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e Review the mechanism of interaction between apro-
tinin and coagulation and plasminogen activator path-
ways, and its potential interaction with malignant cells

e Evaluate the use of aprotinin and its benefit of reducing
blood loss and potentially decreasing lung injury in
large thoracic tumor resections

e Describe the ability of aprotinin to inhibit serine proteas-
es, which may result in inhibition of tumor metastasis

e Assess the safety of aprotinin and risk of thrombotic
events and hypersensitivity reactions in both cardio-
thoracic and noncardiothoracic surgery from adminis-
tration of half-dose versus full-dose aprotinin.
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Overview: A changing paradigm for treatment
of neoplastic disease
nce characterized by a *“search-and-
destroy” approach, management of neo-
plastic disease no longer consists prima-
rily of modalities such as radical sur-
gery, chemotherapy, and radiotherapy.
Increasingly, physicians who treat patients with
cancer have access to target-specific strategies
that modify molecular or genetic characteristics,
promote angiogenesis, or use growth factors or
cell-cell interactions.

The interaction between tumor cells and the
coagulation and fibrinolytic systems suggest
other potential treatments for neoplastic disease.
Evidence indicates that certain tumor cells inten-
sify activation of the coagulation and fibrinolytic
systems to achieve rapid growth and metastasis.
Serine protease inhibitors act at various points in
the hemostatic, fibrinolytic, and inflammatory
pathways. Therefore, it is not surprising that the
agents have been investigated for their potential
roles in inhibiting the processes required for
tumor invasion and metastasis.:

Potential benefits: From CABG to tumor resection
This publication will review current uses of serine
protease inhibitors in both the surgical setting and
management of neoplastic disease. By way of
comparison, other agents with similar properties
also will be discussed.

Aprotinin (Trasylol®, Bayer Corporation,
West Haven, CT) is a nonspecific serine protease
inhibitor. The single-chain polypeptide, which
comprises 58 amino-acid residues, has been
shown to inhibit numerous serine proteases in a
dose-dependent manner (Figure 1).2 It is cur-
rently the only serine protease product approved
in the United States to reduce perioperative
blood loss in patients undergoing cardiopul-

COVER ILLUSTRATION: Digitally color-enhanced x-ray taken in the
left posterior oblique view shows an esophageal tumor in the
narrowed portion of the esophagus near the top of the image.
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monary bypass during coronary artery bypass
graft surgery (CABG).:

The benefits of aprotinin in this and other
surgical settings are well documented. They
include decreased perioperative blood loss, fewer
transfusions and explorative operations for bleed-
ing, and a blunted systemic inflammatory
response.>

In cancer patients undergoing tumor-related
or other surgery, treatment with aprotinin, as
expected, decreases blood loss and transfusion
requirements. However, because aprotinin
inhibits processes fundamental to the inflamma-
tory response, it may also inhibit tumor growth
and metastasis.2

APROTININ AND BLOOD CONSERVATION

he overall importance of blood conservation

has been well documented. The shortage of
donor blood makes conservation during surgery
even more desirable. The risks associated with
blood transfusions include bacterial and viral
infections and increased mortality. In the general
population, the 3 most common causes of transfu-
sion-related deaths are bacterial infections, mis-
transfusion, and transfusion-related acute lung
injury. In cancer patients, blood transfusion
increases the rate of relapse and risk of mortality.
In some studies, blood transfusion been identified
as an independent risk factor for increased relapse
and mortality.+s

Aprotinin decreases platelet dysfunction
through inhibition of the fibrinolytic system and
preservation of platelet membrane-binding func-
tions. Platelet dysfunction is believed to be the
primary cause of bleeding following CABG.
Decreased transfusion requirements have been
observed in patients undergoing both primary
and reoperative cardiac, orthopedic, and trans-
plant surgery.

Blood loss in surgery for malignant tumors
Several studies have shown that aprotinin also

SUPPLEMENT

SUCIOINSNE Aprotinin, a serine protease inhibitor

Binds with human serine proteases:

* Trypsin
* Plasmin

decreasing
affinity

¢ Plasma kallikrein

* Tissue kallikrein

* Elastase

* Urokinase

» Thrombin

decreases transfusion requirements in patients
undergoing surgery for malignant tumors includ-
ing hepatic tumors, meningioma, femoral
osteosarcoma, and adenocarcinoma.s®

In one study, high-dose aprotinin was evalu-
ated in a prospective, randomized, double-blind
study of 97 patients with primary malignant,
metastatic, or benign hepatic tumors. The inves-
tigators reported that, compared with placebo,

In cancer patients, blood
transfusion has been
identified as an independent
risk factor for increased
relapse and mortality

high-dose aprotinin (loading dose of 2 X 10°
kallikrein activation units [KIU], followed by 5 X
10° KIU/h infusion, plus a 5 X 10° KIU bolus for
every 3 red blood cell [RBC] units transfused) sig-
nificantly decreased intraoperative blood loss,
number of patients transfused, and the total trans-
fusion requirement (Table 1).2 Aprotinin adminis-
tration remained significantly correlated with blood
loss after adjusting for underlying disease, age,
preoperative hematocrit, repeat surgery, type of
surgery, duration of clamping, and postoperative
D-dimer level.

Aprotinin also decreased blood loss in
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WREINSR  Blood loss and transfusion requirements

(590 vs 1190 mL; P<0.05) and

in patients undergoing elective liver resection postoperative day 2 (29% vs 27%;
= P<0.05) hematocrit. High-dose
Aprotinin Placebo P-value . .
(n=48) (n=49) aprotinin compared with placebo
Int tive blood | L)* 1217 +966 1653 +1221 0.048 also decreased the number of
+ + .
ntraoperative blood loss (ML) - - : homologous (0 vs 2 RBC units;
Patients transfused (%) 17 39 0.02 P<0.05) and homologous and
RBC requirements (RBC packs) 30 77 0.15 autologous (2 vs 4 RBC units;

*mean = standard deviation RBC, red blood cell

patients, with and without cancer, undergoing
orthopedic surgery. Aprotinin (1 X 10¢ KIU load-
ing dose followed by 5 X 10° KIU/h; n=12) com-
pared with placebo (n=11) significantly reduced
total blood loss (1783 vs 5305 mL; P<0.05) and
blood transfusions (3 vs 7 units of packed RBCs;
P<0.05) following orthopedic surgery for removal
of infected hardware or tumor resection.® Results
were similar in a study that compared high-dose
aprotinin (4 X 10° KIU loading dose followed by

Aprotinin decreases secretion of
such inflammatory mediators as
interleukin, neutrophil elastase,
and tumor necrosis factor

1 X 10° KIU/h; n=18), low-dose aprotinin (2 X 10¢
KIU loading dose followed by 5 X 10° KlU/h;
n=22), and placebo (n=18) in patients undergoing
major orthopedic surgery.® High-dose aprotinin
administration compared with placebo signifi-
cantly decreased postoperative drainage (625 vs
1190 mL; P<0.05), total measured bleeding (1715
vs 2795 mL; P<0.05), total calculated bleeding
(607 vs 1073 mL of RBC units, hematocrit 100%;
P<0.05 and 2023 vs 3577 mL of whole blood,
hematocrit 30%; P<0.05), and postoperative (32%
vs 28%; P<0.05) and postoperative day 2 hemat-
ocrit (31% vs. 27%).

Low-dose aprotinin compared with placebo
significantly decreased postoperative drainage
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P<0.05) RBC units transfused and

the number of patients exposed

to transfusions (4 vs 11 patients;
P<0.05). No significant differences among the
aprotinin groups were reported.

Deep venous thrombosis was not increased
in patients receiving aprotinin. One patient in the
placebo, 3 patients in the low-dose aprotinin, and
0 patients in the high-dose aprotinin group had a
deep venous thrombosis on venogram.®

Finally, in 100 patients who underwent sur-
gery for intracranial meningioma or vestibular
schwannoma, high-dose aprotinin (3 X 10* KIU/kg
body weight loading dose, followed by 1 X 10¢
KIU/kg/hr until end of surgery or a maximum of
8 hours) compared with placebo also decreased
blood loss (508 vs 1014 mL; P=0.028).7

EFFECTS ON ANTI-INFLAMMATORY PATHWAY
Aprotinin in in vitro and ex vivo models modulat-
ed several processes in the inflammatory pathway
including reduced levels of proinflammatory
cytokines? and inhibition of complement factors,w
the potent proinflammatory properties of
kallikrein,r1z2 neutrophil transmigration through
the vascular endothelium,+# and thrombin-
induced platelet activation.s

Multiple clinical studies conducted in patients
undergoing CABG have documented the anti-
inflammatory effects of aprotinin. The drug was
shown to decrease secretion of several inflamma-
tory mediators including interleukin-6, -8, and -10,
polymorphonuclear neutrophil elastase, and
tumor necrosis factor-alpha. Additionally, apro-
tinin blocked expression of CD11b/CD18 adhe-



sion molecules located on white blood cells.?

Inflammatory pathways:

Postsurgical adverse events

Both cellular and humoral components link the
coagulation and inflammatory pathways, as is evi-
dent in patients with systemic inflammatory
response syndrome or disseminated intravascular
coagulation. Initiating events of the systemic
inflammatory response syndrome include major
surgery or trauma, sepsis, and cardiopulmonary
bypass.

The ultimate outcome of the systemic inflam-
matory response can be multiorgan dysfunction
(manifested as coagulopathy), myocardial dysfunc-
tion, or a major pulmonary event such as acute
lung injury, acute respiratory distress syndrome, or
pneumonia. Data from CABG patients shows that
inflammatory mediators are increased in patients
with acute lung injury.

A major pulmonary event is a significant
problem following intrathoracic resection of
malignant disease increasing both length of stay
and mortality (Figure 2). Patients who had a
major pulmonary event following pneumonecto-
my for primary lung cancer had a 20-fold increase
in mortality compared with patients who did not
(39.3% vs 2.1%; P<0.001).:c Aprotinin administra-
tion may inhibit inflammation through multiple
pathways and ultimately decrease the risk of a
major pulmonary event.

Clinical studies conducted in adult and pedi-
atric patients requiring cardiopulmonary bypass
have also documented decreased lung injury with
aprotinin therapy.:s In a prospective, randomized
study of 20 patients, aprotinin significantly
reduced the increase in malondialdhyde levels
seen with cardiopulmonary bypass (P=0.048 vs
placebo). Histologic examination of lung tissue
and neutrophil counts also showed positive
effects of aprotinin therapy.*” Similarly, in a ran-
domized, placebo-controlled study of 60 pediatric
patients who underwent cardiopulmonary bypass,

SUPPLEMENT

Impact of postoperative major
pulmonary events (MPE)

[l All patients
B No MPE
MPE
Length of stay
30 P<0.01 P<0.01 P<0.01
25
20
2
c 15
(o]
10
5
All thoracic Pulmonary Esophageal
resections resections resections
Surgical mortality
25
P<0.01 P<0.01 P<0.01
20
s
T 154
2
g
5 10
=
5 -
All thoracic Pulmonary Esophageal

resections resections resections

Vaporciyan et al. Ann Thorac Surg. 2002;73:420-426;
Avendano et al. Ann Thorac Surg. 2002;73:922-926.

aprotinin administration significantly improved
post-operative  oxygenation (P<0.05) and
decreased time on mechanical ventilation
(P<0.05).

APROTININ AND TUMOR PROGRESSION
AND METASTASIS

As mentioned, aprotinin appears to oppose
tumor progression and metastasis through inhibi-
tion of serine proteases. Components of the
coagulation and fibrinolytic pathways that are
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Tumor types based on coagulation
and fibrinolytic pathway activity

Type |

Generate thrombin, do not express uPA
» Small cell lung cancer

* Renal cell carcinoma

» Malignant melanoma

Type Il

Do not generate thrombin, express uPA
* Non-small cell lung cancer

* Colorectal cancer

* Prostate cancer

* Breast cancer

uPA, urokinase-type plasminogen activator

known to play roles in tumor progression and
metastasis include tissue factor, fibrin, fibrino-
gen, factors Vlla, Xa, and Xlla, platelets, throm-
bin, and urokinase-type plasminogen activator
(UuPA).

The degree of coagulation and fibrinolytic
pathway activation varies with tumor type and is
classified according to the dominant pathway;

Activation of the coagulation and
fibrinolytic pathways may play a
role in tumor progression and
metastasis

type | tumors generate thrombin but do not
express UPA whereas type Il tumors express uPA
but do not generate thrombin (Table 2). Patients
with type | tumors may benefit from treatment
with a thrombin inhibitor such as warfarin or
heparin; patients with type Il tumors may benefit
from a uPA inhibitor such as aprotinin.

Type | tumors: Potential benefits
of warfarin and heparin
Thrombin enhances tumor growth; promotes mito-

sis, angiogenesis, cell motility, cell adhesion, and
chemotaxis; stimulates growth factors; enhances
platelet activation; mediates oncogene expression;
and activates nuclear transcription factor. In vitro
studies utilizing immunohistochemical techniques
have identified thrombin in small cell lung cancer,
renal cell carcinoma, and malignant melanoma
cells.2 Numerous studies have demonstrated the
beneficial effects of heparin or warfarin anticoagu-
lation in patients with small cell lung cancer,s2
melanoma,> and breast and pelvic cancer.

In a large small cell lung cancer study of
thrombin inhibition, 328 patients were random-
ized to receive either methotrexate, doxorubicin,
cyclophosphamide, and lomustine (MACC);
MACC plus warfarin; or mitomycin, etoposide, cis-
platin, and hexamethylmelamine (MEPH) alternat-
ing with MACC (MEPH/MACC).» Complete and
partial response rates were significantly higher in
MACC plus warfarin patients (17% and 50%) than
in MACC (8% and 43%) or MEPH/MACC (10% and
38%) treated patients (P=0.012). Both failure free
and overall survival were longer in MACC plus
warfarin patients (6.6 and 9.3 months) than in
MACC (5.0 and 7.9 months), and MEPH/MACC
(5.0 and 7.9 months) patients; however, the dif-
ferences were not significantly different (P=0.054
and P=0.098). Similar results were noted in 2
smaller studies of unfractionated heparin or war-
farin to patients with small cell lung cancer
(Figures 3 and 4).z2

A pilot study evaluating the effects of low-
molecular-weight heparin (LMWH) on malignant
melanoma also reported beneficial effects.z Of 27
patients enrolled in the study, 18 patients received
LMWH and 9 received LMWH and chemotherapy
with dacarbazine, cisplatin, carmustine, and
tamoxifen; radiation; or a combination of
chemotherapy and radiation. The authors report-
ed that survival for patients treated with LMWH
was at least as good as, if not better than, current
best treatment for malignant melanoma. Finally,
short-course LMWH compared with unfractionat-
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SIS Heparin and small cell lung cancer

227 Evaluable Patients

4

Randomize |
Heparin No Heparin
(n=138) (n=139)
Complete 37% 23% P=0.004

response

Median 317 days
survival

261 days P=0.01

Lebeau et al. Cancer. 1994;74:38-45.

ed heparin appeared to improve survival follow-
ing breast and pelvic cancer surgery; however, a
significant survival advantage at 650 days was evi-
dent only in patients with pelvic cancer.»

Type Il tumors: Potential benefits of aprotinin
Normal physiologic processes that involve the
uPA-plasmin system include clot lysis, wound
healing, embryogenesis, and tissue remodeling.
Tumor processes that involve the uPA-system
include tumor cell growth, invasion, and metas-
tasis. The role of uPA in tumor progression has
been evaluated both in vitro and in cancer
models. In vitro, insertion of the uPA gene into
cells with a low malignancy potential increases
their malignancy potential and converts them
into highly invasive cells.2 Augmentation of
cells with uPA in vitro decreases cell adhesive-
ness, rounded morphology, anchorage-depend-
ent growth, contact inhibition, and loss of
intracellular actin cables and increases lectin
agglutinability, cell motility, and angiogenesis.
Expression of uPA in tumors has been identi-
fied as a marker of poor prognosis in a variety of
cancers including breast, prostate, colorectal, and
non-small-cell lung cancer. High uPA levels are
correlated with other markers of poor prognosis

SUPPLEMENT

RICTINEN LMWH and small cell lung cancer

48 Evaluable Patients

4

Randomize |

¥ ¥

CEV (18 weeks) | CEV (18 weeks)

(n=25) + LMWH (n=23)
Complete 36% 78% P=0.004
or partial
response

Progression 317 days 9 months P=0.02
-free (range, (range,
survival 2-13) 4-24)

Altinbas et al. Proc ASCO. 2001;20:321a.
CEV, cyclophosphamide, epirubicin, vincristine.

such as advanced tumor stage, lymph node
involvement, absence of hormone receptors, vas-
cular invasion, increased invasiveness and metas-
tasis, and rapid disease recurrence. Additionally,
high uPA concentrations are an independent mark-
er of poor prognosis and are associated with more
rapid disease recurrence and shortened disease-

Aprotinin improved survival when
administered perioperatively

to patients undergoing

tumor resection

free and overall survival.z Current evidence sug-
gests that uPA expression at tumor cell margins
facilitates the migration of tumor cells through tis-
sues to form distant metastases.

In animal models of malignancies, treatment
with aprotinin resulted in decreased tumor size,
invasion, and metastasis, and increased survival.z2

In a study of prophylactic treatment to pre-
vent head and neck cancer recurrence and metas-
tasis, administration of aprotinin in conjunction
with radiation, microwave hyperthermia, and
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AISCIISER Aprotinin and survival after resection
of hepatic metastases
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I &
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E £
8 o+————— O 0
0 100 200 300 400 0 400 800 1200 1600
Days Days

Lentschener et al. Fibrinol Proteol. 1999;13:39-45.

interferon increased the 3-year survival rate by
37%, decreased tumor recurrences by 39%, and
decreased regional metastases by 8.4% compared
with radiation with or without microwave hyper-
thermia.» Patients received aprotinin injections
every 3 to 4 months for 3 years.

Aprotinin also improved survival when admin-
istered perioperatively to patients undergoing

Currently, aprotinin therapy is
used as prophylactic therapy
before and during surgery

tumor resection. Survival was prolonged in a ran-
domized, placebo-controlled study of patients who
received aprotinin (2 X 10° KIU loading dose, fol-
lowed by 5 X 10° KIU/h, plus 5 X 10° KIU bolus for
every 3 transfused RBC units) following elective
liver resection for metastatic colorectal cancer. At 1-
year follow-up, significantly more patients had died
in the placebo group than in the aprotinin group
(P=0.029) (Figure 5), but this beneficial effect was
no longer statistically significant at 5-year follow-
up.»@ The loss of a significant difference at 5 years
was attributed to the short duration of aprotinin
therapy--only metastases originating from the intra-

AIEEREER Aprotinin and survival after

esophagectomy
;-\0\ loo-t Aprotinin 1007
= | N=52 |
g 80 No aprotinin 80
2 601 NS 60-
=
0
g 4 407
®
S 201 201
=
8 o+———— o+—T———
0 6 12 0 12 24 36 48
Months Months
Relative risk Relative risk
0.36 (95% CI 0-0.74) 0.29 (95% CI 0-0.54)
P=0.002 P=0.001

Zimbler et al. ASA 2002. Abstract A1187 (www.asa-abstracts.com).

operative release of tumor cells appeared to have
been curtailed by the drug. An additional finding of
this study was decreased plasmin activity in apro-
tinin-treated patients as demonstrated by a signif-
icantly smaller increase in D-dimer levels (P=0.01
vs placebo).

Aprotinin therapy also prolonged survival in
a study of 117 patients who underwent surgical
resection of esophageal cancer. At 1-year follow-
up, more patients who did not receive aprotinin
had died and by 18 months, the survival advantage
for aprotinin was significant (P<0.01) (Figure 6).x
Interestingly, the mean survival time was 32.9
months (no additional deaths) for patients who
received aprotinin and 34.6 months (8 additional
deaths) for patients who did not receive aprotinin.
The authors suggested this difference might be
attributed to fewer stage 1 procedures (21% vs
35%) and lower age (62.2 vs 65.1 years) in the
aprotinin group.

At MD Anderson Cancer Center, aprotinin is
given to patients with a high likelihood of massive
blood loss during tumor resection. Patients who
receive aprotinin tend to have large pleural (e.g.,
mesothelioma), mediastinal (e.q., large
thymus/thymic carcinomas), or vascularized
tumors. Aprotinin is also given to patients with
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Effect of aprotinin on activated
clotting time

In vivo In vitro
1000 — 1000
—8— Aprotinin
—a— Control

e~ -
AN
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Pre- 10’ 40’ Post-  Control Heparin Heparin/
bypass on on bypass aprotinin

Seconds

Royston D. J Cardiothorac
Anesth.1989;3:80.

tumors involving a large pleural or peritoneal sur-
face area and in patients undergoing reoperative
procedures in the chest. At first, aprotinin was as
rescue therapy at MD Anderson, meaning patients
received aprotinin therapy after surgical incision.
Currently, aprotinin therapy is used as prophylactic
therapy that is administered before and during sur-
gery. Initial experience with prophylactic aprotinin
therapy has been positive and blood loss and peri-
operative morbidity appear to be less than would
be expected in this patient population.?

DOSE-DEPENDENT EFFECTS

egardless of its use, aprotinin produces specif-
Ric dose-dependent effects.2s Inhibition of the
fibrinolytic system occurs at lower doses; plasmin
is inhibited at a concentration of approximately 50
KIU/mL.? Inhibition of the coagulation and inflam-
matory systems occurs with higher aprotinin
doses: The serine proteases kallikrein, elastase,
urokinase, and thrombin are inhibited at an apro-
tinin concentration >200 KIU/mL.z

Full-dose effects on CABG patients

The effects of full-dose aprotinin have been
observed following CABG or repeat CABG. In
general, patients receiving full-dose aprotinin (2 X
10¢ KIU loading dose, 2 X 10° KIU added to recir-
culating pump-prime, and 500,000 KIU/h continu-

WLCIRSEE Monitoring anticoagulation

with aprotinin

¢ Maintain celite-based ACT values at 750 seconds

OR

« Maintain kaolin-based ACT values at 480 seconds
OR

« Give additional heparin in a fixed-dosage regimen
OR

* Use heparin/protamine titration, which does not rely
on contact activation

ACT, activated clotting time

ous intravenous infusion during surgery) had less
thoracic drainage and required fewer units of
donor blood, platelets, and fresh frozen plasma
than patients receiving half-dose aprotinin (1 X
10° KIU loading dose, 1 X 10° KIU added to recir-
culating pump prime, and 250,000 KIU/h contin-

The risk of deep venous thrombosis
does not appear to be increased
when aprotinin is given during
orthopedic surgery

uous intravenous infusion during surgery). Similar
findings have been noted when aprotinin has
been added to pump-prime only, or placebo.:

Prophylactic, high-dose aprotinin
in patients with malignant tumors

Prophylactic, high-dose aprotinin therapy is
recommended for perioperative management of
malignant tumors.2 High-dose aprotinin not only
reduces blood loss due to plasmin inhibition but
also decreases inflammation resulting from
kallikrein inhibition. Aprotinin doses >3 X 10° KIU
were typically administered to patients prior to
surgical resection of malignant tumors in pub-
lished reports.®

At MD Anderson Cancer Center, aprotinin was
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initially administered as rescue therapy after sur-
gical resection had begun. Aprotinin is currently
recommended as prophylactic therapy that is ini-
tiated before surgical resection. The full dosing
schedule is utilized in selected patients. All
patients should receive 1 mL of aprotinin test
dose at least 10 minutes prior to the loading dose
to test for allergic reactions.

Aprotinin decreases intraoperative
blood loss and the inflammatory
response ... and inhibits tumor
progression and metastasis

Safety data
The majority of safety information for aprotinin
therapy has been obtained from studies that
enrolled cardiothoracic surgery patients. Their
results suggest that aprotinin is safe, well tolerated,
and associated with a lower mortality risk, in com-
parison with placebo.»s However, the risk of
thrombosis and hypersensitivity reactions merits
further discussion.
Thrombosis and whole blood clotting times.
Aprotinin does not appear to increase the risk of
thrombosis in patients undergoing CABG.
However, appropriate anticoagulation and antico-
agulation monitoring are essential because the
agent prolong s whole blood clotting time.
Coadministration of aprotinin and heparin
requires care: The degree of anticoagulation may
be overestimated if activated clotting time (ACT)
is used (Figure 7). Recommendations for moni-
toring heparin anticoagulation using the ACT test
are based on the type of test utilized (Table 3).
The risk of deep venous thrombosis does not
appear to be increased in patients, including
those with cancer, who receive aprotinin during
orthopedic surgeries.s
Hypersensitivity. As aprotinin is a protein mole-
cule, hypersensitivity reactions may occur during

and following administration, as stated in the pre-
scribing information. The manufacturer recom-
mends a 1-mL test dose prior to administering the
loading dose. Aprotinin should be discontinued in
patients who experience a hypersensitivity reac-
tion. Reactions include skin eruptions, itching,
dyspnea, nausea, and tachycardia. Additionally,
fatal anaphylactic shock with circulatory failure
can occur.

The risk of a hypersensitivity reaction increas-
es with aprotinin reexposure. The incidence of
hypersensitivity reactions is <0.1% in patients with
no prior exposure, 5.0% in patients with previous
aprotinin exposure during the past 6 months, and
0.9% in patients with previous exposure at least 6
months earlier.s

CONCLUSIONS

nlike older cancer therapies, many new cancer

therapies are target-specific; for example, those
agents that inhibit thrombin (e.g., heparin, war-
farin) and those that inhibit uPA (e.g., aprotinin).
The beneficial effects of aprotinin administration
in patients undergoing CABG are well known and
include decreased blood loss and transfusion
requirements. The beneficial effects of aprotinin in
patients undergoing surgical resection of a malig-
nant tumor are less well known and appear to be
mediated through the drug’s effects on the
hemolytic, fibrinolytic, and inflammatory path-
ways. Results from clinical studies demonstrate
that aprotinin decreases intraoperative blood loss
and the inflammatory response. Results from in
vitro, animal, and small clinical studies suggest that
aprotinin inhibits tumor progression and metasta-
sis. To maximize the effects of aprotinin in patients
undergoing tumor resection, aprotinin should be
administered at full dose prior to surgical incision.
Additional studies evaluating the effects of apro-
tinin on blood loss, the inflammatory response,
and tumor progression and metastasis are needed
to further define the role of aprotinin in patients
undergoing malignant tumor resection.
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1. Serine proteases play a role in which of the following pathways?
a. Hemostatic
b. Fibrinolytic
c. Inflammatory
d. All of the above
2. Aprotinin inhibits which of the following?
a. DNA methyltransferase
b. Serine protease
c. Serotonin
d. All of the above
3. Aprotinin is currently approved in the United States for
which of the following?
a. Reduction in perioperative blood loss and blood
transfusions in patients undergoing cardiopulmonary bypass
b. Reduction in major pulmonary events following
intrathoracic resection
c. Inhibition of the systemic inflammatory response
d. All of the above
4. Which of the following statements is TRUE?
a. Aprotinin administration increases the risk of thrombosis
in patients undergoing CABG
b. Aprotinin prolongs the activated prothrombin clotting
time
c. An aprotinin test dose should be administered to all
patients prior to receiving the drug
d. All of the above
5. Which of the following statements is TRUE?
a. Type 1 tumors inhibit thrombin formation
b. Type 1 tumors may be inhibited by administration
of aprotinin
c. Type 2 tumors express urokinase-type plasminogen
activator (uPA)
d. All of the above

6.

Normal physiologic processes in which the uPA-plasmin

system plays a role include

a. Clot lysis

b. Wound healing

c. Embryogenesis

d. All of the above

Which of the following statements is TRUE?

a. Aprotinin prolongs survival following surgical resection
of breast cancer

b. Aprotinin should be administered as rescue therapy

c. Aprotinin prolongs survival following surgical resection
of esophageal cancer

d. All of the above

Which of the following is an example of type | tumors?

a. Non-small cell lung cancer

b. Colorectal cancer

c. Malignant melanoma

d. All of the above

Which of the following is the primary cause of bleeding

following CABG?

a. Platelet dysfunction

b. Red-blood cell dysfunction

c. Residual anticoagulant effects

d. Thrombin inhibition

10. In vitro and ex vivo studies indicate that aprotinin

a. Reduces cytokines

b. Inhibits complement factors
c. Inhibits kallikrein

d. All of the above
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