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Abstract

Objective The aim of this study was to assess the per-

formance of fluorine-18-fluorodeoxyglucose (18F-FDG)

positron emission tomography (PET) in predicting patho-

logical response to preoperative chemoradiotherapy (CRT)

in patients with primary rectal cancer.

Methods Potentially relevant articles were searched in the

databases of PubMed and Embase from January 1990 to

September 2013. The Quality Assessment for Diagnostic

Accuracy Studies criteria was employed to assess the

quality of all of the included studies. The pooled sensitivity

and specificity were calculated, and the area under the

curve of the summary receiver operating characteristic

curve was obtained. Subgroup analysis was conducted to

explore the sources of heterogeneity.

Results Thirty-one eligible studies involving 1527

patients were ultimately included in the meta-analysis.

Four main quantitative or qualitative parameters [response

index (RI), post-treatment maximum standardized uptake

value (SUVmax-post), visual response (VR) and the per-

centage change in total lesion glycolysis (TLG) before and

after CRT (deltaTLG%)] related to PET or positron emis-

sion tomography/computed tomography (PET/CT) were

assessed for the prediction of histopathological response.

The pooled sensitivities of these four parameters were

comparable and were 74, 74, 75 and 78 %, respectively

(P [ 0.05). The pooled specificity of deltaTLG% was

higher than that of the other three parameters (RI, SUV-

max-post and VR) and was 81, 66, 64 and 67 %, respec-

tively (P \ 0.05). The results from subgroup analysis

showed that the RI and SUVmax-post had higher speci-

ficity in predicting tumor regression grade (TRG) than

complete pathological response (pCR) [RI, 71 vs. 59 %

(P = 0.0275); SUVmax-post, 72 vs. 61 % (P = 0.0178)].The

diagnostic sensitivity and specificity of the RI and SUVmax-

post when the post-treatment PET or PET/CT scan was

performed at two different time points (during CRT and after

the completion of CRT) were 82 vs. 72 % (P = 0.0630) and

78 vs. 63 % (P = 0.0059), respectively.

Conclusions 18F-FDG PET could be a potentially pow-

erful non-invasive tool for predicting pathological

response; the related parameters RI and SUVmax-post may

be more suitable for the prediction of TRG than pCR. The

current data also suggested that the optimum post-treat-

ment 18F-FDG PET scan could be carried out during CRT.
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Introduction

Preoperative chemoradiotherapy (CRT) for rectal cancer

has been established as a standard treatment procedure [1].

Preoperative CRT may improve tumor local control and

result in tumor downstaging. It may then lead to an

increased rate of radical surgical resection and a reduction

in local recurrence, and even an extension of survival time

[2, 3]. Pathological stage is still the most reliable predictor

of clinical outcomes in patients with primary rectal cancer
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[4–6]. Because of the use of preoperative CRT, the rate of

complete pathological response (pCR) has risen. Some

studies have reported that the pCR is an essential predictive

factor associated with clinical outcomes [7]. In addition,

tumor regression is also an important prognostic factor [8],

and a standardized five-point tumor regression grade

(TRG) classification initially described by Dworak and

Keilholz [9] has become an essential component in the

protocol for pathologic reporting with regard to rectal

cancer resection specimens.

It is important to determine the potential predictive

factor for tumor histopathological response to preoperative

CRT in patients with rectal cancer, because accurate

response assessment to CRT could potentially help in

optimizing the surgical approach and in the prediction of

long-term prognosis. Morphological imaging modalities,

such as computed tomography (CT), magnetic resonance

(MR) and endorectal ultrasound (EUS), are used to assess

the response to therapy, but it is difficult to distinguish

early radiotherapy-induced inflammation or fibrosis from

viable tumor cells in residual masses using these modalities

[10–12]. In a review by de Geus-Oei et al. [13], positron

emission tomography/computed tomography (PET/CT)

was found to be an important tool for the prediction of the

response to therapy in patients with rectal cancer; however,

there was no consensus in the data from different studies

and there was a lack of statistical data to confirm this

standpoint. Therefore, in the current meta-analysis, we

collected previous potentially relevant studies with the aim

of evaluating the performance of fluorine-18-fluorodeox-

yglucose (18F-FDG) PET in predicting histopathological

response to preoperative CRT in patients with primary

rectal cancer.

Materials and methods

Search strategy and study selection

Articles reporting on PET or PET/CT as tools for pre-

dicting the response of rectal cancer to CRT were searched

in the databases of PubMed and Embase from January

1990 to September 2013. The primary keywords used in

the searches were as follows: (positron emission tomog-

raphy OR positron emission tomography/computed

tomography OR PET OR PET/CT OR PET-CT) AND

(colorectal neoplasm OR colorectal carcinoma OR colo-

rectal cancer OR colorectal tumour OR colorectal tumor

OR rectal cancer OR rectal carcinoma) AND (therapy OR

chemotherapy OR radiotherapy OR chemoradiotherapy

OR chemoradiation OR treatment) AND (response OR

prediction).

The studies that met all of the following criteria were

included in the meta-analysis: (1) The aim of the study was

to evaluate the effectiveness of PET or PET/CT in pre-

dicting response to CRT. (2) All patients involved had

primary rectal cancer with pathological evidence and

without prior treatment. (3) All patients had undergone

PET or PET/CT scans at least once after preoperative CRT.

(4) The reference gold standard had to be histopathological

examination. Duplicated articles, reviews, case reports,

conference abstracts, animal studies and other non-related

articles were excluded. With regard to all of the included

studies, the language of publication was English.

Quality assessment

The methodological quality of all of the included studies

was assessed independently by two reviewers according to

the Quality Assessment for Diagnostic Accuracy Studies

(QUADAS) criteria. The evaluation index consisted of 14

items and the total quality score for each study was

expressed as a percentage of the total number of items.

Data extraction

In this meta-analysis, the following information was col-

lected from each study: author names, year of publication,

country, study design, scan time, imaging modality, refer-

ence response endpoint, evaluation index and treatment

regimens.

The following values in each study were extracted

independently by two reviewers: true positive (TP), false

positive (FP), false negative (FN) and true negative (TN)

obtained from the PET or PET/CT scan results after they

had been compared with the histopathological results. If the

raw data were insufficient in the original study, the avail-

able information was extracted using calculations based on

the data provided, such as sensitivity, specificity, positive

predictive value (PPV) and negative predictive value

(NPV). If this was not possible, the study was excluded

from the meta-analysis. If there were disagreements

between the two reviewers, a consistent view was resolved

by the other two investigators after discussion.

Statistical analysis

The heterogeneity between all included studies was tested

using the I-square (I2) test. Statistical heterogeneity was

defined when the I2 value was more than 50 %. If there was

heterogeneity among different individual studies, the ran-

dom effects model (REM) was selected; conversely, the

fixed effects model (FEM) was selected. The pooled sen-

sitivity, specificity and diagnostic odds ratio (DOR) of all
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included studies were calculated according to the specific

model. The summary receiver operating characteristic

curve (SROC) was drawn using the Moses’ constant of

linear model. The area under the curve (AUC) of the SROC

was calculated to measure the accuracy of PET or PET/CT.

Pooled data were presented with 95 % confidence intervals

(CI). The funnel plot, Begg’s and Egger’s tests were used

to test publication bias of all included studies, and we

considered that publication bias existed when P \ 0.05.

The Z test was used to compare the difference between the

two sets of data, and there was a significant difference

when P \ 0.05. Statistical calculation and analysis were

performed using Meta-DiSc 1.04 (Hospital Ramón y Cajal

and Universidad Complutense de Madrid, Spain) and Stata

12.0 (StataCorp, College Station, TX, USA).

Results

Study selection

A total of 424 studies were retrieved from the PubMed and

Embase databases. There were 20 duplicate articles, 83

reviews, 22 conference abstracts, 34 animal studies, 44

case reports and 104 other non-related articles that were

excluded from the meta-analysis. Among the 117 remain-

ing potentially relevant articles, there were an additional 80

articles that did not meet the inclusion criteria and were

also excluded. Thus, there were 37 relevant articles that

met our inclusion criteria. However, the patient informa-

tion in six studies [14–19] overlapped other large sample

studies. Therefore, 31 eligible studies involving 1527

patients were finally included in this meta-analysis [20–

50]. The flow chart regarding study selection is presented

in Fig. 1. The detailed characteristics of all included

studies are presented in Table 1.

Quality assessment

There were 14 items from the QUADAS criteria that were

used to assess the quality of all included articles. The

detailed information and scores regarding the quality

assessment are displayed in Fig. 2. The results indicated

that most of the included studies had relatively high-quality

scores (71.43–92.86 %, 10/14–13/14).

Performance of 18F-FDG PET in predicting response

to preoperative CRT

In this meta-analysis, three semi-quantitative parameters

[response index (RI), post-treatment maximum standard-

ized uptake value (SUVmax-post) and the percentage

change in total lesion glycolysis (TLG) before and after

CRT (deltaTLG%)] and one qualitative parameter [visual

response (VR)] related to PET or PET/CT were assessed in

predicting pathologic response to preoperative CRT. Our

results showed that the pooled sensitivity, specificity, DOR

and AUC were as follows: RI, 74 %, 66 %, 7.33 and

0.7922, respectively; SUVmax-post, 74 %, 64 %, 6.59

and 0.7938, respectively; deltaTLG%, 78 %, 81 %, 14.33

and 0.8573, respectively; and VR, 75 %, 67 %, 5.20 and

0.7843, respectively. The pooled sensitivity values of the

four parameters were comparable and there was no sig-

nificant statistical difference among them (P [ 0.05).

However, the pooled specificity for deltaTLG% was higher

than that for the RI (P = 0.0163), SUVmax-post

(P = 0.0047) and VR (P = 0.0309). Heterogeneity was

observed in the pooled sensitivity and/or specificity for

parameters regarding RI, SUVmax-post and VR, but not

for deltaTLG%. The results are presented in Table 2.

Publication bias

The Begg’s funnel plots are displayed in Fig. 3. They did

not reveal a statistically significant effect among the studies

included in the meta-analysis, indicating that there was no

publication bias. The results using Begg’s test were as

follows: RI, P = 0.206; SUVmax-post, P = 0.127; del-

taTLG%, P = 1.000; and VR, P = 0.174. Using Egger’s

Fig. 1 Flow chart illustrating the detailed study selection process

involved in the meta-analysis
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Table 1 Characteristics of all studies included in the meta-analysis

Authors Year Country Study design CRT Scan time Scan

modality

Evaluation

index

Reference

endpoint

Capirci

et al. [20]

2004 Italy Retrospective 50–56 Gy; 5-FU A (4 weeks) PET VR TRG, pCR

Denecke

et al. [21]

2005 Germany Prospective 45 Gy; FA ? 5-FU P/A (2–4 weeks) PET RI ypT-down

Melton

et al. [22]

2007 USA Retrospective 45–50.4 Gy; 5-FU or Cap,

or 5-FU ? Leu ± Oxa

P/A (4–6 weeks) PET/CT RI C/N-CR,

ypT-

down

Kristiansen

et al. [23]

2008 Denmark Retrospective 48.6–65.6 Gy;

Uftoral ? Iso

A (7 weeks) PET/CT VR TRG, pCR

Capirci

et al. [24]

2009 Italy Prospective 50–56 Gy; 5-FU P/A (5–6 weeks) PET/CT RI, SUVmax-

post

TRG, pCR,

ypT-

down

Cho et al.

[25]

2009 Korea Retrospective 45 Gy; 5-FU A (6 weeks) PET/CT VR pCR

Kalff et al.

[26]

2009 Australia Retrospective 50.4 Gy; 5-FU or

5-FU ? Oxa

P/A (4–5 weeks) PET/CT

(PET)

VR pCR

Rosenberg

et al. [27]

2009 Germany Prospective 45 Gy; 5-FU P/D (14 days)/A

(4 weeks)

PET/CT RI Grade I-III

Calvo et al.

[28]

2010 Spain Retrospective 45–50 Gy; Teg or 5-FU or

FOLFOX-4

P/A (4–5 weeks) PET/CT

(PET)

RI, SUVmax-

post

CR ? ypT-

down

Lambrecht

et al. [29]

2010 Belgium Prospective 45–50.4 Gy; 5-FU or Oxa P/D (2 weeks)/A

(5 weeks)

PET/CT RI pCR

Palma et al.

[30]

2010 Spain Prospective 50.4 Gy; Cap or

Cap ? Oxa

P/A (7 weeks) PET/CT RI, SUVmax-

post

TRG, pCR

Guerra et al.

[31]

2011 Guerra Prospective 50.4 Gy; 5-FU or Cap or

5-FU ? Oxa

P/D (3 weeks)/A

(12 weeks)

PET/CT RI, SUVmax-

post

TRG

Hur et al.

[32]

2011 Korea Prospective 45–50.4 Gy; Iri ? S-1 or

5-FU ? Leu

P/A (4 weeks) PET RI, SUVmax-

post

TRG, pCR,

ypT-

down

Leibold

et al. [33]

2011 USA Prospective 48.6–54 Gy; 5-FU ? Leu

or 5-FU or cetuximab

P/D (8–14 days) PET VR C/N-CR

Martoni

et al. [34]

2011 Italy Prospective 50.4 Gy; 5-FU or

5-FU ? Oxa or

5-FU ? Pan

P/A (6–7 weeks) PET/CT RI, SUVmax-

post

pCR

Yoon et al.

[35]

2011 Korea Retrospective 48.0–50.4 Gy;

5-FU ? Leu or

5-FU ? Cis

P/A (3–9 weeks) PET/CT RI, SUVmax-

post

TRG

Avallone

et al. [36]

2012 Italy Prospective 45 Gy;

Oxa ? Ral ? LFA ? 5-

FU

P/D (12 days) PET RI TRG, ypT-

down

Chennupati

et al. [37]

2012 USA Retrospective 45–50.4 Gy; 5-FU P/A (3–5 weeks) PET/CT RI TRG

Goldberg

et al. [38]

2012 Israel Prospective 45–54 Gy; 5-FU or Cap or

UFT

P/D (8 days) PET/CT RI pCR

Huh et al.

[39]

2012 Korea Prospective 50.4 Gy; 5-FU ? Leu P/A (5 weeks) PET/CT RI TRG

Ippolito

et al. [40]

2012 Italy Prospective 48.6–50.4 Gy; 5-FU or

Cap or 5-FU ? Oxa

P/A(12 weeks) PET/CT SUVmax-

post

TRG

Janssen

et al. [41]

2012 The

Netherlands

Prospective 50.4 Gy; Cap P/D (2 weeks) PET/CT RI TRG

Shanmugan

et al. [42]

2012 USA Retrospective 45–55 Gy; 5-FU or Cap P/A (8–89 days) PET/CT RI, SUVmax-

post

pCR
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test the results were: RI, P = 0.120; SUVmax-post,

P = 0.276; deltaTLG%, P = 0.227; and VR, P = 0.054.

Subgroup analysis

To explore the sources of heterogeneity, we conducted

subgroup analysis. The following potential sources of

heterogeneity were studied: (1) the three different reference

response endpoints namely pCR, TRG and post-treatment

downstaging of T stage (ypT-down); (2) the post-treatment

scan time (during CRT vs. after the completion of CRT);

(3) different cutoff points; (4) the type of study design

(prospective vs. retrospective); (5) the number of patients

(\50 vs. C 50) enrolled in each study; (6) the country of

origin (European countries vs. other countries); and (7) the

type of imaging modality (PET/CT vs. PET).

Subgroup analysis was performed regarding the three

parameters, RI, SUVmax-post and VR, and the results are

given in Table 3. The heterogeneity concerning the three

subgroups, namely the TRG, cutoff (2–4.4) of SUVmax-

post, the number of patients \50 and other countries of

study origin, was eliminated completely when SUVmax-

Fig. 2 Quality assessment of

all of the studies included in the

meta-analysis. QUADAS,

quality assessment for

diagnostic accuracy studies

Table 1 continued

Authors Year Country Study design CRT Scan time Scan

modality

Evaluation

index

Reference

endpoint

Bampo

et al. [43]

2013 Italy Prospective 48–54 Gy; Cap P/D (2 weeks)/A

(6 weeks)

PET/CT SUVmax-

post

pCR

Guillem

et al. [44]

2013 USA Prospective 50.4 Gy; 5-FU P/A (4–6 weeks) PET VR pCR

Hatt et al.

[45]

2013 The

Netherlands

Retrospective 50.4 Gy; Cap P/D (15 days) PET/CT RI,

deltaTLG%

TRG

Kim et al.

[46]

2013 Korea Retrospective 45–50.4 Gy; 5-FU ? Leu

or Cap or UFT-E ? Leu

P/A (5–7 weeks) PET/CT SUVmax-

post

pCR, ypT-

down

Maffione

et al. [47]

2013 Italy Retrospective 50–56 Gy; 5-FU P/A (6.7 weeks) PET/CT RI, SUVmax-

post, VR,

deltaTLG%

TRG

Murcia

Durendez

et al. [48]

2013 Spain Prospective 46–58 Gy; Cap P/A (7 weeks) PET/CT VR TRG

Sun et al.

[49]

2013 China Retrospective 50–55 Gy; Cap and Oxa P/Before

surgery(1 week)

PET/CT deltaTLG% TRG

Yoon et al.

[50]

2013 Korea Retrospective 25–50.4 Gy; 5-FU ? Leu

or Teg ? Leu or Cap

P/A (5–7 weeks) PET/CT RI, SUVmax-

post

TRG

A after completion of chemoradiotherapy (CRT), Cap capecitabine, Cis cisplatin, C/N-CR complete/near-complete response, D during CRT, FA

folinic acid, FOLFOX-4 oxaliplatin (Oxa) ? leucovorin (Leu) ? 5-fluorouracil (5-FU), Iri irinotecan, Iso isovorin, LFA levofolinic acid, P pre-

CRT, Pan panitumumab, pCR pathological complete response, PET positron emission tomography, PET/CT positron emission tomography/

computed tomography, Ral raltitrexed, RI response index, RI = (SUVmax-pre - SUVmax-post) 9 100 %/SUVmax-pre, S-1 oral fluoropyr-

imidine, SUVmax-post post-treatment maximum standardized uptake value, Teg tegafur-uraci, deltaTLG% the percentage change in total lesion

glycolysis (TLG) before and after CRT, deltaTLG% = (TLGpre - TLGpost) 9 100 %/TLGpre, TRG tumor regression grade, UFT uracial-FT-

207, UFT-E tegafur-uracil, Uftoral uracil and tegafur, VR visual response, ypT-down downstaging of post-treatment T stage
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post was used as the evaluation index. In terms of pre-

dicting different response endpoints, the pooled specificity

of RI in predicting the TRG was higher than that in pre-

dicting the pCR (P = 0.0275); the pooled specificity of

SUVmax-post in predicting the pCR was lower than that in

predicting the TRG (P = 0.0178) and ypT-down

(P = 0.0312). The pooled specificity was higher in the

group evaluated during CRT (78 %) than in the group

evaluated after the completion of CRT (63 %) using the RI

as the evaluation index (P = 0.0059); in addition, there

was a similar trend regarding the pooled sensitivity

(P = 0.0630). The parameter RI exhibited higher pooled

sensitivity in prospective studies than in retrospective

studies (81 vs. 67 %, P = 0.0086). In the studies involving

a small sample size (\50), the RI and SUVmax-post had a

higher pooled specificity (P = 0.0352 and P = 0.0053,

respectively). The diagnostic efficiency of the parameter

VR was not related to the abovementioned subgroup

factors.

Discussion

In the present meta-analysis, we studied the performance of

PET in predicting tumor pathological response to preop-

erative CRT in patients with primary rectal cancer. All

31 of the included studies had a relatively high-quality

score, and there was no publication bias between these

studies, which increased the reliability of the meta-ana-

lysis. The diagnostic performance of three parameters

(RI, SUVmax-post and VR) related to PET or PET/CT was

similar in predicting pathological response. The parameter

Fig. 3 Publication bias tests

regarding different evaluation

indices (a RI, b SUVmax-post,

c VR, d deltaTLG%) using

Begg’s funnel plot with 95 %

confidence intervals. RI

response index, SUVmax-post

post-treatment standardized

uptake value, VR visual

response, deltaTLG% the

percentage change in total

lesion glycolysis (TLG) before

and after CRT

Table 2 Performance of 18F-FDG PET in predicting pathological response to preoperative chemoradiotherapy in patients with primary rectal

cancer

Parameters Pooled sens. (%) 95 % CI Pooled spec. (%) 95 % CI Pooled DOR 95 % CI AUC

RI (n = 20) 74a (70, 78) 66a (62, 70) 7.33a (4.30, 12.49) 0.7922

SUVmax-post (n = 13) 74 (69, 79) 64a (60, 68) 6.59 (4.67, 9.29) 0.7938

VRS (n = 8) 75a (68, 82) 67a (62, 73) 5.20 (3.40, 7.95) 0.7843

deltaTLG% (n = 3) 78 (67, 87) 81 (69, 91) 14.33 (6.11, 33.63) 0.8573

AUC area under the curve of SROC, CI confidence interval, DOR diagnostic odds ratio, RI response index, Sens. sensitivity, Spec. specificity,

SUVmax-post post-treatment standardized uptake value, deltaTLG% the percentage change in total lesion glycolysis (TLG) before and after

CRT, VR visual response
a There was heterogeneity between the studies
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Table 3 Performance of 18F-FDG PET in predicting pathological response to preoperative chemoradiotherapy for each subgroup

Parameters Subgroup Sensitivity (95 % CI) P value Specificity (95 % CI) P value AUC

(1) Response endpoint

RI TRG (n = 14) 74 (69, 79)a 0.2512b 71 (65, 76)a 0.0275b 0.7805

pCR (n = 7) 80 (70, 88) 0.2231c 59 (52, 64)a 0.1090c 0.7866

ypT-down (n = 6) 71 (62, 78)a 0.5484d 69 (60, 77) 0.7233d 0.7518

SUVmax-post TRG (n = 8) 76 (70, 81) 0.1869b 72 (66, 79) 0.0178b 0.8157

pCR (n = 7) 83 (75, 90) 0.0048c 61 (56, 66)a 0.0312c 0.7694

ypT-down (n = 4) 59 (50, 67)a 0.0104d 72 (65, 78)a 1.0000d 0.7031

VR TRG (n = 5) 78 (70, 85)a 0.3087b 68 (58, 76)a 0.2733b 0.8151

pCR (n = 5) 70 (58, 80) 61 (55, 67)a 0.6811

ypT-down NA NA NA

(2) Scan time

RI During (n = 7) 82 (72, 89)a 0.0630 78 (69, 86)a 0.0059 0.8713

After (n = 16) 72 (67, 77)a 63 (58, 68)a 0.7644

SUVmax-post During (n = 1) NA NA NA NA NA

After 74 (69, 79) 64 (60, 68)a 0.7938

VR During (n = 1) NA NA NA NA NA

After (n = 7) 77 (70, 83) 66 (60, 71)a 0.7131

(3) Cutoff

RI 20–57.5 % (n = 9) 78 (70, 84)a 0.2458 69 (61, 76)a 0.4343 0.8240

60–76 % (n = 11) 72 (66, 78) 65 (59, 70)a 0.7894

SUVmax-post 2–4.4 (n = 8) 69 (61, 76) 0.0995 66 (60, 71) 0.3421 0.7608

5–5.4 (n = 5) 80 (72, 86) 61 (53, 68)a 0.8502

VR NA NA NA NA

NA NA NA NA

(4) Study design

RI Prospective (n = 12) 81 (75, 86)a 0.0086 67 (61, 73)a 0.5357 0.8381

Retrospective (n = 8) 67 (60, 74) 64 (57, 71)a 0.7269

SUVmax-post Prospective (n = 7) 80 (73, 86) 0.0534 65 (58, 72)a 0.6846 0.8543

Retrospective (n = 6) 69 (62, 76)a 63 (57, 69) 0.7314

VR Prospective (n = 3) 65 (50, 78)a 0.1030 74 (66, 81)a 0.0811 0.8831

Retrospective (n = 5) 80 (72, 87) 61 (53, 69)a 0.7854

(5) No. of patients

RI C50 (n = 9) 71 (65, 76) 0.0531 62 (56, 67)a 0.0352 0.7643

\50 (n = 11) 81 (74, 87)a 73 (66, 80)a 0.8500

SUVmax-post C50 (n = 9) 72 (66, 78) 0.1279 62 (57, 66)a 0.0053 0.7665

\50 (n = 4) 82 (70, 90) 81 (69, 90) 0.8870

VR C50 (n = 4) 75 (67, 82)a 0.9203 63 (55, 69) 0.0614 0.6747

\50 (n = 4) 76 (59, 88) 78 (68, 86)a 0.8594

(6) Country of origin

RI European (n = 13) 77 (71, 82)a 0.2076 66 (60, 72)a 1.0000 0.8248

Others (n = 7) 70 (61, 77) 66 (59, 72)a 0.7416

SUVmax-post European (n = 8) 74 (68, 80)a 1.0000 65 (58, 72)a 0.7058 0.8223

Others (n = 5) 74 (65, 82) 63 (57, 69) 0.7378

VR European (n = 4) 82 (74, 88) 0.0518 62 (52, 72)a 0.2461 0.9462

Others (n = 4) 61 (46, 74) 70 (63, 76)a 0.7511

(7) Scan modality

RI PET/CT (n = 16) 74 (69, 78) 0.6113 64 (59, 69)a 0.0411 0.7881

PET (n = 4) 77 (66, 85)a 77 (65, 86) 0.8194
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deltaTLG% had higher specificity than the other three

parameters in predicting pathological response. The het-

erogeneity was not completely eliminated in subgroup

analysis, so relevant large sample size studies should be

conducted to further explore the potential sources of

heterogeneity.

At present, many parameters are used to assess response

to preoperative CRT. The RI [RI = (SUVmax-pre -

SUVmax-post) 9 100 %/SUVmax-pre] and SUVmax-post

are the most commonly used semi-quantitative evaluation

index. Our results showed that there was no statistical

difference between them with regard to response assess-

ment. Both the RI and SUVmax-post had similar and

higher specificity in predicting TRG than that in predicting

tumor pCR. Moreover, the heterogeneity of SUVmax-post

was eliminated completely in the TRG subgroup. Conse-

quently, it is suggested that SUVmax-post could be a

suitable indicator for predicting the TRG in relation to

preoperative CRT in patients with primary rectal cancer.

Surprisingly, in our meta-analysis we found that the

parameter RI had higher specificity in predicting thera-

peutic response using PET, which may have been a con-

sequence of the inclusion of fewer studies (n = 4 for PET

vs. n = 16 for PET/CT). PET has been gradually replaced

by combined PET/CT. Despite the fact that anatomical

information obtained from CT in a PET/CT scan did not

seem to improve the detection rate of residual disease in

patients with rectal cancer [30], it still provided valuable

information especially regarding differentiation of the

physical uptake from the uptake in residual lesions in the

intestine.

Although the VR has similar diagnostic sensitivity and

specificity to the RI and SUVmax-post, the VR was a

qualitative indicator that depended on human judgment

and was vulnerable to being affected by the interpreta-

tion of different nuclear medicine physicians. TLG is also

a semi-quantitative indicator, which is based on the

metabolic tumor volume (MTV) and the mean SUV

(TLG = MTV 9 SUVmean) and reflects tumor burden.

The results showed that the deltaTLG% index [(TLGpre –

TLGpost) 9 100 %/TLGpre] had the highest diagnostic

specificity among the four parameters. Although there was

no heterogeneity, only three of the included studies indi-

cated that it could not be representative. Moreover, this

indicator still faced some problems in practical application;

for example, in determining which value of SUVmax could

be considered as a cutoff when the MTV was drawn, and

which segmentation threshold could be applied when the

SUVmax of the target lesion was lower. Furthermore, the

segmentation of the MTV might be affected by the distri-

bution of FDG within the rectal wall [47]. Therefore, the

deltaTLG% should be applied with caution, and its pre-

diction efficiency needs to be further explored in future

studies.

The optimal post-treatment scan time point for PET/CT

is an important and controversial issue that is being

explored. A recent meta-analysis indicated that the post-

treatment PET/CT scan should be conducted during ther-

apy [51]. Although our subgroup analysis results were not

completely consistent with the abovementioned conclu-

sion, our data showed a similar trend regarding the

parameter RI (Table 3). A possible reason for this incon-

sistency may be related to the stricter inclusion and

exclusion criteria in our meta-analysis; for instance, studies

regarding radiotherapy alone and chemotherapy alone were

excluded. In any case, with respect to the scan time we

must take into consideration the potential limitation of

PET/CT related to the time interval between therapy and

the scan, which may result in an underestimation of tumor

response. Radiotherapy-induced inflammation could result

in approximately 25 % of FDG uptake occurring in

inflammatory cells; in addition, there may be a temporarily

reversible reduction in tumor FDG uptake caused by the

so-called stunning of tumor cells. Therefore, in this regard,

further large sample size randomized-controlled clinical

trials should be conducted to find the optimal post-

Table 3 continued

Parameters Subgroup Sensitivity (95 % CI) P value Specificity (95 % CI) P value AUC

SUVmax-post PET/CT (n = 11) 77 (72, 82) NA 63 (59, 68)a NA 0.8093

PET (n = 2) NA NA NA

VR PET/CT (n = 4) 85 (75, 92) 0.0661 71 (60, 79)a 0.4805 0.8951

PET (n = 4) 68 (57, 77) 66 (59, 72)a 0.7230

AUC area under the curve of SROC, CI confidence interval, NA not applicable, NO. number of studies, pCR pathological complete response, RI

response index, SUVmax-post post-treatment standardized uptake value, TRG tumor regression grade, VR visual response, ypT-down, down-

staging of post-treatment T stage
a There was heterogeneity between studies
b TRG vs. pCR
c pCR vs. ypT-down
d ypT-down vs. TRG
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treatment scan time for PET/CT to provide more useful and

reliable information to clinicians. Moreover, future studies

should pay more attention to the time interval between

therapy and the scan to avoid false-positive or false-nega-

tive results.

To date, as compared with morphological imaging

modalities, such as CT, MRI and EUS, metabolic imaging

using PET/CT has been shown to be a most promising

imaging modality regarding response assessment to therapy

in rectal cancer. Denecke et al. [21] found that FDG PET

was superior to CT and MRI, and Amthauer et al. [14]

found that EUS seemed to be unreliable in the evaluation of

response to therapy after radiotherapy with or without

chemotherapy. Moreover, some studies have also shown

that there is a tendency to overestimate local tumor extent

after radiotherapy as a result of these therapy-induced

anatomical alterations (inflammatory reactions, necrosis, or

fibrosis), which could interfere with the detection of tumor

regression by means of anatomical structure analysis and

render the response assessment more difficult for CT, MRI

and EUS [14, 21]. Consequently, at present functional

imaging of PET/CT is a preferable choice with regard to

the prediction of response to CRT.

Some studies have shown that tumor pathological

response after therapy may be a powerful prognostic factor

in patients with rectal cancer [2, 7]. Capirci et al. [5]

analyzed the relationship between pCR and prognosis in

566 pCR patients with locally advanced rectal cancer and

found that 5-year rates of disease-free survival, overall

survival and cancer-specific survival were 85, 90, and

94 %, respectively. Rodel et al. [8] reported that patients

with TRG4 did not experience local recurrence, but

patients with TRG 2 ? 3 and TRG 0 ? 1 experienced

local recurrence with rates of 4 and 6 %, respectively.

However, in this regard, there is still no consensus con-

cerning the correlation between pathological response and

clinical outcomes. In recent years, there has been increas-

ing concern with regard to the relationship between the

metabolic response assessed by FDG PET or PET/CT and

patient clinical prognosis. There has also been considerable

disagreement regarding the prognostic value of FDG PET

or PET/CT. For instance, Nakagawa et al. [52] reported

that the median survival and the 5-year overall survival

rates in the SUVmax-post \ 5 vs. SUVmax-post [ 5

groups were 95 vs. 42 months and 70 vs. 44 %, respec-

tively (P = 0.042). On the contrary, Ruby et al. [53] car-

ried out a large sample size (127 patients) prospective

study and suggested that serial FDG PET before and after

CRT could not provide prognostic information.

The present meta-analysis had some limitations. First,

there was heterogeneity in diagnostic performance when

RI, SUVmax-post and VR were used as evaluation indi-

ces. Moreover, heterogeneity could not be completely

eliminated in the subgroup analysis. Faced with this

problem, REM was employed to estimate the diagnostic

performance. Second, all patients enrolled in each of the

included studies received CRT; however, the detailed

treatment regimens were not consistent, which may be a

potential source of heterogeneity. Moreover, because of

considerable variation in the treatment regimens used in

these studies, the relevant subgroup analysis was not car-

ried out. Last but not least, we compared the impact of two

different ranges of RI and SUVmax-post in the evaluation

of the diagnostic performance of PET or PET/CT; how-

ever, there was no significant difference, so we could not

recommend a proper range of RI and SUVmax-post for

clinicians according to the current data.

Conclusions

In conclusion, according to the current data, among the

four evaluation parameters (RI, SUVmax-post, VR and

deltaTLG%) related to PET or PET/CT, SUVmax-post was

found to be the optimal index for the prediction of the TRG

regarding preoperative CRT in patients with primary rectal

cancer. The parameter deltaTLG% may be a potential

response prediction index, but its efficiency still requires

further study to confirm. Our present results also suggest

that the diagnostic performance of PET or PET/CT could

be related to its post-treatment scan time, and the post-

treatment PET or PET/CT scan should be carried out

during the process of CRT when using RI as evaluation

index.
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