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Pancreatic Cancer (pancreatitis) but no cancer can sometimes have high
FDG uptake that is indistinguishable from cancers and,
thus, must be differentiated from patients with cancer.
FDG PET is being applied increasingly in pancreatic
cancer diagnosis. Considering the very poor prognosis of
pancreatic carcinomas, PET’s greatest role may prove to
be in helping to characterize masses appearing in the
pancreas, as opposed to more general tumor staging. This
is an active area of current investigation.

Case ExampleA 52-y-old woman with a calcified
pancreatic mass on CT (Fig. 14A, arrow) was referred for
FDG PET scanning because of rising blood tumor mark-
ers. No uptake of FDG was seen within the mass (Fig.
14B). The patient was treated conservatively, under the
assumption that she had inflammation of the pancreas
(pancreatitis). Follow-up ove2 y with CT revealed no
changes, indicating that FDG PET was correct and no
tumor existed.

Why Did FDG PET Help®DG PET demonstrated that
there was no pancreatic tumor, sparing the patient pancre-
atic surgery.

Key Management Issues.

e Differentiating chronic pancreatic masses from cancer

e Staging nodal and liver metastases

e Assessing response to chemotherapy

Summary of Evidence for FDG PET in Pancreatic Can-
cer. For diagnosis: An estimated 50% change was noted in
management effect, based on 26 patient studies (Table 13).

For diagnosis/staging: An estimated 43% change was
noted in management effect, based on 65 patient studies
(Table 13).

For staging: An estimated 36% change was noted in
management effect, based on 33 patient studies (Table 13).

For recurrence: An estimated 53% change was noted in

Disease BackgroundR?ancreatic carcinoma is commormanagement effect, based on 19 patient studies (Table 13).
in the United States, with approximately 30,000 patients For monitoring response: An estimated 16% change was
each year diagnosed with pancreatic adenocarcinomasted in management effect, based on 19 patient studies
Patients with inflammatory processes in the pancre@Rable 13).

,P“
FIGURE 14. Case example, pancreatic X
cancer. Reproduced, with permission,
from Maisey et al. Atlas of Clinical Positron
Emission Tomography. London, UK: Ar-
nold, Hodder Headline Group; 1999. B. FDG PET
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Prostate Cancer

One out of every six men is at lifetime risk for prostate
cancer. Approximately every 13 min, a life is lost to prostate
cancer in the United States. African-Americans have the
highest prostate cancer incidence rates in the world, exceed-
ing those for white males in the United States by 34%.
Prostate cancer mortality rates are two times higher for
African-American men than for white American men.

Case ExampleA 75-y-old man, who was diagnosed with
prostate cancer, was followed by blood levels for prostate
specific antigen (PSA, a prostate tumor marker). A rising
PSA was followed up with a CT scan (Fig. 15, left), which
revealed lymph node involvement in the pelvis near the
removed prostate. An FDG PET study confirmed what was
seen on CT and, in addition, showed spread of cancer into
the abdomen and chest (Fig. 15, middle and right).

Why Did FDG PET Help#DG PET helped because it
showed that the cancer had spread to distant sites and that
local radiation to the pelvis alone was not likely to benefit
the patient.

Key Management Issues.

e Further evaluation of equivocal bone lesions found

with conventional imaging
¢ Differentiating benign from malignant lesions in bone
e Assessing treatment response when lesion is imaged
initially
e |dentifying metastatic disease in soft tissue
Summary of Evidence for FDG PET in Prostate Cancer.
Management change data for staging patients are not di-
rectly available from the literature (Table 14).

Disease BackgroundProstate cancer rates increased
141.8% between 1973 and 1994. In 1998, new prostate
cancer cases totaled 184,500, or, in other terms, one new
case every 3 min. Prostate cancer continues to be the most
frequently occurring malignancy (aside from skin cancers),
representing 29% of all new cancer cases in American men.

CT positive

FIGURE 15.

PET positive PET
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Case example, prostate cancer.
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Renal Cell Cancer

mainstay of treatment of this disease. Even in patients with
disseminated tumor, locoregional forms of therapy may
play an important role in palliating symptoms of the primary

tumor or of ectopic hormone production. Systemic therapy
has demonstrated only limited effectiveness.

Case ExampleA 59-y-old man with a history of meta-
static renal cell cancer and left kidney removal developed
left-sided flank pain. Abdominal-pelvic CT was negative on
initial review (Fig. 16, bottom row). FDG PET revealed a
focus in the apex of the right lung and in the left flank (Fig.
16, top row, arrows). Because of the abnormality in the
region of the left flank, the CT was reviewed again and a
mass located in the posterior abdominal wall was found.
Biopsy revealed metastasis from renal cell cancer.

Why Did FDG PET Help#DG PET showed a lesion
missed on CT and also showed that the renal cell cancer had
spread to the lungs. The patient, therefore, could be man-
aged better with systemic therapy and, because of the spread
of the disease, was not likely to do well.

Key Management Issues.

e Detecting metastatic disease

e Assessing response of metastases to chemotherapy

e Determining nature of renal masses

Summary of Evidence for FDG PET in Renal Cell Can-
cer.Management change data for diagnosis and staging and
other applications are not directly available from the liter-

ature (Table 15).

Disease BackgroundRenal cell cancer, also called renal ﬂ
adenocarcinoma or hypernephroma, can often be cured '
diagnosed and treated when still localized to the kidney an \
to immediately surrounding tissue. The probability of cure t ©

is directly related to the stage or degree of tumor dissemi

nation. Even when regional lymphatics or blood vessels ar

involved with tumor, a significant number of patients can { “ <
achieve prolonged survival and probable cure. When distal v ' A
metastases are present, disease-free survival is poor,

though occasionally, patients will survive after surgical o g

resection of all known tumor. Because a majority of patient:

are diagnosed when the tumor is still relatively localized
and amenable to surgical removal, approximately 40% of a
patients with renal cancer survive 5 y. Occasionally, pa
tients with locally advanced or metastatic disease may e
hibit indolent courses lasting several years. Late tumo
recurrence many years after initial treatment occurs occd
sionally. Renal cell cancer is one of the few tumors in whic
well-documented cases of spontaneous tumor regression
the absence of therapy exist, but this occurs very rarely a
may not lead to long-term survival. Surgical resection is the FIGURE 16. Case example, renal cell cancer.
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Testicular Cancer

abdomen. Furthermore, the tumor did not appear to have
spread elsewhere. Knowing the presence of tumor in that
region changed management for the patient, who would
have received only testicular surgery but now could receive

16).

A2
.
FIGURE 17.

Disease BackgroundCancer of the testicle, a rare type of
cancer, is a disease in which cancer cells are found in the
tissues of one or both of a man’s testicles. Cancer of the testicle
is the most common cancer in men 15-35 y old. Men who
have an undescended testicle (a testicle that has never moved
down into the scrotum) are at higher risk of developing cancer
of the testicle. This is true even if surgery has been performed
to place the testicle in the appropriate place in the scrotum.
Prognosis and choice of treatment depend on the stage of the
cancer and the patient’'s general state of health.

Case ExampléA 27-y-old man with testicular cancer had
his left testicle removed. An abdominal CT scan indicated
an enlarged lymph node in the lower abdomen. A CT-
guided biopsy was performed but did not reveal cancer. An
FDG PET scan was ordered to make sure the biopsy was not
wrong. The scan showed a focus of activity in the abdom-
inal lymph node (Fig. 17, arrows), suggesting cancer spread.
A repeat biopsy confirmed tumor in the abdominal lymph
node site.

Why Did FDG PET Help#DG PET showed that the
biopsy was wrong, and, in fact, tumor was present in the

additional treatment for spreading testicular cancer.
Key Management Issues.

Monitoring response to treatment

Staging of primary disease

Assessing residual mass

Further evaluating raised markers

Summary of Evidence for FDG PET in Testicular
Cancer.For staging: An estimated 22% change was noted
in management effect, based on 27 patient studies (Table

For recurrence: An estimated 51% change was noted in
management effect, based on 53 patient studies (Table 16).

Case example, testicular cancer.
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Thyroid Cancer

Disease BackgroundCancer of the thyroid is a disease
in which cancer cells are found in the tissues of the

body (stage), and the patient’'s age and overall health.

Some types of thyroid cancer grow much faster than

others. Although thyroid cancer is relatively uncom-

mon, it is nonetheless the most common malignancy
of the endocrine system. Differentiated tumors (papil-

lary or follicular) are highly treatable and usually cur-

able. Poorly differentiated cancers (medullary or anaplas-
tic) are much less common but aggressive, metastasize
early, and have a much poorer prognosis. The incidence
of this malignancy has been increasing over the last
decade. The prognosis for differentiated carcinoma is
better for patients younger than 40 y and who have no
extracapsular extension or vascular invasion. Age ap-
pears to be the single most important prognostic factor.

Thyroid cancer commonly presents as a cold nodule

within the thyroid gland. The overall incidence of cancer

in a cold nodule is 12%—-15% but is higher in patients

younger than 40 y.

Case ExampleA 62-y-old patient underwent surgery of
the left thyroid for thyroid cancer. Routine yearly mon-
itoring revealed elevated blood levels of calcitonin. ACT
scan was ordered and was normal. An FDG PET scan
revealed increased FDG accumulation in the neck (Fig.
18, arrows), which was confirmed by biopsy to be resid-
ual thyroid cancer.

Why Did FDG PET HelpFDG PET identified the source
of the rising tumor marker and thereby allowed removal of
residual thyroid cancer.

Key Management Issues.

e Further evaluation when whole-bod§!l scan is neg
ative but thyroglobulin (Tg) levels are rising in a pa-
tient with known differentiated thyroid cancer

e Further evaluation for medullary thyroid cancer when
rising calcitonin level and initial imaging with dimer-
captosuccinic acid V, octreoscan, or metaiodobenzyl-
guanidine is negative.

thyroid gland. People who have been exposed to largeSummary of Evidence for FDG PET in Thyroid Cancer.
amounts of radiation or who have had radiation treatmeRor staging: An estimated 22% change was noted in man-
for medical problems in the head and neck have a highagement effect, based on 60 patient studies (Table 17).
chance of getting thyroid cancer. The cancer may notFor diagnosis/staging: An estimated 9% change was
occur until 20 y or longer after radiation treatment. Thaoted in management effect, based on 58 patient studies
four main types of cancer of the thyroid are: papillary(Table 17).

follicular, medullary, and anaplastic. The chance of re- For recurrence: An estimated 53% change was noted in
covery depends on the type of thyroid cancer, whetherritanagement effect, based on 21 patient studies (Table
is only in the thyroid or has spread to other parts of th&7).
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coronal

FIGURE 18. Case example, thyroid can-
cer. Reproduced, with permission, from C. sagittal
Maisey et al. Atlas of Clinical Positron
Emission Tomography. London, UK: Ar- .
nold, Hodder Headline Group; 1999. D. transaxial
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Unknown Primary Tumor study showed that the primary cancer was in the left
breast (nonpalpable). The lymph node involvement was
not seen in the sections shown in Figure 19.

t 32 1)

FIGURE 19. Case example, unknown primary tumor.

Why Did FDG PET HelpFDG PET identified the source
of the patient's cancer when no other study could do so,
thereby allowing the patient to be treated appropriately for
breast cancer with spread to the lymph nodes.

Key Management Issues.
e |dentifying primary site to determine treatment and
evaluate for possible resection

Summary of Evidence for FDG PET in Unknown Primary
Cancer.For staging: An estimated 29% change was noted in

Disease BackgroundDetection of the unknown pri- management effect, based on 285 patient studies (Table 18).
mary lesion is very difficult. In many cases, patientgSee Table 19 for the results of the literature search on FDG
present with obvious metastatic disease, often adenocRET in miscellaneous tumors.)
cinoma, in which the location of the primary lesion ma)é

ummary
never be found. In some cases, knowledge of the pri- . .
o Table 20 is a summary of results from the literature
mary site is important, because the type of treatment :
. “search on FDG PET in cancer.

may vary (e.g., breast cancers are more responsive t0
some treatments than are renal cancers). This knowl-
edge also can be helpful in resection or treatment for
cure of the primary lesion and metastases (e.g., head
and neck cancers). FDG PET is useful in locating pri-
mary tumors after metastatic disease has appeared in
regional lymph nodes. FDG PET is being applied increas-
ingly in the search for unknown primary lesions. This
application is still in evolution, but FDG PET should
be considered strongly in the work-up of the unknown
primary.

Case Example A 49-y-old woman presented with
lymph node enlargement in the neck. Physical examina-
tion, CT, and mammography performed twice all failed to
reveal the source of the primary cancer. An FDG PET
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TABLE 20
FDG PET in Cancer: Summary of Results of Literature Search
CANCER PURPOSE | TYotalPt. | Total |SENS| TotalPt. | Total | SPEC | TotalPt. | Total |ACC) TotalPt. | Total | MGMT
Studies | Lesions | PET | Studies | Lesions | PET | Studies | Lesions | PET | Studies | Lesions | EFFECT
(%} (%) (%) %)
Bladder Staging 136 76 98 87 98 83 12 17
Dx/Staging 52 93 26 86 26 88
Recurrence 12 60 12 17
Brain Dx 36 91
Staging 31 86
Recurrence 258 79 213 77 161 76 89 3
Mon Respons 17 82 17 83
Other 34 93 19 67 19 84
Breast Dx 202 91 97 s 105 95 6 100
140 90 140 92 106 88
Staging 1407 N 1373 88 1328 90 1 24
242 95 53 88 33 88
Dx/Staging 65 75 9 83 52 83
Recurrence 414 80 414 85 268 82 23 40
41 85 41 79
Mon Respons 206 81 174 96 84 92
31 90 31 74
Colorectal Staging 236 36
24 96
Dx/Staging 101 85 87 71 87 94
Recurrence 1426 94 1166 87 418 94 916 32
981 93 912 96 331 87
Mon Response
34 100 23 90 11 100
Gastro-Esoph Dx 120 96 48 98 99 14
276 80 276 95 276 86
Staging 545 73 302 90 245 83 229 20
15 93
Dx/Staging 109 80 109 95 109 86 109 14
Recurrence 41 100 41 43 41 73
Mon Respons 13 100 13 46
Head&Neck Dx 129 93 36 70 61 87
3 84 267 83 267 85
Staging 363 87 279 89 301 88
2020 84 1999 95 596 94
Dx/Staging 296 88 249 83 184 88 15 33
179 83 151 94 158 89
Recurrence 342 93 271 83 283 87 15 33
278 84 241 92 241 90
Mon Respons 128 84 122 95 81 96
16 44
Hepatocellular Staging 292 77 249 97 249 93 20 60
Dx/Staging 22 64
Recurrence 9 88
Lung Dx 919 96 797 73 719 90
278 91 259 68 101 82
Staging 1867 83 1495 91 1272 82 1565 37
1721 83 1653 92 1478 90
Recurrence 209 98 193 92 180 96
39 100 39 62 39 87
Mon Respons 161 94 161 90 126 96
Other 101 83
Lymphoma Dx 11 100
Staging 1179 90 826 93 158 88 407 21
1156 91 58 100 32 95
Dx/Staging 254 92 177 93 62 5
Recurrence 557 87 453 93 155 88 158 10
114 100
Mon Respons 257 90 279 93 13 69
32 95
Melanoma Staging 888 83 863 91 125 91 283 26
899 87 461 68 83 84
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TABLE 20 (Continued)

CANCER PURPOSE Total Pt. f Total | SENS | Total Pt. Total | SPEC | Total Pt. Total | ACC| Total Pt. Total MGMT
Studies | Lesions | PET | Studies | Lesions | PET | Studies | Lesions | PET | Studies | Lesions | EFFECT
{cont.} (%) %) (%} (%)
Muscle&Conn Dx 274 94 250 72 139 85
Staging 84 91 56 85 .
Dx/Staging 55 90 55 98
Recurrence 393 66 360 95 346 89
Mon Respons 40 86 19 89
Qvar/Uter/Cerv Dx 274 66 238 77 163 77
Staging 331 54 119 96
Dx/Staging 112 86 58 82 73 87
Recurrence 359 88 327 90 220 87 30 17
Mon Respons 11 100 11 100
Pancreas Dx 293 94 281 90 259 92 26 50
51 90 51 91 51 90
Dx/Staging 404 83 360 82 368 81 65 43
17 76
Staging 182 70 182 93 182 91 33 36
66 67
Recurrence 19 53
Mon Respons 45 92 14 100 19 16
Prostate Staging 196 57 49 100
202 65
Recurrence 100 26
Mon Respons 43 86
Renal Dx 11 89
Staging 97 76 22 100 4 100
Testicular Staging 129 82 129 94 37 92 27 22
Recurrence 53 51
Other 133 80 133 92 133 87
Thyroid Staging 430 69 268 89 249 84 60 22
Dx/Staging 125 68 9 67 19 100 58 9
41 49
Recurrence 474 77 324 91 324 86 21 53
66 73 66 86 66 80
Unknown Prim Staging 235 82 114 71 114 77 285 29
64 91 64 786
Misc Tumors 372 88 31 81 335 88
260 83 194 85 194 83
Total Pt. Studies 18402 84 14264 88 9994 87 5062 30
Total Lesions 9571 86 6879 90 4094 89
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CARDIAC APPLICATIONS Case ExampleA 57-y-old patient with a previous heart
Myocardial Viability attack was evaluated by echocardiography (echo), which
showed that the patient’s left ventricular ejection fraction (per-
centage of blood ejected from the heart during cardiac cycle)
was compromised at 35% (normab5%) and that wall mo-
tion was abnormal. An FDG PET cardiac study was requested
to evaluate for viable, reversible myocardium. The PET image
on the left in Figure 20 was obtained by usiiy ammonia in

a study of blood perfusion to the hed®\ ammonia has been
approved by the U.S. Food and Drug Administration for im-
aging blood flow in the heart. The donut-like structure is the
heart muscle, and the chamber it encloses is the left ventricle.
The defect (arrow) seen toward the right side of the donut is an
area of compromised blood flow. The image on the right in
Figure 20 is the FDG PET glucose metabolism study, and it
clearly shows FDG metabolism in the same area that is com-
promised with regard to blood flow. This patient, therefore,
would be likely to benefit from revascularization (bypass sur-
gery to restore blood to a portion of the heart). This is referred
to as a mismatch pattern (i.e., low blood flow with high glucose
metabolism).

Why Did FDG PET Help#DG PET showed that the
patient had viable myocardial tissue, which, if blood flow
could be restored, could return the function of the heart
closer to normal. The patient, therefore, could avoid a heart
transplant by undergoing bypass surgery instead. This pa-
tient underwent bypass surgery. The ejection fraction re-
turned to 50% and the wall motion to normal levels.

Key Management Issues.

e Determine whether patients with ischemic heart dis-
ease and symptoms of congestive heart failure are best
treated with coronary artery bypass surgery, cardiac
transplantation, or conservative medical therapy

Summary of Evidence for FDG PET in Myocardial Via-
bility AssessmentMyocardial viability studies with FDG

Disease BackgroundA key issue for imaging is to PET should be performed in patients with ischemic heart
determine whether a given portion of the heart is viablglisease and impaired left ventricular function who are po-
This means looking at areas of the heart that are nehtial candidates for coronary revascularization (Table 21).
functioning properly and determining whether tissue is Presence of myocardial viability as determined by FDG
still alive and can recover if the blood supply is restoreBET predicts functional improvement, improved daily life ac-
by revascularization. This is a biochemical questiotivity levels, and improved survival after revascularization.
Biochemists and biologists have shown that glucose is a
protective substrate to the heart when blood flow is
limited. FDG PET helps to determine viability, becaus
those areas of the myocardium that are viable will ha\
glucose metabolism. On the other hand if the myocardi
muscle is dead, it will not have any glucose metabolisr
The patient whose myocardial muscle demonstrates
glucose metabolism will not benefit from having blooc : )
supply re-established to the muscle. Such a patient wot \ '\
need medical therapy or a heart transplant. About 35%
coronary artery disease patients who receive bypass s
gery or angioplasty to revascularize the heart do not shc
improvement in cardiac function because the affecte blood flow metabolism
tissue is not reversible (i.e., is dead). FIGURE 20. Case example, myocardial viability.
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TABLE 21
FDG PET in Myocardial Viability: Results of Lterature Search
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NEUROLOGICAL APPLICATIONS
Dementia Work-Up

Disease BackgroundDementia is defined as loss of
memory and at least one other area of complex behavior
sufficient to interfere with day-to-day function. The magni-
tude of the problem is increasing, and it is estimated that 5%
of the population older than 65 y and up to 25% of the
population older than 80 y has some form of dementia.
Causes of dementia include degenerative changes (e.g.,
Alzheimer's disease, Pick’'s disease, Parkinson’s disease,
Huntington’s disease), vascular insufficiency, trauma, endo-
crine changes, and other causes. Metabolic changes in the
brain have been shown to precede structural changes by at
least 5y. Treatment for the degenerative forms of dementia,
such as Alzheimer’s, is improving with the use of cholines-
terase inhibitors and treatment options continue to grow.
The diagnosis of early Alzheimer’s disease and its differ-
ential diagnosis from other organic dementias or the benign
effects of aging remain clinically difficult today. PET with
FDG has been shown to provide an accurate and positive
differential diagnosis of Alzheimer’s and of other forms of
organic dementias. In some ways, the diagnosis of dementia

FDG PET LTERATURE SUMMARY ¢ Gambhir et al. 71S
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is similar to that for cancer in the separation of benign frorthe result of Alzheimer’'s disease and not other causes of
malignant disease. In the case of dementia, it is the sepattementia. The diagnosis of Alzheimer’s disease was con-
tion of benign from organic degenerative disease. firmed 6 y later at autopsy.

Case ExampleA 67-y-old man presented with a 3-y Key Management Issues.
history of progressive loss of memory and day-to-day func- ® Early diagnosis of dementia versus benign memory loss
tion and a clinical diagnosis of possible Alzheimers. A e Differential diagnosis of dementia from frontotemporal
brain MR image showed no anatomic indications of disease. disease, diffuse Lewy bodies, or cerebrovascular dis-

An FDG PET scan was ordered to evaluate for possible ©as€s _ _ _
Alzheimer's disease. Shown in the left column in Figure 21 ® Differentiation from pseudodementia/depression (This

is a normal FDG PET scan from a 64-y-old man. In the right is a dementia-like state that is caused by depression and
column is the FDG PET scan from the patient in this case. N0t Alzheimer's disease.)

Two representative slices are shown from each individual.

The right column clearly shows low FDG metabolism in the Summary of Evidence for FDG PET in Dementia
back portion of the brain (arrows) in the parietal and tenWork-Up.Primary neurodegeneration is the most common

poral regions. This hypometabolism pattern is consisteptocess underlying dementia, and Alzheimer's disease
with Alzheimer's disease. alone accounts for approximately two-thirds of cases. Re-

Why Did FDG PET HelpFDG PET established with a 9ional cerebral metabolic patterns reflect pathophysiologic
before they give rise to symptoms. In addition to the diag-
PET in the diagnosis of dementia have found sensitivity for
Alzheimer’s disease to b2 90%, with specificity typically

nostic value FDG PET may have in evaluation of dementia,
0 / k
approximating 75% (range, 67%—97%). Meeting the chal-
ﬂ lenge of accurately identifying minimally affected patients
to allow them to reap the greatest potential therapeutic
N
sensitivity and overall accuracy at the earliest possible stage

and family members. Although results have varied, depend-
ing in part on the severity and diagnostic mix of patients,
\ nearly all studies designed to assess the accuracy of FDG

likelihood of deterioration of mental status during the years
after scanning, thereby facilitating planning by the patient
patients with even mild impairment makes it well suited for
FIGURE 21. Case example, dementia. assisting with that task (Table 22).

it can also serve as a prognostic tool to determine the
benefits requires making the diagnosis with a high degree of
/ “ \ of disease. The consistently high sensitivity of FDG PET in

72S  THE JoURNAL OF NUCLEAR MEDICINE ¢ Vol. 42 « No. 5 (Suppl) « May 2001


http://jnm.snmjournals.org/

"BliUSWISP 8SBSIP S,uosuBied yim asoy) Bundeoxe piepuels pjob se uonenieas [eolNo Yim sjusned (B uo peseq si [pe6) ‘uowes] Apnis ay) ui 08" 40 Aloyoeds Jo enjeA euy Eoz.V
‘gseesIq sowivyzly .o<m
| ‘Adelsty] eseisisauloyoiuy .._.O<N
P ) ! ) ) ‘asess|q sAljeiausbapoinaN saissaibolg .DZn:
! |
18 i 88 z8 08 £6 0zL 059 sjusnied Ag I Arewwing
UBdS JO sWl} Ju [BAS U0 .8 LS LS av w_nmnoa pue jewuou vd 2661 .mm__me
UEDS JO BWI} JU [BAS Ui 96 L6 56 Lz 2 Qv 9|9eqoid pue |ewou W €661 'ZIoWiaH
UBDS JO BWI JU [BAS U0 06 (6] [G) Sv T2 wap oSeA/QY 8lqeqord/ewiou W v66L ‘ONIeIN
| UBJS Jo 8w} JU [BAB UID 6L 08 €6 ¥OL vol paiedwr Ajganiubod vo (V661 ‘UOWIES
ABojoyiedoisiy ) 1L 26 02 02 panedwi Aaanubos ] 9661 ‘@AW Y661 ‘UOWIBS 'GGEL 14oS8paL
ueds JO awiy iU jBas ulld 06 3 4 St i UmL_mnE_ pue |ewlou o 8661 ,wx_w__\‘
A g dn-mojj04 ve 16 08 YL €6 88 88 abueyo aeysq io jubod v T 6661 ‘UBWIBAIS
ABojoured 98 . 98 8 [ €6 ze 2z | av elaeqoid g siqissod 1of xp v 0002 “UBLLYOH
dn-mojio4 v8 98 28 | 9L 06 8z1L EER sid Wap Ul 134/10848 LOV jO [eAs v 20002 ‘UBLLAAIS
Asdoine 18 L9 96 0l s Jawiayzie o |eas
Asdoine €6 z6 €6 0L 0L AaNdysip wep Bapoinau jo (ers v ,0002 ‘UBWLIBA|IS
%) | (%) | ) | (%) | (%) | (%) | (%) ¢ (%) | (%) | (%)
53443 ais D BEd DD IBd D I3d I | Ed ID | I3d | sopms @ Siwened JdAT
(%I IWOW aioo 20V | 30V | AdN | AdN | Add | Add | D3dS | Da3dS | SNIS | SN3S | 1d el , "ON 12101 7 350ddnd ERRIIEY] | dNYHOM VIINIW3a

Downloaded from jnm.snmjournals.org by on September 16, 2016. For personal use only.

yoJesg ainjelsy Jo synsay :dn-3iop) Bluswed Ul 13d HA4
¢c A1avl

73S

FDG PET LTERATURE SUMMARY ¢ Gambhir et al.



http://jnm.snmjournals.org/

Downloaded from jnm.snmjournals.org by on September 16, 2016. For personal use only.

Seizure Work-Up toring) requires putting electrodes into the brain paren-
chyma or meninges, with attending morbidity and mortality.

Case ExampleAn 11-y-old boy, diagnosed with epilepsy
at age 7, had been treated with medications for 4 y. During
the last year, he had continued to have seizures, even with
a change in antiseizure medications. An FDG PET scan was
ordered to evaluate for the possible source of the seizure.
MRI showed no structural abnormality. The FDG PET scan
(Fig. 22) showed moderate-to-severe hypometabolism (low-
er than normal glucose utilization) in the right parietal,
posterior, frontal, occipital, and temporal lobes (arrows) in
the interictal period (i.e., between seizures).

Why Did FDG PET Help®PET showed eleptogenic tis-
sue in the localized brain. Surgery was performed to resect
the dysfunctional tissue. The child, after surgery, was sei-
zure free.

Key Management Issues.

e Diagnosis of partial epilepsy (MRI negative)

e Localization of seizure focus

e Prediction of surgical outcome (prognosis)

Summary of Evidence for FDG PET in Seizure Work-Up.
In patients who have medically intractable epilepsy, neuro-
surgery to resect epileptogenic foci can decrease or elimi-
nate seizure episodes and reduce neurologic impairment
resulting from recurrent seizures and/or high doses of anti-
convulsants. Patients with complex partial seizures, partic-
ularly those who have EEG evidence of a temporal lobe
focus but inconclusive findings on MR, often are referred
for functional brain imaging to assess interictal metabolism.
PET with FDG can identify epileptogenic zones through
localization of hypometabolic brain tissue interictally. In-
terictal FDG PET has been demonstrated to be as useful for
presurgical planning in most patients with temporal lobe
epilepsy as the more logistically cumbersome ictal SPECT

Disease BackgrouncEpilepsy is a common condition, or more invasive EEG monitoring with depth electrodes.
with a prevalence in the population of about 1 in 200 peoplPatients with unilateral foci of hypometabolism identified
Several abnormalities within the brain can lead to abnormiy PET have been found in numerous studies to have a high
“synchronous firing” of neurons, causing a seizure. Depenlikelihood of benefiting from neurosurgery, regardless of
ing on which part of the brain is epileptogenic, seizures wiwhether invasive electrode monitoring is also undertaken.
have different outward appearances. In a grand mal seizdf@tients can thus be saved risks and costs otherwise incurred
all extremities move as a result of abnormal neuronal firin/ith invasive monitoring. Further study is needed to define

which spreads within the brain to cause a diffuse motdpore specifically the role of depth electrodes and surgical

seizure. Imaging of all types helps to locate abnormaliti%gerapy in patients with findings of bilateral hypometabo-

within the brain, and, when coupled with eIectroencephe'Em (Table 23).
lography (EEG, scalp electrical signal monitoring), can hel

to manage epilepsy patients. Many patients can be ¢ JMMARY

trolled well on medications. Patients who have seizuresFor a summary of all FDG PET literature searched, see

despite having tried several medications are referred to B&ble 24.

patients with intractable seizures. In these patients, identi-

fying the source of the seizure within the brain often caAPPENDIX A. LITERATURE SEARCH CRITERIA AND

lead to surgery that can stop or reduce the seizures. ImagiR§TA ANALYSIS METHODS

including FDG PET, can play an important role in detemijterature Search Criteria

mining whether a patient is a candidate to be operated on folThe literature search was performed using the databases
seizure control. The alternative (invasive electronic monMedline/Healthstar 1993—2000 and Biosis Previews 1993—

74S  THE JoURNAL OF NUCLEAR MEDICINE ¢ Vol. 42 < No. 5 (Suppl) « May 2001
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FIGURE 22. Case example, seizure.

2000 for articles and abstracts published from Januampls also was excluded. A total of 775 articles/abstracts
1993-June 2000. All key word combinations, includingvere retrieved from the literature for our review. Approxi-
FDG PET, PET, and specific oncologic, neurologic, anahately 8 articles could not be obtained from interlibrary
cardiac applications were searched. Printed copieShaf requests to outside libraries. The data analysis used 473
Journal of Clinical Positron Imaging1998—-2000) andhe unique articles/abstracts (specifically 151 abstracts and 322
Journal of Nuclear Medicineabstracts (1996-2000) alsoarticles), and 302 were excluded as per the inclusion/exclu-
were used. Only articles/abstracts in English were usegipn criteria. The spreadsheets listed a total of 561 article/
with the exception of a few English abstracts of non-Erabstract entries, of which 17 were repeated across several
glish-language articles that provided complete informatiospreadsheets to which they were applicable and 71 were
Both dedicated PET and newer low-cost PET technologgpeated within spreadsheets in multiple applications.
(for example, coincidence imaging) studies were included. Inclusion Criteria. (1) Abstracts and articles reporting
The only exceptions to our search time period occurred @ata within which sensitivity (sens), specificity (spec), pos-
the neurological and cardiac application categories. Spedtive predictive value (ppv), negative predictive value (npv),
ically for myocardial applications, the Medline search exaccuracy (acc), and management change (mgmt) values
tended back to 1986, with a focus on literature assessiwgre either partially or fully listed or could be partially or
viable myocardium. For dementia and seizure workup, ttielly derived for FDG PET imaging in the 22 different
Medline search extended back to 1980, with respective famcologic areas, cardiac viability area, and dementia and
on literature assessing accuracy in diagnosing individusg¢izure work-up areas. In addition, some studies (e.g., sei-
patients with dementia and on literature assessing PElre) were listed with FDG PET contributions to clinical
performance with respect to evaluating potential candidatissues without accompanying accuracy data. Only data with
for neurosurgery. stated or derived total patient studies or total lesions were
All literature that was not clear with respect to methodsicorporated into the weighted averages. In those instances
and/or reporting was excluded. Furthermore, any articlefwhich CT data were found in the PET literature satisfying
abstract that reported on a study with five or fewer individhe inclusion criteria, these were also listed.
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TABLE 24
Summary of Results of FDG PET Literature Search
CANCER PURPOSE Total Pt. Yotal | SENS| Total Pt. JYotal | SPEC | Total Pt. Total | ACC| Total Pt. Total MGMT
Studies | Lesions | PET | Studies | Lesions | PET Studies | Lesions | PET udi Lesions | EFFECT
(%) (%) (%) (%)
Bladder Staging 136 76 98 87 98 83 12 17
Dx/Staging 52 93 26 86 26 88
Recurrence 12 60 12 17
Brain Dx 36 91
Staging 31 86
Recurrence 258 79 213 77 161 76 89 31
Mon Response 17 82 17 83
Other 34 93 18 67 19 84
Breast Dx 202 91 97 93 106 95 6 100
140 90 140 92 105 88
Staging 1407 91 1373 88 1328 90 111 24
242 95 53 88 33 88
Dx/Staging 65 75 9 83 52 83
Recurrence 414 80 414 85 268 82 23 40
41 85 41 79
Mon Response 206 81 174 96 84 92
31 90 31 74
Colorectal Staging 236 36
24 96
Dx/Staging 101 85 87 71 87 94
Recurrence 1426 94 1166 87 418 94 915 32
981 93 912 96 331 87
Mon Response
34 100 23 90 11 100
Gastro-Esoph Dx 120 96 48 98 99 14
276 80 276 95 276 86
Staging 545 73 302 90 245 83 229 20
15 93
Dx/Staging 109 80 109 95 109 86 109 14
Recurrence 41 100 41 43 41 73
Mon Response 13 100 13 46
Head&Neck Dx 129 93 36 70 61 87
31 84 267 83 267 85
Staging 363 87 279 89 301 88
2020 84 1998 95 596 94
Dx/Staging 296 88 249 83 184 88 15 33
179 83 151 94 158 89
Recurrence 342 93 271 83 283 87 15 33
278 84 241 92 241 90
Mon Response 128 84 122 95 81 96
16 44
Hepatocellular Staging 292 77 249 97 249 93 20 60
Dx/Staging 22 64
Recurrence 9 88
Lung Dx 919 96 797 73 719 90
278 91 259 68 101 82
Staging 1867 83 1495 91 1272 82 1565 37
1721 83 1553 92 1478 90
Recurrence 209 98 183 92 180 96
39 100 39 62 39 87
Mon Response 161 94 161 90 126 96
Other 101 83
Lymphoma Dx 11 100
Staging 1178 90 826 93 168 88 407 21
1156 91 58 100 32 95
Dx/Staging 254 92 177 93 62 5
Recurrence 557 87 453 93 1656 88 158 10
114 100
Mon Response 257 90 279 93 13 69
32 95
Melanoma Staging 888 83 863 91 125 91 283 26
899 87 461 68 83 84
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TABLE 24 (Continued)

CANCER PURPOSE Total Pt. TJotal | SENS| Total Pt. Total | SPEC | Totat Pt. Total | ACC| Total Pt. Total | MGMT
Studies | Lesions | PET | Studies | Lesions | PET | Studies | Lesions | PET | Studies | Lesions | EFFECT
{cont.) %) %) (%) %)
Ovar/Uter/Cerv Dx 274 66 238 77 1563 77
Staging 331 54 119 96
Dx/Staging 112 86 58 82 73 87
Recurrence 359 88 327 90 220 87 30 17
Mon Response 11 100 11 100
Pancreas Dx 293 94 281 90 259 92 26 50
51 90 51 91 51 90
Dx/Staging 404 83 360 82 368 81 65 43
17 76
Staging 182 70 182 93 182 91 33 36
66 67
Recurrence 19 53
Mon Response 45 92 14 100 19 16
Prostate Staging 196 57 49 100
202 65
Recurrence 100 26
Mon Response 43 86
Renal Dx 11 89
Staging 97 76 22 100 4 100
Testicular Staging 129 82 129 94 37 92 27 22
Recurrence 53 51
Other 133 80 133 92 133 87
Thyroid Staging 430 69 268 89 249 84 60 22
Dx/Staging 125 68 9 67 19 100 58 9
41 49
Recurrence 474 77 324 91 324 86 21 53
66 73 66 86 66 80
Unknown Prim Staging 235 82 114 71 114 77 285 29
64 91 64 76
Misc Tumors 372 88 321 81 335 88
260 83 194 85 194 83
Total Pt. Studies 18402 84 14264 88 9994 87 5062 30
Total Lesions 9571 86 6879 90 4094 89
CARDIAC Viability 329 89 329 73 289 79
DEMENTIA Workup 573 93 573 80 720 87
SEIZURE Workup 948

(2) Oncologic studies drawn from the period Januatdyearing on the weighted averages summarizing all the
1993-June 2000; dementia and seizure studies from Janudgrature data. These studies by Bischoff et al6)(
1980—-June 2000; and cardiac studies from January 198€@elthoff et al. (L97), and Rozental et al3%4) were all
June 2000. part of the monitoring response application.

(3) Response-to-treatment articles were included in theExclusion Criteria.(1) Case reports, review/tutorial arti-
spreadsheets where ax22 table could be created from thecles, and studies with 5 or fewer patients.
reported data for: responders/nonresponders versus inf2) Articles not in English. However, abstracts in English
creased FDG/decreased FDG. In those instances in whicbfarticles not in English but with relevant information were
2 X 2 table could not be formulated, the article was exncluded.
cluded.

Note that three articles were also included that prdata Analysis
vided no numerical information about FDG PET accu- Data analysis was performed using simple weighted av-
racy but had some useful features, which are describedarages. Therefore, studies with more patients were weighted
the comments field. These articles, therefore, have nwre than studies with fewer patients to arrive at estimates
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of the sensitivity, specificity, and, when possible, managealues were averaged and weighted into the weighted aver-
ment changes. Weighting is the easiest method to use ame formula by the total patient studies for one group only.
such a large number of studies, each of which may or may
not present a full 2< 2 table of outcomes. No attempt was
made to perform a formal meta-analysis. APPENDIX B. DATA ANALYSIS SUMMARY

In instances in which articles and abstracts included data

for multiple categories (e.g., diagnosis/staging/recurrence ’Because the_ default analy3|s (analysis 1) of our 2_2
the entire article entry was listed in each of the thre readsheets listed all the literature values used that in-

individual categories (diagnosis, staging, and recurrence)d§/ded multiple listings of abstracts/articles both within
preserve the entirety of a study’s reporting and to represéi€adsheets (e.g., both in the diagnosis/staging and staging
that study’s contribution to data for that category for botfPPlications of a particular cancer) and across spreadsheets,
this report and possible future analyses that might be logReM€ Overlapping of patient studies occurred. To analyze
ing for all references including data for a given categorﬂr‘e effects of listing the broad view of the literature values
(e.g., specifically for recurrence.) Only data relevant to &&d we performed 5 additional data analyses to study the
specific category was used in the weighted average for tfgftects on PET sens/spec/acc by selecting out certain studies

category (e.g., in calculating the weighted average in ti@cording to the following criteria: _
recurrence category, only the recurrence portion of the (1) Analysis 1 (default analysis): Included all literature

article’s data was used, even though data for diagnosis atggd that had some overlap of total patient studies within
may have been listed). and across spreadsheets.

The number in the total patient studies column sometimes(2) Analysis 2: Used data from only those studies that
exceeded that in the total number of patients column for'gPorted jointly the sensitivity and specificity values for
given entry line (e.g., in instances in which patients mayET and PET accuracy values that included one other PET
have had multiple FDG PET scans). For each line entry 8fatistical ratio column (e.g., reported PET accuracy and
data, the total patient studies or total lesions were listé¢s0 PET sensitivity).
upon which the 2x 2 table was based for calculating a (3) Analysis 3: Repeated the default analysis, including
given line of data (e.g., if 58 patients had 62 scans froffata from only full research articles. All abstracts were
which the true positive (TP), true negative (TN), falsgpecifically excluded.
positive (FP), and false negative (FN) values were counted,(4) Analysis 4: Repeated analysis 2, including data from
62 was listed for total patient studies). only full research articles. All abstracts were excluded.

In those instances in which articles/abstracts had data(5) Analysis 5: Pooled sens/spec/acc values for PET
broken down for various reported subgroups (e.g., medi@sross all available studies that provided TP/TN/FP/FN
tinal and hilar lymph nodes or lymph nodesl cm), total Vvalues for each cancer and for all cancers together. This is
patient studies for each subgroup would be listed (as ex-formal pooling analysis, using data from each study to
plained above), but often these subgroups would have oveenstruct a large 2< 2 table. Note that all four cells
lapping patients. In terms of the data analysis, when a giv€RP/TN/FP/FN) must be available, that is, information for
study provided overall values in addition to listing variougatients both with and without disease is required. There-
subgroup values, the overall value was used in the weightiede, some studies used in some of the weighted averaging
average. When an overall value was not listed, the subgragianalysis formulations (e.g., reporting sens only) could
data was weighted in by the total patient studies value fronot be included in the pooling subanalysis, and thus slight
which it was generated (or by total lesions, if listed byliscrepancies exist between the article subsets used in the
lesions). The only exceptions occurred in the lung cancerighted averages and those used in the pooling.
spreadsheet/staging section in the four articles by Baum e(6) Analysis 6: Repeated the default analysis excluding
al. (36), Tatsumi et al. (424), Ryu et al. (356), and Marorall data from nondedicated PET machines (e.g., coincidence
et al. (290). When these studies reported subgroup valuesging).
for the full patient study count multiple times, the subgroup Results are provided in Table 25.
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TABLE 25
Data Analysis Summary
Jotal Patient | Total Sens (%) Total Patient Total  Spec (%) Total Patient Total Acc (%)

Analysis 1% 18402 84 . 1azes . ‘88 9904 87

| [*Defauit] - 9571 86 6879 - 90 4094 89

Analysis 2 14212 o 86 14212 S 88 ‘8892 88

- 6879 8 6879 90 3934 B9

Analysis 3 12004 86 | 9823 - 88 ©o7313 -

o 7397 86 5385 91 7 2806 ¢ 90

Analysis 4 9801 86 9801 - 88 6850 T ge

) 5385 86 . 5385 91 P 2795 - 90
Analysis 5 14458 85 14458 91 = 14458 s ]

8187 8 - 8187 3 . 8187 B

Analysis 6 17783 ] 84 113954 88 9663 ‘ ]

9244 87 6607 90 3666 89

APPENDIX C. ABBREVIATIONS LEGEND
Abdom: abdominal
Abst: abstract
Acc: accuracy
Activ: activity
Addit: additional
Adenocarc: adenocarcinoma
Adjuv: adjuvant
Adrenalect: adrenalectomy
Adv: advanced
AFP: serum alpha-fetoprotein level
AIDS: acquired immunodeficiency syndrome
ALNDs: axillary lymph node dissections
Amen: amenable
Amput: amputations
Anat: anatomical
Andro: androgen
Antibod: antibodies
Antiestr: antiestrogen
Art: article
Aspir: aspirate
Assessmt: assessment
Asymp: asymptomatic
Autop: autopsy
Av: average
Avdmajsurg: avoid major surgery
BCNU: carmustine
Behav: behavioural
Biochem: biochemical
Biop: biopsy
Bne: bone
BPH: benign prostatic hyperplasia
Br: brain
Brst: breast
BS: bone scintigraphy
BTH: bilateral temporal hypometabolism
B/w: between
C: calcitonin
Ca: cancer
Calcit: calcitonin
Calcs: calculates

Cam: camera

Carcin: carcinoma

Cathet: catheterization

CDM: conventional diagnostic methods
CEA: carcino-embryonic antigen
Cerv: cervical

Chem: chemistry

Chemo: chemotherapy
Chemohormonother: chemohormonotherapy
Chemoradio: chemoradiotherapy
Chge: change

CHOL: 11C choline

Cholang: cholangio-pancreaticography
Cl: conventional imaging

Classif: classification

Clin: clinical

Clinstge: clinical stage

Cm: centimeter

Cnfrm: confirmation

CNS: central nervous system
CoDe-PET: coincidence detection PET
Cognit: cognitive

Colonosc: colonoscopy

Compar: comparison

Concom: concomitant

Concord: concordance

Conn: connective

Cont: continued

Contrad: contradictory

Conv: conventional

Corr: correctly

Correl: correlation

CR: complete response

Craniot: craniotomy

Crse: course

CT: computed tomography

CUP: cancer of unknown primary
Cur: curative

CYT-356: capromab pendetide
Cytol: cytology

Cytopath: cytopathology

80S  THE JoURNAL OF NUcLEAR MEDICINE ¢ Vol. 42 « No. 5 (Suppl) « May 2001



http://jnm.snmjournals.org/

Downloaded from jnm.snmjournals.org by on September 16, 2016. For personal use only.

DAR: differential absorption ratio
Decis: decision

Decr: decrease

DedPET: dedicated PET

Def: definite

Degen: degenerative

Dem: dementia

Detect: detect

Diff: different

Differen: differentiated

Dimens: dimensions

Dis: disease

Discrep: discrepancy

Dissect: dissection

Dissem: disseminated

Dist: distant

Ds: days

DUR: dose uptake ratio
Dwnstge: downstage

Dx: diagnosis

Ea: each

EEG: electroencephalographic
E.g.: for example

Elev: elevation

Endos: endosonography
Endosc: endoscopic examination
Entero: enteroclysis

Epil: epilepsy

Epilept: epileptogenic

Equiv: equivocal

ER+: biopsy-proved estrogen receptor-positive
Esoph: esophageal

Eval: evaluate

Evid: evidence

Ex: exam

Excis: excisional

Exp: experience

Explor: exploratory

Ext: extension

Extrathor: extrathoracic

Fav: favorable

Fd: found

FDG: 2-[F-18]Fluoro-2-Deoxy-D-Glucose
Fm: from

FN: false negative

Fn: function

FNA: fine-needle aspiration
FNAB: fine needle aspiration biopsy
FP: false positive

Ga: gallium

Gastro: gastroesophageal
Gastros: gastroscopy

GCIl: gamma camera coincidence imaging
Gde: grade

Gluc: glucose

Gp: group

GRD: gross residual disease
Gynecol: gynecological
H&N: head and neck

HCC: hepatocellular carcinoma
HD: hodgkin’s disease

Hep: hepatic

Hepatocell: hepatocellular
Hi: high

Hippocamp: hippocampal
Hist: history

Histol: histology

Histopath: histopathology
Horm: hormone

Hypertherm: hyperthermic
Hypometab: hypometabolic
Hypopharyng: hypopharyngeal
Ident: identify

Imag: imaging

IMLN: internal mammary lymph node
Immed: immediate
Imprvemt: improvement
IMT: 123l-lodo-alpha-methyltyrosine
Inconclus: inconclusive
Incorr: incorrectly

Incr: increased

Indeterm: indeterminate
Indic: indicative

Individ: individual

Info: information

Init: initiate; initial

Insuffic: insufficient

Interict: interictal

Intracran: intracranial

Intract: intractable

Involv: involvement

IORT: intraoperative radiation therapy
Irrad: irradiated

IS: immunoscintigraphy

Isol: isolated

Kn: known

Lapar: laporatory

Laparat: laparotomy

Laryng: laryngeal

Lateraliz: lateralization

Les: lesion

Lft: left

LN: lymph node

Lo: low

Loc: local

Locat: location

Locoreg: locoregional
Lowabd: lower abdomen

LT: long term

Lumpect: lumpectomy
Lymphad: lymphadenectomy
Majdwn: major downstaging
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Majmgmt: major management
Majupstg: major upstaging

Malig: malignancy

MALT: mucosa-associated lymphoid tissue
Mar: marrow

Mastect: mastectomy

Meas: measurable

Mediast: mediastinal

Mediastinos: mediastinoscopy

Melan: melanoma

MET: 11-Cmethionine

Met: metastatic

Metab: metabolism

Mets: metastases

Mgmt: management

MH: M. Hodgkin

MIBG: metaiodo-benzylguanidine
MIBI: 99mTc-Methoxyisobutylisonitrile

MI-CPS: medically intractable complex partial seizures

Mindwn: minor downstaging
Minmgmt: minor management
Minupstg: minor upstaging
Misc: miscellaneous

MM: mammography

Mo: month

Mod: moderately

Modals: modalities

Mon: monitor

Morphol: morphologic

MR: magnetic resonance
MRD: minimal residual disease
MRI: magnetic resonance imaging
MTC: medullary thyroid cancer
N: total number of patient studies or lesions
N staging: nodal staging

NC: no change

ND: new disease

Necros: necrosis

NED: no evidence of disease
Neg: negative

Neurodeg: neurodegenerative
NHL: non-Hodgkin’s lymphoma
Nk: neck

No: number

Nochge: no change
Noneupstg: none upstaged
NPV: negative predictive value
Nr: near

Nsclc: non-small cell lung cancer
Nt: not

Observ: observation

Occ: occupying

Oper: operable

OPET: other PET

Ophthal: opthalmologic

Osteo: osteomyelitis

Otolaryn: otolaryngologic

Ovar: ovarian

Overstgd: overstaged

P53: p53 protein expression of HCC
Pancr: pancreatic

Papill: papillary

Paramalig: paramalignant

Part: partial

Pathol: pathology

Pbims: problems

Pca: prostate cancer

PCS: positron coincidence scintigraphy
PD: progressed disease

Pelv: pelvic

Perfsurg: perform surgery

Perfus: perfusion

Persist: persistent

PET: positron emission tomography
Phys: physical

Polychemo: polychemotherapy
Poor: poorly

Potent: potentially

PPV: positive predictive value

PR: partial response

Preop: preoperative

Prim: primary

Prob: probably

Proced: procedure

Progress: progressing metastases; progression
Prolif: proliferative

Prost: prostate

PSA: prostate specific antigen

Pt: patient

Pt gp: patient group

Pts: patients

Pulm: pulmonary

RA: research article

Rad: radiation

Rad lymphad: radical lymphadenectomy
Radiog: radiography; radiographic
Radiol: radiological

Recur: recurring

Recurr: recurrence

Ref: reference

Refrac: refractory

Relap: relapsed

Resect: resectable

Resid: residual

Resis: resistant

Restage: restaging

Retroper: retroperitoneal

Retrosp: retrospective

Rev: review

RIT: radioimmunotherapy

RNB: radionuclide bone scintigraphy
Rpts: reports
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Rspnse: response

Scint: scintigraphy

Sclc: small cell lung cancer
Scn: scan

SEEG: stereo-EEG

Sens: sensitivity

Ser: serial

Signif: significantly

Simult: simultaneously

Sites: lesion sites

Sl: slight

Smplg: sampling

SNB: sentinel node biopsy
Sonog: sonography

Sp: space

Spdsht: spreadsheet

Spec: specificity

SPECT: single-photon emission CT
SPET: single photon emission tomography
SPN: solitary pulmonary nodule
S.t.: short-term

Std: standard

Stereo biop: stereotactic biopsy
Stg: stage

Strat: strategy

STS: soft tissue sarcomas
Subclin: subclinical

Subgps: subgroups

SUR: standardized uptake ratio
Surf: surface

Surg: surgery

Susp: suspected

Suspic: suspicious

SUV: standardized uptake values
Symp: symptom

Sys: system

Sz: seizure

TCB: trucut biopsy

Temp: temporal

Tg: thyroglobulin

Theor: theoretical

Ther: therapy

Therap: therapeutic

Thor: thoracic

Thorac: thoracotomy

Thyrd: thyroid

Thyroglob: thyroglobulin

Tiss: tissue

T: L ratio:tumor-to-normal liver ratio
TLE: temporal lobe epilepsy
TN: true negative

Tot: total

TP: true positive

Trtmt: treatment

TTNA: transthoracic needle aspiration
Tum: tumor

Ultim: ultimately

Understgd: understaged

Unil: unilateral

Unk Prim: unknown primary

Unnecess: unnecessary

Upstge: upstage

Uptke: uptake

US: ultrasonography

Uter: uterine

UTH: unilateral temporal hypometabolism
Util: utilization

Vasc: vascular

Vert: vertebral

Vs: versus

W: with

WB: whole body

WBS: whole-body scintigraphy

Wd: would

With: withdrawal

Wks: weeks

Wt: weight

WW: watchful waiting

Y: year

131-I: 131-lodine

2x2: two by two table of true/false positive values and
true/false negative values

18F-FDG: 18F-fluorodeoxyglucose

201TI SPET: 201TI single photon emission tomography
201Tl SPECT: 201 TI chloride single-photon emission CT
#: number

+: positive

' negative

< less than

>: greater than
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