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Objective: Although the use of 18F-fluorodeoxyglucose (FDG)
PET for evaluating lymphoma is gaining in popularity, PET is
not yet universally available and large prospective compari-
sons between 87Ga and 8F-FDG PET scans in predicting the
long-term outcome after treatment are lacking. Scintigraphic
imaging with 87Ga remains an important tool in evaluating the
response of lymphoma to therapy. There are a variety of
challenges and pitfalls inherent in $’Ga imaging for lym-
phoma. These are discussed and problem cases are illus-
trated. After reading this article, the nuclear medicine profes-
sional should be able to: (a) optimize the technical approach
to and (b) maximize the diagnostic accuracy of 6’Ga scintigra-
phy in assessing the response of lymphoma to therapy.
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WHICH IS BETTER: FLUORINE-18-FDG
PET OR GALLIUM-677?

The Health Care Financing Administration (HCFA) has
approved reimbursement fol¥F-FDG PET for evaluating
lymphoma. However, reimbursement is indicated in lieu of a
67Ga scan (eithet®=-FDG PET or%’Ga will be reimbursed by
Medicare and many third-party providers, but not both modali-
ties for the same patient). Providers must choose between the
two. With the increasing availability of PET nationally, many
practitioners are turning fronf’Ga to 8F-FDG PET for
evaluating lymphoma, with the opinion that interpretation of
PET is more rapid and timely (1 d as opposed to 3—7 d) and that
18F-FDG PET scans are easier to read tHi@a scans. We agree
with these opinions. However, one important fact must be
emphasized. AlthougiGa certainly has limitations in evaluat-
ing lymphoma, years of good, reproducible research has been
done to allow us to know exactly what those limitations are.
With 18F-FDG PET, long-term prospective trials to assess the

Gallium is a Group lllb transition metal. Gallium-67 is widely predictive value of a negative or positive scan after therapy, the
used in nuclear medicine as a tumor-imaging agent by gammapptimal duration necessary to wait after completing therapy
emission scintigraphy. Nearly 30 y ago, Edwards and Haljes ( before scanning, whether the efficacy of therapy can be
first described the accumulation®@Ga in the lymph nodes of a  predicted by a scan performed early in the course of therapy,
patient with Hodgkin's disease. Subsequentfza has been and the degree to whidF-FDG PET contributes to the initial
shown to localize in a variety of tumors, as well as regions ofstaging or the restaging of lymphoma are all questions for
inflammation, infection, and many skeletal disord&s13. In which there are, as of yet, no definitive answers. Early
osteosarcom&’’Ga may be useful for detecting soft tissue/ published reports and anecdotal experiences of many nuclear
lymph node metastases. Gallium-67 scintigraphy also has beeanedicine practitioners with PET for lymphoma are promising,
applied to the diagnosis of pediatric soft-tissue tumors, melanoas PET is becoming more widely availabl&8(19. Large,
mas, testicular tumors, and a variety of sarconia§.(As a  reproducible, prospective, controlled trials are required before
tumor-imaging agent, the use &fGa is best established in the the ultimate utility of'8-FDG PET can be compared wifGa,
diagnosis of lymphoma and hepatoma, where the overalin staging and evaluating the therapeutic response of lympho-
sensitivity of a gallium scan is approximately 80%b(17.  mas of various types. Until the predictive value of positive and
Over the years, the role 8fGa in nuclear medicine imaging for negative PET scans for lymphoma is clearly established, and
oncology has been almost exclusively focused on assessing th@til PET is available at all centers, many practitioners will still
response of lymphomas to therapeutic maneuvers. This articleely on6’Ga in evaluating lymphoma. A thorough understand-
addresses this specific application ¥Ga imaging and on ing of the potential pitfalls of gallium imaging, the “tricks of
strategies for improving the diagnostic accuracy ®Ga  the trade,” will add value to diagnosing and treating lymphoma
scintigraphy in evaluating lymphoma. by current methods.
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FIGURE 2. Successful treatment of lymphoma is demonstrated by

FIGURE 1. The ®’Ga scan can be useful as an adjunct to staging. 67Ga scan. (A) This patient had bulky mediastinal and supraclavicular
Two hilar nodal groups were suspected in this patient with Hodgkin's  disease before therapy. (B) After therapy no residual disease is
disease, who would have been assigned a stage Il classification. found.

Gallium-67 images of the chest, (A) anterior planar and (B) posterior
planar, also reveal additional nodal groups and the presence of

multiple bony mets, placing this patient in a stage IV category. asked of the nuclear medicine practitioner for patients with a

new diagnosis of lymphoma. First, what is the initial stage of
use of’Ga is appropriate in all cases of Hodgkin's disease andhe lymphoma? Second, is the chosen therapeutic approach
for higher grade non-Hodgkin’s lymphoma. The overall avidity appropriate for the patient? In other words, can the response of
of ®’Ga in these patients is high. The magnitudé’Gfa uptake  the tumor be predicted early in the course of treatment? Third,
is highest in the nodular sclerosing form of Hodgkin's diseasenas the tumor been completely eradicated by the therapy used?
and in higher grade non-Hodgkin's lymphomas. Gallium-67For patients who have been successfully treated previously and
can be variable in its uptake, even between different individualgvho have recurrent symptoms or new radiographic findings, 3
with the same histologic type of lymphoma. For this reason, itisquestions also are asked frequently: has the tumor recurred:; if

important that &’Ga scan be performed before therapy, t0so, what is its stage; and has it transformed into a higher grade?
establish the gallium avidity of the tumor. Beca§4®8a uptake

by the tumor can decrease with even a single dose of chemothefY
apy, it is critical that a baseline gallium scan be performed For the initial staging of lymphoma, it is well accepted that
before beginning therapy. 6’Ga imaging is considerably inferior to anatomic imaging,
For low-grade non-Hodgkin's lymphom&’Ga uptake (as such as conventional CR%). An initial 8’Ga scan, in patients
well as that ofl8F-FDG) is variable. Although many advocate with newly diagnosed lymphoma, should be done to establish
the use of%Ga for low-grade lymphomas20,2), many the gallium avidity of the tumor, not to stage the patient. In
practitioners prefer to us®ITl or %"Tc-sestamibi for patients patients who have previously been treated for lymphoma and
with lymphoma, particularly low-grade lymphoma223. In have suspected recurrence, the us&€@h for staging is much
30% of patients who initially have low-grade lymphomas, more useful. Radiographic findings are likely to be abnormal as
conversion to a higher grade lymphoma occurs and is oftem result of the previously treated tumor, with fibrotic masses at
associated with the development of strongly gallium-avidsites of previous bulky disease, postsurgical and radiation
tumor @24). For non-Hodgkin's disease of intermediate grade, achanges, and scarring@). However, even with initial staging,
6’Ga scan performed before any therapy should establisthe information gained by th&’Ga scan occasionally can
whether the tumor is gallium avid. If it is, thé¥Ga likely can  change the stage of the tumor, as illustrated in Figure 1. For this
be used to assess the response of this specific tumor to futureason, it is important that the nuclear medicine practitioner
therapy. have a clear understanding of lymphoma staging systems.
The success of th&#Ga scan will depend on understanding There are several systems for the staging of lymphoma, both for
the specific clinical question being asked before undertaking the
imaging study. There are 3 general categories of questions

hat Is the Stage of the Lymphoma?

TABLE 2
Predictive Value of a Gallium-67 Scan After
TABLE 1 Therapy: Survival at 24 Mo Post-Therapy*
Hodgkin’s Lymphoma Staging:
Ann Arbor Classification Survival at 24 mo
after therapy
Stage Criteria Lymphoma 67Ga scan No Total
Stage | Single lymph node region or extra-lymphatic site type results lymphoma survival**
Stage Il =2 lymph node regions on same side qf diaphragm Hodgkins Negative 85-95% 100%
Stage Ill L)_/mph node regions on both sides of diaphragm Hodgkins Positive =45% 60-80%
Stage IV Disseminated disease Non-Hodgkins Negative 85-95% 90%
>1 extra-lymphatic organ = lymph node involve- Non-Hodgkins Positive =50% 359%
ment _
Substages: A Asymptomatic *Assuming a pretherapy ’Ga scan demonstrated gallium-avid tumor.
B Fever, night sweats, =10% weight loss *\ith or without evidence of lymphoma.
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TABLE 3 TABLE 5

Typical Imaging Sequence SPECT Acquisition Parameters
Adult activity: 8-10 mCi Pediatric activity: 75 uCi/kg 128 matrix
Total body planar images 3 days postinjection For 2 heads: 3-degree stops X 60 (180 degrees each)
SPECT chest/neck 3 days postinjection 35 s per stop (35 min total)
Repeat planar and SPECT Increase time to 40 s/stop for delayed (>3 d) SPECT
abdomen 5-7+ days postinjection

Has the Tumor Been Completely Eradicated by the
Therapy Used?
Hodgkin’s and non-Hodgkin’s, and the practitioner should be

fa_r(;ul;ar W't:I al: of _tfhem_. Tabfle 1Hllllést':_at,esdqne of th(; mzst is in predicting adequate sterilization (eradication) of the tumor
widely use . _C a_SS' |cat.|ons qr 0 g In's disease, t 9 Matter completion of radiation and chemotherag$,8]). This
Arbor Cla55|f_|cat|on. With the increasing stage of the dlseaseuSe of5Ga is illustrated in Figure 2. Because imaging can fail
the prognofslgs Wor.:ens afnd _thﬁt Ithera;py maydcharr:?e. Tt}% reveal the presence of tumor after even a single dose of
presence ol b symptoms ot weight loss, Tever, and night swea éhemotherapy, it is important to wait a reasonable interval after

also worsens prognosis. completing therapy to allow any remaining viable tumor to
Can the Tumor’s Response Be Predicted Early in the regain metabolic or proliferative activity. It has been recom-
Course of Treatment? mended that injection of’Ga be delayed 3-6 wk after
There are several studies that demonstrate the efficacy of qmpletlon of ck:er’r:otk:(:rapy _?;r:ad:at'cmg' Howevtir, matnyt
67Ga scan in predicting the response of the lymphoma tFlinicians are reluctant to wait this long, because the initiation

treatment, either early or in midcycle of treatme2i430. This of additional chemotherapy should be as timely as possible, if

approach is most beneficial in a specific subset of patientsr:es'o!u_aI tumor.|.s still presen.t.' Anecdotally, many nuclle.ar
edicine practitioners are willing to reduce the requisite

those with a poor prognosis or aggressive disease who have'R!

persistent or worsening signs or symptoms despite the recemter\_ljl todZthWk sftelr tcom_pl_enon (I)I thertag)y. This ihoglddbti t
initiation of therapy. In these patients, it would be useful o CONSICEred INe absolute minimum. it mustbe reemphasized tha

know as early as possible if the therapy chosen was bound fc;pjection of67’Ga at intervals less than 3 wk after completion of

failure, so that changes could be made to maximize the patiem%hemotherapy could lead to a false-negative exam, when the

chance of survival exam is performed to determine whether the tumor has been

It is not entirely clear how early in the course of treatment acompletely eradicated by the chosen therapy. Table 2 is an

67Ga scan can be performed that will predict a tumor’s responsé”.Iverage taken from numerous reports, aII.of Wh'Fh are in good
greement, of the predictive value of survival (with or without

Advocates of this approach claim that imaging can be doné

after 2—4 cycles, or midway in a round of chemotherapy. Thered|sease) with a positive or negati%&a scan performed at the

are actually reports of patients who had been injected @, completlonsof therapy for lymphoma. Data such as these are
had early imaging that demonstrated gallium-avid tumor, therpeeded fof%-FDG PET.

had a single dose of chemotherapy, with subsequent images
being remarkable for a disappearancé@a from the tumor.

The mechanism for an early decreasebiGa uptake with Beyond the appropriate timing of injection @Ga relative to
appropriate treatment is not clear, because it is likely that thehe timing of chemotherapy, there is little patient preparation
tumor is nonetheless still viable. It is possible that these changaseeded for #’Ga scan. There are reports that suggest that the
occur as a result of internalization of transferrin receptors administration of iodinated contrast should not be performed on
which exist both on the surface of the cells and within athe same day as injection &Ga: the contrast agent may bind
cytoplasmic pool. Rapid changes in externalization of the$’Ga and resultin more rapid elimination of the tracer. Although
transferrin receptor, which may be responsible for uptake otolonic activity commonly complicates the interpretation of a
67Ga by tumor cells, may occur in response to cell cycle or$’Ga scan, the administration of cleansing bowel preparations
proliferative activity, and not just because of metabolic activity

or cellular viability. TABLE 6

SPECT Process/Display Parameters—SPECT*

The most common, and best-supported usé4@a imaging

PATIENT PREPARATION

TABLE 4 RAMP type filter

Acquisition Parameters for Planar Images 3-D postfilter, low-pass (Butterworth), order of 6, adjust cut-off to
adjust image presentation

Software attentuation correction
Display transaxial, sagittal, and coronal images
Slice thickness: 14 mm (3 pixel)/slice

Medium- or high-energy collimator
3 photo peaks (93, 185, 300)—20% windows

512 ”.’a."'x Adjust intensity to be within linear range of contrast curve
10-min images o
Upright AP/Post/Lat chest =1000 K counts if no SPECT *Example provided for dual-head SPECT camera.
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FIGURE 3. Normal patterns of facial uptake of 6’Ga are variable.
Activity in the lacrimal glands can range from (A) intense to (B)
moderate to (C) absent.

or enemas does not improve this situation. In fact, harsH/GURE 5. Submental lymph nodes or high cervical lymph nodes
laxatives and enemas may cause irritation and further enhané%ﬁb?;'giovvmgfgﬁ ;i’;ﬂgﬁ&itﬁea STJ'Steaﬂi((frnml;oéiassﬁlr'g%rﬁéﬂg
uptake by the colon. Itis better if the patient is simply instructedlymphoma in submental lymph nodes seen on both the (A) anterior

to maintain a good diet that is high in fiber and drink plenty of and (B) lateral planar images.

liquids. Delayed imaging is the only very reliable way to

eliminate bowel activity. Care should be taken to avoidthoracic structures. The upright position is important in evaluat-
commencing a¥’Ga scan in a patient with an intercurrent ing for the presence of cardiophrenic nodes.

infection, recent line placement, surgery, or other causes of Most patients will have bowel activity at 72 h (3 d) after
inflammation to avoid false-positive tumor scans caused bynjection. This being the case, it is recommended that a second
inflammation or infection. set of planar images of the abdomen be obtained at 5-7 d
postinjection, to ensure adequate evaluation of the abdomen
(33). SPECT imaging of the abdomen can be performed at that
time, if gut activity has cleared. Because Medicare and many
third-party payers do not reimburse for more tharf’Ga

f[he t)_/plcal _t|m|ng of.lma_glng .for Iymp_hc_)ma_l patients. For SPECT exam per day, delaying SPECT imaging of the abdo-
infection or inflammation, imaging after injection &Ga can . . L
men not only allows time for clearing of the bowel activity, it

often be accomplished at 48 h, or even 24 h, after injection. For . - .
. . - . ensures that appropriate billing and reimbursement can occur.
tumor imaging, the initial set of planar images should be

67, ivi i
delayed until 72 h postinjection. Planar imaging is performed inAIthough Ga activity can still be seen as long as 3 wk

the anterior and posterior projections, to include the head, neclPOStmjeCtlor.]’ itis uniikely that.adeq.uate a.ct|V|ty will be present
. . i, .. 10 allow satisfactory SPECT imaging at intervals longer than
chest, abdomen, pelvis, and proximal extremities. The dist

. . - - —7 d postinjection.
extremities can be included as clinically indicated. Lateral Because extended imaging is often required®i@a scans
views of t_he head anc_i n_eck are al_so roupnely acquired at 72 ﬂ1e dose of radionuclide used is usually higher than is needed
and can include the ipsilateral axilla, with the arm abductedT [ 67Ga imaqing performed for reasons of inflammation or
SPECT imaging of the neck and chest should be performed af ging p

72 h postinjection. We routinely use SPECT scanning Withlnfgctlon. In.the I_atter 2 instances, an adult dose of 5 mC_l is
67 . . . . typical. For imaging lymphoma, an adult dose of 8-10 mCi is

Ga. There is considerable evidence that SPECT scannin . . . .
ore appropriate. For children, a weight-adjusted dose of 75

improves the sensitivity and specificity Ga scanning both L . .
before and after treatment of lymphon®2). If SPECT is not to HCi/kg is appropriate, as shown in Table 3.

be performed, the late William Kaplan, MD, of the Dana-Farber. ;hﬁ] e;;sé;zxizﬁrczterssorl:]seﬁih;?r d:Oter:] dri)rl]angr: t{:\r;ds S;EST
Cancer Institute, advocated an anterior, posterior, and, if1ading "y > dep 9 P

necessary, lateral image of the chest for 1000 K counts at 72 Rnake and type of camera used, the collimator specifications,

postinjection. These images should be performed in the upright
position with the arms extended laterally on the anterior view,
embracing the camera. This improves visualization of thd

TECHNICAL CONSIDERATIONS AND TIMING

Table 3 illustrates the appropriate dose$'@a citrate, and

A on B

FIGURE 4. Sialadenitis is a common complication after chemother-
apy and radiation. (A) Anterior and (B) lateral planar views of the

head and neck before therapy demonstrate a large left neck tumor.
After therapy, the tumor is eradicated but there is intense activity
seen on both the (C) anterior and (D) lateral planar images in the
parotid and submandibular glands. This is not lymph node activity.
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FIGURE 6. No cardiac activity should be seen on a ’Ga scan.
Shown here, in both (A) anterior planar and (B) lateral planar views is
activity around the heart, consistent with a malignant effusion of the
pericardium.
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FIGURE 7. (A) A normal 6’Ga scan of the chest should reveal no
lung uptake. (B) However, mild diffuse activity in the lungs is common
and normal after chemotherapy. If activity is intense or the patient is
immunocompromised, other inflammatory or infectious conditions
should be considered. An example shown here is PCP pneumonia,
shown (C) before treatment and (D) after treatment. FIGURE 9. Focal, asymmetrical or intense hilar uptake is consis-
tent with lymphoma, as shown in this coronal SPECT view.

and processing algorithms and display software available.

These are often proprietary and may vary from vendor tOnienge This is thought to be proportional to the degree of
vend_or_. _In Tables 4-6, gxamples of the paramete_rs used fo_r MN&crimation between the time of injection to imaging, with
ach|S|.t|on and.processmg of planar.and SPECT images usinggeater activity seen in patients who have been crying, or who
large field-of-view, dual-headed Picker SPECT camera arg,nerience enhanced lacrimation from contact lenses or irrita-
given. It must be stressed, however, that the nuclear medicing,, For patients in whom there is a question of retro-orbital
technologist should start with the manufacturer’s recommendarymphoma a SPECT acquisition would be required to distin-
tions and only then cautiously apply variations to optimize theguish retro:bulbar from lacrimal gland activity.
images. As is universally true in nuclear medicine imaging, the" g re 4 llustrates another pitfall in evaluating the head and
principles that are most important are to place the camera 3$qec of a patient with lymphoma. Sialadenitis is a common
close to the patient as possible, acquire as many counts as alRje_effect after chemotherapy or radiation. This can result in
tolerable to the patient without movement or discomfort, and\tanse uptake in the submandibular and parotid salivary
display both planar and.SPEC'I.' Images with !nten5|t|e§ Car€qlands. This should not be confused with cervical adenopathy.
fully chosen to place regions of interest in the linear portion of 5 strategy for confirming salivary, as opposed to lymph node,
the curve relating activity to intensity. activity at these sites would be to compare &f@a distribution
with that of ®"Tc-pertechnetate. The latter would be expected
NORMAL AND ABNORMAL PATTERNS OF UPTAKE to accumulate in salivary glands, but not lymph nodes. The
Head and Neck converse problem is illustrated in Figure 5: the presence of

- . abnormal lymph nodes that could be confused with salivary
There are normal variations in the appearance®6a scan . . L
glands. Submental or high cervical lymph nodes containing

f the head. It is normal for patients to have diff n harynZ . :
otthe e.a.d S natior patients fo e diffuse asopnary lymphoma could acculat€Ga and be confused with sialadeni-
geal activity. Stomatitis, related to chemotherapy or radiation,: - o .

. L . tis. In addition, reactive inflammatory lymph nodes in the neck
could cause more intense activity in the mouth. Focal intense

5 . 7
activity in the posterior oropharynx should be regarded Wlthcould accumulgtt_:ﬁ Qa without containing lymphoma. Any
e . . . . . unexpected activity in the neck should prompt further clinical
suspicion for possible nodal disease in the tonsillar region. The_ ™. } .
. o . Inquiry to establish the correct etiology.
appearance of the lacrimal glands of’Ga scan can be quite

variable, as shown in Figure 3. Activity can be absent or

FIGURE 10. Normal mild symmetrical hilar uptake can be normal

FIGURE 8. Focal lung uptake should always be regarded as in smokers, or in many patients after chemotherapy and radiation, as
abnormal, but can be from either tumor or infection. Shown here in shown here in (A) coronal SPECT and (B) planar views. The intensity
(A) anterior and (B) lateral planar images is a left lower lobe lung of uptake on the SPECT views may overestimate the magnitude of
abscess. Note the air:gallium level. uptake and reference to the planar view should always be made.
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FIGURE 13. Mild breast activity can be normal on 6’Gan scintigra-
phy. However, intense breast activity can occur in developing girls
after chemotherapy, possibly from hormonal rebound. Shown here is
a girl with mediastinal lymphoma (A) before and (B) after chemother-
apy. Also note the suppression of activity in the epiphyseal plates
after chemotherapy. This is also a common finding.

FIGURE 11. Many diseases may mimic lymphoma, including other
tumors and both infectious and noninfectious granulomatous dis-
ease. (A) Shown here is a chest radiograph of a patient with hilar and
mediastinal fullness, (B) with uptake on ¢’Ga scan in the same
regions. The diagnosis here was sarcoidosis.

6’Ga is a useful agent in imaging both infectious and noninfec-
tious inflammatory conditions of the lung, as is illustrated in

Heart Figure 8, a patient with a lung abscess.

There should be no cardiac activity of’&a scan performed
= 48 h postinjection. Any activity in the heart should be o ]
considered abnormal. Figure 6 illustrates an abnormal pattern 1he mediastinum and hila of the lungs are common places
of uptake circumferentially located around the heart. Thisfor initial occurrence of lymphoma. Specific attention to these

pattern would suggest tumor involving the pericardium, al-2réas is gritical on both "_“'Fial and follow-uﬁba scans.
though a similar pattern also could be seen with infection of*Symmetrical or intense activity after therapy, as illustrated by
other inflammation of the pericardium. the coronal SPECT image in Figure 9, is highly suspicious of
the presence of lymphoma. However, it is very common for
Lung patients who have been treated with chemotherapy to have

A normal®’Ga scan should have no lung uptake, as shown irmild, diffuse bilateral hilar and mediastinal uptake, as is shown
Figure 7A. Diffuse mild lung uptake, as shown in Figure 7B, in the coronal SPECT image of Figure 10A. The intensity of
however, is a common and usually normal finding in patientsuptake on SPECT images is sometimes difficult to judge
after chemotherapy3@). The duration of the lung uptake after because the automated intensity settings may artifactually
chemotherapy is not clear, and it is our experience that théncrease the apparent degree of uptake. However, the planar
activity may persist for several months. The reason for the milaview of the chest in this same patient (Figure 10B) shows the
lung uptake is unclear. Conventional chest radiographs angymmetrical hilar/mediastinal uptake to be very faint. Faint,
high-resolution CT scans in these patients are usually normal giymmetical hilar uptake on t&Ga scan is a normal finding
noncontributory. In immunocompromised patients, who haveafter chemotherapy and should not be confused with tumor
been treated with aggressive chemotherapy and possibly bo{@5,3. The initial®’Ga scan in smokers often reveals a similar
marrow transplantation, the possibility of opportunistic infec- pattern of symmetrical and mild uptake. This is likely related to
tion also should be considered. This is illustrated in Figure 7C, &onspecific inflammatory changes from smoking. CT usually
67Ga scan in a patient with Pneumocystis pneumonia, and i8hows no suspicious lymph nodes in these patients.

Figure 7D, after treatment. Although the traditional rule of Oslerian medicine is that

Patchy lung activity is not normal. It either represents tumor,patients have but 1 disease, it is nonetheless important to
inflammation, or infection. It is important to remember that remember that significant uptake in lymph nodes also can be

seen with a variety of diseases other than lymphoma. These

Pulmonary Hilar and Mediastinal Structures

FIGURE 12. Rebound thymic hyperplasia can occur after chemo-

therapy in children and young adults and can result in uptake on 6’Ga
scan in the anterior, superior mediastinum, as shown here in both (A)
coronal and (B) sagittal SPECT views. A follow-up scan in 2—3 mo will
show regression of activity in “thymic rebound.”
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FIGURE 14. Skin folds in the axilla can mimic abnormal lymph
nodes. An anterior view of the chest with the arm extended will
abolish the finding if activity is due to superimposed tissue from
axillary skin folds, shown here for both the (A) right and (B) left axilla.
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FIGURE 15. (A) Diffuse bowel activity can often compromise
interpretation of the 6’Ga scan. (B) The typical distribution of activity
should be confined to the large intestine. (C) Delayed imaging at 57
d postinjection usually will result in clearing of most of the activity from
the bowel.

FIGURE 17. Lymphoma-containing nodes may stud the mesen-

. . . . tery, producing focal areas of uptake that are atypical for the
include many other types of tumors, infections that result inappearance of bowel, as is shown in planar views of the (A) upper

lymphadenopathy, and both infectious and noninfectious granwend (B) lower abdomen in this patient who had multiple areas of
lomatous disease. An example of the latter, a patient witHu™°"
sarcoidosis, is shown in Figure 11.

In children and young adults, the phenomenon of rebound
thymic hyperplasia has been well described after chemotherapyptake by the breast is observed. Obviously, focal or unilateral
(37). This condition usually is seen in patients who are treatediptake would be regarded with greater suspicion for either a
with chemotherapy, but not radiotherapy, to the mediastinum. Ifnalignant or inflammatory etiology than would symmetrical
usually is seen in children but has been described in patients agptake.
old as their early 20s. Thymic rebound can result in uptake of
67Ga in the thymus in a pattern that can be confused witf 12
residual or recurrent lymphoma to the mediastinum. Such a case When imaging the chest, it is necessary to obtain an image in
is illustrated in Figure 12. It has been suggested that a follow-uphe anterior projection with the arms abducted and elevated.
scan in 2-3 mo will demonstrate regression of activity if the With the arms down at the side, additive activity of the axillary
abnormality is because of thymic rebound, and not lymphomaskin folds can mimic axillary adenopathy, as illustrated in
Figure 14. This same phenomenon also has been observed with
18E-FDG PET scans. With peripheral adenopathy, it is vitally

It is normal for breast tissue in developing or mature womenimportant that a good physical examination be performed.
to accumulate a small amount #Ga. We and several of our Despite our best efforts, the sensitivity &f3a for detecting
colleagues have anecdotally observed that relatively intensgbnormal peripheral lymph nodes that are within palpable
uptake is often seen in the breasts of developing girls on theegions is less than that of the physical exam.
postchemotherapy scan. One such example is illustrated in o )

Figure 13. A possible explanation for this finding is a hormonalPiStinguishing Bowel from Mesenteric Lymph Nodes
rebound, which may occur after chemotherapy. We have not Gallium-67 is excreted by the upper large intestine. There-
observed this same finding in sexually mature women. Al-fore, bowel activity on #’Ga scan should be confined to the
though it is rare, primary and metastatic lymphoma to the breastolon, and not appear within the small bowel or mesenteric
has been describe®g,39. Therefore, an adequate physical distribution. However, the colon on many patients can be
examination for clinical correlation is appropriate wheneversomewhat redundant and can significantly compromise detec-
tion of tumor within the abdomen (Fig. 15A). The best solution
for circumventing this problem is to perform delayed imaging,
as illustrated in Figure 15B—C, and SPECT. As noted above,
delayed imaging performed beyond 5-7 d postinjection is
unlikely to be productive of sufficient count density to allow
SPECT. It is better to perform a SPECT study of the abdomen
within the first week postinjection, even if the bowel activity
has not entirely cleared.

Figures 16 and 17 demonstrate abnormal patterns of colonic
activity that are suspicious for mesenteric tumor. These include
central collections that are clearly not colonic in distribution, as
shown in Figure 16. Round foci of activity may be indicative of
scattered mesenteric nodes, as shown in Figure 17 from a

Breast

FIGURE 16. (A) Activity that is centrally located, and not typical of
the distribution of the colon, should be regarded as suspicious for
lymphoma. (B) Delayed imaging should result in clearing of normal
bowel activity, but not that in the tumor, as is shown in this patient with
a large mesenteric nodal mass.

VOLUME 28, NUMBER 4, DECEMBER 2000

patient who also had mediastinal and hepatic areas of lym-
phoma. Basically, anything not clearly within the colon should
be regarded with suspicion. With respect to the abdomen in
general, correlative imaging with CT is imperative in improv-
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FIGURE 18. Periaortic lymph nodes may be difficult to identify on planar views (A) because they are closely applied to the anterior aspect of
the vertebral bodies. (B, C) SPECT imaging in multiple planes may help identify the nodes as being distinct from the vertebrae. It is important to
correlate with radiographs to exclude the presence of large anterior osteophytes, which can mimic periaortic lymph nodes.
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FIGURE 19. This patient had a vena caval filter and a history of an aortic graft as well as lymphoma. He was asymptomatic and

hemodynamically stable. (A) CT scan showed a large periaortic mass, which was ¢’Ga-avid, as shown on SPECT (B) coronal and (C) transaxial
images. The mass was recurrent lymphoma.

ing the sensitivity and specificity of th&’Ga scan of the grafts, a mass around the aorta also can be confused with a
abdomen. leaking aneurysm or infection of a vascular graft. Although
The detection of periaortic and aorto-caval lymphomatousatients with a suspected acutely leaking aneurysm would
lymph nodes is difficult because they lie on the anterior aspeclikely be evaluated by other more expeditious imaging meth-
of the vertebral body and can be confused with osteophytesyds, a®’Ga scan could distinguish between an old organized
which also can show enhanced uptake orff@a scan. SPECT hematoma and a mass that is caused by lymphoma, as
imaging and, again, careful correlation with plain radiographsillustrated in Figure 19. An infected vascular graft would be
or CT are very important in maximizing the accuracy of expected to demonstrate uptakét@a as well.
detecting periaortic lymph nodes. An example of periaortic
lymph nodes is illustrated in Figure 18.
In patients who have abdominal aortic aneurysms or vascular

FIGURE 20. (A) Mild diffuse renal activity is normal after chemother- FIGURE 21. Itis often difficult to determine if the spleen and liver

apy, as in this patient who also had a prior splenectomy. (B) However,
if renal activity is intense or there is enlargement of the kidney, as in
this coronal SPECT image, lymphoma should be suspected. (C) It is
important to ensure that renal activity is not related to pyelonephritis,
which can result in uptake on the 6’Ga scan.
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are involved with lymphoma because of its typically diffusely infiltrat-
ing nature. If the spleen is “hotter” than the liver 3 d postinjection of
67Ga, as shown in this patient who also has mediastinal lymphoma,
splenic involvement should be suspected. However, any cause of
hypersplenism also can cause increased splenic uptake.
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FIGURE 22. If imaging is extended beyond 3
d postinjection of 6’Ga, the spleen normally
becomes progressively “hotter” with time, rela-
tive to the liver, as shown here at (A) 3, (B) 5,
and (C) 7 days postinjection. This is a normal
finding.

FIGURE 23. Diffuse gastric uptake can be normal after chemother-
apy and can be seen in up to 10% of patients. Anterior planar views of
the abdomen (A) before and (B) after administration of a carbonated
beverage illustrate this finding. Endoscopy is indicated only if the
patient is symptomatic.

] ’ W o w
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FIGURE 24. Focal gastric uptake should be regarded as suspi-
cious for lymphoma, as illustrated in this patient with Burkitt's
lymphoma of the stomach. Shown here are (A) planar anterior and

(B, C) SPECT coronal views of the abdomen with a large ’Ga-avid
mass in the stomach region.

FIGURE 25. Focal gastric uptake involving cardia of the stomach in
a patient with stage IV lymphoma. There is also extensive tumor
involving the mediastinum, a right cardiophrenic node, and the
kidneys.
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FIGURE 26. Degenerative arthritis, both of the joints and spine,
can result in enhanced uptake of 7Ga, as shown by (A) planar and
(B) coronal SPECT imaging of this patient with arthritic changes of
the hips and lumbar spine (shown by radiographs).

FIGURE 27. The lumbosacral spine can be difficult to evaluate by
SPECT. Typical normal patterns may include (A) segmental attenua-
tion of activity by the liver and (B) patchy uptake due to poor counting
statistics or obesity.

Kidneys

In healthy patients, renal activity can be considered normal
up to 48 h after’’Ga injection. Delayed, symmetrical renal
activity can be seen in patients with interstitial nephritis,
nephrotic syndrome, or with other forms of renal insufficiency.
Most patients who have been treated with chemotherapy also
demonstrate mild symmetrical renal activity, as is shown in
Figure 20A. In our experience, this finding persists indefinitely
and is not abolished by delayed imaging. Suspicion for renal
involvement with lymphoma should be raised when kidney
activity is intense, asymmetrical, or associated with enlarge-
ment of the kidney (Fig. 20B). Care must be taken to ensure the
patient does not have a pyelonephritis at the time of imaging,
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FIGURE 28. Focal abnormal uptake of the lumbosacral spine
should be seen both on (A) planar and (B, C) SPECT views, as is FIGURE 30. Infection can mimic lymphoma on a 6’Ga scan, as is
demonstrated in this patient with lymphoma involving a midlumbar shown in this patient with an osteomyelitis and abscess of the
vertebra. sacroiliac region, due to a prior bone marrow biopsy.

which can cause focal or diffuse uptake in a kidney, as shown iRyinica| symptoms. If activity is diffuse and they are asymptom-

Figure 20C. atic, then no further work-up is needed. If they have gastric
Liver and Spleen symptoms, then endoscopy should be performed. Symptomatic
7 . - - . patients often are found to have pathology on endoscopy, either
The®Ga scan is of very limited use in diagnosing Iyrnphomagastritis or tumor involvement. Focal, rather than diffuse,

!n\{olvmg t.he. liver anq spleen. Lymphoma is often dlﬁusgly uptake in the stomach should be regarded with greater suspi-
infiltrating in its nature in these organs. Unless focal collections . . . ; .
L . ; . cioun and is more likely to represent lymphoma, as illustrated in
of activity are seen, the diagnosis of lymphomatous involve-
ment cannot be reliably madd@). On a conventiona?®"Tc

sulfur colloid scan, the spleen should be similar to, or of lessSkeleton

intensity than, the liver on the posterior image. This is also true  51ium-67 is a weak bone imaging agent. The normal
of the spleen on the posterior image of&a scan at 3 d istinution 0f$’Ga in the skeleton should be similar to that of a
postinjection. If the spleen is hotter than the liver and ISsemrc_pisphosphonate bone scan, with activity in the mineral
enlarged &3 d postinjection, there should be a high suspicion ¢ icaly portions of the bone, not the bone marrow. Any cause
for lymphoma involvement (Fig. 21). However, on images o ,creased uptake on a conventional bone scan also can cause
delayed>3 d, even a normal spleen increases in intensity,pnormal accumulation onf&Ga scan. For example, degenera-

relative to the liver, as shown in Figure 22. For this reasonyj e gisease of the spine or joints can result in an abnormal
delayed images beyond 72 h are inaccurate in predicting spleniGaiterm of67Ga uptake, as is illustrated in Figure 26. Careful

. . o .
involvement. As |s_true fofSmTe sulfur COHO'_d’ the sple(_an also correlation with CT or plain films is essential in improving the
can demonstrate increased uptake, relative to the liver, for pecificity ofs’Ga in diagnosing skeletal lymphoma.

variety of causes, and the finding is not specific for lymphoma.

Figures 24 and 25.

In skeletally immature individuals, it is normal for the
Stomach epiphyseal plates of the bones to have greater uptake than other
aportions, as is also true for conventional bone scans. It has been

It is relatively common to see diffuse stomach uptake on . L
67 . . . our observation that after chemotherapy it is common for the
Ga scan in a patient who has received therapy for lymphoma . L
. - . . ~ Thagnitude of activity in the growth centers of the bones to be
as is demonstrated in Figure 23. This has been described in th S
. . . . epressed on téGa scan. An example of this finding is shown
literature and is said to occur in nearly 10% of lymphoma.

ptint exarined posnersphl, Whete the patenis -3 The decease e sty be et
should undergo endoscopy should depend entirely on their P PP y 9 ’ 9

FIGURE 31. Lymphoma of the bone often involves the marrow
before extending to the bony cortex. (A) 8’Ga scan is often more
FIGURE 29. Focal rib uptake due to fractures, as seen in this sensitive for detecting lymphoma of the bone than is (B) conventional
patient, can mimic lymphoma involving the ribs. 99mTc bone scan.
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those at the epiphyseal plates. With time, the activity usuallyafter soft-tissue biopsy or line placemendp). However, any

returns to normal. asymmetry in skeletal activity should be investigated with
SPECT imaging of the spine, particularly the lumbosacralcorrelative clinical information or imaging to exclude lympho-

spine, is fraught with difficulties42). Attenuation of activity = matous involvement.

due to the liver often produces a relatively photopenic segment When the marrow is diffusel§’Ga-avid, this may represent

of spine in the upper lumbar region, as shown in Figure 27A diffuse lymphoma of the marrow, especially on a pretherapy

with accentuation of activity in vertebral bodies immediately scan. However, the finding of diffuse marrow activity is

above or below the photopenic segment. Count-poor imagesommon on post-therapy scans in patients who have received,

often appear patchy, as illustrated in Figure 27B. Because of thas part of their chemotherapy regimen, granulocyte colony

great number of false-positives in the lumbosacral spine, it istimulating factor (GCSF) or erythropoietidg). Often, bone

our policy to require that an abnormality also be demonstrate@dr bone marrow areas previously involved with lymphoma,

on the planar images to be considered convincing, as is showpreviously irradiated, and successfully treated will appear as

in Figure 28. cold defects on these post-therapy scans, as illustrated in Figure
Gallium-67 also is actively accumulated in bones with acute32. We have observed enhanced marrow activit§’@a scans

or healing fractures or with infection. These can complicate al—-2 y after administration of GCSF or erythropoietin. It is not

determination of the extent of lymphoma. This presents elear if, or when, the activity returns to normal. When marrow

dilemma for both radiologists and nuclear medicine physiciansctivity is visualized, a complete history is required to deter-

because CT and MRI will often be abnormal in these bones amine the significance of the activity.

well, and it may be difficult to identify a confirmatory noninva-

sive_ study t_hat will confid_ently dist_inguish fracture_s from SUMMARY

malignancy in all cases. Figure 29 illustrates a patient with

suspected stage | lymphoma with uptake in several ribs due to Although *¥F-FDG PET may replacé€’Ga for evaluating

recent fractures. Bone infections also can result in false-positivé/mphoma in the future, PET is not yet universally available.

67Ga scans for lymphoma. Figure 30 illustrates a patient with arf he predictive value of FDG in assessing the early and

osteomyelitis of the sacroiliac region, probably caused by dong-term response to therapy, as well as its value in staging
marrow biopsy performed several weeks earlier. (compared with conventional modalities) are areas in need of

Focal uptake off’Ga in a skeletal region that does not concentrated research. Gallium-67 remains animportant modal-

correspond to an obvious abnormality of°&Tc bone scan or ity in evaluating lymphoma, at least for the present time.
plain films, as shown in Figure 31, is not uncommon and isCareful attention to appropriate patient selection, timing, and
usually due to involvement of the marrow with tumor, but not techniques of imaging; common patterns and pitfalls; and
the cortical portion of the bone. Th&Ga scan may be meticulous correlative imaging are important to maximize the
significantly more sensitive for detecting bone involvementsensitivity and specificity df’Ga imaging for lymphoma.

than is the conventional bone sca#3(44. If confirmatory

imaging is required to define an abnormality seen orftza REFERENCES
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