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The aim of this study was to investigate the relationship between
89mTc-sestamibi accumulation in tumors and response to chemo-
therapy in children with untreated malignant lymphomas. Methods:
Twenty-four children with malignant lymphoma (16 with Hodgkin's
disease and 8 with non-Hodgkin’s lymphoma) were studied wrth
20T and then with ®®™Tc-sestamibi scintigraphy before agg

ic intervention. Visual and quantitative interpretation of 2°'T) and

c-sestamibi scans were performed. Visual uptake scores =2+
were considered positive studies for 2°'Tl and ®®*™Tc-sestamibi
scintigraphy. Remission rates were evaluated at the end of induction
therapy; patients were then followed clinically for 1-2 yr. Resuits: All
17 patients who had positive ®*™Tc-sestamibi scans subsequently
had a complete response to chemotherapy; all seven patients who
had negative %™ Tc-sestamibi scans subsequently had partial or no
response to chemotherapy, irrespective of the lymphoma type. The
mean tumor-to-background ratios of patients with complete re-
sponse and with partial or no response were 1.395 + 0.2 and 1.031 +
0.05 (p = 0.0002), respectively. Thallium-201 scintigraphy results
were not related to the response to chemotherapy. Conclusion:
Technetium-39m-sestamibi scintigraphy can provide information
predicting the response to chemotherapy in patients with malignant
lymphoma.
Key Words: lymphoma; thallium-201; technetium-99m-sestamibi;
chemotherapy response
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Lymphomas constitute approximately 10% of all childhood
cancers, being third in relative frequency after acute leukemias
and brain tumors. The primary therapeutic modality for all
histologies and stages of childhood non-Hodgkin’s lymphoma
is chemotheraphy (/) and chemotherapy and radiotherapy for
Hodgkin’s disease (2).

Resistance of malignant tumors to chemotherapeutic agents is
a major cause of treatment failure. Multidrug resistance (MDR)
is a term that describes the phenomenon by which a cancer
either intrinsically or in response to prior therapy becomes
resistant to multiple drugs that have little similarity in their
chemical structure and mechanism of action (3,4). It is associ-
ated with P-glycoprotein (Pgp) overexpression in tumor cells,
an energy-dependent drug efflux pump, encoded by the MDRI1
gene (5). Pgp recognizes and transports a large group of
cytotoxic compounds including the anthracyclines, vinca
alkoloids, epipodophyllotoxins, colchicine and actinomycin D
(6,7), which share little or no structural or functional similarities
(8,9), other than being relatively small, hydrophobic and cat-
ionic (/0).

Pgp overexpression has been associated with clinical evi-
dence of drug resistance and treatment failure (/7). It has been
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suggested that determinations of Pgp glycoprotein levels in
patients at diagnosis or relapse may have a major role in the
design of future treatment protocols (/2).

Recent studies have demonstrated that hexakis (2-methoxy-
isobutyl isonitrile) technetium (99"‘Tc-sestam1bl), a lipophilic
cationic radiopharmaceutical useful in myocardical perfusion
imaging, has lower accumulation in Pgp-enriched hamster cell
lines compared to their respectlve parental drug-sensitive cell
lines (13), and **™Tc-sestamibi is a transport substrate recog-
nized by the human MDR1 Pgp (/4). These findings suggest
that **™Tc-sestamibi may prove useful for functionally charac-
terizing ng expression, and MDR, in human tumors in vivo.

The alm of this study was to clmlcally investigate the relation
between **™Tc-sestamibi accumulation in tumors and response
to chemotherapy and clinical outcome in children with un-
treated malignant lymphomas.

MATERIALS AND METHODS

Patients

A consecutive series of 24 children (13 boys, 11 girls; age range
1-17 yr; mean age 9.5 * 4.4 yr) with untreated malignant
lymphoma (16 with Hodgkin’s disease and 8 with non-Hodgkin’s
lymphoma) were studied first with 2°' Tl and then **™Tc-sestamibi
scintigraphy before any therapeutic intervention (Table 1). Only
supradiaphragmatic lesions were evaluated in the study because
visualization of lesions located in intra-abdominal and inguinal
regions were unreliable due to the physiological tracer accumula-
tion in intra-abdominal organs.

The extent of disease at diagnosis was categorized according to
the Ann Arbor (2) staging system for Hodgkin’s disease (HD) and
St. Jude (/) staging system for non-Hodgkin’s lymphoma (NHL).
Informed consent from each patient’s parents was supplied.

After the imaging study, all patients received multiagent chemo-
therapy according to their lymphoma type and clinical stage, and
radiotherapy was added to the regimen in 14 patients with HD and
in 2 patients with NHL (Table 1). Multiagent chemotherapy for
patients with HD was scheduled according to the ABVD and/or
MOPP protocols (2). Patients with NHL were treated with the
LSA, L, and/or BFM protocols (/).

Remission rates were evaluated at the end of the induction
therapy. Positive response of the lesions to therapy, at the time of
primary disease, were evaluated by clinical and radiological
methods. Evaluation criteria were:

1. Complete response (CR) = no evidence of disease.

2. Partial response (PR) = =50% decrease in the sum of the
product of the maximum perpendicular diameters of all
measurable lesions; no evidence of progression in any lesion
and no new lesions.

3. No response (NR) = <25% increase in the sum of the
product of the maximum perpendicular diameters of all

243



TABLE 1
Clinical and Scintigraphic Findings

Patient Tumor o Tc-
no. Age Sex type 2004 sestamibi Stage Therapy Response Current status
1 13 M HD Positive Positive 1] Che + RT CR NED
2 12 F HD Positive Positive B Che + RT CR NED
3 14 F HD Positive Positive ] Che + RT CR NED
4 6 F HD Positive Positive ] Che + RT CR NED
5 10 M HD Positive Positive 1]} Che + RT CR NED
6 14 F HD Positive Positive ] Che + RT CR NED
7 17 M HD Positive Positive ] Che CR NED
8 12 F HD Positive Positive n Che + RT CR NED
9 7 M HD Positive Positive ] Che + RT CR NED
10 5 M HD Positive Positive ] Che CR NED
1 8 F HD Positive Positive A Che + RT CR NED
12 1 M HD Positive Positive ] Che + RT CR NED
13 6 F HD Positive Positive ns Che + RT CR NED
14 12 M HD Positive Positive 1] Che + RT CR NED
15 14 F HD Positive Negative \") Che + RT PR AliveWD
16 7 M HD Positive Negative \") Che NR Died
17 15 M NHL Positive Negative n Che PR, Died
18 4 M NHL Positive Negative [} Che + RT NR AliveWD
19 14 F NHL Positive Positive 1] Chemo CR NED
20 5 F NHL Positive Negative v Che PR Died
21 7 M NHL Positive Positive ] Che CR NED
22 5 M NHL Positive Negative v Che PR AliveWD
23 5 M NHL Positive Positive 1] Che + RT CR NED
24 1 M NHL Positive Negative 1] Che NR Died

HD = Hodgkin's disease; NHL = non-Hodgkin tymphoma; Che = chemotherapy; RT = radiotherapy; CR = complete response; PR = partial response;
NR = no response; NED = no evidence of disease; AliveWD = alive with disease.

measurable lesions, no evidence of progression in any lesion
and no new lesions.

4. Progressive disease (PD) = =25% increase in the sum of the
product of the maximum perpendicular diameters of all measur-
able lesions and/or the appearance of new lesions. Patients
were then followed clinically for 1-2 yr (mean: 1.34 yr).

Imaging

Planar scintigraphy of the supradiaphragmatic regions were
performed after intravenous injection 1-3 mci (37-111 MBq)
20T, Early (20 min) and late (3 hr) images were obtained in the
anterior projection, using a large field of view camera equipped
with a low-energy, general-purpose collimator. A single 20% energy
window set at 72 keV was used and a preset count of 100,000 counts
was obtained for the early and late images. Technetium-99m-
sestamibi scintigraphy was performed at least one day after the
2017 study 45-60 min after injection of 5-10 puci (185-370 MBq)
99mTc-sestamibi. Static images of the supradiaphragmatic regions
were obtained in the anterior projection by using a large field of
view camera equipped with a low-energy, general-purpose colli-
mator. A single 20% energy window set at 140 keV was used and
100,000 counts were obtained from each static image.

Visual and Quantitative Interpretations

Visual and quantitative interpretation of 2°'Tl and **™Tc-sesta-
mibi images were performed. Two experienced physicians reviewed
the images. Early and late 2°' Tl images were similar in regard to the
number of positively detected lesions. Therefore, only late 2°'TI
images were used in the evaluation for simplicity and uniformity.

For visual interpretation, a five-point semiquantitative rating
system was used to compare 2°'Tl and **™Tc-sestamibi studies in
which zero indicated activity within the lesion to be equivalent to
the background within the axilla (no detectable lesion): 1+ =
equivocal, 2+ = definite lesion activity >axillary soft-tissue
background, 3+ = activity <heart and 4+ = activity =heart.
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For quantitative assessment, tumor-to-background ratios (T/B)
were obtained from 2°'Tl and **™Tc-sestamibi images. Regions of
interest (ROIs) were outlined in the lesion area (tumor) with
abnormal activity and in the contralateral normal side (background)
for the neck and axilla lesions. Background activity for mediastinal
lesions was defined as any normal soft-tissue activity in the thorax.
ROIs in *™Tc-sestamibi were drawn corresponding to the lesions
visualized in 2°'TI scintigraphy.

Uptake =2+ was considered a positive study for *°'Tl and
99mTc-sestamibi scans. When the number of lesions visualized on
the sestamibi scan was less than the number of lesions on the 2°'TI
scan, at least one lesion with grade 2 visualization was required to
classify sestamibi scan as positive.

Thallium-201 and **™Tc-sestamibi images were analyzed and
compared with respect to patient and site sensitivity. To calculate
site sensitivity in abnormal tissue, lesions or sites included in the
physical examination and thoracic CT scan were compared with
abnormal activities on the 2°'Tl and “™Tc-sestamibi images.
Lesion sites included the right and left cervical-supraclavicular
region, right and left axilla and the mediastinum. Patient sensitivity
for 2°'T1 and **™Tc-sestamibi was defined as at least one positive
lesion with a visual grading score of =2+.

Statistical Analysis

The Mann-Whitney U-test was used to determine differences in
the distribution of mean values between the HD and NHL groups.
Additionally, differences in the distribution of mean values be-
tween two other groups, thallium versus sestamibi, according to
prognosis, were also assessed with the Mann-Whitney U-test.

RESULTS

All patients had at least one or more lesions located in
supradiaphragmatic regions which were demonstrated by 2°'Tl
scintigraphy. Technetium-99m-sestamibi scintigraphy posi-
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TABLE 2
Visual and Quantitative Interpretation of the Results

20'7] scintigraphy 99mTc-sestamibi scintigraphy
Total Detected Visual Detected Visual
Patient lesion lesion score T/B ratio lesion score T/B ratio
no. number number (range) (range) number (range) (range)
1 2 1 3+ 1.40 1 2+ 127
2 2 2 2+-3+ 1.25-1.39 2 1+-2+ 1.13-1.18
3 2 2 2+-2+ 1.22-1.30 1 1+-2+ 1.14-1.19
4 1 1 3+ 1.33 1 3+ 1.30
5 3 2 3+-4+ 1.38-1.49 2 3+4+ 1.34-1.46
6 2 2 3+-3+ 1.30-1.34 1 1+-2+ 1.11-1.24
7 4 4 2+-3+ 1.21-1.43 4 2+-4+ 1.25-1.80
8 2 2 3+-4+ 1.36-1.90 2 3+4+ 1.30-1.50
9 1 1 2+ 125 1 2+ 1.21
10 1 1 3+ 1.30 1 3+ 1.30
1" 2 2 2+-3+ 1.24-1.30 2 2+-3+ 1.20-1.30
12 3 1 4+ 1.40 1 3+ 1.28
13 2 2 4+-4+ 2.60-2.60 2 3+-4+ 1.70-2.00
14 1 1 4+ 143 1 3+ 1.39
15 3 1 2+ 117 0 0 1.0
16 5 4 2+-2+ 1.241.24 0 0 1.0
17 4 3 3+-3+ 1.36-1.42 0 1+-1+ 1.11-1.15
18 2 2 2+-3+ 1.18-1.34 0 0 1.0
19 5 2 3+4+ 1.40-1.60 2 3+4+ 1.39-1.60
20 2 1 3+ 1.35 0 0 10
21 1 1 3+ 147 1 2+ 1.30
22 3 1 4+ 20 0 1+ 11
23 1 1 3+ 1.4 1 3+ 1.38
24 1 1 3+ 1.50 0 1+ 1.10
Total 55 M 27

T/B = tumor-to-background.

tively detected at least one of these lesions in 14 of 16 patients
with HD and in 3 of 8 patients with NHL, with an uptake score
=2+ (Table 1). Patient sensitivity of 2°' Tl and **™Tc-sestamibi
was 100% and 70%, respectively.

Fifty-five lesion sites were detected by physical examination
and CT, and 41 lesions were positive on “°'Tl scintigraphy
(74%). On the other hand, 27 lesion sites were detected by
99MTc-sestamibi (49%) (Table 2). The smallest lesion detected
by 2°'Tl and ®°™Tc-sestamibi was 2.5 X 1 cm. Lesions scored
as equivocal in “*™Tc-sestamibi scintigraphy showed more
prominent uptake in 2°' Tl scintigraphy with at least 2+ visual
uptake score (Table 2).

Thallium-201 accumulation in lesions were not related to
lymphoma type (mean T/B ratios were 1.44 *+ 0.4 and 1.40 *
0.2 in HD and NHL lesions, respectively, p > 0.05) (Figs. 1,
2).Technetium-99m-sestamibi accumulation was greater in HD
lesions than NHL (mean T/B ratio: 1.34 *+ 0.2 versus 1.106 *
0.2, p = 0.005) (Figs. 1, 2).

At the end of the induction therapy, partial or no response to
chemotherapy leading to early relapse or death was observed in
two patients with HD, one died, the other was alive with
disease. In five patients with NHL, three died during follow-up
and two had progressive disease with bone marrow involvement
(Figs. 2, 3).

Patients who had complete response to chemotherapy had
significantly different findings in *"™Tc-sestamibi scintigraphy
than patients who had partial or no response. All patients who
had positive **™Tc-sestamibi scintigraphy subsequently had
complete response to chemotherapy, and all patients who had
negative **™Tc-sestamibi scintigraphy subsequently had partial
or no response to chemotherapy, irrespective of the lymphoma
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type (Table 1). The mean **™Tc-sestamibi T/B ratios of patients
with complete response and with partial or no response were
1.395 = 0.2 and 1.031 £ 0.05 (p = 0.0002), respectively. The
mean *°™Tc-sestamibi/?°' T ratios of patients with complete
response and with partial or no response were 0.925 + 0.14 and
0.752 = 0.123 (p = 0.009), respectively.

We also compared some of the poor prognostic factors,
including stage and histology with *™Tc-sestamibi accumula-
tion in patients who had poor response to chemotherapy. While
all 7 (100%) patients with poor prognosis had negative sesta-
mibi results, 7 of 17 (41%) patients with an advanced stage
(Stage 11l and IV) and 5 of 8 (63%) patients with NHL had poor
prognoses (Table 1).

|
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FIGURE 1. A 12-yr-old girl (Patient 8) with HD who had right cervical and
mediastinal masses visualized by 2°'T] (left) and ®*™Tc-sestamibi scintigra-
phy (right). Visual grading scores and T/B ratios for cervical and mediastinal
masses were 3+,1.36 and 4+, 1.90, respecﬂvw the 2°'T1 study. They
were 3+, 1.30 and 4+, 1.50, respectively, in the c-sestamibi study. The
patient had complete response to subsequent chemotherapy.
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FIGURE 2. A 4-yr-old boy (Patient 18) with NHL, who had right cervical and
mediastinal masses visualized by 2°'Tl (left) scintigraphy. Technetium-99m-
sestamibi (right) uptake was absent in these lesions. Visual grading scores
and T/B ratios for cervical and mediastinal masses were 2+, 1.18 and 3+,
1.34, respectively, in the 2°'Tl study. The patient demonstrated no response
to subsequent chemotherapy.

The 2°'TI study was useful for scintigraphic visualization of
the lesions, but 2°' Tl scintigraphy results were not predictive for
the response to subsequent chemotherapy.

DISCUSSION

General methods of detecting MDRI1 expression in tissues
include: assessing DNA amplification, measuring mRNA and
quantitating the amount of Pgp. The multitude of assays and
techniques used in clinical studies may produce various results
for a given tumor type (/5).

In a consecutive series of 42 patients with newly diagnosed
malignant lymphomas, Miller et al. (/6), using immunocyto-
chemistry, found detectable levels of Pgp in only one patient.
Goldstein et al. (/7), using RNA slot blot methods, found Pgp
in 4 of 18 previously untreated patients with lymphoma.

An important controversy in the field of MDR is whether
identification of the expression of Pgp per se with antibodies or
mRNA probes is sufficient, or is it necessary to assay directly
the function of this transport protein (/4). Given that regulatory
pathways, such as protein kinase C-mediated phosphorylation
(8) have been shown to modulate Pgp transport function,

n MIBI

FIGURE 3. A 15-yr-old boy (Patient 17) with NHL, who had left cervical-
supraclavicular and mediastinal masses visualized by 2°'Tl (left) scintigraphy.
Technetium-99m-sestamibi (right) accumulation in these lesions were faintly
visualized. Visual grading scores and T/B ratios for cervical-supraclavicular
and mediastinal masses were 3+, 1.36 and 3+, 1.42, respectively, in the
20'7] study. They were 1+, 1.15 and 1+, 1.11, respectively, in the ®®™Tc-
sestamibi study. The patient had partial response to subsequent chemother-
apy but died.
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99MTc-sestamibi may provide a unique opportunity to directly
assay protein function in vivo and in vitro (/4).

In our study, a negative *™Tc-sestamibi scan—the inability
to demonstrate lymphoma lesions with **™Tc-sestamibi when
they were demonstrable by 2°! Tl—indicated resistance to che-
motherapy with partial or no response. On the other hand,
patients who had lesions positively detected by **™Tc-sestamibi
scintigraphy had complete remission and experienced no re-
lapse during their 1-2-yr follow-up period. The overall rate of
complete response to chemotherapy was significantly different
in these two groups of patients with malignant lymphomas.

In view of the demonstrated role of Pgp in transporting both
sestamibi molecules and chemotherapeutics outward from the
tumor cells, we believe that the poor response to therapy in
those patients with negative “™Tc-sestamibi scintigraphy was
most probably related to overexpression or increased function-
ing of Pgp molecules. However, we cannot conclude this with
certainty, since quantification of Pgp molecules with other
conventional methods was not done.

During the last decade, neoplasms have become widely
recognized as biologically heterogenous. At the time of diag-
nosis, most neoplasms consist of different populations of cells
with diverse biologic characteristics (/8). We may speculate
that variable accumulation of **™Tc-sestamibi compared to
20'T] may show, in part, the biological heterogeneity of tumor
tissues as well.

Dimitrakopoulou-Strauss et al. (/9) also studied tumor me-
tabolism and MDR in patients with malignant lymphomas with
FDG-PET and **™Tc-sestamibi. Their study differed from ours,
in that the patients they evaluated had received chemotherapy
before the scintigraphic evaluation. High uptake of “™Tc-
sestamibi was observed in patients with stable disease or better.
No sestamibi accumulation was observed in patients with
progressive disease. The data support the hypothesis that
sestamibi may reflect MDR (/9). As they discussed in their
study, while PET studies with FDG, before and after chemo-
therapy, are required to determine the effect of a cytostatic
treatment, a single prechemotherapy study with *™Tc-sesta-
mibi may be adequate for predicting therapeutic results. As in
FDG-PET studies, ’Ga and 2°'Tl both need pre- and post-
treatment scans for prognostic stratification in patients with
malignant lymphomas and other tumors (20-23).

CONCLUSION

A single pretreatment scan with ™ Tc-sestamibi may predict
the clinical outcome and response to chemotherapy in patients
with malignant lymphomas.
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Scintigraphy of Posterior Tibial Tendinitis
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Our goal was to describe the typical scintigraphic pattern of poste-
rior tibial tendinitis. Methods: Bone scintigraphs were reviewed to
study the scintigraphic characteristics of posterior tibial tendinitis in
nine patients with posterior tibial tendinitis related to generalized
rheumatic disease and in eight patients with isolated posterior tibial
tendinitis. Results: The scintigraphic pattern of posterior tibial ten-
dinitis is elongated increased uptake in the blood flow and blood-
pool phase along the anatomical course of the tibialis posterior
tendon at the medial aspect of the ankle (malleolus region). Static
images demonstrate increased focal abnormal uptake at the medial
malleolus and in the navicular bone. Conclusion: Bone scintigraphy
depicts a characteristic pattern of posterior tibial tendinitis. It is
useful for the early diagnosis of idiopathic- or rheumatic-related
posterior tibial tendinitis.

Key Words: posterior tibial tendinitis; bone scintigraphy
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'I‘endinitis due to an inflammatory process, degenerative
change, endocrine and metabolic disorder or trauma initiates a
periosteal reaction with reactive new bone formation at the
entheses (/,2). This will result in an increased uptake of
99mTc-MDP caused by the increased bone turnover at the site of
tendon attachment. Recently, it has been recognized that in-
flammatory changes of the tibialis posterior tendon occur more
frequently than previously believed (3,4). Bone scintigraphy is
used to detect areas of abnormal bone turnover in various
musculoskeletal diseases (/,5,6). The bone scintigraphic pattern
in enthesopathies at the calcaneus (plantar fasciitis and achilles
tendinitis), tibial tuberosity (patellar tendinitis), greater trochan-
ter, inferior pubic ramus and anterior inferior iliac spine has
been reported (7-12). However, the pattern of posterior tibial
tendinitis is not yet recognized. The purpose of this study was
to describe the scintigraphic characteristic findings of posterior
tibial tendinitis.
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SCINTIGRAPHY OF POSTERIOR TiBIAL TENDINITIS « Groshar et al.

MATERIALS AND METHODS

Seventeen patients with posterior tibial tendinitis were studied.
Three men and five women, aged 30-68 yr, had idiopathic
posterior tibial tendinitis and in five men and four women, aged
21-75 yr, posterior tibial tendinitis was associated with systemic
inflammatory disease (two rheumatoid arthritis, two undifferenti-
ated spondyloarthropathy, one fibromyalgia, one reactive arthritis,
one psoriasis arthritis, one pseudogout and one patient with gout
and pseudogout). Diagnosis of posterior tibial tendinitis was based
on clinical signs and symptoms which include pain, swelling and
tenderness on palpation of the tendon, presence of low or flat
longitudinal arch (pes planus deformity) and weakness during
inversion of the foot. In the idiopathic posterior tibial tendinitis
patients, the duration of symptoms was 3-48 mo. Response was
achieved with systemic anti-inflammatory treatment in five pa-
tients and with systemic and local anti-inflammatory treatment in
one. Two patients did not respond to systemic or local anti-
inflammatory treatment and underwent surgery, and tenosynovitis
was confirmed on histology. MRI diagnosis of posterior tibial
tendinitis was obtained in two patients. In the posterior tibial
tendinitis associated with systemic inflammatory disease, the
duration of symptoms was 4—-12 mo with response to systemic
anti-inflammatory treatment.

Bone scintigraphy was performed after intravenous injection
of 20-25 mCi **Tc-MDP. A digital gamma camera with an all-
purpose, low-energy collimator was used. A blood flow study was
obtained in the anterior or plantar view of the feet with dynamic
acquisition of 1 frame/2 sec for 32 sec. Immediate blood-pool and
delayed (2—4-hr) planar scans of the feet in the anterior, medial,
lateral and plantar views were obtained using static acquisition
with 400,000 counts.

RESULTS

The scintigraphic pattern of posterior tibial tendinitis found in
all patients was an elongated increased uptake in the blood-flow
(Fig. 1) and blood-pool phase (Fig. 2) of the study in the
anatomical course of the tibialis posterior tendon at the medial
malleolus region. The delayed static images demonstrated
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