding 50 wl of peroxidase-conjugated detection antibody to 0.9 ml of incu-
bation buffer, and 50 wl of biotin antibody was added after mixing. Twenty
microliters of each supernatant was added into the microtiter plate provided, and
200 pl of immunoreagent was pipetted into all wells containing the test samples.
The microtiter plate was then covered tightly with adhesive foil and incubated for
2 h at room temperature on a shaker at 250 rpm. The incubation buffer was
removed by tapping and the wells were rinsed three times with washing buffer.
The washing solution was removed and 200 pl of substrate solution was added to
the wells. The microtiter plate was covered again with the adhesive foil and
incubated in the same manner for another 20 to 30 min at room temperature.
Fifty microliters of stop solution was added to each well, and after incubation for
1 min the plate was read by using a spectrophotometer at 450 nm (reference
wavelength, 690 nm).

Statistical analysis. Parameters were compared using SPSS software, release
6.0 (SPSS Inc., Chicago, Ill.). Interval changes in the physiological and hemato-
logical parameters, acute-phase proteins, and cytokines were analyzed with ref-
erence to preoperative values. One-way analysis-of-variance tests were used to
compare means in each group over the time period studied. Fisher’s exact test or
the chi-square test was used to compare the number of events between groups.
Bivariate correlation was performed for univariate analysis. All values are means
and standard errors of the means (SEM), unless otherwise stated. A P value of
<0.05 was considered statistically significant.

RESULTS

Patients. There were no significant differences between the
two groups in terms of age, area of dissection, blood loss,
operation time, and the amount of parenteral fluid adminis-
tered during the perioperative period (Table 1). The culture
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FIG. 1. Changes in physiological parameters for control and clarithromycin
groups.

swabs taken during the operation were negative for bacterial
growth for all 54 patients.

Acute inflammatory response after mastectomy. The param-
eters reflecting a systemic inflammatory response were ana-
lyzed in the control group. There was a progressive elevation of
temperature, heart rate, and respiratory rate above preopera-
tive levels (Fig. 1) until postoperative day 5. Mastectomy pro-
duced significant changes in temperature (P < 0.0001) and
heart rate (P < 0.001). The changes in respiratory rate did not
reach statistical significance.

The hematological parameters after mastectomy are shown
in Fig. 2. There was a drop in hemoglobin and the interval
changes were statistically significant (P < 0.0001). The changes
in white blood cell and platelet counts, on the other hand, were
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FIG. 2. Changes in hematological parameters for control and clarithromycin
groups.

more marked. There was an elevation of white blood cell
counts almost immediately after the operation. This returned
to the preoperative level on day 5. The interval changes were
statistically significant (P < 0.0001). The platelet counts
showed a different time trend. There was an immediate drop
after mastectomy and this persisted until 48 h after surgery.
However, the counts returned to the preoperative level on
postoperative day 5. The interval changes were not statistically
significant. The elevation of neutrophil counts was greatest on
the day of the operation and monocyte counts reached a peak
48 h after the operation (Fig. 3). The interval changes in
monocyte and neutrophil counts were statistically significant
(P < 0.0001 for both parameters). On the other hand, there
was progressive lymphopenia after the operation; the percent-
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FIG. 3. Changes in differential cell counts for control and clarithromycin
groups.

age changes increased on the day of the operation but dropped
below the basal level from postoperative day 1 to 5.

The other parameters reflecting acute inflammatory reac-
tions are shown in Fig. 4. The interval changes in CRP and
ESR were statistically significant (P, <0.005 and <0.0001).
Statistical significance was not reached for changes in levels of
IL-6 and TNF-a.

Effects of clarithromycin on the mastectomy-induced acute
inflammatory response. The results of the comparison be-
tween the clarithromycin and control groups for the mean
interval changes in physiological, hematological, and other lab-
oratory parameters measured for the acute inflammatory re-
sponse are summarized in Table 2. The differences between
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the two groups were statistically significant for changes in tem-
perature, heart rate, respiratory rate, and monocyte count. The
differences in changes in neutrophil count and ESR did not
reach statistical significance.

When the total amount of drain fluid was analyzed, the
mean amount (=SEM) of drain fluid for the control group was
926 (+88.1) ml, whereas that for the clarithromycin group was
1,052 (=145.0) ml. There was no statistically significant differ-
ence between the two groups. The durations of drainage out-
put were 7.8 (+0.53) days and 7.9 (*0.54) days for the control
and clarithromycin groups, and again there was no statistically
significant difference. The total white blood cell count and
differential counts, as well as the levels of CRP, IL-6, and
TNF-« in the drain fluid, showed no statistically significant
difference between the two groups.

The intensity of pain from mastectomy was higher for the
control group of patients. The mean score was 4.2 (=0.43) for
the control group, and the corresponding value for the clar-
ithromycin group was 3.2 (=0.35). The difference was statisti-
cally significant (P < 0.05). The duration of pain was also
longer for the control group. The mean durations for the
control and clarithromycin groups were 3.98 (=0.34) days and
2.63 (+0.31) days, respectively. The difference was statistically
significant (P < 0.005). The patients of the control group
consumed more analgesics for relief of pain. The mean fre-
quencies of analgesic consumption for the control and clar-
ithromycin groups were 2.77 (=0.41) and 1.35 (+0.24) times,
respectively, and the difference was statistically significant (P <
0.005).

Postoperative functional status in terms of range of shoulder
abduction and flexion was better for the clarithromycin group.
The mean range of abduction for the control group was 66.2°
(£4.2°), whereas the mean value for the clarithromycin group
was 80.0° (=5.2°) (P < 0.05). The corresponding values for the
range of flexion were 76.5° (£4.2°) and 91.2° (+4.7°) for the
respective groups (P < 0.05).

No patients developed a wound infection. Wound flap ne-
crosis for both groups was minor and limited to the wound
edge. Five and two patients of the control and clarithromycin
groups developed flap necrosis, respectively.

DISCUSSION

Surgery induces both inflammation and immunosuppres-
sion, resulting in the development of local and systemic inflam-
matory responses (8). These responses usually abate sponta-
neously. However, when they are excessive, physiological
homeostasis is upset and when challenged by additional insults,
deleterious effects, such as severe SIRS and multiorgan dys-
function, may occur.

Clinical researchers have been looking for ways to modulate
the physiological responses after surgery. Anesthetic agents
have effects on the immune system (12, 19, 23). The cell num-
ber and activity of natural killer cells are diminished during
induction and there is a change in the balance of pro- and
anti-inflammatory cytokines. Corticosteroids are powerful
drugs for inflammatory conditions, and parenteral administra-
tion of betamethasone, for example, can significantly reduce
postoperative swelling and pain (11, 28). Nonsteroidal anti-
inflammatory drugs (NSAIDs) are effective in reducing post-
operative pain, but their modulating effect on the systemic
inflammatory response after surgery is not satisfactory. Epi-
dural analgesia in combination with systemic indomethacin
markedly reduces postoperative pain (27). However, the ele-
vation of plasma cortisol, acute-phase proteins, and leukocyte
and differential counts, which are changes typical of the acute-
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TABLE 2. Comparison of mean interval changes® of parameters for control and clarithromycin groups

Parameter Control group” Clarithromycin group” P value
Temp (°C) 0.48 = 0.05 0.25 = 0.03 <0.0001
Heart rate (beats/min) 8.59 £ (.84 5.56 = 0.74 <0.01
Respiratory rate (counts/min) 0.62 = 0.10 0.19 = 0.16 <0.05
White cell count (10%/liter) 221 +0.28 1.69 = 0.24 NS¢
Hemoglobin (g/dl) —1.30 = 0.14 —1.19 = 0.12 NS
Platelet count (10°/liter) —2.19 = 2.67 —3.02 = 2.76 NS
Lymphocyte count (10%/liter) 0.01 = 0.04 0.11 = 0.06 NS
Monocyte count (10%/liter) 0.17 = 0.02 0.10 = 0.02 <0.01
Neutrophil count (10/liter) 2.06 = 0.27 1.49 = 0.21 NS
CRP (10%/liter) 1.00 = 0.22 1.06 = 0.23 NS
ESR (mm/h) 835 £ 1.74 5.19 £0.93 NS
IL-6 (pg/ml) 5.25 = 1.67 421 = 0.81 NS
TNF-a (pg/ml) 0.73 = 1.91 —-1.56 = 1.75 NS

“The mean interval change for a parameter is defined as the mean of the difference between each day and the day before the operation for the corresponding

parameter.
” Values are means + SEM.
¢ NS, not significant.

phase response, are only minimally modulated. Moreover,
when the effect of an NSAID was compared with that of glu-
cocorticoid, the steroid was found to have a greater effect than
the NSAID on suppression of postoperative inflammation
(30). Furthermore, when the combined effect of prednisolone,
epidural analgesia, and systemic indomethacin was studied, the
leukocytic reaction and acute-phase response were unmodified
(7, 10). Another approach utilizes synthetic analogues of thy-
mic hormones, such as thymopentin, to combat the immuno-
suppression associated with major surgery (3). It has been
shown that thymopentin, in combination with indomethacin,
can adequately preserve and/or restore intact macrophage and
T-cell interaction and thus appears to be a feasible approach to
maintain normal host defense activity in patients undergoing
major surgery (14). In addition, thymopentin has been shown
to reduce mortality in experimental thermal injury (5). The
improvement in host survival is related to the reduction in
levels of IL-4 and increased production of IL-2.

With the advent of laparoscopic technology, clinical studies
have shown that the reduction in the extent of surgical dissec-
tion by laparoscopic surgery reduces nociceptive stimulation
and consequently the neuroendocrine response. This is evident
by the reduction in postoperative pain and early return to
normal function. The granulocyte count and IL-6 level were
lower in patients undergoing laparoscopic surgery (16, 17, 20),
and the immunocompetence measured by phytohemagglutinin
responsiveness was also stronger for the laparoscopic group
(17). Laparoscopic surgery is associated with a significant de-
crease in monocyte and neutrophil release of O,, TNF-q,
chemotaxis, and white blood cell count (29). However, CD4/
CDS ratios were still decreased after laparoscopic surgery but
reverted back to normal 1 week later (15). When laparoscopic
surgery has been compared with minilaparotomy, earlier stud-
ies reported that laparoscopic surgery was superior in reducing
hospital stay and postoperative dysfunction as well as leading
to a quicker return to normal activities. However, subsequent
reports did not show any improvement in postoperative recov-
ery and respiratory impairment or any reduction in neuroen-
docrine response and cortisol production (4, 24, 34). When
laparoscopic surgery involving a larger extent of surgical dis-
section, such as laparoscopic adrenalectomy, was compared
with open surgery, white blood cell count and CRP level, two
parameters that reflect acute inflammation, did not differ sig-
nificantly between groups (6). Therefore, laparoscopic surgery

is not the complete answer for reducing the harmful effects
caused by surgical trauma.

Studies comparing mastectomy with other major surgeries,
such as esophagectomy and pulmonary lobectomy, demon-
strated that mastectomy could induce higher neutrophil, adre-
nocorticotropin, and cortisol levels (9). In the present study, we
also found slight lymphopenia after mastectomy, in addition to
the elevation of neutrophil and monocyte counts. Therefore,
mastectomy provides a good opportunity for the study of im-
munomodulation after surgical trauma. The amount of energy
applied to the whole operative field is adequate to produce a
significant local inflammatory response at the operative site in
all patients and SIRS in a certain proportion of patients. Twen-
ty-four of 26 patients in the control group (92.3%) developed
one or more features of an inflammatory response after mas-
tectomy. Nine patients (34.6%) met the criteria for SIRS (2).

An effective antibiotic, besides having an antimicrobial ef-
fect, may also be a potent immunomodulator to combat the
alteration of the immune system. The modulation of the im-
mune system by antibiotics was first observed by Metchnikoff
and Helmholz (cited in reference 13). They reported the con-
tradictory results of enhancement and depression of phagocyte
functions by quinine. Antibiotics of the macrolide group, such
as azithromycin, erythromycin, and roxithromycin, have also
been reported to have immunomodulating effects (18, 21, 25).

In a previous study on the effects of clarithromycin on sur-
gical trauma in an animal model, the neutrophil and monocyte
counts of the clarithromycin-treated group were significantly
lower than those of the control group (32). The platelet counts
were also lower for the clarithromycin group. In addition, there
was a trend towards a milder elevation of temperature and
respiratory rate in the group of animals pretreated with clar-
ithromycin. Based on these observations, it was concluded that
clarithromycin suppresses both the local and systemic inflam-
matory responses after surgical trauma.

In the present study, we found that there was a marked
reduction in the acute-phase response in the clarithromycin
group. The important parameters, such as temperature, heart
rate, and respiratory rate, showed significantly smaller changes
in the clarithromycin group than in the control group. When
the parameters were analyzed on interval scales, there was a
greater reduction in the elevation of temperature for the cla-
rithromycin group. The changes in the heart and respiratory
rates were also significantly less than in the control group.
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Although the changes in white cell counts did not reach sta-
tistical significance, the increase in monocyte count in the
clarithromycin group was significantly less than that in the
control group.

The clinical effects of clarithromycin at the surgical site were
assessed. The intensity as well as the duration of pain was
lower in the clarithromycin group than in the control group.
The frequency of analgesic use was also lower. The range of
movement was significantly greater than in the control group.
Moreover, the odds ratios for wound infection and necrosis
were lower for patients treated with clarithromycin. These
parameters reflect that this macrolide has a considerable
“cleansing” effect at the operative site, leading to a much
weaker local inflammatory response and a much better clinical
outcome. In addition to the immunomodulatory effects of cla-
rithromycin on surgical trauma, this drug has also been re-
ported to be a potent inhibitor of tumor-induced angiogenesis
in a mouse cancer model (35). A clinical study also demon-
strated that the drug prolonged survival of patients with unre-
sectable non-small-cell lung cancer by increasing the bioactiv-
ity of IL-12 and natural killer cell activity (26). One important
limitation of using clarithromycin for immunomodulatory pro-
phylaxis in surgical trauma is the possibility of inducing anti-
microbial resistance. This could be overcome by developing
clarithromycin analogues which do not have antimicrobial ac-
tivities. In the meantime, further studies should be conducted
to assess if a single dose or 48-h doses of clarithromycin would
also be effective.

These observations reflect that clarithromycin has the capac-
ity to modulate the inflammatory response resulting from sur-
gical trauma. Although it was not apparent statistically that the
modulation was mediated through changes in IL-6, CRP, or
TNF-«, the mean values for these variables in the clarithro-
mycin group were lower than in the control group. Although
the mechanism of action of clarithromycin remains to be elu-
cidated, it is likely that the drug acts on the function and
number of monocytes and macrophages, in a manner similar to
that of erythromycin. Of the leukocyte populations studied, we
found that there is a significant modulation by clarithromycin
of the increase in monocytes. The lymphopenia associated with
surgical operations was not nullified and the increase in neu-
trophils was not reduced. The drug may not act on T cells
directly, but when the antigen-presenting capacity of mono-
cytes is affected, T-cell function may also be altered. The other
possible mode of action could be related to the augmentation
of the capacity of phagocytosis by macrophages to clean up the
inflammatory debris from surgical operations. The phagocytic
augmentation is strong enough locally to reduce the intensity
of pain and shorten its duration. These actions enable the drug
to attenuate the development of SIRS. In conclusion, this
randomized-control, open-label, prospective study provided
sufficient evidence of macrolide modulation of surgical-trau-
ma-related inflammation. Further placebo-controlled trials
with larger numbers of patients and different operative proce-
dures should be conducted to ascertain the beneficial effects of
immunomodulation in patients with surgical trauma.
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