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Early identification of chemotherapy-refractory lymphoma patients
provides a basis for alternative treatment strategies. Metabolic imag-
ing with 18F-FDG PET offers functional tissue characterization that is
useful for assessing response to therapy. Our objective was to deter-
mine the predictive value of 18F-FDG PET early during chemotherapy
(after 1 cycle) and at the completion of chemotherapy for subsequent
progression-free survival (PFS) in patients with aggressive non-
Hodgkin’s lymphoma (NHL) or Hodgkin’s disease (HD). Methods:
18F-FDG PET (dual-head coincidence camera with attenuation cor-
rection) was performed before and after 1 cycle of chemotherapy on
30 patients (17 NHL, 13 HD; mean age, 52.3 � 16.0 y). For 23 of the
30 patients, 18F-FDG PET data were also obtained after the comple-
tion of chemotherapy. The patients had a median follow-up of 19 mo
(range, 18–24 mo). Follow-up of PFS was compared between pa-
tients with positive and negative 18F-FDG PET results obtained after
the first cycle of chemotherapy and at the completion of chemother-
apy. Results: Positive 18F-FDG PET results obtained both after the
first cycle and at the completion of therapy were associated with a
shorter PFS (median, 5 and 0 mo, respectively) than were negative
18F-FDG PET results (PFS medians not reached). A statistically signif-
icant difference in PFS between positive and negative 18F-FDG PET
results was obtained both after the first cycle and at the completion of
chemotherapy (P � 0.001). The PFS and 18F-FDG PET results ob-
tained after the first cycle correlated better than those obtained after
the completion of chemotherapy (r2 � 0.45 vs. 0.17). 18F-FDG PET
had more false-negative results after the last cycle (6/17 cases, or
35%) than after the first cycle (2/13 cases, or 15%). Thus, 18F-FDG
PET had greater sensitivity and positive predictive values after the first
cycle (82% vs. 45.5% and 90% vs. 83%, respectively) than after the
last cycle. Conclusion: 18F-FDG PET after 1 cycle of chemotherapy is
predictive of 18-mo outcome in patients with aggressive NHL and HD
and may earlier identify patients who would benefit from more inten-
sive treatment programs.
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Accurate evaluation of response to therapy is of vital
importance in the management of patients with lymphoma
(1). The main endpoint of chemotherapy is the achievement
of complete remission, which is associated with a longer
progression-free survival (PFS) and potential cure than is
partial remission (2). The definition of complete remission,
however, is usually based on anatomic imaging modalities
that may be unable to differentiate viable tumor from post-
therapy changes such as scarring or fibrosis. Residual ab-
normalities that occur after therapy are usually considered
to represent persistent lymphoma; however, only a maxi-
mum of 10%–20% of residual masses was reported to be
positive for lymphoma at the completion of treatment (3,4).
Thus, there was no difference in the CT-documented re-
sponse rates and the size of residual masses between pa-
tients who experience disease relapse and those who remain
disease free (5–7). Although MRI provides better morpho-
logic details than does CT when contrast material is not
used, the low sensitivity rate (45%) showed that MRI was
not the ideal tool for predicting clinical outcome (8,9).

67Ga imaging has also been reported to be an independent
predictor of outcome after 1–2 cycles of chemotherapy
(6,10). Nevertheless,67Ga imaging is less efficacious than
18F-FDG PET for intraabdominal tumors and may be less
sensitive in detecting disease in some instances of aggres-
sive lymphoma or Hodgkin’s disease (HD) (11).

Over the past few years, a large body of evidence has
confirmed the potential role of18F-FDG PET, including
both dedicated and coincidence PET systems, in the staging
and monitoring of lymphomas (12–16). There is a paucity of
data, however, defining the role of18F-FDG PET at the
earliest possible time to predict the response to therapy.
Although a change in18F-FDG uptake at multiple early
times during chemotherapy has been described, this change
was only marginally predictive of outcome (17). The pre-
dictive value of18F-FDG PET at the completion of chemo-
therapy has also been evaluated (18). The response after 1
cycle of chemotherapy, however, has not yet been evaluated
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using 18F-FDG PET in non-Hodgkin’s lymphoma (NHL)
and HD. We performed this study to assess the potential of
early 18F-FDG PET to predict PFS and ultimate clinical
outcome. We also compared the efficacy of 18F-FDG PET
performed early with that performed after the completion of
chemotherapy in patients with aggressive NHL and HD.

MATERIALS AND METHODS

Between January 1998 and June 2001, 30 consecutive pa-
tients (age range, 26 –77 y; mean age � SD, 52.3 � 16.0 y) with
histologically proven aggressive (intermediate or high grade)
NHL or HD were prospectively evaluated in this study. Lym-
phoma was classified histologically according to the Interna-
tional Working Formulation guidelines. NHL was diagnosed in
17 patients (15 intermediate grade [13 cases of diffuse large cell
lymphoma and 2 cases of follicular large cell lymphoma] and 2
high grade [lymphoblastic lymphoma]), and HD was diagnosed
in 13 patients (Table 1). Seventeen patients were evaluated at
initial staging before therapy (10 NHL, 7 HD), and 13 were
evaluated at relapse before salvage therapy (6 NHL, 7 HD). In
the latter group, the interval between therapy and relapse ranged
from 6 mo to 2 y. The patients evaluated at initial staging were
categorized into high- and low-risk groups according to the
international index established for NHL (19) and the known
features indicating a poor prognosis for HD (B symptoms, high
sedimentation rate [�30] or large mediastinal adenopathy,
older age [�50 y], and 4 or more involved sites). Among 17
patients evaluated at initial staging, 9 had early-stage disease
and were at low risk for recurrence (4 NHL, 5 HD) whereas 8
had at least 1 clinical factor for poor prognosis, including
advanced-stage disease in 3 patients (6 NHL, 2 HD) (Table 2).
All patients underwent contemporaneous CT before therapy and
after the completion of chemotherapy. In addition, they under-
went a clinical evaluation consisting of physical examination,
laboratory screening, chest radiography, CT of the thorax and
abdomen, sonography, bone-marrow biopsy (for patients with
NHL), and, if indicated, MRI studies. CT scans were also
obtained after the last cycle of chemotherapy.

TABLE 1
Patient Characteristics

Characteristic
All patients

(n � 30)
Patients examined

twice* (n � 23)

Age (y)
Mean � SD 52.3 � 16.0 50.1 � 14.0
Range 26–77 26–77

Sex
Male 16 12
Female 14 11

Histologic diagnosis
NHL (n � 17)

Diffuse large B-cell lymphoma 13 10
Follicular large cell lymphoma 2 2
Lymphoblastic lymphoma 2 1

HD (n � 13) 13 10
No. of patients examined

At initial staging 17 13
At relapse 13 10

*These patients had 18F-FDG PET studies both after first cycle
and at completion of therapy.

TABLE 2
Characteristics of Patients with Relapse and with Poor Prognostic Features vs. Comparative 18F-FDG PET Results

Patient no. Age (y) Histology Ann Arbor stage Tumor size After 1 cycle After completion Outcome PFS (mo)

1 �60 DLCL IIIB Bulky � � (FN) Relapse 18
2 �60 DLCL IIA Nonbulky � � (FN) Relapse 10
3 �60 DLCL IIB Bulky � � (FN) Relapse 6
4 �60 FLC IIIA Bulky � � Remission 24
5 �60 HD IIB Bulky � (FP) � (FP) Remission 18
6 �60 HD IIA Bulky � � Remission 20
7 �60 DLCL IIA Bulky � � Remission 19
8 �60 FLC IV Nonbulky � � Remission 20
9 DLCL � � (FN) Relapse 7

10 DLCL � � NFOD 0
11 HD � (FN) � Relapse 4
12 LL � � NFOD 0
13 HD � � (FN) Relapse 5
14 DLCL � � NFOD 0
15 DLCL � (FN) � (FN) Relapse 6
16 DLCL � � Remission 18
17 HD � � NFOD 0
18 DLCL � � Remission 18

After 1 cycle � 18F-FDG PET after first cycle of chemotherapy; After completion � 18F-FDG PET after completion of chemotherapy;
DLCL � diffuse large cell lymphoma; FN � false-negative; FLC � follicular large cell lymphoma; FP � false-positive; NFOD � never free
of disease; LL � lymphoblastic lymphoma.

Patients 1–8 had poor prognostic features at initial staging; patients 9–18 were included in study at relapse.
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Treatment
All patients underwent chemotherapy according to departmental

protocols. All patients with aggressive NHL referred at initial
staging received cyclophosphamide, doxorubicin, vincristine, and
prednisone or a variant of this protocol every 3 wk for either 6 or
8 cycles. The 7 patients who were referred at relapse received
infusional chemotherapy with dexamethasone, ifosfamide, cispla-
tin, and etoposide every 3 wk. All patients with HD received
doxorubicin, bleomycin, vinblastine, and dacarbazine every 2 wk
in each monthly cycle for 6 cycles.

18F-FDG PET Coincidence Imaging
All 30 patients underwent a whole-body 18F-FDG PET study

before therapy and after the first cycle of chemotherapy. Twenty-
three of 30 patients also had 18F-FDG PET studies at the comple-
tion of therapy. Coincidence images were obtained using a dual-
head gamma camera with attenuation correction (MCD-AC;
ADAC Laboratories, Milpitas, CA). The in-plane spatial resolution
was 4.8 mm in full width at half maximum at the center of the field
of view, with an axial field of view of 38 cm. In the transverse
plane, the spatial resolution was constant radially as well as tan-
gentially at any distance from the center to the edge of a transverse
slice. In the axial direction, the spatial resolution (full width at half
maximum) was approximately twice that of the transverse. All
patients fasted at least 4–6 h before the start of the study. Serum
glucose level was determined at the time of 18F-FDG injection
using a glucometer. All patients had a serum glucose level of �130
mg/dL. Sixty minutes after the intravenous administration of 185
MBq 18F-FDG, a whole-body MCD-AC 18F-FDG PET imaging
study consisting of 3 segments (pelvis, abdomen, and chest/neck)
was acquired using a matrix size of 128 � 128 � 16, an acquisi-
tion time of 40 s per frame, and a scan overlap of 30% in an orbit
of 180°. Ten-minute transmission scans were obtained using 153Gd
sources after completion of the emission scans for attenuation
correction. The images were reconstructed into transverse cross-
sectional images by means of an iterative method and a Wiener
filter with a cutoff frequency of 0.75 cycle per projection. The data
from the whole-body acquisition were stacked in a 3-dimensional
volume to allow viewing as a rotating cine display of 48 images as
well as transverse or reconstructed coronal or sagittal images.

Data Analysis
Thirty patients after the first cycle of chemotherapy (within

10 d; range, 3–10 d) and 23 patients after the completion of
chemotherapy (within 1 mo) were evaluated by a whole-body
18F-FDG PET study. All 18F-FDG PET scans were interpreted by
2 clinical reviewers without any knowledge of the clinical or CT
data. All scans were scored either as positive or as negative. A
positive result was defined as focal activity relatively higher than
that of the surrounding background tissue, with no similar activity
seen on the contralateral side, or increased activity in a location
incompatible with normal anatomy. A negative result was defined
as no pathologic 18F-FDG uptake at any site, including all sites of
previously increased pathologic 18F-FDG uptake. 18F-FDG uptake
that was equal to the mediastinum for lymph nodes originally
located in the mediastinum was considered negative; however, the
same intensity of uptake in other locations was considered posi-
tive. Before and after therapy, disease was evaluated site by site for
the involved lymph nodes.

Patients who underwent both 18F-FDG PET studies (after the
first and last cycles) and who either entered the study at relapse or
had poor prognostic features at initial staging were categorized

into a different subgroup (Table 2) to evaluate the predictive value
of 18F-FDG PET when the prognostic factors were not favorable.

PFS was defined as the interval without progression of disease
from the start of treatment. Treatment failure was defined as the
inability to achieve a complete response, progression of disease, or
recurrence of disease after a complete response. The inability to
achieve a complete response or PFS was determined by a combi-
nation of clinical (residual palpable lymph nodes or other tumors),
laboratory (rising lactate dehydrogenase levels or B symptoms),
and imaging findings, such as CT findings (lack of resolution of
lymphadenopathy or continuously enlarging lymph nodes). The
primary aim of this study was to evaluate the role of 18F-FDG PET
in predicting PFS after 1 cycle of chemotherapy compared with
after the completion of chemotherapy

Statistical Analysis
Statistical analysis was performed using a software package

(StatView 5.0; SAS Institute, Cary, NC). PFS curves were calcu-
lated by Kaplan–Meier survival analysis, and groups were com-
pared using the log-rank test. The Kruskal–Wallis test (for multiple
groups) or the Mann–Whitney test (for 2 groups) was used for
pairwise comparison of the first-cycle 18F-FDG PET results with
the end-therapy 18F-FDG PET data. In post hoc analysis, Bonfer-
roni/Dunn correction was applied when necessary, with a proba-
bility value of �0.0167 (significance � 5%).

RESULTS
18F-FDG PET Data Obtained Early After Chemotherapy

Of the 30 scans obtained after the first cycle of chemo-
therapy, 15 showed residual abnormal 18F-FDG uptake and
15 showed negative findings (Table 3).

Positive 18F-FDG PET Results. In this group of 15 pa-
tients, 13 patients (87%) experienced disease relapse after
therapy or never achieved remission (8 NHL, 5 HD). The
median PFS was 0 mo (range, 0–18 mo) (Fig. 1). All
relapses occurred at the site of involvement observed on
pretherapy 18F-FDG PET scans. In the remaining 2 patients,
18F-FDG PET was positive for residual disease but the
patients have been in complete clinical remission with a
follow-up of at least 18 mo. The residual uptake in 1 patient
was in the location of the thymus, and findings on a post-
therapy CT scan were consistent with thymic rebound. The
sites of residual uptake in the other patient were in the
mediastinum and the axillary regions. Although this patient

TABLE 3
18F-FDG PET After 1 Cycle of Chemotherapy

Category 18F-FDG PET � 18F-FDG PET �

Relapse 13 2
Remission 2 13
Total 15 15
Median PFS* (mo) 0 Not reached

*Statistically significant difference between negative and positive
18F-FDG PET results (P � 0.0001).

Sensitivity � 87%; specificity � 87%; negative predictive
value � 87%; positive predictive value � 87%; accuracy � 87%.

1020 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 43 • No. 8 • August 2002



did not undergo 18F-FDG PET immediately at the comple-
tion of chemotherapy, she still maintains positive 18F-FDG
PET findings in these locations after a follow-up of 18 mo
but remains in clinical remission.

Negative 18F-FDG PET Results. Of the 15 patients with
negative 18F-FDG PET results, 13 are still in complete
remission (87%) after a median follow-up of 19 mo (range,
18–24 mo). Two 18F-FDG PET studies had false-negative
findings. Although 2 patients had a brief clinical complete
response (1 HD, PFS � 4 mo; 1 NHL, PFS � 6 mo), their
disease eventually relapsed at the original site of involve-
ment (mediastinum and retroperitoneal lymph nodes, re-
spectively).

Overall Analysis. The sensitivity, specificity, and overall
accuracy of 18F-FDG PET performed after the first cycle for
predicting 18-mo outcome were 87%. The positive and
negative predictive values of 18F-FDG PET were also 87%
(Table 3). There was a statistically significant difference in
PFS between patients with negative (median PFS not
reached) and those with positive (median PFS, 0 mo) 18F-
FDG PET results after the first cycle of therapy (P �
0.0001) (Fig. 1).

18F-FDG PET Data Obtained Late After Chemotherapy
There were 23 patients who underwent 18F-FDG PET

both after the first cycle and at the completion of therapy. Of

these, 6 showed residual abnormal 18F-FDG uptake, and the
studies of 17 were considered negative for residual lym-
phoma (Table 4).

Positive 18F-FDG PET Results. In this group of 6 pa-
tients, 5 patients either experienced disease relapse (1 pa-
tient) or never achieved remission (4 patients). Relapse
occurred at the same involved site as observed on the
pretherapy 18F-FDG PET study. The median PFS in this
group was 0 mo (range, 0–4 mo). In 1 of the 6 patients,
18F-FDG PET was false-positive for residual disease in the
thymus, and this finding was confirmed to be thymic hy-
perplasia by a posttherapy CT scan. CT scans were not
diagnostic for residual lymphoma and were indeterminate
for viable lymphoma in all 5 patients.

Negative 18F-FDG PET Results. Of the 17 patients with
negative 18F-FDG PET results, 11 are still in complete
remission (65%) after a median follow-up of 19 mo (range,
18–24 mo). The remaining 6 patients (4 NHL, 2 HD)
experienced disease relapse at the original site, with a me-
dian PFS of 6.5 mo (range, 5–18 mo). The disease was in
the head or neck in 2 patients and in the chest in 4 patients.
Of 6 patients with false-negative results, 4 had a brief
clinical complete response (1 HD, PFS � 5 mo; 3 NHL,
PFS � 6, 6, and 7 mo, respectively), but their disease
eventually relapsed. In 2 patients, the disease recurred at 10

FIGURE 1. In entire group of patients
who underwent 18F-FDG PET after first cy-
cle of chemotherapy (30 patients), Kaplan–
Meier estimate of PFS for 15 patients with
positive 18F-FDG PET results is compared
with that for 15 patients with negative 18F-
FDG PET results after first cycle of chemo-
therapy. Statistically significant difference
in PFS was found between positive and
negative 18F-FDG PET results (P � 0.001).

TABLE 4
18F-FDG PET After 1 Cycle vs. After Completion of Chemotherapy

Category

After 1 cycle After completion
18F-FDG PET � 18F-FDG PET � 18F-FDG PET � 18F-FDG PET �

Relapse 9 2 5 6
Remission 1 11 1 11
Total 10 13 6 17
Median PFS (mo) 5 Not reached 0 Not reached
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and 18 mo, respectively, after the completion of therapy. Of
6 patients with false-negative 18F-FDG PET findings, CT
was indeterminate for residual lymphoma in 5 and revealed
partial remission based on size criteria in 1.

Overall Analysis. The sensitivity, specificity, and overall
accuracy of 18F-FDG PET performed after the completion
of chemotherapy for predicting 18-mo outcome were
45.5%, 92%, and 70%, respectively. The positive and neg-
ative predictive values of 18F-FDG PET were 83% and 65%,
respectively (Table 5). There was a statistically significant
difference in PFS between the patients with negative (me-
dian PFS not reached) and those with positive (median PFS,
0 mo) 18F-FDG PET results after the completion of therapy
(P � 0.001) (Fig. 2)

Comparative Data Between Early and Late Evaluations
The results of 18F-FDG PET obtained after the first cycle

and at the completion of chemotherapy were concordant in
17 of 23 patients (positive concordance in 5 patients, neg-
ative concordance in 12 patients) (9 NHL, 8 HD) and
discordant in 6 patients (positive after the first cycle but

negative at completion in 5 patients, negative after the first
cycle but positive at completion in 1 patient) (4 NHL,
2 HD).

Discordant Results. In 5 of 6 patients with discordant
results, 18F-FDG PET results after the first cycle of therapy
accurately predicted relapse whereas all 5 18F-FDG PET
studies at the completion of chemotherapy were false-neg-
ative for residual disease in all patients (Fig. 3). The disease
relapsed in these 5 patients, with a median PFS of 7 mo
(range, 5–18 mo). There was 1 HD patient in whom 18F-
FDG PET after 1 cycle of chemotherapy was false-negative
in the mediastinum whereas 18F-FDG PET after the com-
pletion of chemotherapy was true-positive in predicting
disease recurrence. This patient had disease relapse in the
mediastinum after a PFS of 4 mo.

Concordant Results. Of 12 concordant negative 18F-FDG
PET studies, 11 were of cases that are still in remission after
a median follow-up of 19 mo (range, 18–24 mo) (Fig. 4).
There was only 1 patient with false-negative results, whose
disease relapsed with a PFS of 6 mo. Of 5 concordant

TABLE 5
Overall Comparative Analysis

Index

All patients* (n � 23) Patients with poor prognosis† (n � 18)

After 1 cycle (%) After completion (%) After 1 cycle (%) After completion (%)

Sensitivity 82 45.5 82 45.5
Specificity 92 92 86 86
Negative predictive value 85 65 75 50
Positive predictive value 90 83 90 83
Accuracy 87 70 83 61

*These patients had data available for 18F-FDG PET performed after first and last cycles.
†These patients were entered in study at relapse before salvage therapy or had poor prognostic features at initial staging.

FIGURE 2. In group of patients who un-
derwent both early and late 18F-FDG PET
(23 patients), Kaplan–Meier estimate of
PFS for 6 patients with positive 18F-FDG
PET results is compared with that for 17
patients with negative 18F-FDG PET results
at completion of chemotherapy. Statisti-
cally significant difference in PFS was
found between positive and negative 18F-
FDG PET results (P � 0.001).
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positive 18F-FDG PET studies, 4 were of patients who were
never free of disease. There was 1 patient in whom both
18F-FDG PET studies revealed false-positive findings for
residual disease. This patient had CT-confirmed thymic
hyperplasia.

The detection of residual tumor by 18F-FDG PET after the
first cycle of chemotherapy had a higher sensitivity, nega-
tive predictive value, positive predictive value, and accu-
racy for relapse than that by 18F-FDG PET at the completion
of chemotherapy (82% vs. 45.5%, 85% vs. 65%, 90% vs.
83%, and 87% vs. 70%, respectively). The specificity for
18F-FDG PET after the first cycle and last cycle of chemo-
therapy was the same (92%) (Table 5).

18F-FDG PET results obtained after the first cycle and
after the completion of chemotherapy using the logistic
regression for 23 patients indicated a statistically significant
difference in PFS between patients with negative and those
with positive 18F-FDG PET results (P � 0.001) (Figs. 2 and
5); however, PFS and 18F-FDG PET correlated better after
the first cycle of therapy than after the completion of ther-
apy (r2 � 0.45 vs. 0.17; �2 � 14.2 vs. 4.36). The 18-mo
actuarial PFS rates after 1 cycle and after the completion of

chemotherapy for patients with negative 18F-FDG PET re-
sults were 85% and 65%, respectively, compared with 10%
and 17%, respectively, for patients with positive 18F-FDG
PET results.

Comparative Data Between Early and Late Evaluations
for Patients with Poor Prognostic Features

Among 23 patients on whom comparative 18F-FDG
PET data (after the first and last cycles of therapy) were
available, 18 poor-prognosis patients, consisting of 10
who were in relapse before salvage therapy and 8 who
had features of high risk for recurrence at initial staging,
were evaluated (Table 2). Eleven of 18 patients had
disease relapse, with a median PFS of 5 mo (range, 0 –18
mo), and 7 were in sustained remission during a median
follow-up of 19 mo (range, 18 –24 mo). 18F-FDG PET
after the first cycle and last cycle of chemotherapy pre-
dicted PFS in 15 patients (83%) and 11 patients (61%),
respectively. After the first cycle, the 18F-FDG PET re-
sults were false-negative in 2, false-positive in 1 (thymic
rebound), true-positive in 9, and true-negative in 6; after
the last cycle, the 18F-FDG PET results were false-neg-

FIGURE 3. A 35-y-old man with bulky HD underwent 18F-FDG PET before (A), after first cycle of (B), and at completion of (C)
chemotherapy. Pretherapy 18F-FDG PET images reveal radiotracer uptake in anterior mediastinum involving both hilar regions and
extending into left supraclavicular region. Patient underwent chemotherapy with doxorubicin, bleomycin, vinblastine, and dacar-
bazine. 18F-FDG PET after first cycle of chemotherapy reveals residual disease in right anterior mediastinum, whereas 18F-FDG PET
at completion of chemotherapy shows no evidence of residual lymphoma in corresponding regions. Disease relapsed in medias-
tinum after PFS of 6 mo. Images obtained after first cycle show physiologic uptake in salivary glands, oral mucosa, right shoulder
(trapezius muscle), and heart.

FIGURE 4. A 45-y-old man with NHL un-
derwent 18F-FDG PET before (A), after first
cycle of (B), and at completion of (C) che-
motherapy. Pretherapy 18F-FDG PET im-
ages reveal radiotracer uptake in naso-
pharynx and left cervical lymph nodes.
Patient underwent chemotherapy with cy-
clophosphamide, doxorubicin, vincristine,
and prednisone. Both after first cycle and
at completion of chemotherapy, 18F-FDG
PET reveals no evidence of residual dis-
ease. Disease was still in remission after
PFS of 18 mo. All images show physiologic
uptake in heart.
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ative in 6, false-positive in 1 (thymic rebound), true-
positive in 5, and true-negative in 6.

The results of 18F-FDG PET after the first cycle and at the
completion of chemotherapy were concordant in 12 of 18
patients (positive concordance in 5 patients, negative con-
cordance in 7 patients) and discordant in 6 patients. Among
6 patients with discordant results, the relapse that occurred
in 5 had been predicted by 18F-FDG PET after the first cycle
of therapy, whereas 18F-FDG PET after the last cycle had
been false-negative in all 6 (Fig. 3). In these 5 patients,
median PFS was 7 mo (range, 5–18 mo). In 1 discordant
case, 18F-FDG PET after 1 cycle was false-negative in the
mediastinum and converted to true-positive at the comple-
tion of therapy. The disease of this patient relapsed after a
PFS of 4 mo. Of 5 patients with concordant positive 18F-
FDG PET studies, 4 never achieved remission (PFS, 0 mo).
In 1 patient with thymic hyperplasia, both 18F-FDG PET
studies were false-positive. Among 7 concordant negative
studies, 6 were of patients whose disease was in complete
remission during a median follow-up of 19.5 mo (range,
18–24 mo). There was 1 false-negative study for a patient
whose disease relapsed at 6 mo.

Overall Comparative Analysis
The comparative statistical values between data obtained

for 18F-FDG PET after the first cycle and at the completion
of chemotherapy were similar to those obtained for the
entire patient group (Table 5). Sensitivity, specificity, neg-
ative predictive value, positive predictive value, and accu-
racy for 18F-FDG PET after the first cycle versus at the
completion of chemotherapy were 82% versus 45.5%, 86%
versus 86%, 75% versus 50%, 90% versus 83%, and 83%
versus 61%, respectively.

A comparison of the 18F-FDG PET results obtained after
the first cycle and at the completion of chemotherapy using
logistic regression for 18 patients indicated a statistically

significant difference in PFS between positive and negative
18F-FDG PET results at the completion of therapy (P �
0.001). The 18-mo actuarial PFS rates for patients with
negative 18F-FDG PET studies were 75% and 50%, com-
pared with 10% and 17% for patients with positive 18F-FDG
PET results, after 1 cycle and at the completion of chemo-
therapy, respectively.

DISCUSSION

Efforts are now being made to improve the outcome of
patients who do not achieve a sustained complete remission
with aggressive therapy (7,20,21). In this regard, our find-
ings clearly showed that 18F-FDG PET has a high prognos-
tic value for evaluation of therapy as early as after 1 cycle
in aggressive NHL and HD. Ninety percent of patients with
positive 18F-FDG PET results after 1 cycle experienced
disease relapse with a median PFS of 5 mo, whereas for
85% of patients who had negative 18F-FDG PET findings,
the disease remained in complete remission with a mini-
mum follow-up of 18 mo. Disease relapsed in all patients
with persistent 18F-FDG uptake both after the first cycle and
at the completion of therapy, except 1 patient who had
thymic rebound, a condition known to cause false-positive
findings (22,23). The PFS was significantly different (P �
0.001) between patients with negative 18F-FDG PET results
and patients with positive 18F-FDG PET results after 1 cycle
of treatment. After the completion of chemotherapy, al-
though there was a statistically significant difference be-
tween patients with 18F-FDG PET negative findings and
patients with 18F-FDG PET positive findings, 18F-FDG PET
results were not as good a predictor of long-term outcome
(Table 5; Fig. 2). 18F-FDG PET findings after the comple-
tion of chemotherapy yielded a significantly lower sensitiv-
ity and negative predictive value than did findings after the
first cycle.

FIGURE 5. In group of patients who un-
derwent both early and late 18F-FDG PET
(23 patients), Kaplan–Meier estimate of
PFS for 10 patients with positive 18F-FDG
PET results is compared with that for 13
patients with negative 18F-FDG PET results
after first cycle of chemotherapy. Statisti-
cally significant difference in PFS was
found between positive and negative 18F-
FDG PET results (P � 0.001).
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The disease activity may completely resolve after ther-
apy, but residual masses may persist on CT because reso-
lution of therapy-induced anatomic changes usually lags
behind tumor cell mortality. 67Ga imaging is a standard
procedure for the posttreatment evaluation of tumor viabil-
ity. In previous studies, 67Ga imaging after 1 cycle of
therapy has been found to be predictive of outcome in
aggressive NHL and HD but, because of the physiologic
excretion of 67Ga in the bowel, is less effective for the
interpretation of abdominal involvement (6,10,24). Further-
more, 67Ga imaging lacks sensitivity for deeply located
small lesions. Various reports have shown the effectiveness
of 18F-FDG PET in the posttreatment evaluation of lympho-
mas. The results of a previous study indicated that 18F-FDG
PET was superior to 67Ga scintigraphy in accurately detect-
ing disease sites in aggressive NHL and HD, with a sensi-
tivity of 100% and 80.3%, respectively (11). Furthermore,
18F-FDG PET scans have a higher diagnostic and prognostic
value than CT scans in the posttreatment evaluation of
lymphomas (15). Thus, 18F-FDG PET has become the most
helpful noninvasive modality in differentiating tumor recur-
rence from fibrosis when CT scans show a residual mass
(12,15,22,23,25,26).

In our data, the relapse rate when 18F-FDG PET at the
completion of therapy had negative results was higher than
that when 18F-FDG PET after the first cycle had negative
results (35% vs. 15%). After the completion of therapy,
there were 6 false-negative 18F-FDG PET studies, with
relapses occurring at a median of 7 mo. Interestingly, in 5 of
these 6 studies, 18F-FDG PET after the first cycle predicted
relapse by showing residual 18F-FDG uptake in the tumor.
In these studies, CT had no additional value in predicting
recurrence. Other studies have also shown CT to offer no
further benefit in predicting the outcome of lymphoma
(7,18). The superior capability of 18F-FDG PET to predict
outcome in patients with aggressive lymphoma and HD
early during therapy is most likely the consequence of the
sensitivity and rapid response characteristics of these lym-
phomas to chemotherapy. Our findings suggest that positive
18F-FDG PET results after 1 cycle reflect the metabolic
activity of potentially resistant clones, which, although re-
sponding to chemotherapy, do so more slowly than do those
homogeneously sensitive tumor cells. In a recent study,
disease later relapsed in 20% of all lymphoma patients for
whom 18F-FDG PET performed at the completion of ther-
apy had negative findings (18). In contrast to the high
false-negative rate observed with late 18F-FDG PET studies,
only 2 early 18F-FDG PET studies had false-negative find-
ings, which recurred after brief clinical remissions. This
recurrence may possibly result from a small cluster of
resistant clones that remained after the first cycle of therapy
and escaped detection because of the resolution limits of the
PET scanner.

The results for both the poor-prognosis group and the
entire group after the first cycle of chemotherapy were
similar, except that negative predictive value was lower for

the poor-prognosis group (85% vs. 75%). This finding,
however, may stem from the small size of the study group.
Although the rate of relapse in patients with a poor prog-
nosis is expected to be high, 18F-FDG PET was accurate in
predicting remission. Indeed, 6 of 7 patients with concor-
dant negative 18F-FDG PET findings both after the first
cycle and at completion remain in complete remission with
a median follow-up of 19.5 mo. Although the predictive
value for remission was equal for both early and late studies,
there is an advantage to assessing this poor-prognosis group
early during chemotherapy, because early evidence of per-
sistent disease may mandate an innovative intervention such
as bone marrow transplantation. In this group, 18F-FDG
PET may prove to be the imaging modality of choice for
follow-up.

In our group of patients, for negative 18F-FDG PET
findings after the first and last cycles, relapse rates were
15% (2/11 patients) and 35% (6/17 patients), respectively.
The relapse rates after the last cycle of chemotherapy in our
data appear to be higher than those reported for a prior study
(18). The prior study included only patients evaluated at
initial staging who underwent first-line therapy and included
patients with low-grade lymphoma. Our series included
both patients at initial staging and patients at relapse before
salvage therapy, who were at a higher risk of disease recur-
rence. In our data, we investigated only aggressive NHL and
HD because both types of lymphoma are sensitive to che-
motherapy and potentially curable and may benefit from
earlier more intensive treatment programs if tumor resis-
tance is detected. In the previous study, the minimal fol-
low-up period in some patients was 12 mo, whereas the
minimal follow-up period in our study was 18 mo. Hence,
by virtue of our study design, higher relapse rates than those
observed in the prior study were anticipated.

Romer et al. (17) reported that 18F-FDG PET studies
performed 7–42 d after therapeutic intervention had some
predictive value in a small number of patients with high-
grade NHL. In this study, chemotherapy caused a rapid
decrease in tumor 18F-FDG uptake as early as 7 d after
treatment, and 18F-FDG uptake continued to decline during
therapy. During a follow-up of 16 � 4 mo, 50% of patients
continued to show remission. Our findings were similar to
those obtained in this previous study except that remission
rates in our series were higher. In our series, 85% of patients
with complete disappearance of 18F-FDG uptake after 1
cycle of chemotherapy were in remission during a median
follow-up of 19 mo. The differences in remission rates
between our study and the previous study can be attributed
to differences in study design. The previous study evaluated
only 11 patients, and the main objectives were to determine
the extent and time course of changes in 18F-FDG use in
response to therapy and whether these changes in early
uptake predicted the outcome of therapy. In our study, we
evaluated 30 patients and our main objective was to deter-
mine whether 18F-FDG PET could determine the outcome
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of therapy after the first cycle of therapy versus after the
completion of therapy.

If abnormal 18F-FDG uptake is seen after the first cycle of
chemotherapy, the chances for relapse are significantly
high; thus, close follow-up is mandatory in this group of
patients. Negative 18F-FDG PET results after the first cycle
were highly suggestive of long-term remission, whereas
negative results after the completion of chemotherapy were
less accurate. Although tumor progression or disease re-
lapse may still develop in a few patients with negative
18F-FDG PET results early during treatment, 18F-FDG PET
after the first cycle of chemotherapy remains far more
predictive of outcome than is late 18F-FDG PET.

Patients with relapsed or refractory aggressive NHL or
HD (appropriate candidates) generally receive second-line
chemotherapy, and if the disease is sensitive to second-line
chemotherapy, randomized trials have shown a survival
benefit from high-dose chemotherapy and stem cell trans-
plantation (27). If sufficient data were available that persis-
tent positive 18F-FDG PET results after 1 cycle of chemo-
therapy portend a poor prognosis, one could argue either
that one should switch the treatment to second-line chemo-
therapy and stem cell transplantation without completing a
full course of initial chemotherapy or that one should,
contrary to the usual procedure, repeat the 18F-FDG PET
after 2–3 cycles and, if the findings are still positive, repeat
the tumor biopsy or push for an earlier switch to an alter-
native dose-intense treatment. Our study provides a strong
argument for consideration of a follow-up trial in which
18F-FDG PET is performed after 1 cycle to evaluate a
potential subsequent change in treatment based on the re-
sults. Patients with negative 18F-FDG PET findings after 1
cycle and thus a good prognosis would continue with a full
course of their first-line treatment, whereas patients with
positive 18F-FDG PET findings after 1 cycle and thus a less
favorable prognosis could be randomized to receive a full
course of first-line treatment.

Of note, this study used a dual-head coincidence camera
with attenuation correction instead of a dedicated full-ring
PET system. Coincidence cameras have one third the sen-
sitivity of dedicated PET systems. With the added benefit of
attenuation correction, however, the detection rate of coin-
cidence PET has been reported to increase from 60% to
80% for lesions � 2 cm (28). Given the superior sensitivity
of dedicated PET systems, it is even more impressive that
the prognostic value of 18F-FDG imaging early during ther-
apy was so readily shown in this study.

CONCLUSION

We believe that this study indicates that 18F-FDG PET, by
itself, has a high prognostic value after the first cycle of
therapy and is a valid alternative for posttreatment evalua-
tion of aggressive NHL and HD. If these data are substan-
tiated by other studies, 18F-FDG PET evaluation after the

first cycle may need to be incorporated into standard fol-
low-up procedures.
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