
EDITORIAL

Nuclear Medicine in Monitoring Response
toCancerTreatment

here is an emerging role for nuclear medicine techniques in monitoring and predicting
response in cancer patients undergoing radio- and chemotherapy. Progress in medical science
is characterizedby the development of new understandingwhich suggests ways to diagnose,
predict, and monitor diseases before the ultimate result of the effect of treatment becomes
clear (1). The outcome ofa disease may be difficult to predict during the course of treatment;
it is especially difficult in cancer where the criterion for effectiveness is subsequent survival.
This is an unsuitable criterion for monitoring treatment in the individual patient. Further
more, control of cancer by systemic therapy depends on the ability to monitor serially the
effect of treatment and replace protocols which do not induce response by more effective
ones. Cancer cells often develop resistanceand this should be recognized early, and noncross
resistant therapy should be applied. Heterogeneity is a hallmark of cancer (2) and it is
expressed by marked variability in patient response to treatment even in patients with cancer
ofthe same histology. It is thereforeessential to monitor each patient individually.

The potential of nuclear medicine techniques for monitoring response may be best utilized
in diseases in which chemotherapy and radiotherapyinduce a significant rate of remissions
and cures and it appearsthat nuclearmedicine will be superiorto other techniques. Diagnostic
imaging methods such as x-rays, ultrasound, computed tomography (CT) and magnetic
resonance imaging (MRI), which enable a better demonstration of mass lesions, do not
provide information about the nature ofthe mass lesions they detect so effectively. This does
not constitute, in general, a major problem in the initial evaluation and staging of a disease.
As a rule, histologic diagnosis is sought by operation or biopsy. It is much more difficult to
evaluate the effect of treatment on the primary or secondary tumor. Nuclear medicine
techniques which are beginning to fuffil this need are still underutilized. It is the purpose of
this review to draw attention to some problems in the assessment of cancer treatment and to
solutions that nuclear medicine techniques may provide.

Monitoring Response to Treatment of Lymphoma
It is of greatimportanceto determineif a masslesionwhich remainsafter treatment

consists of a viable tumor or just of necrotic and fibrotic tissue. This is a major problem in
treatable tumors such as Hodgkin's disease and other lymphomas where patients often
achieve remission and even cure (3). While the role of gallium-67 in the diagnostic staging
of lymphoma as compared with other imaging modalities is still being defined (4) there is
growing evidence about its value in monitoring response to treatment (5â€”8).It appears that
gallium will have a unique role which, at present, cannot be achieved by other imaging
modalities. There is definitive evidence that some tumor mass may remain after successful
treatment oflymphomas, which does not contain active tumor (7, 9â€”13).This is a common
finding in patients who present with bulky disease. When analyzed, such a mass is found to
contain only necrotic and fibrotic tissue. It is not associated with a significantly higher relapse
rate.Thomas et al. found positive CT in 47% ofpatients with lymphomas who were clinically
asymptomatic aftertreatment (12). Israelet al. (7) found that the specificity ofCT in patients
who achieved remission was 57%. During follow-up period and without any additional
treatment some patients became CT negative. Radford et al. (13) recently found that after
treatment 59% ofresidual radiographic abnormalities underwent change after a year of follow
up;45%becoming negative, indicating a complete remission. They found no relation between
relapse and the mediastinum being normal or abnormal after treatment. In a series of
Jochelson et al. (11) there was no correlation between the extent of the abnormal findings
on radiography after treatment and the subsequent relapse of the disease. These studies
indicate that evaluation of tumors after treatment by â€œanatomicimagingâ€•modalities is
frequently misleading. They incorrectly show that patients have achieved only partial remis
sion while they may be in a complete remission (3).
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These findings stand in sharp contrast with the ability of 67Gato monitor response to
treatment. Ga-scintigraphy became negative in 20 of the 21 patients of Israel et al. (7) who
achieved remission, for a specificity of 95%. Of these, six subsequently relapsed. In the
experience ofthe Dana Farber Cancer Institute of2l gallium negative patients after treatment
four subsequently relapsed(14). In the study oflsrael et al. (7) four patients with six involved
sites did not achieve a remission and Ga scintigraphy remained positive in all six. Kaplan et
al. (8) found that 11 of 32 patients with diffuse large cell lymphoma had positive Ga
scintigraphy after chemotherapy despite chest x-rays and CT which showed partial or complete
response. Ten of these 11 patients subsequently proved to have a progressive disease. These
findings show that persistent 67Ga uptake after treatment predicted a poor outcome of the
disease. Ga scintigraphy appears to be superior to CT and radiography for monitoring
response in lymphoma patients.

The ability ofboth 67Gaand also ofdeoxyglucose to monitor responseto treatment received
tissue validation in animal studies reportedby Iosilevsky et al. in the Journal some time ago
(15). It was found that when using both 67Ga and hydrogen-3 (3H) deoxyglucose in a mouse
tumor model there was a good correlation between the amount of viable tumor remaining
after treatment and the uptake of 67Ga and [3H]deoxyglucose. There was no correlation
between the weight of the tumor and the number of viable cells in the tumor. Minn and his
collegues have recently suggested, in the Journal, a technique for using fluorine-18 (â€˜8F)
fluorodeoxyglucose (FDG) to evaluate the response to radiotherapy of head and neck cancer
(16). They found that there was a significant decrease in tumor uptake ofFDG after irradiation
of 30 Gy in patients who responded to radiotherapy, while there was no such decrease in
nonresponders. FDG, then, can be used during treatment in head and neck cancer in a
similar way 67Ga is used in lymphoma to identify patients who respond favorably and prevent
unnecessary radiation of patients who will not respond.

Monitoring Response to Treatment of Bone Metastases
Bone scintigraphy has contributed significantly to the staging of diseases where hematoge

nous bone metastases occur. It has become the gold standard for the diagnosis of bone
involvement in neoplastic diseases. The value of bone scintigraphy after treatment is less
clear. The effect of treatment on the survival of patients with bone metastases depends on a
number of variables (1 7). It depends on the extent of bone involvement expressed on
scintigraphy as the number oflesions. It also depends, however, on the extent of involvement
in other organ systems such as liver or lungs, the rate of tumor growth, and evidence of
complications such as hypercalcemia or bone marrow infiltration causing anemia (18-20).
In addition, there is a largedifference in the median survivalofpatients with bone metastases
from the thyroid carcinoma, prostaticand breastcarcinoma and lung cancer. Longest survival
is in thyroid carcinoma and the shortest in lung cancer (18-20). Even ifaccurate scintigraphic
criteria for response in patients with bone metastases will be established, the relation between
scintigraphy and survival will be difficult to assess.

Bone scintigraphy may be helpful in predicting the outcome of treatment by excluding
metastases in patients with breast cancer. Patients with no evidence of bone involvement
have a longer survival after adjuvant chemotherapy if tumors do not recur rapidly (18â€”21).
The appearance of metastases indicates the need to replace therapy. In general patients with
slow growing bone metastases have a better survival than those with rapidly growing tumors
which show on scintigraphyearly bone metastases.

The findings on bone scintigraphy in response to treatment in patients with known bone
metastases have been the subject of numerous studies (18â€”36). However, firm criteria of
scintigraphic findings for separating complete response from partial response or no response
have still to be established. It has been suggestedthat responseto treatment ofbone metastases
has been underestimated (19,20). This is probably the result of lack of accuracy of the
imaging methods in establishing criteria of response.

Radiologic criteria for response (19,34) demand sclerosis of lytic lesions and no evidence
for new lesions. Sclerosis as an indication of response may not appear until 4 to 6 mo after
treatment. Sclerosis, however, appears in prostate cancer and sometimes without any treat
ment in breast cancer. There is a lower radiologic response rate for the bone than the general
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patient response rate (19, 20, 37). It is not clear ifthis is due to the fact that bone metastases
are less available for treatment or it is the result of a lower sensitivity of x-rays. CT which has
an important value in staging by confirming or ruling out the presence of metastases in
patients with a single abnormal uptake on bone scintigraphy has no definite role in monitoring
response to treatment (34). There is also no evidence for any significant contribution by
MRI.

There are a number offactors which confound the interpretationofbone scintigraphyafter
treatment (18-36). It is often unclear how increased uptake, decreased uptake and the
appearance of new lesions early after treatment should be interpreted on serial scintigraphy.
At times after treatment lesions with increased and decreased uptake appear in the same
patient. When bone metastases occur osteoclasts activated by factors secreted by neoplastic
cells in the bone marrowcause bone lysis (28, 38, 39). This results in an osteoblastic reaction
which accounts for abnormal uptake on bone scintigraphy. Only late in the process, when
systemic therapy is effective osteoclast activity decreases and healing of bone occurs through
osteoblastic activity which gradually returns to normal if healing continues. At this stage
favorable response on scintigraphy is seen as decreasing uptake with, rarely, the total
disappearance ofabnormal findings. Also, decreased uptake should be carefully assessed since
it can occur in a rapidly growing aggressive bone metastasis showing predominantly lytic
lesions (19).

Increased uptake may be the expression of a favorable osteoblastic response to treatment.
Bone scintigraphy performed early after effective treatment may show a â€œflareâ€•phenomenon.
Increased uptake is seen in existing lesions and new lesions appear which were undetected on
scintigraphy before treatment and become evident on serial scans as an expression of healing
(21, 32, 36). A rational approach to monitoring the response to treatment has been suggested
recently by Fogelman and Coleman (36). They have shown that with healing oflytic lesions
on x-rays,within 3 mo after treatment flare phenomenon on scintigraphywas the rule rather
than the exception. Earlyafter treatment a flare could not be differentiated from progressive
disease. However, after 6 mo if treatment was successful there was decreased uptake in
existing lesions and no new lesions appeared. They suggested that using scintigraphy at 3 and
6 mo after treatment with serial biochemical assessment of osteocalcin and alkalyne phos
phatase bone izoenzyme allows a correct interpretation of scintigraphic findings. It was
possible using this technique to separateresponse from disease progression.The value of their
method in the clinical management of patients has still to be confirmed and a number of
questions remain unanswered. It is not clear that scintigraphic follow up of 6 mo is better
than radiography or that it correlates with the patient's response to treatment.

It was recently suggested that it would be useful to have quantitative scintigraphic values
to assess response and that units similar to Hounsfield units in CT would be helpful for
diagnosis and reevaluation (40). While theoretically this possibility makes sense, in practice
it is extremely complicated. The need for quantitation is obvious since it is difficult to
evaluate the exact degree of increased uptake on scans done at different times even when the
use ofthe same parametersfor acquisition and display is attempted. A number of quantitative
methods have been suggested to evaluate response on bone scintigraphy. Citrin et al. have
suggested measuring the tumor-to-bone ratio by using the activity profile (22). Castronovo
and his group have suggested a method based on the percent of change of the lesion (31).
Such methods are semiquantitative at best. Even true quantitative methods using angle
photon emission computed tomography (SPECT) (41) do not solve the need for objective
criteria for response. Bone metastases in an individual patient do not respond in a uniform
fashion, in some metastases uptake increases after treatment while in others it remains
unchangedor islowered(unpublished data). This is a predictableresultwhen the heterogeneity
of cancer is considered.

Monitoring Response to Treatment of Brain Tumors
Treatment ofbrain tumors is difficult (42,43). Monitoring oftherapy is limited by the fact

that surgery,chemotherapy, external radiationtherapyand brachytherapyare associated with
edema and necrosis which may be mistaken for tumor progression. Efforts at determining
effective dosimetry without causing major complications and attempts of assessment of the
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temporal development of necrosis on one hand and recurrence of the tumor on the other
have not been satisfactory (44). It is therefore, of critical importance for the development of
better treatment of brain tumors and for monitoring the individual patient who may benefit
from the treatment to determine if clinical symptoms are due to tumor progression or
complications of treatment.

CT and MRI which accurately diagnose brain tumors are of no use in assessing their
response to treatment (45-48). These modalities are not able to distinguish between necrosis,
residual tumor and tumor recurrence. Even histologic examination sometimes does not
provide an answer. The results depend on the region from which the biopsy has been obtained.
Furthermore, it has been shown recently that the finding of what appears to be viable tumor
cells in addition to regions ofnecrosis in specimens obtained from a mass lesion had no effect
on the clinical outcome (48). It indicates that these cells are not biologically active and are
not important in predicting patient response.

The group of DiChiro has pioneered the use of PET and [â€˜8fldeoxyglucose(FDG) to
differentiate necrosis from viable tumor tissue and to predict the outcome of patients with
brain tumors (49-52). The use of FDG is based on increased trapping of 2-deoxyglucose 6
phosphate by tumors with a higher malignancy grade. A correlation has been found between
the grade of the glioma and the glycolytic metabolism shown on FDG studies. This is of
value since the biologic behavior varies among patients even with the same histology. There
was a correlation between the metabolism of tumors and survival; a higher metabolic ratio
indicated poor prognosis. It was suggested that no false-positive or false-negative have been
found even when lesions were extensive. If tumor existed it was always recognized by PET.
The usefulness of FDG has been further confirmed by YaW et al. (48) who also used
rubidium-82 as a blood-brain barrier agent and were able to diagnose active tumor recurrence.
The correlation between tumor FDG utilization and tumor grade has not been universally
accepted (53,54) and the heterogeneity of tumors complicates the assessment of individual
tumors.

Kaplan Ct al. have introduced thallium-20l (2o'@fl)for the evaluation of tumor response
(55). They have shown that 20â€•flis taken up by viable tumor but not by edema and necrosis
and is thereforepractical in patients undergoing treatment. Their findings were confirmed by
Mountz et al. (56) who suggested a method of semiquantitation by tumor/cardiac ratio
estimation of residual mass. The use of the less expensive @Â°â€˜Tlscintigraphy could be more
widely accepted than that of FDG-PET. The accuracy ofthe method and clinical use has still
to be tested in a large population of patients. In general it must be remembered that, the
evaluation of tumors after treatment by FDG PET or by thallium will be of true clinical
significance only when treatment of brain tumors will be, as in the case of lymphoma,
associated with a significant degree of remission.

Future Trends
The possibility to monitor and predict response by radionucide techniques should be

further explored by using tissue specific agents and exact criteria which will indicate long
term response. Radioiodine uptake by thyroid carcinoma has been classically used to predict
tissue response to iodine treatment and for monitoring response. There is a special attraction
to tissue specific radiopharamceuticalssuch as radioiodine MIBG in which uptake could be
used not only for diagnosis but to predict response to therapy with [â€˜31IJMIBG.Quantitation
of the uptake of labeled chemotherapeutic drugs by sensitive tumors can potentially predict
the availability of an individual tumor for chemotherapy (57,58). Since response is dose
dependent, uptake will ultimately determine patients response. Nuclear medicine techniques
may provide clinically significant information beyond that of mere diagnosis. The functional
capabilities of these techniques are now being applied to the assessment of treatment.
Judicious use in the future should be aimed at establishingcriteriafor a more effective cancer
therapy.
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