Prediction of myocutaneous adverse side effect
due to intra-arterial chemotherapy by
intra-arterial 99mTc-macroaggregated albumin
administration in patients with bone and
soft-tissue tumors
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In malignant bone and soft-tissue tumors, intra-arterial chemo-
therapy and limb-saving surgery have become popular. Myocu-
taneous inflammatory change and necrosis are the major local
side effects of intra-arterial chemotherapy. ®°mTc-macroaggre-
gated albumin (MAA) imaging with intra-arterial tracer adminis-
tration was performed to evaluate drug distribution, and the
ability of 99mTc-MAA imaging to predict local side effects was
assessed. Methods: In 24 patients, 42 9mTc-MAA images were
obtained with tracer injection through an intra-arterial catheter
that was inserted into the proximal portion of the tumor-feeding
artery. Abnormal uptake other than by tumor was assessed
visually and quantitatively. Results: In visual analysis, abnormal
99mTc-MAA accumulation was observed in 21 of 42 images. In
the first consecutive 13 of these 21 images, intra-arterial che-
motherapy with cisplatin, doxorubicin, and caffeine was admin-
istered, and myocutaneous inflammation or necrosis in the area
corresponding to the abnormal ®mTc-MAA uptake was ob-
served in 11. In contrast, none of the 21 images without abnor-
mal ®mTc-MAA uptake demonstrated any local adverse effect
from intra-arterial chemotherapy. In the last consecutive 8 im-
ages with abnormal *mTc-MAA uptake, intra-arterial chemo-
therapy was initiated with only cisplatin, and doxorubicin and
caffeine administration was changed to the intravenous route. In
all 8 of these images, no local adverse effects from chemother-
apy were observed. Overall, the sensitivity, specificity, and ac-
curacy of ¥mTc-MAA imaging for the detection of myocutane-
ous damage were 100% (11/11), 91% (21/283), and 94% (32/34),
respectively, and positive and negative predictive values were
85% (11/13) and 100% (21/21), respectively. In quantitative
analysis, when the diagnostic threshold of the uptake ratio was
set at 2.5, sensitivity, specificity, and accuracy for the detection
of myocutaneous complications were 91% (10/11), 96% (22/
23), and 94% (32/34), respectively, and positive and negative
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predictive values were 91% (10/11) and 96% (22/23), respec-
tively. Conclusion: ®*mTc-MAA imaging with intra-arterial infu-
sion before intra-arterial chemotherapy for bone and soft-tissue
tumors can facilitate prediction of local myocutaneous adverse
effects due to chemotherapy.

Key Words: %*mTc-macroaggregated albumin; intra-arterial che-
motherapy; myocutaneous inflammatory change; drug distribution
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The prognosis and quality of life of patients with malig-
nant bone and soft-tissue tumors have improved dramati-
cally because of advances in chemotherapy with or without
radiation and limb-saving surgery (1-5). The success of
preoperative chemotherapy is a key issue for the achieve-
ment of limb-saving surgery. Intra-arterial chemotherapy
has therefore become popular because it can induce a fa
vorable degree of tumor necrosis due to its pharmacokinetic
advantages (1,3-7). Human studies have demonstrated that
195mpt-labeled cisplatin accumulates in tumors significantly
more by intra-arterial infusion than by intravenous admin-
istration, although no such differences have been observed
in the pharmacokinetic profiles of the blood fractions be-
tween intravenous and intra-arterial drug administration (8).

In addition to the several side effects observed with intre-
venous chemotherapy, local myocutaneous inflammatory
changes or necrosis or osteonecrosis can occur as complica
tions of intra-arterial chemotherapy. Significant myocutaneous
necrosis requires surgica resection, resulting in muscle wesk-
ness and limitation of the range of motion in the adjacent joint.
One magjor cause of these complications is inappropriate drug
distribution. For assessment of the distribution of an intra-
arterially administered drug, intrararterial *™Tc-macroaggre-
gated albumin (MAA) infusion and imaging have been per-
formed successfully in hepatic tumors (9-11).
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TABLE 1
Clinical and Scintigraphic Findings

Extratumoral tracer

uptake
Patient Age Visual Uptake Local side
no. () Sex Diagnosis Tumor location uptake score ratio effect
1 29 M Ewing’s sarcoma L iliac bone No 1.00 -
2 17 M Osteosarcoma L distal femur No 1.00 -
3 65 F MFH R distal femur Moderate 1.84 +
4 51 M Metastasis from lung cancer L thigh High 4.48 +
5 67 F Leiomyosarcoma R forearm No 1.00 —
No 1.00 -
6 62 F MFH R thigh Mild 1.33 -
7 14 F Osteosarcoma L pelvis No 1.00 —
No 1.00 -
8 35 F Osteosarcoma R humerus No 1.00 -
No 1.00 -
Mild 1.13 -
No 1.00 -
9 36 M Liposarcoma L thigh Mild 2.13 -
10 66 F Osteosarcoma R pelvis High 2.91 +
11 9 M Osteosarcoma L femur Moderate 2.36 -
High 4.50 +
No 1.00 -
12 8 M Osteosarcoma R femur High 9.70 +
13 69 M Osteosarcoma R ilium No 1.00 —
14 14 F Rhabdomyosarcoma R forearm No 1.00 -
15 11 M Ewing’s sarcoma L femur Mild 2.31 -
16 52 M MFH L femur High 7.37 +
Moderate 3.40 -
No 1.00 -
17 15 M Eosinophilic granuloma L acetabulum Mild 1.41 -
18 27 M Rhabdomyosarcoma L first metatarsus High 5.81 +
19 50 F Clear cell sarcoma R foot Moderate 3.31 +
Moderate 414 +
20 27 F Ewing’s sarcoma R tibia High 7.37 +
Moderate 3.43 -
Moderate 2.40 —*
High 4.34 —*
21 18 M Osteosarcoma R humerus Moderate 3.64 +
22 38 M Osteosarcoma L distal femur Moderate 2.73 —*
Moderate 3.00 -
23 49 M Leiomyosarcoma Sacrum High 5.00 -
No 1.00 -
No 1.00 -
24 24 F Myxoid liposarcoma L ankle Moderate 2.48 -
Moderate 2.26 —*
No 1.00 -

*Doxorubicin and caffeine administration were changed to intravenous route.

MFH = malignant fibrous histiocytoma.

The aim of this study was to evaluate, first, the feasibility
of ¥mTc-MAA imaging for the assessment of drug distri-
bution by intra-arterial infusion of the radiopharmaceutical
through the same route as intra-arterial chemotherapy and,
second, the ability of ®™Tc-MAA imaging to predict myo-
cutaneous local complications associated with intra-arterial
chemotherapy in patients with malignant bone and soft-
tissue tumors.

MAA IMAGING IN INTRA-ARTERIAL CHEMOTHERAPY ¢ Taki €t dl.

MATERIALS AND METHODS

Twenty-four patients (14 male, 10 female; age range, 8—69 vy,
average age = SD, 36 = 21 y) who had confirmed or suspected
malignant bone and soft-tissue tumors and were scheduled for 3-5
preoperative courses of intra-arterial chemotherapy were enrolled
in this study (Table 1). A total of 42 ¥"Tc-MAA imaging studies
after intra-arterial radiopharmaceutical administration were per-
formed.
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Fifty to 100 MBq of ®"Tc-MAA (0.5-1 mL) were injected
slowly during 30 sto 1 min through an intra-arterial catheter that
was inserted, under fluoroscopic guidance, into the proximal por-
tion of the tumor-feeding artery for intra-arterial chemotherapy.
Within 5 min of ®"Tc-MAA injection, whole-body imaging was
started using dua-head large-field-of-view gamma cameras
equipped with low-energy, high-resolution parallel-hole collima
tors with a scan speed of 15 cm/min. Then, SPECT was performed
to include tumor in case tracer distribution was inhomogeneous in
tumor.

After the ¥mTc-MAA imaging, cisplatin (120 mg/m?) was con-
tinuously infused through the catheter for 1-2 h followed by a48-h
continuous infusion of doxorubicin (60 mg/m?) and a72-h infusion
of caffeine (12,13).

Data Analysis

Tracer distribution distal to the ®™Tc-MAA injection site was
analyzed. If localized high uptake other than by tumor was ob-
served, the uptake was assessed visually and quantitatively. In the
visual analysis, uptake was graded as mild, moderate, or high.
Moderate or high uptake was defined as abnormal. In the quanti-
tative analysis, a region of interest was set manually on the area
with increased tracer uptake. A background region of interest was
set adjacent to the area. The uptake ratio in the area of increased
uptake was calculated by dividing the count density of the area by
that of the background. When no visually detectable abnormal
uptake was observed, the uptake ratio was defined to be 1.0.

Statistical Analysis

Values are expressed as the mean + SD. Differences in uptake
ratios were analyzed by an unpaired Student t test or ANOVA with
adjustment by the Scheffé method for multiple comparisons when
appropriate. P <0.05 was considered statistically significant.

RESULTS

All clinical and scintigraphic findings are presented in
Table 1.

In the visual analysis, abnormal *"™Tc-MAA accumu-
lation was observed in 21 of 42 images. Almost all cases
of abnormal uptake (19/21) were observed proximal to
the tumor. In the first consecutive 13 of these 21 cases,
intra-arterial chemotherapy was started without a change
in the position of the catheter tip. In 11 of these 13 cases,
myocutaneous inflammation or necrosis in the area cor-
responding to the abnormal ®“™Tc-MAA uptake was ob-
served. In contrast, none of the 21 cases without abnor-
mal *"Tc-MAA uptake demonstrated any local adverse
effect of intra-arterial chemotherapy. In the last consec-
utive 8 cases with abnormal **"Tc-MAA uptake, intra-
arterial chemotherapy was initiated with only cisplatin,
and doxorubicin and caffeine administration was changed
to the intravenous route to avoid local complications. In
all 8 of these cases, no local adverse effects of chemo-
therapy were observed. Overall, after the last 8 consec-
utive cases with abnormal *°"Tc-MAA uptake were
excluded from the analysis because intra-arterial admin-
istration of doxorubicin and caffeine was changed to the
intravenous route, the sensitivity, specificity, and accu-
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FIGURE 1. %mTc-MAA uptake ratios were plotted for cases

with and cases without myocutaneous complications. Dotted
line indicates uptake ratio of 2.5.

racy of *"Tc-MAA imaging for the detection of myocu-
taneous damage were 100% (11/11), 91% (21/23), and
94% (32/34), respectively, and positive and negative
predictive values were 85% (11/13) and 100% (21/21),
respectively.

In quantitative analysis, uptake ratios in areas of mild,
moderate, and high uptake were 1.66 + 0.52, 2.96 = 0.66,
and 5.72 = 2.08, respectively. The ratios in high-uptake
areas were significantly higher than the ratios in mild- (P <
0.0001) and moderate-uptake areas (P < 0.005). In Figure
1, uptake ratios were plotted in cases with and without
myocutaneous complications. Uptake ratios were signifi-
cantly lower in cases without complications than in cases
with complications (1.31 = 0.63 vs. 500 = 2.33, P <
0.0001). When the diagnostic threshold of the uptake ratio
was set at 2.5, sensitivity, specificity, and accuracy for the
detection of myocutaneous complications were 91% (10/
11), 96% (22/23), and 94% (32/34), and positive and neg-
ative predictive values were 91% (10/11) and 96% (22/23),
respectively.

®mTc-MAA, 2°1T1, and MR images of a 65-y-old woman
with malignant fibrous histiocytomain the right distal femur
are presented in Figure 2. Abnormal local *"Tc-MAA
accumulation was observed proximal to the tumor. High
tumor uptake of *"Tc-MAA, indicating hypervascularity of
the tumor, was also observed. Corresponding to the local
%mTc-MAA uptake, local painful redness with severe ten-
derness devel oped.
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DISCUSSION

The present study demonstrated that abnormal uptake
of ®¥mTc-MAA in normal tissue after an intra-arterial
infusion predicted the local adverse effect of intra-arte-
rial chemotherapy. Accordingly, prechemotherapeutic
imaging with an intra-arterial infusion of ®MTc-MAA
was considered to be a useful method for preventing
myocutaneous inflammatory change or necrosis due to
intra-arterial chemotherapy.

In this study, we hypothesized that the local myocutane-
ous adverse effect should occur because of the abnormally
high delivery of the drugs to a particular normal tissue,
resulting in exposure of the normal tissue to an excessive
dose of anticancer drugs and consequent injury. Because
adverse effects were observed exclusively in the particular
areas with intense ®m™Tc-MAA accumulation, tissue damage
was considered to be produced by an excessive concentra-
tion of the anticancer drugs. The precise mechanisms of
localized high delivery or heterogeneous distribution of
intra-arterial infused drug are not completely clear, although
intra-arterial laminar flow of the drug due to continuous
slow infusion may be responsible for the phenomenon (14).
Homogeneous mixing of infused agueous solutions injected
into the artery may require some flow turbulence. If no such
homogenous mixing of the drug is obtained, streaming of
the drug may occur, and the drug may flow into the side
branches that perfuse skin or muscles and cause undue
toxicity in nontarget tissues as well as suboptimal tumor
response. In some cases, before mixing of the drug in the
artery, the solution with a high drug concentration may flow

MAA IMAGING IN INTRA-ARTERIAL CHEMOTHERAPY ¢ Taki €t dl.

FIGURE 2. A 65-y-old woman with ma-
lignant fibrous histiocytoma in right distal
femur. (A) Anterior 2°1T| image and coronal
MR image with gadolinium enhancement
demonstrate inhomogeneous 2°'T| uptake
in tumor and inhomogeneous tumor en-
hancement, respectively (arrowheads). (B)
Abnormal local %mTc-MAA accumulation
(arrow) is seen proximal to tumor. Inhomo-
geneous high tumor uptake of **mTc-MAA,
indicating heterogeneous hypervascularity
of tumor, is also observed (arrowhead).
Corresponding to local #*mTc-MAA uptake,
local painful redness with severe tender-
ness developed after intra-arterial chemo-
therapy.

into side branches that perfuse nontarget tissues. In almost
all cases, abnormally high delivery of ¥"Tc-MAA was
observed proximal to the tumor. It seems likely that turbu-
lent flow distal to the tumor would counteract such stream-
ing effects.

Our study demonstrated that if abnormally high uptake
of #mTc-MAA in normal tissues was observed, myocu-
taneous adverse effects would be prevented by changing
the route of doxorubicin administration to intravenous
while continuing with intra-arterial cisplatin administra-
tion. This contention is supported by evidence of the
extreme toxicity of doxorubicin to soft tissues when it is
administered intra-arterially. To avoid local side effects,
repositioning of the catheter by withdrawing it several
centimeters may be effective when extratumoral abnor-
mally high uptake is observed. In this situation, whether
additional *°*"Tc-MAA imaging with a larger dose offers
reliable diagnostic information in spite of the previously
administered tracer activity remains to be elucidated.

CONCLUSION

®mTc-MAA imaging with an intra-arterial infusion be-
fore intra-arterial chemotherapy for bone and soft-tissue
tumors can facilitate prediction of loca myocutaneous ad-
verse effects due to chemotherapy. When extratumoral ab-
normally high uptake of ®"Tc-MAA is observed, modifi-
cation of doxorubicin administration from the intra-arterial
to the intravenous route is recommended to avoid local side
effects.
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