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PET and 18F-FDG have the potential to follow the early meta-
bolic response to chemotherapy in patients with non–small
cell lung cancer and to predict success or failure of the therapy.
Methods: We studied 16 patients with non–small cell lung can-
cer as they followed 2 courses of docetaxel and carboplatin.
Each patient was studied weekly for 7 wk, and tissue activity
was assessed by the amount of radioactivity retained 90 min
after the intravenous injection of 18F-FDG. In a prospective
analysis, the linear least-squares method was used to evaluate
the time course of metabolic activity in tumor and liver, bone
marrow, and unaffected lung tissues; a metabolic response
was defined as a response in which the slope of the regression
was negative and significantly different from zero. Our hypoth-
esis was that patients who exhibited a tumor metabolic re-
sponse would survive longer than those who did not. In a
retrospective examination of our data, we grouped our patients
into those who survived ,6 mo and those who survived longer
and calculated the difference in the standardized uptake value
(SUV) between day 7 and subsequent time points to determine
the most appropriate timing of 2 PET studies in predicting re-
sponse to therapy. Results: Fifteen of 16 patients completed
the study. In the prospective study, 8 patients were classified
as nonresponders as the slope of the regression of tumor
SUV versus time was not different from zero; they all died
within 35 wk of the end of their study. Seven patients were clas-
sified as responders; 5 survived and 2 died, one at 25 wk and
the other at 76 wk. In the retrospective study, a decrease of
0.5 SUV between studies performed at 1 and 3 wk after the
initiation of chemotherapy was predictive of those patients
who survived .6 mo and in whom chemotherapy was pre-
sumably successful. Conclusion: Patients with non–small
cell lung cancer who had a positive outcome, as exhibited by
prolonged survival, were those who showed a tumor metabolic
response assessed using weekly 18F-FDG PET studies.
18F-FDG PET studies performed at 1 and 3 wk after the initia-
tion of chemotherapy allowed prediction of the response to
therapy.
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Lung cancer remains the leading cause of cancer death
in the United States, with more than 186,000 new cases

diagnosed and 167,000 deaths expected for 2006 (1). Most

patients with non–small cell lung cancer (NSCLC) present

late in the course of their illness with inoperable advanced

stage III or stage IV disease (2,3). In early NSCLC, surgical

resection remains the standard of care in fit patients, whereas

in patients with unresectable stage III or stage IV disease who

can tolerate the treatment, chemotherapy, or a combination of

chemotherapy and radiation therapy, is the standard of care

(4). No single chemotherapy regimen has been demonstrated

to be superior to others. A symptomatic response is typically

observed after only one course of chemotherapy (5), and

further improvements in symptom relief, objective response

rate, or quality of life are rarely accrued beyond 3 courses (6).

Because not all patients with NSCLC respond favorably to

chemotherapy, and because of the significant toxicity of the

treatment, it is critical to identify those patients who are

unlikely to obtain any meaningful advantage from the che-

motherapy and to identify those who are the most likely to

benefit from such therapy.
PET with the radiopharmaceutical 18F-FDG, comple-

mented with CT, is widely used for the diagnosis and staging

in patients with cancer (7). In addition, the technique plays an

important role in the management of patients with the disease

(8). 18F-FDG PET has been used, after chemotherapy or

chemoradiotherapy, to evaluate whether the tumor should be

resected (9,10) and for restaging after completion of therapy

(11). The technique also has the potential to provide an

accurate assessment of the early response to multicourse

treatment, with the ultimate goal of identifying responding

and nonresponding tumors and of tailoring therapy according

to the information obtained.
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Several 18F-FDG PET studies have looked at early re-
sponse to chemotherapy in various neoplasms—lymphoma
and Hodgkin’s disease (12), gastric carcinoma (13), ovarian
cancer (14), and breast cancer (15,16)—and to chemoradio-
therapy in others—rectal carcinoma (17), esophageal carci-
noma (18,19), and head and neck cancer (20). In all of these
studies, significant differences in tracer uptake between
nonresponding tumors and responding lesions were observed
as early as after the first course of therapy and were closely
correlated with the final outcome, the overall survival of the
patient.

Few studies have looked at the early response to chemo-
therapy in patients with NSCLC. One study has addressed
early changes in 18F-FDG PET uptake in 55 patients with
stage IIIB–IV NSCLC treated with palliative chemotherapy.
PET was performed 1 wk before and after a 21-d cycle of
chemotherapy. Standardized uptake values (SUVs) normal-
ized to patients’ body weight were calculated from the mean
activity concentration in the tumor regions of interest be-
tween 45 and 60 min after injection. A metabolic response by
PET was prospectively defined as a decrease of .20% in the
SUV from baseline (21). Reduction in metabolic activity was
correlated with the final outcome of therapy according to
response evaluation criteria in solid tumors (RECIST crite-
ria) (22). In another study, 47 patients with stage IIIA-N2
NSCLC were imaged with 18F-FDG PET before induction
chemotherapy and after 1 cycle and 3 cycles of platinum-
based systemic therapy. Simple semiquantitative (SUV at
40260 min after injection and corrected for body-surface
area and plasma glucose) and complex (Patlak analysis;
10260 min after injection) PET methods performed equally
well and had added value over CT in monitoring the response
to therapy (23).

In all of the studies published thus far, the response to
chemotherapy has been assessed by evaluating the patients at

1 or, at most, 2 time points after the initiation of chemother-
apy. The aim of our study was to assess the week-by-week
metabolic response of the tumor, starting at the initiation of
chemotherapy; this will not only further our understanding of
early response but also lead to the development and valida-
tion of a useful tool to evaluate this response.

Our approach was to follow the time course of 18F-FDG
metabolic activity of non–small cell lung tumors, weekly
for 7 wk, during 2 courses of chemotherapy. To character-
ize this time course, we calculated the slope of the relation
between time and tumor activity and tested the null hypo-
thesis that this slope was not different from zero (P ,

0.05). We predicted that those patients in whom the slope
was negative and different from zero were responding
successfully to the chemotherapy and, therefore, would
exhibit increased overall survival, whereas those patients in
whom the slope was either positive or not different from
zero would not.

Recognizing that 7 18F-FDG PET/CT examinations would
not be routinely available to all patients, we also examined
our data to determine the most appropriate time for a single
examination without undue loss in predictive power. Unfor-
tunately, this analysis can only be done retrospectively as we
have no a priori basis to suggest a criterion. For this analysis,
we elected to divide our patients into those who survived ,6
mo and those who survived longer.

MATERIALS AND METHODS

Sixteen patients (mean age, 67 y; range, 50–80 y) with inoperable
NSCLC who had not received prior chemotherapy or radiotherapy
were studied between May 2004 and December 2005. Tissue
samples were reviewed by 3 pathologists who arrived at a consensus
diagnosis. The histologic cancer types were squamous cell carci-
noma in 6 patients; adenocarcinoma in 8 patients; large cell car-
cinoma in 1 patient; and poorly differentiated non–small cell

TABLE 1
Patient Characteristics

Patient Age (y) Sex Cell type Stage Initial treatment Further treatments Survival (wk)

1 69 M Large cell carcinoma IIIB Docetaxel 1 carboplatin Docetaxel 1 carboplatin 76

2 69 M Adenocarcinoma IV Docetaxel 1 carboplatin Docetaxel 1 carboplatin .87

3 70 M Adenocarcinoma IV Docetaxel 1 carboplatin Docetaxel 1 carboplatin .87
4 80 M Adenocarcinoma IV (Withdrew)

5 69 F Adenocarcinoma IV Docetaxel 1 carboplatin Gefitinib 23

6 77 M Squamous cell carcinoma IV Docetaxel 1 carboplatin Gemcitabine 1 carboplatin 8

7 66 F Squamous cell carcinoma IV Docetaxel 1 carboplatin Docetaxel 1 carboplatin 19
8 54 M Squamous cell carcinoma IV Docetaxel 1 carboplatin Gemcitabine 1 carboplatin 30

9 78 M Squamous cell carcinoma IV Docetaxel 1 carboplatin Docetaxel 1 carboplatin 35

10 60 F Adenocarcinoma IV Docetaxel 1 carboplatin Docetaxel 1 carboplatin .44

11 79 M Squamous cell carcinoma IV Docetaxel 1 carboplatin Docetaxel 1 carboplatin 20
12 58 M Adenocarcinoma IV Docetaxel 1 carboplatin Docetaxel 1 carboplatin 25

13 69 M Poorly differentiated IV Docetaxel 1 carboplatin Erlotinib .41

14 50 M Adenocarcinoma IV Docetaxel 1 carboplatin Gemcitabine 1 carboplatin 15
15 60 M Squamous cell carcinoma IIIB Docetaxel 1 carboplatin RT with docetaxel 1 carboplatin 19

16 66 M Adenocarcinoma IV Docetaxel 1 carboplatin Docetaxel 1 carboplatin .11

RT 5 radiotherapy.
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carcinoma in 1 patient (Table 1). Each patient was studied imme-
diately before initiation of chemotherapy and weekly for the next
6 weeks. All patients completed at least 2 cycles of chemotherapy, a
cycle consisting of giving docetaxel (30 mg/m2) plus carboplatin
(area under the curve, 5), followed 1 wk later by docetaxel (30
mg/m2) alone. The first PET/CT study (study 1) was performed
just before the patient was given the first dose of docetaxel plus
carboplatin. The subsequent PET/CT studies were performed as
follows: day 7, PET/CT study 2 followed by administration of
docetaxel; day 14, PET/CT study 3; day 21, PET/CT study 4
followed by administration of docetaxel plus carboplatin; day 28,
PET/CT study 5 followed by administration of docetaxel; day 35,
PET/CT study 6; day 42, PET/CT study 7 followed by administra-
tion of further chemotherapy (Fig. 1).

All patients were treated in the Cancer Institute at the University
of Tennessee Medical Center. All patients were monitored for 2 y,
or until death. The Institutional Review Board of the University of
Tennessee Graduate School of Medicine approved the study pro-
tocol. A physician explained the details of the study to the patients,
and written informed consent was obtained before enrolling the
patient into the study.

18F-FDG PET/CT
Each patient was advised to fast for at least 6 h before the

examination. Each was studied on a Biograph-16 (Siemens Medical
Solutions USA, Inc.) 90 min after the intravenous injection of 400 6

70 MBq of 18F-FDG (range, 3002600 MBq). The first and seventh
PET/CT scans were diagnostic scans covering the area from chin to
pelvis. These CT scans were obtained after the intravenous injec-
tion of contrast material and were performed using the following
parameters: 120 kVp; 160 mA�s; 1-s tube rotation; 4-mm slice
collimation; 5-mm reconstruction slice thickness; table feed of 8
mm per rotation. For the other 5 scans, the coverage was restricted to
300 mm (2 PET bed positions, covering the thoracic region) to
minimize the radiation dose from the CT (Fig. 1). In these cases, no
intravenous contrast was administered, and the following parame-
ters were used: 120 kVp; 80 mAs; 1-s tube rotation; 4-mm slice
collimation; 5-mm reconstruction slice thickness; table feed of 8
mm per rotation. PET data were acquired for 4 min at each bed
position. After compensation for random coincidences and scattered

radiation (24), and applying CT-based attenuation correction (25),
PETimages were reconstructed using an ordered-subset expectation
maximization (OSEM) iterative algorithm (26,27) (4 iterations, 8
subsets) to a final image resolution of approximately 8-mm full
width at half maximum.

Average SUVs, the ratio of activity retained in a tissue to the
total activity injected into the patient, were obtained from volumes
of interest drawn in the tumor(s), the liver, the bone marrow, and
the unaffected lung and normalized to body weight. The variation
in patient weight over the 7 measurements in the 15 patients
included in the analysis was 2.1% (range, 0.3%28.7%). The range
of plasma glucose concentration was 752306 mg/dL (mean, 107
mg/dL). Most of this variation was due to 1 patient (patient 11),
whose mean plasma glucose concentration was 185 mg/dL, with a
range of 1242306 mg/dL.

Volumes of interest were determined automatically over the
primary tumor. First, a sphere of interest, adequately encompass-
ing the tumor region, was specified. The extent and location of this
3-dimensional object were determined in the axial and coronal
planes. The sphere was then searched automatically to flag each
connected voxel above a set threshold; the threshold was set to 5
SUVs. The reproducibility of the placement of the volume of in-
terest in successive studies in the same patient was ensured by the
automated nature of the search algorithm.

For the liver, the bone marrow, and the lung, a sphere of interest
was specified. For the bone marrow, the sphere was determined
within the eighth thoracic vertebra. For the liver and the lung, the
extent and location of the sphere were determined in the axial and
coronal planes on the first study. The extent and location of these
spheres were transferred to the subsequent studies using the
anatomic information from the CT scan and the metabolic infor-
mation from the PET scan to ensure proper placement.

All statistical tests were performed at the 5% level of signif-
icance.

Prospective Analysis
The linear regression of SUV against time was calculated using

the linear least-squares method for each of the structures identi-
fied. The F statistic was used to test the null hypothesis that the
SUV did not change over time. Metabolic nonresponders were

FIGURE 1. Timing of PET/CT examinations and medication administration.
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defined, prospectively, as those patients in whom the significance
level for the relation between tumor SUV and time did not reach
significance (P . 0.05); metabolic responders would show a
significant decline of tumor SUV with time (P , 0.05). Survival
from the date of the end of the second cycle of chemotherapy was
defined as the main endpoint. Survival rates of responder and
nonresponder patients were estimated according to Kaplan–Meier.

Retrospective Analysis
For each patient, the difference in SUV between the study on

day 7 and each of the 5 subsequent studies was calculated, and a t
test used to compare the results from the responder and the non-
responder groups.

RESULTS

SUVs obtained from volumes of interest drawn in the
tumor are given for all patients in Table 2. One patient, 80 y
old, withdrew from the study after the initial scan and was
not included in further analysis.

Prospective Analysis

Because there was no difference between the tumor
retention at week 1 and at week 2 (paired t test; t14 5 0.0781;
P 5 0.939), we elected to fit the data from the 6 time points
(weeks 2 through 7) after initiation of chemotherapy.

In 8 of the 15 patients, the slope of the regression
through the tumor data points was not different from zero,
indicating little change in tumor activity over the course of
the treatment (Fig. 2A). In this group, the mean slope was
20.053 SUV/wk (range, 20.770 to 0.337 SUV/wk). The
mean age of the group was 67 y (range, 50279 y). All 8
patients died; the median survival was 20 wk (range, 8235
wk). In the remaining 7 cases, the slope of the regression
was negative, suggesting a decrease in tumor activity (Fig.
2B). In this group, the mean slope was 20.732 SUV/wk
(range, 21.260 to 20.151 SUV/wk). The mean age of the
group was 66 y (range, 58270 y). Of these 7 patients, 5
survived and 2 died (at 25 and 76 wk) (Table 3; Fig. 3).

In contrast, in presumed healthy lung, liver or bone
marrow none of the regression slopes through the data points
was different from zero, indicating no global change in
activity throughout the course of chemotherapy. The mean
slope was 0.006 SUV/wk (range, 20.033 to 0.040) in the
lung, 20.001 SUV/wk (range, 20.117 to 0.147) in the bone
marrow, and 0.022 SUV/wk (range, 20.080 to 0.151) in the
liver (Table 3; Fig. 3).

Median follow-up was 25 wk (range, 11287 wk) for all
patients. Figure 4 shows a Kaplan–Meier survival plot for
the 2 groups of patients. In patients without a metabolic
response during the first 2 courses of chemotherapy, median
survival was 20 wk, whereas median survival has not been
reached in patients with a metabolic response (difference in
survival between the 2 groups significant at P 5 0.0016).

Retrospective Analysis

Seven patients died within 6 mo of the end of their study
(mean, 18 wk; range, 8225 wk); these patients were classi-
fied as nonresponders. Four other patients survived between
30 and 76 wk (mean, 47 wk), and the other patients have been
monitored up to a maximum of 20 mo; these 8 patients were
classified as responders. For all of the patients who died,
death was attributed to cancer-related complications.

TABLE 2
Mean Tumor SUV for Individual Patients

Patient Day 0 Day 7 Day 14 Day 21 Day 28 Day 35 Day 42

1 6.9 7.2 7.2 5.2 5.6 5.2 5.8

2 2.9 3.4 3.0 2.9 3.1 3.0 2.7

3 6.5 7.7 6.6 5.6 4.3 2.7 2.4
4 12.3 10.8

5 7.1 6.6 5.8 6.4 6.0 5.7 6.0

6 8.9 8.5 8.6 9.2 8.5 8.4 10.7
7 9.2 9.0 8.5 9.0 10.0 9.1 10.0

8 9.1 9.6 7.4 8.8 7.7 9.6 9.9

9 8.1 10.9 7.1 6.7 7.7 7.2 6.7

10 6.3 6.2 6.4 5.6 5.0 5.1 5.9
11 7.2 5.8 6.0 6.5 6.7 6.8 7.2

12 7.7 7.7 7.0 7.0 6.6 6.2 6.4

13 9.8 8.8 7.6 6.7 7.4 6.3 7.2

14 7.8 5.6 7.6 7.7 7.6 6.8 7.8
15 8.6 9.2 9.4 9.3 8.9 8.3 9.0

16 9.7 9.2 8.6 8.2 7.4 6.9 7.0

FIGURE 2. Illustrative examples of least-squares fit (dashed
line) to experimental data (diamonds). (A) Slope of regression
line is not significantly different from zero (P 5 0.799). Patient
(patient 6) survived only 8 wk after end of chemotherapy. (B)
Slope of regression line is significantly different from zero (P ,

0.001). Patient (patient 3) is still alive, 20 mo after end of study.

EARLY RESPONSE TO CHEMOTHERAPY IN NSCLC • Nahmias et al. 747



There was no statistically significant difference between
the SUVs obtained on day 1 and on day 7 either in the
overall group (paired t test; t14 5 0.0781; P 5 0.939) or
when the responders (t8 5 21.163; P 5 0.282) and non-
responders (t7 5 1.616; P 5 0.157) were considered sep-
arately. For this reason, all subsequent analyses were
performed using the study on day 7 as reference.

The mean differences between tumor SUV measured on
day 7 and tumor SUVat later time points for the nonresponder
and the responder groups are given in Table 4 and are plotted
in Figure 5. The comparison between the 2 groups, using an
unpaired t test, is also given in Table 4. Because the earliest
time at which a significant difference was observed was
between days 21 and 7, these differences are plotted for all
patients in Figure 6. Selecting as a threshold a decrease of 0.5
SUV between days 21 and 7 identifies correctly all of the
patients who have survived .6 mo and misclassifies 1 non-
responder (difference in SUV for this patient was 20.7). This
0.5 SUV threshold corresponds to an approximate decrease
of 10% compared with the baseline study on day 7; the
conclusion is virtually identical when expressed in terms of
percentage change instead of absolute change. Using this
threshold, the sensitivity of the test in identifying nonre-
sponders is 0.86 and the positive predictive value is 1.

DISCUSSION

Most patients with NSCLC present late in the course of
their disease with inoperable advanced stage III or stage IV

disease; therefore, many are candidates for palliative che-
motherapy. The natural history of advanced NSCLC re-
mains particularly poor, with a median survival of 4–6 mo.
In a review of 10 randomized clinical trials, the median sur-
vival time for treated patients was 6.5 mo (range, 4.728.5
mo), whereas the median survival time of patients receiving
the best supportive care was 3.6 mo (range, 2.424.9 mo)
(4). Many of the chemotherapeutic agents cause significant
toxicity, such as anemia, nausea and vomiting, and renal
toxicity (28). Over the last 10 y newer agents have emerged
that have provided slightly better median and 1-y survival,
7–10 mo, with 35%–40% alive at 1 y (3). Although
platinum-based combination therapy represents the current
standard of care (29), these platinum-based regimens are
usually accompanied with higher toxicity (30). From a
cost-effectiveness perspective, as well as from a quality-of-
life perspective, it is therefore important for patients to
determine, early in the course of their treatment, whether
their disease is responding to therapy.

In this study, we followed the week-by-week changes in
metabolic activity of non–small cell lung tumors during 2
courses of chemotherapy. We also documented the changes
in metabolic activity occurring in the liver, bone marrow, and
unaffected lung. As a marker for the metabolic rate for
glucose, we used SUVs normalized to the patient’s body
weight, without correction for plasma glucose concentration.

We characterized the time course of metabolic activity
by calculating the slope of the relation between time and
tissue activity and tested the null hypothesis that this slope

TABLE 3
Slopes of Regression Line Through SUVs for Lung, Bone Marrow, Liver, and Tumor

Slope (SUV/wk)

Lung Marrow Liver Tumor P Survival (wk) Alive

Patient*
5 0.020 20.041 20.040 20.178 0.187 23 No

6 0.026 0.021 0.071 0.337 0.367 8 No

7 0.037 0.003 0.017 20.040 0.883 19 No

8 0.020 20.076 0.075 0.020 0.934 30 No
9 0.040 20.117 20.080 20.080 0.785 35 No

11 20.009 0.0451 20.071 0.269 0.130 20 No

14 0.001 20.031 0.004 0.020 0.925 15 No

15 0.003 20.042 0.032 20.770 0.059 19 No
Mean 20.053 20 No

Patienty

1 20.033 20.027 20.009 20.477 0.008 76 No
2 0.014 0.009 0.040 20.151 0.050 .87 Yes

3 20.011 0.008 0.151 20.591 0.001 .87 Yes

10 0.009 0.147 20.011 21.260 0.006 .44 Yes

12 0.006 0.058 0.034 20.760 0.013 25 No
13 20.014 0.018 0.049 20.780 0.033 .41 Yes

16 20.017 0.007 0.071 21.106 0.001 .11 Yes

Mean 0.006 20.001 0.022 20.732 50

*Results that did not reach significance.
yResults that did reach significance.

P values are not tabulated for lung and liver as neither P value was ,0.05. P values are tabulated for tumor.
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was not different from zero. We defined prospectively a
metabolic response as one in which the slope was negative
and significantly different from zero at least at the 5% level.
Our results show that there are no significant changes in
unaffected tissue metabolism during the 2 courses of che-
motherapy (Fig. 3), possibly reflecting a lack of toxicity of
the anticancer agents in these tissues over the short period of
our study.

In contrast, we have demonstrated that the patients could
be divided into 2 groups depending on whether the metabolic
activity of the tumor did not change over the same time period
or showed a steady decline in activity (Fig. 2). All patients
who showed no statistically significant decrease in tumor
activity died within 35 wk of the end of chemotherapy,
whereas 5 of 7 patients that showed a significant decrease
survived.

It is unlikely that 7 18F-FDG PET examinations, as
performed in this study, would be available to all patients.
From our retrospective analysis, the earliest time interval for
2 examinations is 1 and 3 wk after the initiation of chemo-
therapy. Our results agree well with other studies showing
that response to chemotherapy can be assessed and is, in fact,
best assessed after the completion of one cycle of chemo-
therapy (21), thus identifying those patients for whom ther-
apy is of limited benefit. In addition, we find that for those
patients with a favorable response to chemotherapy, this
response is greatest at 3 or 4 wk after its initiation. Beyond 4
wk, our study suggests that the favorable response may not be
sustained in all patients.

It is interesting to note that in a study of primary breast
tumors that ultimately achieved a complete macroscopic
pathologic response, a significant reduction in the mean dose
uptake ratio was observed after the first (t 5 3.24; P 5 0.003),
fourth (t 5 2.12; P 5 0.014), and eighth (t 5 2.32; P 5 0.031)
pulses of chemotherapy when compared with the dose uptake
ratio measured in less-responsive tumors (15). Each pulse

FIGURE 4. Kaplan–Meier survival plot. Metabolic responders
were defined as those patients for whom the slope through
tumor data points was negative and significantly different from
zero; metabolic nonresponders were defined as those patients
for whom the slope was either positive or not significantly dif-
ferent from zero. Tick marks represent censored events—that
is, survival time of those patients who have not yet reached the
endpoint defined as death.

FIGURE 3. Slopes of regression line through SUVs for lung,
bone marrow, liver, and tumor. Each symbol represents slope
of line of best fit through 6 data points for unaffected lung, liver,
or tumor. Open circles represent slopes that were not signif-
icantly different from zero; asterisks represent slopes different
from zero at least at 5% level. Note that significance depends
on both magnitude of slope and spread of underlying data;
thus, open circles and asterisks may overlap. NS 5 not
significant.

TABLE 4
Mean Difference in SUV 6 SD for Responder and Nonresponder Groups

Parameter Days 14 and 7 Days 21 and 7 Days 28 and 7 Days 35 and 7 Days 42 and 7

D SUV (nonresponders) 0.06 6 0.95 0.38 6 0.90 0.26 6 1.05 20.18 6 1.01 0.66 6 1.40

D SUV (responders) 21.13 6 1.31 20.166 6 1.21 21.84 6 1.00 22.13 6 1.66 21.91 6 1.93

t13 21.979 23.664 23.981 22.686 22.904
P 0.0694 0.0029 0.0016 0.0187 0.0123

Unpaired t test was used to compare means at each determination. Corresponding P value is also given.
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lasted 21 d. This pattern of significant change observed soon
after the initiation of therapy, and becoming less significant
with increasing numbers of cycles, is similar to the one we
report here. These observations suggest that responses are
achieved after one course of chemotherapy and that response
is less predictable with further chemotherapy cycles. Never-
theless, an initial response is a good indicator of prolonged

survival. In addition, in agreement with the results presented
here, these authors concluded that a 10% reduction in dose
uptake ratio was an effective criterion for predicting the
overall pathologic response of the lesion after a single pulse
of chemotherapy.

Clinically, it has been suggested that the duration of first-
line therapy in these patients should be brief, consisting of
3 or 4 cycles or fewer if there are signs of progressive
disease (4). In a trial of a cisplatin-based regimen, 61% of
patients had a symptomatic response after only one course
of chemotherapy (21 d) and 96% after 2 courses (5). In
another trial of a similar cisplatin-based regimen, no sig-
nificant clinical benefit was accrued beyond 3 courses in
terms of symptom relief, objective response rate, survival,
or quality of life (6). Several studies have shown that, if
quality of life is to improve, it does so in most patients after
2 courses of chemotherapy and worsens after prolongation
of treatment (31). These observations may help explain our
results that consistent response rates can be obtained as
early as after one course of chemotherapy and that the
therapeutic effect of the chemotherapy may decrease pro-
gressively with additional courses.

All of the patients we studied went on to further cycles of
chemotherapy or chemoradiotherapy (Table 1), and some
developed metastases. Thus, an interesting observation from
our study is that once a patient showed a metabolic response
to the chemotherapy, their survival was significantly longer
than those patients who did not respond, irrespective of
subsequent treatment or disease progression (Fig. 4).

CONCLUSION

Our study demonstrates that patients who respond to
chemotherapy can be identified early in the course of their
treatment, and these patients will generally exhibit prolonged
overall survival. Although we studied a relatively small
number of patients and our results should be interpreted with
caution, it is clear that a repeat 18F-FDG PET study at the end
of the first cycle of chemotherapy would allow identification
of those patients in whom the therapy was futile. The ability
to provide an early indication of therapeutic response has the
potential to improve patient care by identifying those patients
who do not benefit from their current treatment and, there-
fore, would benefit from either stopping the treatment and the
associated side effects or going on to a different, and hope-
fully more adequate, therapeutic approach.
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