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Abstract Fluorine 18 fluorodeoxyglucose (18F-FDG)

positron emission tomography (PET)/computed tomogra-

phy (CT) has emerged as a new modality for colorectal

cancer (CRC) patients. The aim of this meta-analysis was

to assess the diagnostic value of 18F-FDG PET/CT in de-

tecting local recurrence in patients with CRC. We searched

PubMed, Medline, Embase, and ISI databases to collect

articles in English that evaluated the diagnostic value of
18F-FDG PET/CT in patients with CRC. Two reviewers

independently assessed the methodological quality of each

study using the quality assessment of diagnostic accuracy

studies tool. The data were analyzed using Meta-Disc

(Version 1.4) and Stata (Version 12.0) software. We esti-

mated the sensitivity, specificity, positive likelihood ratio

(PLR), negative likelihood ratio (NLR), diagnostic odds

ratio (DOR), and summary receiver operating characteristic

(SROC). A total of 26 studies were included. When all the

eligible studies included, the pooled sensitivity and speci-

ficity for 18F-FDG PET/CT in detecting CRC were 0.94

(95 % confidence interval [CI] 0.92–0.96) and 0.94 (95 %

CI 0.93–0.95), respectively. The pooled PLR and NLR

were 14.39 (95 % CI 7.37–28.09) and 0.08 (95 % CI

0.06–0.12), respectively. The DOR was 208.67 (95 % CI

109.56–397.44) and the area under the SROC curve was

0.9776. The overall diagnostic accuracy (Q* index) was

0.9329. 18F-FDG PET/CT has good diagnostic perfor-

mance in detecting local recurrence in patients with CRC.

Further larger prospective studies are needed to establish

its value for detecting local recurrence of CRC cancer

patients.
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Introduction

Colorectal cancer (CRC) is the third leading cause of can-

cer-related death in the US, and third in cancer prevalence

in both men and women. An estimated 142,820 new cases

and 50,830 deaths from CRC are expected in 2013 alone

[1]. While important efforts in the prevention and early

detection of CRC are ongoing, approximately one-fifth of

patients diagnosed with CRC will have evidence of distant

spread at diagnosis [1]. About 30–40 % of CRC patients

after operation will recur and develop metastases, and 80 %

happened within 2 years [2, 3]. The overall survival for

patients with CRC is relatively poor, especially for those

with local recurrent and/or metastases. Given its high in-

cidence and mortality rate, substantial efforts are warranted

to understand, detect, and control the disease. Positron

emission tomography (PET), using the radio-labeled glu-

cose analog 2-[18F]-fluoro-2-deoxy-D-glucose (18F-FDG),

exploits metabolic characteristic of malignant tissue to

identify tumor foci. The recently developed integrated

positron emission tomography/computed tomography

(PET/CT), which combines a full-ring detector clinical PET

scanner and multidetector computed tomography (MDCT)

scanner, acquires both metabolic and anatomic imaging

data with a single device during a single diagnostic session.

This provides precise anatomic localization of suspicious

areas of increased FDG uptake [4]. 18F-FDG PET/CT

imaging have proven valuable for staging, restaging, plan-

ning, and monitoring therapies in various cancer patients,
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including CRC. However, the quality of current evidences

and diagnostic value of 18F-FDG PET/CT for local recur-

rent in CRC cancer have yet to be systemically evaluated.

Considering this background, the present study conducted

the first systematic review and meta-analysis to assess the

diagnostic accuracy of 18F-FDG PET/CT in the detection of

local recurrent in patients with CRC.

Materials and Methods

Literature Search Strategy

Two investigators performed a systematic literature search

of the PubMed/MEDLINE databases to identify relevant

studies (last update October 11, 2014), with the following

key words: (a) colorectal neoplasm, CRC, colorectal car-

cinoma; (b) positron emission tomography/computed to-

mography, PET/CT, PET-CT. Different keywords

including Medical Subject Heading (MeSH) terms were

combined using Boolean operations ‘AND’ and ‘OR’, viz.

(Diagnosis/Broad [filter]) AND ((‘‘Colorectal Neoplasms’’

[MeSH] OR CRC [Text Word] OR ‘‘Rectal neoplasms’’

[MeSH Terms] OR rectal cancer [Test Word] OR

Colorectal OR Rectal) AND (‘‘PET’’ OR ‘‘FDG’’ OR

‘‘positron emission tomography/computed tomography’’

OR ‘‘positron emission tomography’’) AND (‘‘Recurrence’’

[MeSH] OR ‘‘Neoplasm Recurrence, Local’’ [MeSH])).

There was no language restriction on the initial search. The

Cochrane Database of Systematic Reviews was also sear-

ched electronically to identify additional potentially rele-

vant articles. Cross references from selected articles were

also used for retrieving relevant studies. The scope of lit-

erature search was enlarged on the basis of the reference

lists of all retrieved articles. Authors of eligible studies

were contacted to supplement additional data when key

information was missing. Two reviewers independently

judged study eligibility. Any disagreement was resolved by

consensus.

Selection of Studies

The selectioncriteria for inclusion in the systematic reviewand

meta-analysis were (a) 18F-FDG PET/CT was used to detect

local recurrent CRC; (b) histopathologic analysis and/or clin-

ical and imaging follow-up were used as the reference stan-

dard; (c) only studies from which a 2 9 2 table could be

constructed for true-positive, false-negative, false-positive,

and true-negative values were included; (d) the studies were

based on patient-level statistic; (e) when data or subsets of data

were presented in more than one article, the article with the

most details or the most recent article was chosen; (f) the

studies including at least 15patientswere selected for inclusion

in the study; and (g) all the peoples included should be local

recurrent rather than distant metastasis. Abstract presented at

congresses, unpublished data, case report, meta-analysis, re-

views, letter, editorials, and comments were excluded. Dupli-

cated studies with overlapping patient populations as well as

studies evaluated less than 10 patients were excluded.

Data Extraction

Two reviewers extracted relevant data from each selected

article, including study characteristics and test results using

a standardized data extraction sheet that was verified in-

dependently by the third reviewer. Any discrepancy was

resolved by consensus. Data extraction was done separately

for the primary site and neck nodes wherever possible.

Study characteristics that were documented included

(a) first author; (b) journal and year of publication; (c) s-

tudy origin; (d) number of patients; (d) number of true-

positive, false-positive, true-negative, and false-negative

findings of 18F-FDG PET/CT according to the reference

standard (histological examination or clinical/imaging

follow-up) were recorded; and (f) study quality.

Quality Assessment of Included Studies

Quality assessment of included studies was performed using

the Quality Assessment of Diagnostic Accuracy Studies

(QUADAS) tool [5] developed systematically, validated us-

ing a Delphi procedure, and structured finally as a list of 14

items phrased as questions pertaining to validity (patient

spectrum, reference standard, and test execution), evaluation

of bias and variability, and quality of reporting (withdrawals

and indeterminate results), which should be answered yes, no,

or unclear. All included studies were scored on all 14 items to

provide an overall score. For the purpose of this analysis, ‘yes’

was scored as 1, while ‘no’ and ‘unclear’ were both scored as

0. Two reviewers performed quality assessment jointly which

was randomly verified by a third reviewer. Any discrepancy

was resolved by consensus. The overall meta-analysis was

done independently of quality assessment, as the QUADAS

tool was not designed for weighting data for a meta-analysis.

Nevertheless, the impact of study quality on diagnostic per-

formance was explored in the meta-regression analysis using

the median QUADAS score as a covariate.

Statistical Analysis

Data from individual studies were summarized in a 2 9 2

table classifying patients as true-positives (TP), true-

negatives (TN), false-positives (FP), and false-negatives

(FN). The following indexes of test accuracy, together with

95 % confidence intervals (95 % CIs), were calculated for

each study: sensitivity, specificity, positive likelihood
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Table 1 Characteristics of

studies included in this meta-

analysis

TP true-positive, FP false-

positive, FN false-negative, TN

true-negative

First author Year Country Sample size TP FP FN TN

Schlag 1989 German 18 11 0 1 6

Schieper 1995 Belgium 74 43 1 2 28

Ogunbiyi 1997 USA 47 19 0 2 26

Keogan 1997 USA 18 12 1 1 4

Takenchi 1999 Japan 23 15 0 1 7

Whiteford 2000 USA 70 28 4 3 35

Staib 2000 German 100 22 3 1 74

Willkomm 2000 German 27 8 0 1 18

Arulampalam 2001 UK 15 8 1 0 6

Lonneux 2002 Belgium 79 15 1 0 63

Moore 2003 USA 60 16 5 3 36

Even-Sapir 2004 Israel 62 23 4 1 34

Selzner 2004 Switzerland 76 14 1 1 60

Fukunaga 2005 Japan 42 31 0 2 9

Bellomi 2007 Italy 67 14 1 1 51

Kitajima 2009 Japan 170 29 1 1 139

Shyn 2010 USA 79 9 2 0 68

Fiocchi 2010 Italy 60 14 14 1 31

Smeets 2010 Belgium 70 11 16 0 43

Han 2011 China 66 26 2 1 37

Deleau 2011 France 27 18 6 0 3

Bamba 2011 Japan 256 21 0 1 234

Ozkan 2012 Turkey 69 15 7 0 47

Peng 2012 China 128 62 7 1 58

Chiewvit 2013 Thailand 48 2 5 0 41

Panagiotidis 2014 Greece 43 32 2 1 8

Table 2 Results of quality assessment for all included eligible studies

Item Quality assessment content Response

Yes No Unclear

1 Was the spectrum of patients representative of the patients who received the test in practice? 24 3 0

2 Were selection criteria clearly described? 26 1 0

3 Is the reference standard likely to help correctly classify the target condition? 24 0 3

4 Is the time between performance of reference standard and index test short enough? 27 0 0

5 Did the whole sample or a random selection of the sample receive verification by using a reference standard? 27 0 0

6 Did patients undergo examination with the same reference standard regardless of the index test result? 8 19 0

7 Was the reference standard performed independently of the index test? 27 0 0

8 Was the execution of the index test described in sufficient detail to permit replication of the test? 24 3 0

9 Was the execution of the reference standard described in sufficient detail to permit replication of the test? 23 0 4

10 Were the index test results interpreted without knowledge of the results of the reference standard? 24 0 3

11 Were the reference standard results interpreted without knowledge of the results of the index test? 8 19 0

12 Were the same clinical data available when test results were interpreted as would be available in practice? 27 0 0

13 Were uninterpretable and/or intermediate test results reported? 22 3 2

14 Were withdrawals from the study explained? 24 0 3
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ratios (PLR), negative likelihood ratios (NLR), and diag-

nostic odds ratio (DOR). Asymmetric summary receiver

operating characteristic (SROC) curves were fitted using

weighted regression or inverse variance method (Moses’

model), and their area under the curve (AUC) and Q* index

were calculated. AUC summarizes diagnostic performance

as a single number, while Q* index is the point where

sensitivity and specificity are equal. The degree of

heterogeneity among different studies was tested using X2

statistic. When there was significant heterogeneity ob-

served (p\ 0.05), a random-effect model was applied. All

statistical analyses were performed using Meta-Disc ver-

sion 1.4 (XI, Cochrane Colloquium, Barcelona, Spain) and

Stata (version 12, Stata Corporation, College Station, TX,

USA) to analyze data.

Results

Characteristic and Quality Assessment of Included

Studies

The initial systematic literature search using appropriate

keywords identified 349 potentially relevant articles. This

list was reduced to 109 studies after removing duplicates

and screening based on the title and abstract review. After

we read the full text of these articles, 82 of the 109 relevant

articles were excluded because (a) the aim of the articles

was not to reveal the accuracy of 18F-FDG PET/CT for

local recurrent in CRC patients (n = 37); (b) researchers in

the articles did not use histopathologic analysis and/or

clinical and imaging follow-up as the reference standard

(n = 7); and (c) researchers in the articles did not report

data that could be used to construct or calculate true-

positive, false-positive, true-negative, and/or false-negative

results (n = 38). Finally, 26 studies fulfilled all inclusion

criteria and were selected for data extraction and data

analysis [2, 6–30]. The characteristics of eligible 26 studies

are presented in Table 1. We assessed the study quality of

all the 27 articles using the QUADAS tool (Table 2).

Meta-analyses Results

The pooled sensitivity was 0.94 (95 % confidence interval

[CI] 0.92–0.96). The pooled specificity was 0.94 (95 % CI

0.93–0.95). Forest plots for the sensitivity and specificity in

the detection of local recurrent CRC are shown in Figs. 1

and 2, respectively. The positive and negative likelihood

Fig. 1 Forest plot of sensitivity

of 18FDG-PET/CT for

detecting local recurrence of

colorectal cancer
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ratios in the diagnosis of local recurrent CRC were 14.39

(95 % CI 7.37–28.09) and 0.08 (95 % CI 0.06–0.12), re-

spectively. Forest plots for the positive and negative like-

lihood ratios in the detection of local recurrent CRC are

shown in Figs. 3 and 4, respectively. The pooled DOR was

208.67 (95 % CI 109.56–397.44). Forest plot for the DOR

in the detection of local recurrent CRC is shown in Fig. 5.

The Q value for the studies in our meta-analysis was

0.9329. The area under the curve (AUC) was 0.9776,

indicating high overall accuracy. The SROC curves and the

*Q index for pancreatic cancer detection are shown in

Fig. 6. The asymmetry of the funnel plots using Egger’s

and Begg’s tests showed that there was no publication bias

among the included studies.

Discussion

To our knowledge, this systematic review and meta-

analysis are the first to evaluate the diagnostic perfor-

mance of 18F-FDG PET/CT in detecting local recurrent

CRC.

Several studies have reported the diagnostic perfor-

mance of 18F-FDG PET/CT in the diagnosis of local re-

current CRC. However, one of the major problems with

these studies is that many have limited power, analyzing

only relatively small numbers of patients. Meta-analysis is

a powerful tool for summarizing the results from different

studies by producing a single estimate of the major effect

with enhanced precision. It can overcome the problem of

small sample size and inadequate statistical power of ge-

netic studies of complex traits, and provide more reliable

results than a single case–control study [31]. Combining

data from many studies has the advantage of reducing

random error [32]. So, we pooled all the relative published

studies to derive more robust estimates of 18F-FDG PET/

CT in detecting recurrent local CRC.

The DOR is a single indicator of test accuracy that

combines the data from sensitivity and specificity into a

single number [33]. It is the ratio of the odds of a positive

test in a patient with disease relative to the odds of positive

test in a patient without disease and has a value that ranges

from 0 to infinity, with higher values indicating better

discriminatory test performance (i.e., higher accuracy). A

Fig. 2 Forest plot of specificity

of 18F-FDG PET/CT for

detecting local recurrence of

colorectal cancer
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value of 1.0 indicates that the test does not discriminate

between patients with the disorder and those without it. In

this meta-analysis, the pooled DOR with 95 % confidence

interval for 18F-FDG PET/CT was 208.67 (109.56–397.44),

indicating a high level of accuracy for 18F-FDG PET/CT in

detecting local recurrent CRC.

As a global measure of test efficacy across all studies,

we determined the Q value, defined as the point of inter-

section of the SROC curve with a diagonal line extending

from the left upper corner to the right lower corner of the

ROC space. The Q value corresponds to the highest joint

value of sensitivity and specificity for the diagnostic test.

This point does not indicate the only or even the best

combination of sensitivity and specificity for a particular

clinical setting, but it does provide an overall measure of

the discriminatory power of the diagnostic test. The Q*

index estimate for 18F-FDG PET/CT was 0.9329, indicat-

ing a high level of accuracy for 18F-FDG PET/CT in de-

tecting local recurrent in patients with CRC.

Since the SROC curve is not easy to interpret and use in

clinical practice and likelihood ratios are considered to be

more clinically meaningful, both PLR and NLR were cal-

culated and served as our measures of diagnostic accuracy.

Likelihood ratios are metrics that take into account the

interaction between the sensitivity and the specificity in

their calculation, and PLR [10 and NLR \0.1 are con-

sidered convincing evidence to rule in or rule out disease,

respectively. The value of PLR in this meta-analysis was

14.39, while the value of NLR was 0.08. These data sug-

gested that it can be used for detecting local recurrent in

patients with CRC.

Our meta-analysis had several limitations. First, the

exclusion of conference abstracts, and letters to the editors

may have led to publication bias. Second, a wide variation

in patient population, imaging techniques, study design,

and quality in these selected studies may have affected the

estimates of diagnostic accuracy of 18F-FDG PET/CT.

Third, there was no single reference standard strategy for

histopathologic analysis. Fourth, the study design in all

included studies was retrospective. The retrospective nature

of studies may have some potential limitations. For ex-

ample, imaging observers might have known the outcomes

of other examination results before the interpretation of

PET or CT, which could not be excluded. These factors

may also have affected the accuracy of 18F-FDG PET/CT in

detecting local recurrent in patients with CRC.

Fig. 3 Forest plots for the

positive likelihood ratio in the

detection of local recurrence of

colorectal cancer
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Fig. 4 Forest plots for the

negative likelihood ratio in the

detection of local recurrence of

colorectal cancer

Fig. 5 Forest plot for

diagnostic OR of 18F-FDG PET/

CT for detecting local

recurrence of colorectal cancer
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Conclusion

Our present meta-analysis toward the diagnostic value of
18F-FDG PET/CT in local recurrent CRC suggests that
18F-FDG PET/CT has good diagnostic performance in

detecting local recurrence in patients with CRC.

Conflict of interest The authors have declared that no competing

interest exists.

References

1. Siegel, R., Naishadham, D., & Jemal, A. (2013). Cancer statistics,

2013. CA: A Cancer Journal for Clinicians, 63(1), 11–30.

2. Bellomi, M., Rizzo, S., Travainni, L. L., et al. (2007). Role of

multidetector CT and FDG-PET/CT in the diagnosis of local and

distant recurrence of resected rectal cancer. Medical Radiology,

112(5), 681–690.

3. Delbeke, D., & Martin, W. H. (2004). PET and PET-CT for

evaluation colorectal carcinoma. Seminars in Nuclear Medicine,

34(3), 209–223.

4. Czernin, J., Benz, M. R., & Allen-Auerbach, M. S. (2010). PET/

CT imaging: The incremental value of assessing the glucose

metabolic phenotype and the structure of cancers in a single

examination. European Journal of Radiology, 73, 470–480.

5. Whiting, P., Rutjes, A. W., Reitsma, J. B., Bossuyt, P. M., &

Kleijnen, J. (2003). The development of QUADAS: A tool for the

quality assessment of studies of diagnostic accuracy included in

systematic reviews. BMC Medical Research Methodology, 3, 25.

6. Whiteford, M. H., Whiteford, H. M., Yee, L. F., Ogunbiyi, O. A.,

Dehdashti, F., Siegel, B. A., et al. (2000). Usefulness of FDG-

PET scan in the assessment of suspected metastatic or recurrent

adenocarcinoma of the colon and rectum. Diseases of the Colon

and Rectum, 43(6), 759–767.

7. Arulampalam, T., Costa, D., Visvikis, D., Boulos, P., Taylor, I.,

& Ell, P. (2001). The impact of FDG-PET on the management

algorithm for recurrent colorectal cancer. European Journal of

Nuclear Medicine, 28(12), 1758–1765.

8. Schlag, P., Lehner, B., Strauss, L. G., Georgi, P., & Herfarth, C.

(1989). Scar or recurrent rectal cancer. Positron emission to-

mography is more helpful for diagnosis than immunoscintigra-

phy. Archives of Surgery, 124(2), 197–200.

9. Shyn, P. B., Madan, R., Wu, C., Erturk, S. M., & Silverman, S. G.

(2010). PET/CT pattern analysis for surgical staple line recur-

rence in patients with colorectal cancer. AJR American Journal of

Roentgenology, 194(2), 414–421.

10. Kitajima, K., Murakami, K., Yamasaki, E., Domeki, Y., Tsubaki,

M., Sunagawa, M., et al. (2009). Performance of integrated FDG

PET/contrast-enhanced CT in the diagnosis of recurrent col-

orectal cancer: Comparison with integrated FDG PET/non-con-

trast-enhanced CT and enhanced CT. European Journal of

Nuclear Medicine and Molecular Imaging, 36(9), 1388–1396.

11. Keogan, M. T., Lowe, V. J., Baker, M. E., McDermott, V. G.,

Lyerly, H. K., & Coleman, R. E. (1997). Local recurrence of

rectal cancer: Evaluation with F-18 fluorodeoxyglucose PET

imaging. Abdominal Imaging, 22(3), 332–337.

12. Staib, L., Schirrmeister, H., Reske, S. N., & Beger, H. G. (2000).

Is (18)F-fluorodeoxyglucose positron emission tomography in

recurrent colorectal cancer a contribution to surgical decision

making? American Journal of Surgery, 180(1), 1–5.

13. Fukunaga, H., Sekimoto, M., Ikeda, M., Higuchi, I., Yasui, M.,

Seshimo, I., et al. (2005). Fusion image of positron emission

tomography and computed tomography for the diagnosis of local

recurrence of rectal cancer. Annals of Surgical Oncology, 12(7),

561–569.

14. Lonneux, M., Reffad, A.M., Detry, R., Kartheuser, A., Gigot, J. F.,

& Pauwels, S. (2002). FDG-PET improves the staging and selec-

tion of patients with recurrent colorectal cancer. European Journal

of Nuclear Medicine and Molecular Imaging, 29(7), 915–921.

15. Willkomm, P., Bender, H., Bangard, M., Decker, P., Grünwald,

F., & Biersack, H. J. (2000). FDG PET and immunoscintigraphy

with 99mTc-labeled antibody fragments for detection of the re-

currence of colorectal carcinoma. Journal of Nuclear Medicine,

41(10), 1657–1663.

16. Selzner, M., Hany, T. F., Wildbrett, P., McCormack, L., Kadry,

Z., & Clavien, P. A. (2004). Does the novel PET/CT imaging

modality impact on the treatment of patients with metastatic

colorectal cancer of the liver? Annals of Surgery, 240(6),

1027–1034.

17. Ogunbiyi, O. A., Flanagan, F. L., Dehdashti, F., Siegel, B. A.,

Trask, D. D., Birnbaum, E. H., et al. (1997). Detection of re-

current and metastatic colorectal cancer: Comparison of positron

emission tomography and computed tomography. Annals of

Surgical Oncology, 4(8), 613–620.

18. Even-Sapir, E., Parag, Y., Lerman, H., Gutman, M., Levine, C.,

Rabau, M., et al. (2004). Detection of recurrence in patients with

rectal cancer: PET/CT after abdominoperineal or anterior resec-

tion. Radiology, 232(3), 815–822.

19. Fiocchi, F., Iotti, V., Ligabue, G., Pecchi, A., Luppi, G., Bagni,

B., et al. (2010). Contrast-enhanced MRI and PET-CT in the

evaluation of patients with suspected local recurrence of rectal

carcinoma. Medical Radiology, 115(6), 906–919.

20. Deleau, C., Buecher, B., Rousseau, C., Kraeber-Bodéré, F., Fla-
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