
tal approaches, whereas those at low risk may do well with
standard therapy.

Patients with diffuse large cell lymphoma (DLCL) can
achieve complete remission (CR) after chemotherapy, and the
time to reach CR may be predictive of treatment outcome.
Partial remission (PR), or relapse of disease after CR, is
associated with poor survival. The possibility of further pre
dicting outcome during early treatment might lead to a change
in therapy, with a potential improvement in survival.

Differentiation of tumor from fibrosis within residual radio
graphic masses represents an important diagnostic problem in
these patients. The presence ofa residual mass after treatment may
not always indicate residual disease (3â€”5);conventional radiologic
studies often show a mass when the patient is in CR (6â€”8).The
reverse situation, when the disease has disappeared clinically and
radiologically but the patient shows recurrence very soon after the
end of treatment or in due course, is also seen (9).

CT gives information about tumor size and distribution of
lesions but is sometimes unable to differentiate fibrosis from
active lymphoma (10). MRI seems to have a valuable role in initial
staging (11 ) and in assessing residual disease (12), because active
malignant tissue has been reported to have different signal char
actenstics from normal tissues or fibrosis (13â€”15).

Several studies have examined the potential use of PET with
biological tracers for tumor detection (16,17), mostly using
enhanced glycolysis of vital tumor cells as defined by fluoro
deoxyglucose (FDG) uptake. Although nonspecific FDG accu
mulation in macrophages (18) and hypoxia-induced FDG uptake
(19) could be confounding factors, FDG seems to be an attractive
radiopharmaceutical for monitoring response to therapy.

Gallium-67 imaging has proved useful for evaluating lym
phoma patients. In tumor models, this radiotracer is an indicator
of tumor viability (20). Gallium-67 uptake is seen only in avid
and viable lymphoma tissue, not in fibrotic or necrotic tissue.
There is now convincing evidence that 67Ga scintigraphy has
become an important and essential procedure in evaluating
cancer patients. It is somewhat paradoxical, therefore, that 67Ga
has not yet been generally accepted by the nuclear medicine
community.

In this study, we prospectively assessed the ability of 67Ga
scintigraphy to define residual disease. In addition, we evalu
ated the ability to predict clinical outcome in patients with
DLCL on the basis of scan positivity during chemotherapy.

MATERIALS AND METhODS

Patient Selection
Thirty-three consecutive patients (16 males and 17 females) with

histologically proven DLCL entered the study (working formula
tionâ€”intermediate grade, Group E = 4, Group F = 3 and Group
G = 26). The median age was 47.2 yr (range 14â€”72yr). The
patients were assessed by physical examination and routine labo

Patients with diffuse large cell lymphoma may achieve complete
remission (CR) after chemotherapy, and the time to reach CR may
be predictive of treatment outcome. Partial remission, or recurrence
from CR, is associated with poor survival. Gallium-67 imaging has
proven to be useful in evaluating lymphoma patients. In tumor
models, this radiotracer is an indicator of tumor viability.Gallium-67
uptake is seen only in avid and viable lymphoma tissue, not infibrotic
or necrotictissue. Inthis study, we prospectivelyassessed the ability
of this radiotracer to define residual disease. In addition, we evalu
ated the possibility of predicting the clinical outcome in patients with
diffuse cell lymphoma on the basis of scan positivity during chemo
therapy. Methods: Thirty-three consecufive patients wfth histologi
cally proven diffuse large cell lymphoma were investigated with 6TGa
scintigraphy 48â€”72hr after injection of i85â€”259MBq 67Ga-citrate
for staging and during follow-upafter fourto six cycles of intensive
chemotherapy. Patients were monitored for a mean of 56.0 mo
(range 7â€”90mo), and they were restaged using physical examina
tion, CT and all necessary imaging modalities. Results: Patients
were divided into two groups according to the positMty or negativity
of 67@3@scan after four to six cycles of chemotherapy. Of the 33
patients studied, i4 (42.4%) showed persistent abnormal uptake of
67Ga-citrate after four to six cycles of chemotherapy. In this group,
9 patients(64.2%) died of lymphomaat a mean of 24.3 mo from
presentation with the diagnosis (range 7â€”7imo). Four patients had
no evidence ofdisease at an average of 7i .7 mo after diagnosis, and
i patient was considered to be in partial remission. In the second
group of 19 67Ga-negative patients, afterfour to six cycles of chemo
therapy, 4 died and i 5 are alive and considered to be in CR. A
statistical analysis of the association between 67(3@@ resutts after
four to six cycles of chemotherapy and survival was performed using
the log-rank test; there was a Statistically algnificant association
between scan results and survival (p = 0.00i25). Conclusion We
conclude that 67@3@scintigraphy is an excellent predictor of residual
tumor viat@lityin lymphoma patients and that persistent positMty of
the scan predicts poor outcome and may justify a change in treat
merit

Key Words gallium scintigraphy; non-Hodgkin's lymphoma chemo
therapy
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1@1ultidrugchemotherapyhastransformedaggressivenon
Hodgkin's lymphoma (NHL) from a fatal disease into one that
is often curable (1,2). However, many patients still die ofit, and
we need a more accurate method of prospectively identifying
patients with different long-term prognoses. The identification
of different risk groups could have important therapeutic
implications. Patients at high risk who are not effectively
treated with current regimens may benefit from new experimen
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CharacteristicNumber ofpatientsTotal33Sex16MF17HistologyNHL4EF3G26Stage12II7III5IV9Site

ofdisease23Above
diaphragmBelow

diaphragm10Treatment8ChemotherapyChemotherapy

+radiotherapy25Mean

age of patients = 47.2yr.NHL
= non-Hodgkin'slymphoma.

TABLE I
Patient Characteristics

collecting 60 projections in a 360Â°circular orbit at a rate of 40â€”45
sec per projection. After uniformity correction, 8-mm transaxial,
coronal and, in some cases, sagittal tomograms were reconstructed
using a medium filter (cutoff frequency = 0.4 pixei â€˜)with
intermediate characteristics between Sheep and Logan and Chesler
and suppresses the high frequencies (Toshiba camera). The Picker
three-head images were reconstructed using a Wiener filter.
SPECT was used in 16 patients.

Abnormal 67Ga tumor uptake was defined as any focal or diffuse
area of increased activity in a location incompatible with normal
anatomy.

CT scans were performed in 22 patients (total 42 examinations)
before and after treatment, whereas the other 11 patients were
investigated with MRI (29 examinations). The main criterion of a
positive CT scan was the presence of an abnormal mass in the body
and a change in tumor size over time; CT assessment of lymphoma
activity is predicated on anatomic criteria.

MRI was considered positive for active disease (lesion corn
posed primarily of active tumor tissue) when an homogeneous
active pattern, with low signal intensity on T2-weighted imaging
and high signal intensity on Tl-weighted imaging, was present.
Homogeneous inactive pattern, with low signal intensity on Tl - or
T2-weighted imaging corresponded to lesions composed primarily
of fibrosis.

After restaging, the patients were categorized as (a) having
achieved CR with no evidence of disease on the basis of clinical,
laboratory and imaging studies or (b) having uncertain CR when
showing no clinical evidence of lymphoma, but having some
persistent abnormality on imaging studies at the site of previous
disease.

The results of 67Ga gallium scintigraphy, CT or MRI were
matched with clinical findings; an imaging finding that agreed with
clinical status was considered to be either true-positive or true
negative.

RESULTS
Of the 75 67Gascans performed, 48 (64%) showed abnormal

uptake and 27 (36%) were considered negative. In the group of
positive scans, there was 1 false-positive result, whereas 4
false-negative findings were recorded in the group of negative
scans.

The patients were divided into two groups according to the
positivity or negativity of 67Ga scan after four to six cycles of
chemotherapy. Of the 33 patients studied, 14 (42.4%) (Table 2)
showed persistent abnormal u?take of 67Ga-citrate after four to
six cycles of chemotherapy (6 Ga positivity group). At staging,
67Ga scan was positive in all patients. During follow-up one
false-positive result was recorded by scintigraphy and MRI. A
17-yr-old male patient showed persistent abnormal uptake of
the radiotracer behind the sternum after the sixth cycle of
chemotherapy; this finding was confirmed by MRI (Fig. I).
Subsequent surgery revealed the presence of thymic hyperpla
sia. The patient was considered to be in CR 12 mo after
presentation.

In this group of 14 patients with abnormal uptake, 9 patients
(64.3%) died of lymphoma at a mean of 24.3 mo after
presentation (range 7â€”71mo). Four patients had no evidence of
disease (at 74, 80, 85 and 90 mo from the beginning of
treatment). These patients were considered to be in CR 9â€”12
mo after the beginning of treatment. In particular, in Patients 4,
7 and 13 (Table 2) the 67Ga scan became negative after the
radiation treatment. Patient 12 is the 17-yr-old mentioned above
who underwent surgery.

The last living patient, a 5 1-yr-old woman with a sacrum
localization of NHL, was considered to be in CR after 8 mo but

ratory and imaging studies, including chest radiography, CT, MRI,
lymphangiography, bone marrow biopsy and eventually gastroin
testinal and urographic examinations.

Thirty-two patients were treated with polychemotherapy for the
first time at National Cancer Institute of Milan (Italy). One patient
had been treated for Hodgkin's disease 8 yr before the current
diagnosis.

Chemotherapy consisted of cyclophosphamide, Adriamycin,
vincristine and prednisone (CHOP) for 18 patients; cyclophosph
amide, etoposide, Adriamycin, vePesid and prednisone (CEEP) for
5 patients; or Adriamycin, vePesid, Endoxan, and prednisone (first
part)â€”Ara C, bleomycin, vincristine and methotrexate (second
part) (proMACE/cytaBOM) for 10 patients. Radiation therapy was
added in 25 patients after the end of chemotherapy treatment.

Patients were monitored for an average of 56 mo (range 7â€”90
mo), and they were restaged with 67Ga scan after four to six cycles
of chemotherapy, according to the stage of the disease and the
treatment scheme. In particular, 19 patients were restaged after the
fourth cycle of therapy, 12 after the sixth cycle and 2 after the fifth
cycle, due to stopping the treatment for bone marrow toxicity. The
restaging workup included physical examination and all imaging
modalities that were performed during the staging procedure, to
have the same imaging studies done before and after treatment. All
examinations were performed during the same period (approxi
mately 15 days). Patient data are listed in Table 1.

Imaging
Gallium-67 scanning (75 examinations) was performed 48 hr

and sometimes 72 hr after intravenous injection of 185â€”259MBq
67Ga-citrate (Mallinckrodt Medical Systems, Petten, The Nether
lands). Two large-field-of-view digital SPECT cameras (Toshiba
CGA-901A, Toshiba Medical Systems, Inc., Tokyo, Japan; Picker
Prism 3000; Picker International, Cleveland, OH) with medium
energy, general-purpose collimators and three energy peaks of 93,
184 and 296 keV (20% window) were used. Total-body images in
anterior and posterior views (scan speed 10 cm X min', matrix
acquisition 128 x S12) were supplemented with appropriate planar
views of the thorax and abdomen (0.5â€”10X 106 counts). SPECT
was performed in 30 patients on a 64 X 64 or 128 X 128 matrix,
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Patientno.StageSite of diseaseFollow-upClinicaloutcome1Is/BInguinal

nodes, left
ceMcal @esCR

after 8 moDied 26moafterpresentation2llIsBMediastinumPR

after 7 me; no CRDied 16 mo afterpresentation3IVBMediastinum,
left lungPR after 10 mo; no CRDied 20 mc afterpresentation4lEASacrumCR

after8 moi@Jive in CR 85 mo afterpresentation5IIIBBilateral
inguinalnodesNo CRDied 20 mo afterpresentation6lEA

bulkyRight maxillarybonePR after 7 meDied 19 mo afterpresentation7l@/BSacrum,
L3-L4CR after8 mcAilve in CR 80 me afterpresentation8lEARight

maxillaryboneCR after8 moDied 71 mo afterpresentation9IVASacrumPRafter8mo;noCR,6Jive79moafterpresentation10IVUverNo

PRDied 24 mo afterpresentation1
1rVBRight axilla, iliac boneNo PRDied 7 mo afterpresentation12IlIBMediastinumCR

after 12 me@Jive 74 mo afterpresentation13IIIEB
bulkySternumCR after 12 mc@Jtve 90 mc afterpresentation14lBMediastinumNo

PRDied 14 mc afterpresentationCR

= completeremission; PR = partialremission.

TABLE 2
Gallium-67 PositMty After Four to Six Cycles of Chemotherapy

the other 2 patients, the 67Ga scan showed a negative pattern
after surgery of the primary site involved (thyroid gland and
axillary lymph nodes, respectively). In these 2 patients the
results of CT of thorax and abdomen were also negative.

In this group of 67Ga-negative patients, 4 patients died after
four cycles of chemotherapy. The primary sites of lymphoma
were the breast and axillary nodes, the lumbar-aortic lymph
nodes, the thyroid gland and the retroperitoneum region. They
died at 16, 19, 24 and 58 mo, respectively, due to disease
progression. Two of these patients were considered to be in CR
4 mo after diagnosis and local relapse was seen 9 and 11 mo
after the j@rimary diagnosis; in another patient, scintigraphy
showed 61Gauptake in the liver, which was confirmed by CT
and ultrasonography after 10 mo PR. In another female patient

relapsed 3 1 mo after presentation with evidence of node
metastases in the left supraclavear region. Regarding follow-up
of these patients (Table 2), 7 of the deceased never reached CR
and 2 were considered to be in CR 8 mo after presentation but
relapsed at 3 and 34 mo, respectively. The 5 living patients were
considered to be in CR at a mean of 9.6 mo after presentation,
and in 4 of these patients the disease was localized in the bone.

In the second group of 19 patients, 67Gascan at staging was
positive in 16 and negative in 3. We had one false-negative
result in a woman with lymphoma of the breast and axillary
lymph nodes. The 67Ga scan was negative at presentation and
after the fourth cycle of therapy but became positive when the
patient relapsed 9 mo after the primary diagnosis. She died due
to progression of the disease 7 mo after the local recurrence. In

A

â€¢1 @4
p

â€¢ * â€˜-

FIGURE 1. (i@4Total-body image (anterior view)obtained 48 hr after injection of 185 MBq Â°7Ga-citratein 17-yr-old male patient with NHL Note faint uptake
in retrostemal region that is suspicious for persistent disease. (B)SPECT image of thorax shows important uptake of radiotracer, with extension near the
paramediastinalregion.(C)MRIalso confirmedthe presence of malignanttissue (proton-densityimage).
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ResultCRPRDiedActivetumorPositive4091Negative15040Total190131CR

= complete remission;PR = partial remission.

TABLE 3
Results of Gallium-67 Scintigraphy in 33 Patients with Diffuse

Large Cell Non-Hodgkin's Lymphoma

%
100.

Ga+
Ga -

@@[@1

80.

60@
p = .003

40
with tumor localization in the thyroid, relapse occurred 50 mo
after presentation, and the patient died 8 mo later due to
substantial disease progression in the liver and retroperitoneum.

Of the 42 CT examinations, no false-positive results were
noticed and only 1 patient had a false-negative result (a patient
with subclavian lymph node involvement), whereas of 32 MRI
studies performed, a false-positive result was recorded for 2
patients (both had mediastinal disease).

Table 3 summarizes the results of 67Ga scanning. Ninety
patients achieved CR on the basis of clinical and imaging
criteria; 13 did not achieve CR and died.

A statistical analysis of the association between 67Ga scan
results after four to six cycles ofchemotherapy and survival was
performed using the log-rank test; there was a statistically
significant association between scan results and survival (p =
0.00 125) (Fig. 2). Figure 3 shows the statistical analyses of
disease-free interval. Again, a statistically significant associa
tion was shown between 67Ga scan results and disease-free
interval (p = 0.003).

DISCUSSION
Durable CRs and cures may be achieved in a significant

number of patients with intermediate and high-grade NHL
using aggressive chemotherapy, radiation therapy or both
(21,22). The inability to obtain a CR is almost always associ
ated with limited survival. During the restaging of NHL
patients, persistent masses are not uncommon (23,24), but there
are no reliable radiographic characteristics that allow differen
tiation between malignant and fibrotic or necrotic tissue. Per
sistent tumor may be present despite a normal chest radiograph
or CT scan as shown by a 2O%â€”4O%relapse rate from CR in a
published series (25).

FIGURE2. Survivalcurves of patients withNHLwithpositiveand negaTh/e
67Gascintigraphyafter fourto six cycles of chemotherapy.

20

2Ã” 4Ã´ 60 80 100

Months

FiGURE3. Disease-free survivalin patients with NHLwith positive and
negative67@ scintigraphyafter four to six cycles of chemotherapy.

In a previous report (13 ), we showed that 67Gascan and MRI
were accurate in assessing the activity of residual masses in the
mediastinum in patients with Hodgkin's disease after treatment,
but MRI often overestimates the presence of malignant tissue.
Armitage et al. (26) showed with CT scans and radiographs that
the rapidity of response is an important prognostic factor in
DLCL. In their experience, patients who achieved CR within
three cycles of initiating therapy had more durable remissions
than patients who required five cycles to achieve remission and
thus received two more treatment cycles. In their series, 60% of
the patients did not achieve CR before five cycles of treatment
relapsed within the 2-yr period of follow-up, whereas when CR
was achieved after three cycles of therapy, the relapse rate was
only 20%. Kaplan et al. (27) demonstrated the clinical utility of
gallium scan to predict outcome after initial treatment in 37
consecutive DLCL patients. In their study, persistent 67Ga
uptake after four cycles of combination chemotherapy for
DLCL predicted a poor outcome. At follow-up, 10 of 17
patients (59%) who were gallium positive halfway through
therapy died, whereas in the group of negative patients only
20% (4 of2O) died due to disease progression. The positivity of
this radiotracer during chemotherapy could indicate the clinical
outcome in patients with DLCL.

Recently, there have been reports on the value of FDG in the
evaluation of treatment response in lymphoma (28,29). Al
though it has been shown that 67Gaand FDG are both viability
agents (20) and that they show a similar behavior in lymphoma
after treatment, PET has significantly higher costs and more
complicated logistics than the cheaper and more convenient
single-photon 6 Ga scan. At present, in Italy the cost of a PET
scan is about $1 500 versus $1 80 for 67Ga scintigraphy.

In our study of 33 patients, 14 showed persistent 61Gauptake
after four to six cycles of polychemotherapy, and 9 died of
disease progression. In the group ofpatients with negative 67Ga
scan results, only 4 patients died and 14 were considered to be
in CR; in 1 patient there was persistent disease with a follow-up
of 79 mo. Survival time and disease-free interval showed a
significant association with results of 67Ga scan, whereas no
significant correlation between the time to achieve CR, disease
relapse and site of relapse was observed.

Our data seem to suggest that any abnormal 67Ga uptake
should be considered an indicator of residual tumor. In this

1:%@@@@ .

60@ p=.00125

40@

20 Ga+
Ga -

20 40 6@1r 80 100

Months
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context, particular attention must be paid to the technical
parameters associated with optimal gallium scanning. High
doses ( 185â€”296MBQJ will allow increased diagnostic perfor
mance, particularly on delayed images because the tumor-to
background ratio increases with time. Acceptable counting rates
can be achieved even up to 4â€”5 days after radionuclide
injection.

CONCLUSION
Gallium-67 scanning seems to be the best modality available

for evaluating treatment response and predicting outcome in
@â€˜atients with diffuse small and large cell lymphoma. Persistent

7Ga uptake after four cycles of polychemotherapy may justify
a change of therapy.
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to-normal tissue activity ratios were calculated for quantitative
analysis. Results: Detection performance significantly improved for
the Ii0, JA and FA images compared to the 120images, with an
increase in sensitivity up to 8% for FA images. Sensitivity was
especially increased for small lesions (13- and 16-mm3 spheres) and
true heart-to-normal tissue activity ratios of >12. Scatter correction
also increased the certainty with which the readers gave their
judgment. The tumor-to-normal tissue activity ratio was â€”8%larger
on JA or FA images and 1% larger on the Ii 0 images compared to
the 120images. Fora givenimage,the variabilitywithwhichthis ratio
was estimated was reduced by â€”4%on JA and FA images.
Conclusion: Based on these phantom results, scatter correction
might be used with benefit in scintimammography.

Key Words: scatter correction; scintimammography; receiver oper
ating curve analysis; quantitation
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This study examines how scatter correction might affect lesion
detection and quantitation of tumor-to-normal breast tissue activity
ratio in planar scintimammography. Methods Forty-one phantom
acquisitions were performed to mimic a wide variety of scintimam
mographic imaging conditions in which lesions would be close to
the chest wall.Foreach acquisition,the images corresponding to a
10% energy window (110)and two scatter correction methods [the
Jaszczak (JA@method and a factor analysis (FA)-baSed method]
were obtained in addition to the conventional 20% image (120).A
total of 368 images in which detection of the â€œtumorâ€•was judged
borderline were selected, and 10 independent observers were
asked to detect lesions in these images. Receiver operating curve
analyses were performed to assess detection performance. Tumor
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