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The Centers for Medicare and Medicaid Services recently ruled that
only 3 posttherapy follow-up 18F-FDG PET/CT scans are funded for

a tumor type per patient and any additional follow-up PET/CT scans

will be funded at the discretion of the local Medicare administrator.
The purpose of this study was to evaluate the added value of 4 or

more follow-up PET/CT scans to clinical assessment and impact on

patient management. Methods: This was an institutional review

board–approved, retrospective study. A total of 1,171 patients with
biopsy-proven lung cancer who had undergone 18F-FDG PET/CT at

a single tertiary center from 2001 to 2013 were identified. Among

these, 85 patients (7.3%) had undergone 4 or more follow-up PET/

CT scans, for a total of 285 fourth and subsequent follow-up PET/CT
scans. Median follow-up from the fourth follow-up PET/CT scan was

31.4 mo (range, 0–155.2 mo). The follow-up PET/CT scan results were

correlated with clinical assessment and treatment changes. Results:
Of the 285 fourth and subsequent follow-up PET/CT scans, 149

(52.28%) were interpreted as positive and 136 (47.7%) as negative

for recurrence or metastasis. A total of 47 patients (55.3%) died during

the study period. PET/CT identified recurrence or metastasis in 44.3%
of scans performed without prior clinical suspicion and ruled out re-

currence or metastasis in 24.2% of scans performed with prior clinical

suspicion. The PET/CT scan resulted in a treatment change in 28.1%

(80/285) of the patients. New treatment was initiated for 20.4% (58/
285) of the scans, treatment was changed in 5.6% (16/285), and on-

going treatment was stopped in 2.1% (6/285). Conclusion: The fourth

and subsequent 18F-FDG PET/CT scans performed during follow-up

after completion of primary treatment added value to clinical assess-
ment and changed management 28.1% of the time.
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In the era of modern oncology, lung cancer has been challenging to
manage, accounting for 27% of all cancer-related deaths. Lung cancer
is also the leading cause of cancer-related mortality in men and women.

The American Cancer Society’s estimates for lung cancer in the United
States for 2014 are about 224,210 new cases and 159,260 deaths (1).
The 5-y relative survival rate for lung cancer varies markedly depend-

ing on the stage at diagnosis: 49%, 16%, and 2% for patients with
local, regional, and distant disease, respectively (2). A study by Gupta

et al. (3) has shown that lung cancer patients with resectable disease,
medically inoperable disease, and unresectable advanced disease had,

respectively, a 7%, 100%, and 53% incidence of adverse events.
The National Comprehensive Cancer Network recommends

chest CT with or without a contrast agent every 6–12 mo for 2 y,
followed by annual unenhanced chest CT for surveillance of lung

cancer (4). 18F-FDG PET/CT is a valuable investigation for many
oncology patients for staging, therapy assessment, management,
and prognosis (5–9). Toba et al. (10) evaluated the role of 18F-

FDG PET/CT in postoperative follow-up of asymptomatic non–
small cell lung cancer patients and showed that the PET/CT studies

correctly identified disease in 94% of the patients with disease re-
currence, yielding high diagnostic accuracy. Similar results were

obtained by other studies (11,12). Although there have been many
studies demonstrating the impact of 18F-FDG PET/CT on the man-

agement plan at staging (13) and in patients with suspected disease
recurrence (14,15), there is no substantial literature evaluating this

clinical question in follow-up PET/CT studies. Our previous study
evaluating the value of 18F-FDG PET/CT performed 6 mo after

completion of treatment demonstrated that these scans are valuable
in predicting survival outcomes and add value to clinical judgment,

regardless of the timing of the follow-up scan (16).
Recently, the Centers for Medicare and Medicaid Services has

determined that “three FDG PET scans are covered under § 1862

(a)(1)(A) when used to guide subsequent management of anti-
tumor treatment strategy after completion of initial anticancer

therapy. Coverage of any additional FDG PET scans (that is, be-
yond three) used to guide subsequent management of anti-tumor

treatment strategy after completion of initial anti-tumor therapy
will be determined by local Medicare Administrative Contractors”

(17). The objective of this study was to establish the value of
fourth and subsequent posttherapy follow-up 18F-FDG PET/CT

scans in the management of patients with lung cancer.

MATERIALS AND METHODS

Eligible Patients and Follow-up

This was a retrospective study performed under a waiver of
informed consent as approved by the Institutional Review Board.

The guidelines of the Health Insurance Portability and Accountability
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Act were followed. All patients treated for biopsy-proven lung cancer with

more than 3 follow-up 18F-FDG PET/CT scans obtained after completion of
primary treatment were included in the study. All 18F-FDG PET/CT scans

after the third follow-up scan were included in the study. Patients with 2
concurrent primary cancers or with a second primary cancer were excluded

from the study. Between January 2001 and October 2013, a total of 1,171
lung cancer patients who had been evaluated with 18F-FDG PET/CT were

identified from our PET center database, of whom 85 patients met our
study inclusion criteria, providing a total of 285 follow-up PET/CT

scans (range, 4–28 per patient). Only the fourth follow-up PET/CT scan
and the scans performed after the fourth scan were included in the

study. These scans were performed as part of routine clinical follow-
up or at the time that recurrence or metastasis was clinically suspected.

All patients were followed till death or their last day of clinical follow-
up at our center. The median follow-up time among these patients was

31.4 mo (range, 0–155.2 mo) from the fourth follow-up PET/CT scan.

Image Analysis

Board-certified nuclear medicine physicians interpreted the 18F-FDG

PET/CT images at the time they were obtained per the routine imaging
review protocol in the hospital. The scan reports were retrospectively

interpreted and categorized as positive, indeterminate, or negative by a nu-

clear medicine postdoctoral fellow and a radiology resident. Positive
reports clearly identified disease recurrence or metastases related to the

primary lung cancer. Indeterminate reports did not clearly identify or deny
disease, and the report impression included terminology such as “indeter-

minate” or “cannot exclude recurrence.” Negative scan reports clearly
excluded the possibility of disease. The scan results were dichotomized

into positive for disease (positive interpretations) or negative for disease
(negative and indeterminate interpretations). From our previous work in

other cancers such as head and neck cancer, it was anticipated that most of
the indeterminate scan results are true-negative for tumor and about 5% of

the indeterminate scan results eventually become false-negative when these
scans are classified as negative (18). Follow-up scans were further grouped

as having been performed for routine surveillance or secondary to clinical
suspicion of disease recurrence or metastases. This was established from

the last clinical note of the treating physician requesting the study and from
the indication of the study as stated in the scan request. An 18F-FDG PET/

CT scan was established as having been obtained for routine surveillance if
no concerns about lung cancer recurrence or metastasis were suspected.

Change in Management Measures

Treatment details immediately before and after each scan were
collected from electronic medical records to establish the change in

management. The impact of each 18F-FDG PET/CT follow-up scan
result on the treatment strategy for each patient was assessed and

categorized. First, the status of the patients before the PET/CT study
was categorized as being followed up with treatment or without treat-

ment. Then, patients who were being followed up without treatment
were categorized as receiving initiation of new treatment after the

PET/CT study or continuing on follow-up without treatment. Patients
who were being followed up with treatment were categorized as con-

tinuing on the same treatment after the PET/CT study, changing to
new treatment, or discontinuing treatment. The final category included

patients for whom not enough information was available for a judg-
ment on any treatment change before and after the PET/CT scan.

Thus, there were 6 categories in total.

Statistical Analysis

We present central tendencies as mean 6 SD or as median fol-

lowed by range in parentheses when data were skewed, or as fre-
quency and percentage for categoric variables. Between groups,

analyses were performed using independent-samples t testing, but
when data were skewed, the Mann–Whitney U test was used. Our

analysis was undertaken to determine whether there was an association

between follow-up PET/CT scan result and management change. Sta-

tistical significance was set at a 2-tailed P value of 0.05 for all tests. For
impact on change in management, all scans were included, as the

change in management was established after each scan. All statistical
analysis was performed using the JMP (version 11.0; SAS Institute Inc.)

statistical package.

RESULTS

Patient Characteristics

We identified 1,171 patients diagnosed with lung cancer who
had undergone an 18F-FDG PET/CT study. Of these patients, 85

TABLE 1
Characteristics of the 85 Patients

Characteristic n

Age (y)*

,60 30 (35.3%)

60–70 34 (40.0%)

.70 21 (24.7%)

Sex

Female 44 (51.8%)

Male 41 (48.2%)

Race

White 68 (80.0%)

Black 10 (11.8%)

Other 7 (8.2%)

Smoking

Yes 62 (72.9%)

No 23 (27.1%)

Histology

Adenocarcinoma 27 (31.8%)

Bronchioalveolar carcinoma 3 (3.5%)

Carcinoid 1 (1.2%)

Fibrous tumor 1 (1.2%)

Mesothelioma 4 (4.7%)

NSCLC 30 (35.3%)

SCC 19 (22.4%)

Stage

I 23 (27.1%)

II 10 (11.8%)

III 19 (22.4%)

IV 18 (21.2%)

Unknown 15 (17.6%)

Last treatment

Surgery 30 (35.3%)

Radiation 20 (23.5%)

Chemotherapy 35 (41.2%)

PET/CT outcome

Negative 18 (21.2%)

Positive 67 (78.8%)

*Mean ± SD, 64.6 ± 9.9 y.
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(7.3%) had 4 or more follow-up scans. Patient demographics,
histology, pretreatment stage, therapy details, and PET/CT results
are summarized in Table 1. In total, 285 scans were obtained from
the 85 lung cancer patients. The number of follow-up scans per
patient ranged from 4 to 28. Sixty one patients (71.8%) had 4–6
follow-up scans, 17 (20.0%) had 7–10 follow-up scans, and 9
(10.6%) had more than 10 follow-up scans. There were a total
of 112 scans that were then performed as the seventh follow-up
scan or later. Of these, 54 (48.2%) were performed for routine
follow-up; 24 (21.4%) for posttreatment assessment of either che-
motherapy, radiation therapy, surgical resection, or radiofrequency
ablation instituted for disease recurrence; 7 (6.3%) as part of mid-
chemotherapy response assessment; 14 (12.5%) as follow-up of
previously PET-positive findings; 9 (8.0%) as follow-up of pre-
viously PET-indeterminate findings; 2 (1.8%) for evaluation of
a paraneoplastic syndrome; and 2 (1.8%) for evaluation of clini-
cally identified disease recurrence.

Categorization of PET/CT Result

For clinical utility purposes, the negative and indeterminate
reports were grouped as “negative for tumor recurrence or metas-
tases” and positive reports were grouped as “positive for tumor
recurrence or metastases.” PET/CT scans were negative for recur-
rence or metastasis 47.7% (136/285) of the time. Of the negative
scans, 31.6% (43/136) were obtained within 24 mo after completion
of primary treatment and 68.4% (93/136) were obtained more than
24 mo after completion of primary treatment. Of the positive scans,
30.9% (46/149) were obtained within 24 mo after completion of
primary treatment and 69.1% (103/149) were obtained more than
24 mo after completion of primary treatment (Fig. 1). Among the
149 positive scans, 71 (47.7%) were positive for locoregional dis-
ease, 36 (24.2%) were positive for distant disease, and 42 (28.2%)
were positive for both locoregional and distant disease.

Impact on Clinical Assessment

We evaluated the impact of 18F-FDG PET/CT on clinical as-
sessment in follow-up at the time of the PET/CT scan. Of the 285
scans, 219 (76.8%) were obtained for routine follow-up without
clinical suspicion of recurrent disease or metastasis and 66
(23.2%) were obtained to evaluate for suspected disease. In the
context of clinical assessment, PET/CT identified recurrence or

metastasis in 44.3% (97/219) of scans performed without prior
clinical suspicion and ruled out recurrence or metastasis in
24.2% (16/66) of scans performed with prior clinical suspicion
(Fig. 1; Table 2). Of the 219 scans that were done without prior
clinical suspicion of disease, 117 (53.2%) had a previous positive
scan after treatment completion and 102 (46.8%) had either a neg-
ative scan or treatment-related changes before the scan during the
posttreatment period. Of the 66 scans that were performed with
prior clinical suspicion of disease, 20 (30.8%) were performed
while patients either were on treatment or had recently completed
treatment and for therapy assessment in addition to restaging; for
the other 46 scans (69.2%), the patients were not on any treatment
(Figs. 2–4).

FIGURE 1. Added value of PET/CT in clinical assessment. PET/CT

was helpful in excluding tumor in 24.2% (16/66) of PET/CT scans per-

formed with clinical suspicion of recurrence or metastasis and in iden-

tifying recurrence or metastasis in 44.3% (97/219) of PET/CT scan

performed with no prior clinical suspicion.

TABLE 2
Numbers of PET/CT Scans with Positive and Negative

Results

PET/CT result Routine Clinical suspicion Total

Positive 97 (44.3%) 50 (75.8%) 147 (51.6%)

Negative 122 (55.7%) 16 (24.2%) 138 (48.45)

Total 219 66 285

FIGURE 2. Axial fused PET/CT images of 39-y-old man with stage III

adenocarcinoma of right upper lobe of lung, treated primarily with lo-

bectomy and adjuvant chemoradiation. Recent chest imaging per-

formed almost 10 y after completion of primary treatment for evaluation

of pneumonia showed nodular thickening in left upper lobe, and a fifth

follow-up 18F-FDG PET/CT study was requested because of clinical

suspicion of lung cancer recurrence. PET/CT study demonstrates in-

tensely 18F-FDG–avid nodular soft tissue in left upper lobe (arrow) with

metabolically active mediastinal lymph nodes (arrow). Histopathologic

examination of mass revealed adenocarcinoma. This finding could be

suggestive of either disease recurrence or metachronous primary dis-

ease. After the study, patient underwent left upper lobectomy.
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Impact on Change in Management Strategy

The impact of each of the follow-up PET/CT studies on the
treatment planning was also evaluated by careful review of the
electronic medical records before and after the studies. Of the 285
scans, 157 (55.1%) were performed on patients who were not on
treatment before the scan. Of those 157 scans, 99 (63.1%) led to
no change in treatment and the patients continued to be followed
up, whereas 58 (36.9%) led to initiation of new treatment. Of the
75 scans that were performed on patients who were on treatment
before the scan, 53 (70.7%) led to no change in treatment and the
treatment plan was continued as before (PET/CT showed a good
response to the treatment, and the treatment regime was not
altered), 16 (21.3%) led to a change in treatment, and treatment
was stopped after 6 (8.0%). In 53 scans (18.6%), the treatment
impact of the scan was not known. The treatment impact of the
follow-up PET/CT studies is summarized in Table 3.

DISCUSSION

The objective of the study was to evaluate the value of the
fourth and subsequent 18F-FDG PET/CT studies in the follow-up
or surveillance of patients with lung cancer, performed after com-

pletion of primary treatment with or without clinical suspicion of
recurrence of metastases. Our study showed that the results of the
follow-up PET/CT studies can affect the treatment plan, resulting
in a change in treatment strategy in up to one third (30.21%) of the
patients. Hicks et al. (15) evaluated the impact of follow-up PET
scans in patients with lung cancer and found that the PET findings
induced a major management change in 40 of the 63 patients
(63%). Unlike our study, this study included all follow-up scans
obtained 6 mo after definitive treatment. Similarly, in a study by
Jimenez-Bonilla et al., the PET findings resulted in a treatment
change in 30.91% (17/55) of lung cancer patients (19). All follow-
up PET studies performed on lung cancer patients with suspected
recurrence were included in this study as well.
We have also observed from our study that the fourth and

subsequent follow-up 18F-FDG PET/CT scans can add value to
clinical assessment. PET/CT identified recurrence in 44.3% of
scans performed without prior clinical suspicion of recurrence
and ruled out recurrence in 24.2% of scans performed with prior
clinical suspicion. The majority (77%) of the fourth and subse-
quent follow-up scans were performed without prior clinical sus-
picion as routine follow-up scans (a behavior pattern). In both
groups, the fourth and subsequent follow-up PET/CT scans added
value to the clinical assessment. This added value of PET/CT in
the context of clinical assessment has been established by Hicks
et al. (15), who showed good diagnostic accuracy of 18F-FDG PET
in identifying disease on scans performed with prior clinical sus-
picion of active disease. Similar performance was noted by Keidar
et al., who evaluated the diagnostic value of 18F-FDG PET/CT in
suspected lung cancer recurrence (14). Both the above-mentioned
studies have been executed only on lung cancer patients with
suspected recurrence or relapse, and these studies include all
follow-up scans performed on these patients, irrespective of the
number of scans. In addition to the value of follow-up PET/CT in

FIGURE 3. Axial fused PET/CT images of 60-y-old woman with stage

2b (T3N0M0) adenocarcinoma of right upper lobe of lung, treated pri-

marily with lobectomy, lymph node dissection, and chemotherapy. A

routine fifth follow-up scan was requested without prior clinical suspi-

cion of lung cancer recurrence, 1 y after completion of primary treat-

ment. PET/CT study demonstrates hypermetabolic, metastatic multiple

osseous (arrow) and left adrenal lesions (arrow). Patient was started on

new chemotherapy regimen after study.

FIGURE 4. Anterior maximum-intensity projection (A) and coronal (B)

fused PET/CT images of 70-y-old man with stage II adenocarcinoma of

left lung, treated primarily with lobectomy and adjuvant chemotherapy.

Recent CT scan had revealed suggestive nodular thickening of left ad-

renal gland. An eighth follow-up scan was requested to evaluate this

finding, 3 y after completion of primary treatment. PET/CT study was

negative for active disease, consistent with complete remission.
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patients with clinical suspicion of disease, our study shows that
PET/CT adds value to the clinical assessment when performed
in the absence of prior clinical suspicion. However, we did not
investigate the frequency of the follow-up scan (time interval in
follow-up) in the context of no prior suspicion of disease. Though
a behavior pattern of routinely requesting follow-up scans is
strongly discouraged, the time interval of such scans for adding
value to clinical assessment needs to established.
We acknowledge multiple limitations to our study. The study

was retrospective and may have the inherent errors of confounding
when the exposure is not controlled. Indeterminate scan results
were included in the study and the exact cause of such a result was
not evaluated. The treatment plan was not clearly mentioned for
18.6% of the patients. The clinical indication of the study was
retrospectively examined from electronic medical records and the
PET/CT requisitions. The exact perspective of the clinician
ordering the study was not known, and we may have under-
estimated the clinical suspicion before the scans.

CONCLUSION

Our study showed that the fourth and subsequent follow-up 18F-
FDG PET/CT study adds value to clinical assessment and the
treatment planning strategy. Though a behavior pattern of request-
ing routine follow-up scans is strongly discouraged, this study
supports the suggestion that the number of follow-up scans per-
formed for each patient should be planned on the basis of the
individual-patient clinical context and cannot be generalized for
the whole subset of lung cancer patients.
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