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Abstract
Rationale—Positron emission tomography (PET) and positron emission tomography–computed
tomography (PET-CT) are widely used for surveillance purposes in patients following cancer
treatments. We conducted a systematic review to assess the diagnostic accuracy and clinical
impact of PET and PET-CT used for surveillance in several cancer types.

Methods—We searched MEDLINE and Cochrane Library databases from 1996 to March 2012
for relevant English-language studies of PET or PET-CT used for surveillance in patients with
lymphoma, colorectal cancer, or head and neck cancer. We included prospective or retrospective
studies that reported test accuracy and comparative studies that assessed clinical impact.

Results—Twelve studies met our inclusion criteria: six in lymphoma (n=767 patients), two in
colorectal cancer (n=96), and four in head and neck cancer (n=194). All studies lacked a uniform
definition of surveillance and scan protocols. One-half were retrospective studies and one-third
were rated as low quality. The majority reported sensitivities and specificities in the range of 90%
to 100%, although several studies reported lower results. The only randomized controlled trial, a
colorectal cancer study with 65 patients in the surveillance arm, reported earlier detection of
recurrences with PET and suggested improved clinical outcomes.

Conclusion—There is insufficient evidence to draw conclusions on the clinical impact of PET
or PET-CT surveillance for these cancers. The lack of standard definitions for surveillance,
heterogeneous scanning protocols, and inconsistencies in reporting test accuracy precludes making
an informed judgment of the value of PET for this potential indication.

Keywords
surveillance; PET; PET-CT; lymphoma; colorectal

Corresponding Author: Joseph Lau, MD, jlau1@tuftsmedicalcenter.org, ph 617-6364750 fax 617-636-8628, Tufts Medical Center,
800 Washington Street, Box 63, Boston, MA 02111.

Conflict of Interest: BAS: Advisory Board and stockholder, Radiology Corporation of America; Advisory Board, Siemens Molecular
Imaging; Advisory Board, GE Healthcare.

NIH Public Access
Author Manuscript
J Nucl Med. Author manuscript; available in PMC 2014 April 09.

Published in final edited form as:
J Nucl Med. 2013 September ; 54(9): 1518–1527. doi:10.2967/jnumed.112.119362.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Background
Positron emission tomography (PET) using the glucose analog 2-[18F]fluoro-2-deoxy-D-
glucose (FDG) has become an important modality for cancer imaging because of the
characteristically increased utilization of glucose by malignant cells. Since its introduction
in 2000, PET integrated with computed tomography (PET-CT) has progressively replaced
conventional PET and nearly all scanners now used worldwide are PET-CT scanners.(1)
Compared with conventional PET, PET-CT provides greater accuracy in localizing FDG
uptake, with resultant improvement in observer performance.(2), (3) Hereafter, PET will
refer to PET or PET-CT; distinctions will be made where indicated.

PET is used for a wide variety of cancer types and clinical purposes, including diagnosis,
initial staging, assessment of treatment response(4), (5), restaging, detection of clinically
suspected recurrence and surveillance.(6), (7), (8), (9) Using advanced imaging, including
PET, for post-treatment surveillance of patients after treatment is controversial and generally
is not recommended for most cancer types.(10), (11) It is a widely held yet anecdotal
impression that surveillance PET imaging is common, yet there are few published estimates
of utilization rates for this indication.(12) The National Oncologic PET Registry does not
specifically gather data on the use of PET for surveillance purposes.(13) While systematic
reviews have been conducted for a range of PET uses, none have focused on the use of PET
specifically for surveillance.(14), (15)

A common conceptual framework for evaluating diagnostic test technologies categorizes
studies into six levels of assessments.(16) In this systematic review, we searched for
evidence to assess the diagnostic accuracy and clinical impact of surveillance PET (i.e.,
impact of scans on use of other diagnostic tests, impact on therapeutic decisions, and effect
on patient outcomes). We focused a priori on lymphoma, colorectal cancer, and head and
neck cancer, as these have the most studies and, in our experience, have the largest number
of patients undergoing post-treatment surveillance. We also gathered data from studies that
did not meet the inclusion criteria to inform future research recommendations.

Methods
In carrying out this systematic review, we adhered to the PRISMA statement for reporting
systematic reviews and meta-analyses.(17)

Literature Search Strategy
We searched the MEDLINE and Cochrane Central Trials Registry databases from 1996 to
March 2012 for English-language studies examining the use of PET in lymphoma, colorectal
cancer, and head and neck cancer. In addition, we searched the Cochrane Database of
Systematic Reviews to identify relevant reviews and manually reviewed the reference lists
of studies that met our inclusion criteria. A variety of keywords and MESH terms were used,
including terms used to describe PET devices and terms related to surveillance (e.g.,
“monitoring” and “follow-up”).

Study Selection
The abstracts were reviewed for eligibility by one of four authors (KP, JLau, JLee, and NH)
with questionable studies being adjudicated by all the authors. Surveillance imaging was
defined as imaging performed at least six months after completion of treatment with curative
intent among patients who were considered to be disease free by clinical examination or
other imaging prior at the time of PET. We included reports evaluating patients with
lymphoma, colorectal cancer, or head and neck cancer at any cancer stage before treatment.
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Studies were excluded if results were not separately reported for patients considered to be
disease free or if patients were suspected by any clinical signs or symptoms of having
recurrent disease. Scans could be performed on a one-time basis or periodic schedule.
Acceptable reference standards for recurrence included histology, other imaging modalities,
laboratory tests, clinical examination, or some combination as defined by the study authors.

For studies of test accuracy, we included prospective or retrospective studies. We accepted
studies that (1) used either individual patients or individual scans as the unit of analysis and
(2) either reported test accuracy (e.g., sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), positive likelihood ratio (LR+), and negative
likelihood ratio (LR-)) or presented data in 2×2 tables allowing calculating accuracy. For
studies assessing clinical impact, we considered only comparative studies.

Data Extraction and Calculation of Test Accuracy
Data from each study were extracted by one of us (KP, NH) and confirmed by another.
Discrepancies were reconciled by three of us (JLau, KP, and NH). Information was collected
on cancer type, patient characteristics, details of the surveillance protocol, the reference
standard used, and relevant measures for diagnostic accuracy and clinical impact outcomes.
While some studies performed surveillance scans at more than one timepoint, test accuracy
metrics were typically not reported for all time points, and surveillance protocols often were
unclear as to which patients were included in later scans. Thus for each study, we extracted
data for the first timepoint at which surveillance scans occurred, at a minimum of six months
post treatment completion. Where possible, we also computed the “yield” of screening,
defined as the percentage of positive studies (true positive plus false positive) in the scanned
population. When they were not provided by the study, test accuracy measures (sensitivity,
specificity, positive and negative predictive values, and likelihood ratios) as well as
confidence intervals were calculated using STATA version 11.0.

Study Quality Assessment
We extracted information on the design, conduct, and reporting and used the Quality
Assessment of Diagnostic Accuracy Studies (QUADAS) tool to evaluate the quality of the
studies assessing test accuracy.(18) For comparative studies reporting on clinical impact
outcomes, we combined QUADAS together with selected items from the Cochrane Risk of
Bias tool that were applicable to diagnostic testing studies.(19) The primary data extractor
assessed the study quality and another reviewer confirmed the quality grade.

We rated each study using an “A”, “B”, or “C” letter grade according to predefined criteria.
Quality A studies adhered to recognized standards of conduct for diagnostic test studies and
provided clear descriptions of the design, population, test, reference standard, and outcomes.
These studies also had no major reporting omissions or errors and no obvious source of bias.
Quality B studies had some deficiencies in these criteria, but these deficiencies were
considered unlikely to result in a major bias (retrospective studies start with a lower grade of
“B”). Quality C studies had serious design and/or reporting deficiencies.

Results are summarized by cancer type, and separately for PET and PET-CT. While we
reported information on quality “C” studies, we drew test accuracy conclusions only from
quality “A” and “B” studies.

Role of Funding Source
This study was funded by the National Cancer Institute. The funder had no role in informing
selection of the topic or in protocol development, and did not review the manuscript.
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Results
The literature search yielded 1,813 citations, from which 146 full-text articles were
evaluated (Figure 1). Twelve studies (seven PET, five PET-CT) met our inclusion criteria
and provided test accuracy data. One study, a randomized controlled trial, also provided data
on impact on therapeutic decision-making and clinical outcomes.(20) Studies were most
often excluded for failing to meet our definition of surveillance; most commonly for
scanning less than six months after completion of treatment or scanning performed for
assessing treatment response or restaging. Additional studies were excluded for a variety of
other reasons, such as including patients suspected of having recurrent disease, lacking test
accuracy results, and including cancer types outside the scope of this review.

Table 1 shows the characteristics of the included studies: six lymphoma studies (two PET,
four PET-CT), two PET studies in colorectal cancer, and four in head and neck cancer (three
PET, one PET-CT). All five PET-CT studies utilized CT for attenuation correction and
localization of PET findings. One study used contrast-enhanced CT for diagnostic purposes.
(21)

There was no standard definition of surveillance across all studies or within cancer types,
nor was there a consistent time schedule used for repeated scans. The duration between the
final surveillance PET and the last clinical follow-up examination ranged from 2.3 months
to 31 months. In seven studies, patients were scanned serially, in four studies patients were
scanned once, and in one the frequency could not be determined. The reference standard
used to verify PET results varied between studies, and included CT alone, as well as a
combination of laboratory and imaging findings and an absence of symptoms.

While patients were deemed to be disease-free after treatment completion in all studies, the
specific means of confirmation of disease status was not provided in ten. Patients in two
studies were deemed disease free by negative PET-CT done for restaging after treatment.
(22), (23)

In colorectal cancer and head and neck cancer, all studies reported diagnostic accuracy using
patients as the unit of analysis. Two lymphoma reports used scans as the unit of analysis.
(24), (25) No clear information was provided as to how sensitivity and specificity were
calculated in the cases where a patient had conflicting scan results at two different time
points (i.e., if a patient had a negative scan followed by a positive scan).(26)

Table 2 lists for each study our overall quality ratings as well as specific grading criteria.
There was one quality A study, eight quality B studies, and three quality C studies.

Lymphoma
There were four retrospective PET-CT studies and two prospective PET studies. Four were
rated as quality B,(22), (23), (24), (26) and two quality C.(21), (27) The two quality C
studies are listed in the results tables but are not included in the synthesis of the body of
literature because of their low quality. Sample sizes of B quality studies ranged from 27 to
421 patients with a total of 541 patients. Only one study analyzed children.(24)

Table 3 shows diagnostic accuracy by cancer type and imaging modality. The three quality
B PET-CT studies included 120 patients, had a per patient level sensitivity of 100%, and
specificities ranging from 43% to 92%.(22), (23), (24) One PET study with 421 patients was
rated quality B, and reported a sensitivity of 89% and a specificity of 100%.(26) Among the
four lymphoma studies with sufficient data to calculate predictive values, positive predictive
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values ranged from 0.2 to 1.0 and negative predictive values ranged from 0.98 to 1.0; the
yield of positive PET scans in these studies ranged from 9.6% to 63%.

Colorectal Cancer
Two PET studies evaluated patients with colorectal cancer. One was a randomized
controlled trial of 130 patients(20) and the other a retrospective study with 31
patients.24,(28) The randomized trial compared a conventional surveillance strategy that
included CT at 9 and 15 months after surgery (n=65) with a strategy that included both PET
and CT scans (n=65) at the same timepoints. This trial assessed impact on therapeutic
decision-making and mortality, as well as test accuracy. The retrospective study performed
one PET scan at 2 years after treatment and was graded C quality because of likely selection
bias.

The randomized trial ended recruitment early due to ethical and methodological concerns
when PET-CT scanning became available in 2004 at their institution. For clinical impact
outcomes, the study was rated quality A, with groups balanced in baseline characteristics
and adequate reporting of data. Using a per-protocol analysis with 60 patients in the PET
group (5 fewer than in the intention-to-treat analysis due to missing data) and 65 in the
control group, the study found that recurrences were detected sooner after baseline in
patients in the PET group (12.1±4.1 months) compared to patients in those in the control
group (15.4±6 months; p=0.01). Therapy was started sooner, but not significantly so, in the
PET group (14.8±4.1 versus 17.5 ±6.0 months, p=0.09). Surgery for recurrent disease was
performed more frequently in those in the PET group (15 of 23 [65%] versus 2 of 21 [9.5
%], p<0.0001). Moreover, the frequency of curative resection of recurrences was higher in
the PET group (43.8% versus 9.5%, p<0.01). Intention-to-treat analyses gave similar results.
Using a per-protocol analysis, the study also found that a non-significantly greater number
of patients with recurrences died during the study period (with a maximum follow-up of 24
months) in the control group than in the PET group (28.5% versus 13%, p=0.33). This study
was rated quality B for assessment of test accuracy with sensitivity of 100% and specificity
of 96%. Yield could not be calculated.

Head and Neck Cancer
Patients with head and neck cancer were evaluated by PET-CT in one prospective study(25)
and by PET in three (two prospective(29), (30), one retrospective(31)) PET studies. The
PET-CT study was rated quality A and the PET studies were rated quality B. The PET
studies had unclear reporting as well as possible selection bias.

The prospective PET-CT study enrolled 91 squamous cell carcinoma patients, and reported a
sensitivity of 100% and a specificity of 85%. The three PET studies comprised 103 patients,
and included two studies examining squamous cell carcinoma(30), (31) and one including
all cell types.(29) Sensitivities ranged from 75% to 100% and specificities ranged from 92%
to 95%. The four head and neck cancer studies had positive predictive values between 0.5
and 0.9, negative predictive values of 1.0, and a yield of positive PET scans ranging from
14% to 57%.

Additional Analysis of Studies Not Included in the Review
Less than 10% of retrieved full-text articles met our inclusion criteria. Table 4 summarizes
selected characteristics leading to exclusion. Less than a quarter of lymphoma and colorectal
cancer and roughly half of head and neck cancer studies had prospective designs. Less than
15% of lymphoma and head and neck cancer studies included patients that were considered
to be disease free at the time of imaging, and approximately a quarter of studies in these
cancers described the scans as surveillance. In none of the colorectal cancer studies were
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patients verified to be disease-free, and only in one of these were the scans described as
surveillance.

Several studies met the majority of inclusion criteria but failed to either adequately report
the surveillance protocol or clearly describe their patient population. For example, one study
described scans as being for the purpose of surveillance, but these were performed at a
median of 12 weeks after treatment completion (and thus would be more properly classified
as restaging).(32) Another study performed scans at a median time post-treatment
completion of 6.6 months but the range was 1.6 to 166 months and 28 of 35 scans were for
suspected recurrence.(33)

Discussion
This systematic review of PET used for post-treatment surveillance of patients with
lymphoma, colorectal cancer, or head and neck cancer found only one comparative study
examining its impact on patient management and few studies that assessed test accuracy.
The sole randomized trial suggests that PET may have an important clinical impact in
therapeutic decision making and improved patient outcomes when used for surveillance of
colorectal cancer; one of the few cancers for which evidence exists supporting intensive
post-treatment surveillance.(34) The majority of trials reported sensitivity and specificity in
the range of 90% and 100%, but there were others which were much lower.

Due to the inconsistent definition of surveillance, variations in imaging protocols, and few
studies employing a particular imaging modality in a given cancer type, we did not conduct
a meta-analysis of this heterogeneous data. In addition, the literature was of inferior quality
—seven out of 12 studies used a retrospective design and half lacked blinded outcome
assessments. The retrospective studies had an inconsistent or an absence of a pre-defined
scanning frequency and interval. Prospective studies used widely ranged scanning schedules
– ranging from multiple scans every 6 months to performing one scan at roughly 2 years
after treatment completion.

Our finding of the absence of evidence in support of PET-CT in post-treatment surveillance
is reflected in practice guidelines.(10), (11) Current NCCN guidelines do not recommend
surveillance. For head and neck cancer, PET is recommended for restaging in patients with
higher stage disease (III and IV), but not thereafter. Similarly, PET is now the standard of
care for end of treatment response assessment in Hodgkin lymphoma and aggressive Non-
Hodgkin lymphoma, but not for surveillance. The Hodgkin lymphoma guideline explicitly
states that surveillance PET should not be done because of the risk of false-positives, and
PET is also not recommended in the Non-Hodgkin lymphoma guideline. Despite this, PET-
CT is commonly used for the purpose of surveillance.(35) Possible risks of using PET-CT
for surveillance include overtreatment based on false-positives and unnecessary radiation
exposure.(36)

Our review highlights that the problems of surveillance are dominated by two failures. First,
there is a lack of common definition or taxonomy of surveillance (the minimal time since
last treatment and the absence of clinical or other diagnostic suspicion of recurrence).
Second, there is no well-thought out, prospective protocol based on cancer type and stage at
last treatment. Testing intervals should be tailored to the relative risk of recurrence that has
been shown in each of these cancers to have its own declining pattern with time.

Few studies met the inclusion criteria of our review. However, some studies that were
excluded from the review may have included patients who had surveillance scans. Because
of the limited amount of poor quality evidence on surveillance scanning, we collected data
from rejected studies to better understand characteristics of studies that didn't meet our
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inclusion criteria but still may fall under the definition of surveillance scanning. We found
that the large majority of these studies did not include patients who were disease-free at the
time of the scan, and most did not clearly report the details of the scanning protocol. Our
review has a number of limitations. Results were difficult to synthesize due to lack of a
standard surveillance definition. Studies were generally of poor quality with more than half
being of retrospective design. In studies conducting multiple scans as part of a surveillance
protocol, we were unable to utilize all available results data because of a lack of consistent
definitions of test accuracy and incomplete reporting. One head and neck cancer study
included in this review examined the hypothetical therapeutic impact of PET surveillance,
but this outcome was not included in our results because of the lack of a comparison group.
(30) In addition, our review included two generations of PET technologies—PET alone and
PET-CT. There is substantial evidence across many cancer types and indications that PET
alone is more sensitive and specific than conventional imaging methods. Thus, even though
PET-CT results are usually more accurate than those with PET alone, results from PET only
studies set a baseline of performance, which are likely only to be improved upon by PET-
CT. Finally, we did not assess publication bias. While this is always a concern in systematic
review that unpublished negative studies may negate the positive results, the paucity of
evidence in favor of using surveillance PET scans made this less of a concern. There is also
a the lack of reliable methods to assess publication bias.(37)

Future research should provide detailed descriptions of the surveillance protocols and patient
populations, which has been suggested in previous systematic reviews of colorectal cancer
surveillance.(38), (34) More well-conducted studies will help to answer the questions of
which patients would be helped most by surveillance (e.g., patients of different disease
severities) as well as which surveillance protocols are most effective for different cancer
types. Due to the small number of RCTs conducted in this area, it is even more important for
prospective trials to be specific in describing protocols and patient populations in order to
understand the efficacy of PET-CT surveillance strategies. Retrospective studies can inform
the question of PET-CT surveillance test accuracy, but prospective studies are needed to
address aspects of clinical impact, such as impact on therapeutic decision making, mortality
and morbidity, and effect on usage of other imaging tests. As suggested by Baca,(38)
adapting the parameters of surveillance protocols (such as frequency and duration of
surveillance) to patient risk levels is an intriguing study design that would allow a more
targeted approach to surveillance. Different cancer types with different natural histories may
dictate variable surveillance durations, as the benefits and risks of follow-up vary over time.
(38)

The results of this review point to the need to establish common definitions of surveillance
and surveillance protocols. Broadly, surveillance can be defined as evaluation of an
asymptomatic patient with no clinical evidence of disease to assess for otherwise occult
disease. In addition to a need for improved reporting, there is a need for comparative studies
of surveillance that are powered to look at clinically relevant outcomes. Future high-quality
prospective studies, including randomized trials, are necessary to answer the question of
what role surveillance scanning should play and for what duration in different cancer types.
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Figure 1.
Literature flow – This figure enumerates abstracts as well as retrieved and included studies
for the review.
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Table 4
Characteristics of studies not included after full-text screening

Lymphoma
41 (40%)

Head & Neck Cancer
38 (37%)

Colorectal Cancer
24 (23%)

Prospective 6 (15%) 17 (45%) 5 (21%)

Blinded scan interpretation 9 (22%) 10 (26%) 8 (33%)

PET only 17 (41%) 16 (42%) 18(75%)

PET / PET-CT 0 (0%) 2 (5%) 3 (12%)

PET-CT only 24 (58%) 20 (53%) 3 (12%)

Reported accuracy results 25 (61%) 29 (76%) 21 (88%)

Reported PET schedule clearly 11 (27%) 13 (34%) 2 (8%)

Patients disease free at time of scan 3 (7%) 5 (13%) 0 (0%)

Describes scans as ‘surveillance’ 10 (24%) 10 (26%) 1 (4%)
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