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Several papers have recently been published on the use of
¢’Ga scintigraphy in lymphoma—with the emphasis on its
value after treatment (1—72. These articles provide further
evidence of the utility of ®°’Ga to monitor patients (8—14).
The ability of ®’Ga scintigraphy to detect recurrence early
during clinical remission, when the tumor load is small and
other tests are not sensitive enough for early detection, has been
described (2).

Recently, we suggested the potential use of ®’Ga scintigraphy
to evaluate the rapidity of response to treatment, if there is the
possibility to achieve better overall response by changing
therapy in patients who do not respond rapidly to first line
chemotherapy (6). While ¢’Ga scintigraphy has a clearly
established role in determining whether a lymphoma patient has
responded to treatment and in the early diagnosis of a recur-
rence, the number of articles on this subject is modest. This is
somewhat surprising when one considers that lymphoma is a
disease that can be effectively treated, particularly when the
progress of the disease and its therapy in individual patients can
be optimized by *’Ga. No other test or imaging procedure, other
than ®’Ga, can reliably monitor response and provide early
detection of disease recurrence. The role of MRI to evaluate
lymphoma response to treatment is not yet clear (/5-19).
Fluorine-18-fluorodeoxyglucose and PET also have been used
in lymphoma patients (20,21). Tritiated deoxyglucose and *’Ga
are both taken up in viable tumor tissue but not in fibrotic or
necrotic cells (22). PET, however, is technically complex and
much more expensive than gallium scintigraphy. The role of
gamma cameras using 511 keV collimators to image ['®F]flu-
orodeoxyglucose remains to be evaluated.

There are several reasons why ¢’Ga is not uniformly and
energetically accepted by the nuclear medicine community,
although there is a true need for it by oncologists. This is a
strange situation; one in opposition to nuclear medicine tech-
niques that are theoretically appealing but clinicians do not
readily accept as a means of routine management of their
patients (23,24). One difficulty in the acceptance of *’Ga as a
worthwhile research subject may be its image as an old,
unexciting agent which has been in use for more than 20 years
(6). Despite this image, several centers are testing new ideas on
the use of ®’Ga to solve various problems in the treatment of
lymphoma. Understanding the needs of oncologists and the
ability to cooperate with them routinely are, of course, helpful
(6,12). The quality of 4’Ga scintigraphy has improved with the
use of higher doses, SPECT with dual-head cameras and
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delayed as well as whole-body imaging (6,25-28). This has
contributed to an expanding role in routine clinical nuclear
medicine practice.

In the 1970s and early 1980s, ’Ga was used for diagnosing
and staging lymphoma prior to treatment. The need for ¢’Ga
imaging prior to treatment, however, decreased significantly
with the advent of CT, which provided the necessary diagnostic
information for staging. In many ways, CT has also replaced
lymphography and staging laparotomy in the initial evaluation
of patients with lymphoma. Post-treatment, however, CT had
false-positive results, showing residual masses in patients who
later proved to have a complete therapeutic response (8—11).
Observations of patients with residual CT masses after treat-
ment who had negative ®’Ga scintigrams and subsequent
histologic demonstration fibrosis and/or necrosis, but no viable
cancer cells, drew our attention to the possibility of using ¢’Ga
scintigraphy to evaluate the presence or absence of disease
after treatment (8,22). losilevsky et al. (22) observed a rela-
tionship between the amount of viable tissue and the amount of
’Ga and tritiated deoxyglucose uptake after treatment in a
tumor model. There was no relationship between tumor size and
viability. Treated, small, but completely viable tumors had
normal %’Ga uptake, whereas large, necrotic and fibrotic
tumors without malignant cells did not. It was subsequently
demonstrated that ®’Ga is a good indicator of tumor response
in patients (8—/4). A statement by Canellos (29) on the
problem of residual mass versus residual cancer after treat-
ment raised the oncology community’s awareness of the
problem. Determination of therapeutic response is critical in
cancer treatment. Since treatment is best when the tumor
load is smallest, ®’Ga can also play an important role in early
diagnosis of recurrence (2).

Since CT may demonstrate a mass during continuous clinical
remission, it has a low sensitivity for detecting recurrence (30).
Moreover, CT is unable to determine the presence of recurrence
until there is significant growth of the mass. Gallium-67 shows
tumor viability early in recurrence while the tumor burden is
low.

LIMITATIONS

The limitations of ®’Ga scintigraphy should be clearly rec-
ognized and understood and image interpretation should take
these difficulties into consideration. One of the basic problems
of ®’Ga scintigraphy is its limited sensitivity: the patient with a
negative post-treatment °’Ga scintigram may have a recurrence.
In these patients, therapy did not destroy all tumor cells and
there is occult malignant tissue not detected by ®’Ga scintigra-
phy. Neither $’Ga nor any other noninvasive test can detect the
last malignant cell in a tumor after chemo- and radiotherapy. In
fact, there is no need to detect the last cell. It is, however,
necessary to detect the presence of the mass of cells sufficient
to cause a recurrence. There is now evidence that small deposits
of lymphoma cells, after therapy, can be subsequently destroyed
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by the body’s own mechanisms (3/). Current procedures cannot
detect small deposits of cells which may cause disease recur-
rence after the patient has achieved an initial complete clinical
response and appears to be in continuous clinical remission.
Gallium-67 is a useful test to determine if a patient has achieved
a complete response by oncological definition. A significant
refinement of the diagnosis of malignancy is still necessary for
diagnosis of microscopic tumor in vivo.

Another difficulty is the need for quantification of ®’Ga
uptake to assess the significance of low $’Ga uptake. When
should low uptake be called abnormal? Experience shows that
only a substantial increase in uptake should be defined as
abnormal, even if it may cause some reduction of sensitivity
(6). Expertise in reading ®’Ga images is, of course, important
for correct interpretation of scan findings. Nuclear medicine
physicians should set their own threshold for the technique used
in their own departments. Some lymphomas do not take up
gallium at all (non-gallium-avid lymphomas). The existence of
non-%’Ga-avid tumors in some patients dictates the need for
pretreatment baseline scintigraphy. No scintigraphic evaluation
is possible in patients with non-®’Ga-avid lymphoma. When
7Ga scintigraphy is only performed after treatment, it may be
negative not only because the patient has achieved a complete
response, but also because the lymphoma is non-"Ga-avid.

Another major weakness in the use of ®’Ga scintigraphy is
that the gallium image is ‘‘loaded’’. In contrast to heart, lung or
bone scintigraphy, in ®’Ga scintigraphy, there are several
structures which take up ¢’Ga. The liver, bone, colon, muscles
and other soft tissues all take up ®’Ga, and a good knowledge of
normal anatomy is needed to separate abnormal from normal
uptake and determine if disease exists (27). One must also
realize that disease may involve not only the lymph nodes, but
also other organs such as the bone, liver, gut, lungs and other
soft tissues that normally take up ¢’Ga. The colon is a particular
problem, and some investigators have limited their studies to
the chest only. Delayed planar and SPECT studies at 7 days and
planar scintigraphy 2 wk after injection, using high-sensitivity
dual-head cameras, essentially solve the problem of uptake in
the gut. Diffuse lung uptake can be ignored after treatment since
it is a self-limited finding. Even-Sapir et al. (7) used SPECT
quantitation and found that there is a significant difference in
the amount of ¢’Ga uptake in mediastinal and hilar lymphoma
in contrast with benign hilar uptake in which the uptake is low.
This problem, which has been troublesome for some time
(32,33), has been solved. The problem of thymus activity,
however, still remains. Currently, there is no way to suppress
7Ga uptake in a hypertrophied thymus in young patients.

FUTURE IMPLICATIONS

In the present era of cost-containment, therapies and diag-
nostic tests have to be cost-effective and provide data that affect
treatment (34-38). Traditional indications for performing tests
are no longer sufficient. Even in the most advanced countries,
limitations are placed on healthcare. Priorities must be estab-
lished, even for patients with cancer (37). Effectiveness can be
defined as the cost per life year or as the cost per quality of life
year. Treatable malignancies in which cure and long disease-
free survival can be achieved should have priority over non-
treatable malignancies, for which physicians cannot affect the
course of the disease and, ultimately, the patient’s quality of
life. Lymphoma, however, is a treatable malignancy. Survival is
dependent on optimal individualized treatment. In recent years,
7Ga scintigraphy has shown that it has an increasingly useful
role in clinical decision making.

A detailed analysis of the cost-effectiveness of $’Ga scintig-
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raphy in lymphoma management needs to be done. This could
be calculated in the same way oncologic therapy is evaluated in
terms of price of prolonging a patient’s life (34):

Cost per year of life =

price of test/survival with test — survival without test.

This determination will require a multicenter study with
matched groups of patients. The cost per year of life, and, if
possible, the cost per quality of year of life, should be compared
in a group monitored with ®’Ga scintigraphy and possible
treatment modification based on the ®’Ga results and a group
that did not have ®’Ga scintigraphy. This type of study could
provide data (Kaplan Meier plots) which compare survival of
patients who had ®’Ga scintigraphy and those who did not.

CONCLUSION

To be viable and relevant, nuclear medicine must solve real
problems in patient care at a reasonable price. Results of $’Ga
scintigraphy in the post-treatment assessment of lymphoma
appear to be quite encouraging in terms of clinical relevance.
Future studies will determine the role of ®’Ga scintigraphy in
prolonging survival and the cost of this intervention.
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CORRECTION

In the JNM December 1995 Table of Contents, the title of the article by Volkow et al. (page 2162) was printed incorrectly.
The correct title is, ‘‘A New PET Ligand for the Dopamine Transporter: Studies in the Human Brain.”’
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