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CLINICAL INVESTIGATIONS

Effect of Whole-Body'®F-FDG PET Imaging on
Clinical Staging and Management of Patients
with Malignant Lymphoma
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Correct staging is important in selecting the appropriate treat-
ment for lymphoma patients. PET imaging with '8F-FDG is use-
ful for staging of lymphoma as well as for monitoring of therapy.
However, to our knowledge, the clinical impact of PET on stag-
ing and management of lymphoma patients has not been re-
ported. Methods: Standardized questionnaires were mailed to
referring physicians asking them whether and how the results of
PET imaging had influenced clinical staging and management of
the disease in their patients. Management changes, when
present, were classified as intermodality (e.g., medical to sur-
gical, surgical to radiation, medical to no treatment) or intramo-
dality (e.g., altered medical, surgical, or radiotherapy approach).
Results: The referring physicians returned 52 of 108 question-
naires (48.1%). Physicians indicated that PET led to a change in
the clinical stage in 44% of patients: 21% were upstaged and
23% were downstaged. Findings of the PET examination re-
sulted in intermodality changes in management in 42% of pa-
tients, in intramodality changes in 10%, and in a combination of
the management changes in 10%. Other, not further specified,
treatment changes were reported in 6% of patients. PET did not
result in any management changes in only 32% of patients.
Conclusion: This survey-based study of referring physicians
indicates that FDG PET has a major impact on the management
of lymphoma patients, contributing to changes in clinical stage
in 44% and changes in treatment in >60% of cases.
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15 y, NHL has shown an approximately 50% increase in
incidence (2).

HD tends to develop in an orderly fashion: It typically
originates in lymphoid tissues and can spread to other
organs (3). In contrast, NHL is a heterogeneous group of
lymphoproliferative malignances with different patterns of
behavior and varying responses to treatment. Its course is
less predictable than that of HD and it has a greater predi-
lection for extranodal sitest]. However, for both entities,
HD and NHL, the prognosis depends on the histologic type,
stage of disease, and treatment.

Correct staging is important in selecting the appropriate
treatment for lymphoma patients. For instance/0% of
patients with newly diagnosed HD are curable with stage-
adjusted radiation therapy or combination chemotherapy
regimens (or both)5,6). In addition to history, physical
examination and laboratory data, clinical staging, restaging
after treatment, and detection of recurrence depend to a
large degree on imaging studies, including CT, MRI, and
gallium scanning.

Because tumors rely on glucose as their substrate for
energy production and replication, whole-body PET imag-
ing with 18F-FDG is useful for staging of lymphoma patients
as well as for monitoring of therapeutic effects. Oxidative
metabolism through the Krebs cycle is nearly absent in
cancer cells (7). Therefore, tumors switch to glycolysis,
requiring a 19-fold increase in glucose consumption per
mole of adenosine triphosphate produced compared with
use of the Krebs cycle. In addition, through the hexose-

L ymphoma—that is, Hodgkin's disease (HD)—anghonophosphate shunt, further increases in glycolysis pro-
non-Hodgkin’s lymphoma (NHL) are the fifth most com-ide necessary substrate for DNA and RNA synthesis re-
mon type of cancer diagnosed and the third most commeuired for cell replication §). Because of the accelerated

form of cancer deaths in the United Stat&$. (n the past rate of glycolysis in neoplasms, PET imaging of glucose
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utilization with FDG permits an excellent differentiation of
malignant tumors from normal tissue and benign processes.
Although the usefulness of PET for staging and treatment
evaluation of lymphoma patients has been establisBed (
17), the degree to which the information obtained from
whole-body PET is incorporated into the clinical manage-
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ment of lymphoma patients by the referring physician rd?ET Image Acquisition and Interpretation
mains to be determined. The present survey was undertakeAn ECAT EXACT HR or HR+ whole-body PET scanner
to evaluate the effect of FDG PET on clinical staging anETl/Siemens, Knoxville, TN) was used. These tomographs cover

management of patients with HD and NHL from the refe@n axial field of view of 15 cm and acquire 47 or 62 image planes
ring physician’s perspective. simultaneously. The resolution of reconstructed images ranges

from 8 to 10 mm 20,21).
A routine clinical PET imaging protocol was used: After a 6-h
MATERIALS AND METHODS fasting period, approximately 555 MBq (15 mCi) FDG were

Questionnaires were sent to 65 referring physicians of 1¢gected intravenously. This was followed by a 45-min uptake
patients with lymphoma who underwent whole-body PET at Reriod to allow for _trapplng of FDG-6-phospi_1ate in tumor tlss_ue.
university-based clinical service in the Ahmanson Biological PE'f129es were acquired from 6 to 9 bed positions (each covering a
Imaging Clinic of the University of California, Los Angeles12-Cm axial field of view) per patient, with an acquisition time of
(UCLA) Medical Center (n= 44) and at a private clinical service © Min per bed position. _ _
in the Northern California PET Imaging Center (NCPIC) in Sac- AT UCLA, the images were reconstructed using standard fil-
ramento (n= 64) between October 1998 and January 2000. Aftdered backprojection. No attenuation correction was performed. At
the PET report had been issued, standardized questionnaires WafeNCPIC, attenuation correction was performed and iterative
mailed to the referring physicians asking them whether and hdconstruction algorithms were used. A previous study showed that
the results of PET imaging had influenced clinical staging arffl€S€ reconstruction algorithms yield a comparable diagnostic ac-
management of their patients. The characteristics of the pre-PE#acy (22). The images were then reoriented into coronal, sagittal,
and post-PET questionnaires have been describgyl (n brief, 2and transaxial views. _ o _
the pre-PET questionnaire asked the referring physicians to indi-'M29€ interpretation and reporting of findings were part of daily
cate the clinical indication for the PET scan as well as the chosEtine clinical read-out sessions. A 3-dimensional volume display
management plan before PET. The post-PET questionnaire Y18S used for Iesm_m detection. _Cllnlcal data an_d CT images (or
quired whether and how the results of the PET study had alter&PCrts) were available at the time of readout in most cases. A
the stage of disease (using the Ann Arbor Classification (19)) afmiquantitative analysis of FDG uptake, such as standardized
patient management. Management changes were classified int4P8ke value, was not performed because this is not part of the
categories as follows: intermodality changes were defined Z/tine clinical protocol at our institutions.
changes between treatment modalities—for example, from surg&jiatistical Analysis

to radiation therapy. Intramodality changes were defined asgarard’s unconditional exact test (23) was used for intergroup
changes within 1 treatment modality—for instance, from 1 tgomparison between patients with HD versus those with NHL. The
another chemotherapeutic treatment. All completed questionnaifgﬁ;owing categoric variables were compared: indication for PET,
were returned within a 4-wk period. pre-PET management strategies, PET-induced changes in clinical
stage, and PET-induced changes in patient managemen0.05

Patient Population s considered significant.

The study population consisted of 61 male and 47 females
patients (mean age, 50 18 y; age range, 15-79 y). Only ques-
tionnaires with completed pre-PET and post-PET evaluation weﬁéESULTS
included in the analysis. Fifty-two of the returned questionnairdfpact of PET Findings on Clinical Stage
met the above criteria and were therefore included in the analysisPET |ed to a change in the clinical stage in 44% of

Thus, the resulting overall response rate was 48.1% (it was hig'?ﬁitients (n= 23): 21% were upstageth (= 11) and 23%
with 57% at UCLA [25/44 forms] vs. 42% at the NCPIC [27/64\Nere dOWnStaged (ﬁ= 12) No Change in the clinical Stage
forms}; P = 0.033). ' yas reported in 52% of respondents< 27), and in 4% of
This group of 52 respondents consisted of 27 male and . . . .
guestionnaires (= 2) this question was not answered. In

female patients (mean age, 51 18 y; age range, 15-79 y). . .
Eighteen patients had HD and 34 had NHL. Seventy-two percetrtﬂle group with HD, 5 patients were upstaged (28%) and 5

of the patients were referred by oncologists, 6% by radiatiof€re downstaged (28%) as the result of PET findings. No

oncologists, and 22% by general internists and general practitidiflange in the clinical stage was noted in another 7 patients

ers. (39%), and the question was not answered in 1 case (6%).
Six patients with HD (33%) and 13 with NHL (38%) werePET findings did not alter the clinical stage in 59% of

referred for more accurate staging, 5 patients with HD (28%) aatients with NHL (n= 20), whereas upstaging occurred in

8 with NHL (24%) for monitoring of therapy, 2 patients with HDg patients (18%) and downstaging occurred in 7 patients

(11%) and 5 with NHL (15%) for monitoring of the course of(2004). The question was not answered in 1 case (3%).

disease and restaging, and 2 patients with HD (11%) and 3 wi hNotany, in 12 patients (3 with HD, 9 with NHL) the

NHL (9%) for more accurate diagnosis. The category "more ageeing physicians indicated a pre-PET stage 0 (complete
curate diagnosis” referred to abnormalities identified on CT OremiSSiOI’] no further treatment planned) on the basis of
MRI after treatment that could not be classified clearly as malig- ’ P )

nant or benign. For instance, abnormal soft tissue can be fou I(ipical findings and CT or MRI. In these cases, PET was

after the treatment of lymphoma, but anatomic imaging frequentBfdered to confirm the remission of disease. However, only
cannot distinguish whether this represents residual tumor tissuedopf these patients had negative FDG PET scans, whereas
scar. Finally, 3 patients with HD (17%) and 5 with NHL (15%)residual or recurrent disease was found in the remaining 6

were referred for>1 or other than the above reasons. patients (2 with HD, 4 with NHL).
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Overall, the effect of PET on clinical staging did not TABLE 1
differ between patients with HD and those with NHR & Management Changes for Individual Patients as Result
not significant). of PET Findings

PET-Induced Changes in Patient Management HD NHL
Before PET, the therapeutic strategy was medical treatment Change n % n %
in 40% of patients (n= 21), radiation therapy in 11.5% &

Intermodality 38.8 15 441

6), surgical treatment in 4% (r 2), and a combination of the  From surgery to medical treatment
above in 13.5% of patients (& 7). Moreover, 14 patients  From surgery to radiation

(27%) were believed to be in remission on the basis of clinical From surgery to no treatment

and CT findings and were therefore not scheduled for any ggm 2:3:2:: :::2:2::: Ig f:é?aetiré’n
further.therapy. In these cases, PET was ordered to conflrmFrOm medical treatment to no treatment
remission and rule out residual tumor foci that had not been rrom radiation to surgery

detected by CT or MRI. The question of PET-induced changesFrom radiation to medical treatment

in management was not answered for 2 patients (4%). From radiation to no treatment

7
1

0

0

0

1

1

0

1

1

In the group with HD, 8 patients were scheduled to From no treatment to surgery ‘1)
]

2

0

2

0

2

7

0

o

. . From no treatment to medical treatment
0,
undergo medical treatment (44%). Radiation treatment WaSE, - 1o treatment to radiation

planned in 4 patients (22%), and no further treatment Wagtramodaiity

planned in 4 patients who were thought to be in remission Change in surgical approach

(22%). A combination of radiation and chemotherapy was Change in medical approach

planned in 2 patients (11%). Cha'nge. in radiation approach
In patients with NHL, the chosen pre-PET therapeutiqignmeb'nat'on of management

option was medical treatment in 13 patients (38%), radidother management changes

tion in 2 (6%), surgery in 2 (6%), and a combination of the

above in 5 patients (15%). No further treatment was plann

in 10 patients (30%) because they were thought to be in

remission; the question was not answered in 2 cases (6%).

PET resulted in intermodality management changes\w . . .
. . . 7 ere not reinterpreted retrospectively for the purpose of this
42% of patients (n= 22: 7 with HD, 15 with NHL), in nterp pectively burp '

intramodality changes in 10% (= 5: 2 with HD, 3 with study; rather, referring physicians used the information pro-

NHL), and in a combination of the management Changesvided by the original written clinical PET reports for their
10% ,(n= 5: 2 with HD, 3 with NHL). PET did not affect Ulnical management decisions. Second, survey studies are

patient management in 32% of the patiemts{ 17: 7 with subject to a responder bias, as evidenced by the current
() . s
: e te of 48.1%. Although th thin th f
HD, 10 with NHL). Other, not further specified, treatmenreSponse ate o ° ougn this IS within The range o

h ted in 3 patients (6% Fesponse rates reported for similar studigs—31), only
changes were reported in S patien s (6%). . . ose physicians who believed that PET was useful for
The specific management changes for patients with

11.1 8.8

DA aWAaARAaaNOANMNOOO

111 2 59
38.8 10 29.4
4 11.8

No significant differences were found between 2 patient groups.

and NHL are listed in Table 1. No significant difference atient management might have completed the question-

found bet the 2 patient t sianifi aire. However, it is important to note that if (in the extreme
were found between the 2 patiefif grgus=t not signifi- case) all of the remaining 51.9% of questionnaires had

cant). Two examp-les O.f pat|ents oM tge P.ET f'nd'ngcs?ncluded that PET did not affect stage and management
led to a change in clinical stage or change in treatmepf.  is unlikely), PET still would have altered the stage in
modality (or both) are shown in Figure 1. 21% and management in 30% of all patients. These results
would then be comparable with the above studies
DISCUSSION (10,12,14,24). A third reason might be that referring physi-
The current survey shows that PET has a major impact oians have now gained more experience with PET and have
staging and managing lymphoma patients. The clinickkcome more confident in the information it provides. This,
stage changed in 44% and the clinical management changeaong other factors, might also explain the higher response
in 62% of the patients. Stage and management were affectate at UCLA (57% vs. 42% at the NCPIC), where PET
to a similar degree in HD and NHL patients. imaging has been available for research and clinical pur-
Thus, the effects of PET on managing lymphoma patieng®ses for more than a decade.
appear to be more dramatic than reported previously. InSeveral factors influence the participation of physicians
these studies, PET led to changes in the clinical stage andclinical trials and surveys. Among them are the physi-
management in 10%—20% of the patierit§,12,14,17,24). cian’s appreciation of the scientific purpose and clinical
This discrepancy is likely explained by several factorsalue of a trial, the simplicity of the study protocol and
First, to our knowledge, this study is the first to evaluate thlpiestionnaires, ethical aspects, and the quality of commu-
effects of whole-body PET on staging and managememication with the trial center32). Other factors include the
from the referring physician’s perspective. Thus, imageshysicians’ need to share their experience and to self-
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A

FIGURE 1. (A) A 70-y-old male patient
who presented initially with NHL of right PR
neck. PET was performed for staging and ' ,
revealed additional involvement of left cer- ' ‘
vical and mediastinal lymph nodes as well - !

as right lung (arrows). This finding resulted p58316
in upstaging from stage | to stage Il and B

change in treatment from irradiation to

medical treatment. (B) A 27-y-old female R L
patient with HD. After treatment with che-
motherapy, she had cervical recurrence 2 'y

later. Repeated chemotherapy resulted in . pv e “( .\o A\ g
remission. Five months later, CT scan re- e’ v : \o ‘,

’
vealed multiple equivocal 8- to 10-mm (\ ’ ) x
('-c.
-~

(&

pra- and infraclavicular and left infraclavic- 4 [
ular nodes (arrows), and retroperitoneal ! " i

and pelvic involvement. As result of PET, g ’ _
| 4 1 ¥

lymph nodes in right axilla. PET revealed N RV . Y
right axillary lymphadenopathy, right su- ‘ " » ‘,

el
-
Kl
-
-

patient underwent salvage chemotherapy i
followed by allogenic bone marrow trans-
plantation. p58352

evaluate in comparison with colleagues in the same fieldlvement compared with marrow biopsy, which is usually
(33). Finally, several studies have also indicated that seelimited to the bony pelvis (14,15).
ingly minor issues such as financial incentives for the re- Hoh et al. (17) were the first to evaluate the use of
ferring or participating physicians, use of prestamped enwshole-body PET for staging of lymphoma patients. Com-
lopes, and personalized mail packages may increase ffa@ed with a conventional staging algorithm (including a
response rate by up to 18% (27,29). Others have empleambination of CT or MRI, gallium and bone scanning,
sized the influence of the physician’s specialty in tridymphography, and staging laparotomy), whole-body PET
participation (26). However, this was not confirmed in thehowed additional sites of tumor involvement in 28% of
current study. For instance, 72% of the referring physiciapatients. These authors also provided evidence for the cost-
were oncologists and 22% were general practitioners effectiveness of whole-body PET imaging in comparison
internists; the respective survey response rates were 4@#th the conventional staging algorithm. Moog et dl0)
and 50%. Another limitation of the study is that referringompared CT and PET in 81 patients with newly diagnosed
physicians may have responded to the questionnaires lp;nphoma. Compared with CT, the PET study revealed an
recalling the intended management plan rather than obtaadditional 24 sites of tumor involvement, leading to a
ing the information from chart review. However, because athange in the clinical stage in 16% of patients. Bangerter et
questionnaires were returned within 4 wk after PET, dl. (12) studied 44 patients with newly diagnosed HD with
appears likely that the referring physicians were familidifDG PET and compared these findings with those from
with each patient and their treatment plan. other modalities, including CT, sonography, bone marrow
The clinical usefulness of whole-body FDG PET fobiopsy, liver biopsy, conventional bone scanning, and lap-
staging of lymphoma has been establish@d1(7,24). FDG arotomy. FDG PET detected additional lesions in 5 cases; it
PET has a higher sensitivity and specificity for the detectiomas negative in 1 patient with suspicious CT findings,
of nodal and extranodal disease than anatomic imagindpich was proven by biopsy as a true-negative finding. As
(9-12,17). As a whole-body imaging device, PET also hasconsequence of PET findings, the treatment strategy had to
a higher sensitivity for the detection of bone marrow inbe changed in all 6 cases—that is, 14% of patients.
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The prognostic value of FDG PET in patients with matl.

S

Stumpe KDM, Urbinelli M, Steinert HC, Glanzmann C, Buck A, von Schulthess
GK. Whole body positron emission tomography using fluorodeoxyglucose for
staging of lymphoma: effectiveness and comparison with computed tomography.

(34-37). The degree of decrease in FDG uptake in response&:ur j Nucl Med. 1998:25:721-728.

to chemotherapy predicted the response to treatmentlasBangerter M, Moog F, Buchmann I, et al. Whole body#jfluro-2-deoxy-D-
early as 42 d after initiation of treatment (37). Consistently,
Jerusalem et al. (16) showed that residual FDG uptake 1) zinzani PL, Magagnoli M, Chierichetti F, et al. The role of positron emission tomography
tumor tissue is a strong predictor of relapse or progression (PET) in the management of lymphoma patieAtsn Oncol. 1999;10:1181-1184.

of disease as well as a predictor of survival. Zinzani et

é.Lﬁ'

glucose positron emission tomography (FDG-PET) for accurate staging of
Hodgkin's diseaseAnn Oncol. 1998;9:1117-1122.

Moog F, Bangerter M, Kotzerke J, Guhlmann A, Frickhofen A, Reske S.
18-F-fluorodeoxyglucose positron emission tomography as a new approach to

(13) reported similar findings in a study of 44 patients with  getect lymphomatous bone marrodvClin Oncol. 1998;16:603-609.

H

D and aggressive NHL. 15.

These earlier studies provided the evidence for the Health

Carr R, Barrington SF, Madan B, et al. Detection of lymphoma in bone marrow
by whole body positron emission tomograpiBfood. 1998;91:3340-3346.
Jerusalem G, Beguin Y, Fassotte MF, et al. Whole body positron emission tomog-

Care Finance Administration to approve reimbursement for raphy usingtsF-fluorodeoxyglucose for posttreatment evaluation in Hodgkin's dis
whole-body PET imaging for staging and restaging of |ym_ ease and non-Hodgkin’s lymphoma has higher diagnostic and prognostic value than

phoma patients. Financial reimbursement and the reprodyc-

ib

ly high accuracy of whole-body FDG PET have contrib-

classical computed tomography scan imagigod. 1999;94:429—-433.
Hoh CK, Glaspy J, Rosen P, et al. Whole body FDG PET imaging for staging of
Hodgkin's disease and lymphomaNucl Med. 1997;38:343-348.

uted to its growing acceptance as a clinical imaging tool f@B. Meta J, Seltzer M, Schiepers C, et al. Impact®%+FDG PET on managing

staging and restaging of lymphoma patients. Findings in the

patients with colorectal cancer: the referring physician’s perspedtiMecl Med.
2001,42:586-590.

current survey contribute further to this growing body ofg. carbone PP, Kaplan HS, Mushoff K, et al. Report of the Committee on
data, showing that Whole-body FDG PET imaging led to Hodgkin’s Disease Staging Classificatid®ancer Res. 1971;31:1860-1861.

changes in the clinical stage in as many as 44% and chan@‘é

in

clinical management in 62% of lymphoma patients.
21.

CONCLUSION

the clinical stage in 44% and changes in treatment strategy

In this study, whole-body PET imaging led to changes i

éNienhard K, Dahlbom M, Eriksson L, et al. The ECAT EXACT HR: perfor-

mance of a new high resolution positron scanrkiComput Assist Tomogr.
1994,18:110-118.

Adam L, Zaers J, Ostertag H, Trojan H, Bellmann M, Brix G. Performance
evaluation of the whole body PET scanner ECAT EXACT HRollowing the

IEC standard. IEEE Trans Nucl Sci. 1997;44:1172-1179.

Kotzerke J, Guhlmann A, Moog F, et al. Role of attenuation correction for
fluorine-18 fluorodeoxyglucose positron emission tomography in the primary
staging of malignant lymphomé&ur J Nucl Med.1999;26:31-38.

in 62% of patients with lymphoma. These data suggest that suissa s, Shuster J. Exact unconditional test for the2zbinomial tableJ R Stat
PET has become an accepted imaging modality for stagingSoc. Series A. 1985;148:317-327.

and restaging of lymphoma patients among university af

6 Delbeke D, Morgan DS, Kovalsky E, et al. F18-fluorodeoxyglucose imaging with

positron emission tomography for initial staging of Hodgkin’s disease and lym-

community physicians. Future studies should evaluate phoma [abstractl) Nucl Med. 2000:41(suppl):275P.
whether and to what extent these PET-induced changeggﬁnTemple—Smith M, Mulvey G, Doyle W. Maximising response rate in a survey of

the clinical stage and management translate into an im-
provement in patient outcome and survival.
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