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Abstract

The PET Response Criteria in Solid Tumors (PERCIST) are not specific regarding the number of 

lesions that should be analyzed per patient. This study evaluated how the number of analyzed 

lesions affects response assessment in metastatic breast cancer.

Methods—In 60 patients, response was assessed by the change in SUVpeak, normalized to lean 

body mass, of the most 18F-FDG–avid lesion (PERCIST 1) and by the change in the sum of 

normalized SUVpeak for up to 5 lesions (PERCIST 5). The correlation between response by 

PERCIST and progression-free and disease-specific survival was evaluated.

Results—In responders and nonresponders, the respective progression-free survival at 2 y was 

37.26% and 6.43% for PERCIST 1 (P < 0.0001) and 33.65% and 7.14% for PERCIST 5 (P < 

0.0001) and the respective disease-specific survival at 4 y was 58.96% and 25.44% for PERCIST 1 

(P < 0.012) and 59.12% vs 20.01% for PERCIST 5 (P < 0.002).

Conclusion—The number of analyzed lesions does not appear to have a major impact on the 

prognostic value of response assessment with 18F-FDG PET/CT in metastatic breast cancer.
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The use of 18F-FDG PET/CT has shown significant promise for the restaging and therapy 

monitoring of many cancers, including metastatic (stage IV) breast cancer (1–4). However, 

standardization of response assessment by 18F-FDG PET/CT is still lacking between the 

various studies. The PET Response Criteria in Solid Tumors (PERCIST) have defined a 

framework for the 18F-FDG PET/CT evaluation of tumor response to therapy (5). PERCIST 

recommends quantifying 18F-FDG uptake based on SUV normalized to lean body mass 

(SUL) and measuring changes in the peak 18F-FDG uptake of lesions (SULpeak). The 

preferred approach is to measure SULpeak for the most 18F-FDG–avid lesion on the baseline 

and follow-up studies and determine the relative change. Analysis of the sum of SULpeak for 

up to 5 lesions is suggested as an alternative. However, it remains unclear whether these two 

approaches to response assessment lead to a substantial difference in the clinical outcome 

predicted. Therefore, the aim of this study was to compare analysis of 1 lesion (PERCIST 1) 

versus analysis of up to 5 lesions (PERCIST 5) for predicting the outcome of stage IV breast 

cancer patients who undergo systemic therapy.

MATERIALS AND METHODS

The institutional review board approved and waived the informed-consent requirement for 

this retrospective single-institution study, which was compliant with the Health Insurance 

Portability Account Act.

Patients

The hospital information system of the Memorial Sloan Kettering Cancer Center was 

screened for patients who had stage IV breast cancer during 2007–2013 and fulfilled the 

following inclusion criteria: baseline 18F-FDG PET/CT 28 d before initiation of therapy and 

follow-up and no more than 3 mo (mean, 2.4 mo) after initiation of therapy; either first- or 

second-line cytotoxic, targeted, or immunotherapeutic systemic therapy in a clinical trial or 

any hormonal therapy before cytotoxic, targeted, or immunotherapeutic systemic therapy; 

and measurable disease at baseline as defined by PERCIST (5). Patients were excluded if 

metastatic disease was limited to the brain or if no lesion on 18F-FDG PET/CT exceeded the 

limits for minimum SUL as defined by PERCIST (5) (1.5 × liver SUL 1 2 SDs of liver SUL) 

and uptake time differed by more than 30 min between the baseline and follow-up scans.

Sixty eligible patients (mean age, 53.4 y; range, 29–85 y) were identified. The electronic 

medical records in the hospital information system were reviewed, and the following 

characteristics were recorded for each patient: age at therapy, type of therapy, start date of 

systemic therapy, histologic type, tumor grade, receptor status, date of progression, and date 

of death or last follow-up. If death was caused by breast cancer, this fact was also recorded 

(Supplemental Table 1, available at http://jnm.snmjournals.org).
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Imaging

Before receiving the 18F-FDG injection for PET/CT, the patients fasted for at least 6 h. 

Patients whose plasma glucose level was less than 200 mg/dL were intravenously injected 

with 444–555 MBq of 18F-FDG, and scanning began after an uptake period of 60–90 min. 

One patient had a plasma glucose level higher than 200 mg/dL at baseline and at follow-up 

and was injected with 4 IU of a short-acting insulin (Novolog; Novo Nordisk) before 

receiving the 18F-FDG injection (Supplemental Fig. 1). Details about the PET/CT scanners 

and imaging technique are provided in Supplemental Table 2.

Image Analysis

One experienced physician who was board-certified in radiology and nuclear medicine 

reviewed the 18F-FDG PET/CT data. The reviewer was aware of the clinical diagnosis but 

not the clinical follow-up information. 18F-FDG uptake was quantified by SULpeak, using 

PET-VCAR software suite 2.2 (Advantage Workstation; GE Healthcare). To determine SUL, 

the reviewer placed a sphere around a possible target lesion. Within this sphere, the software 

searches for the 1.0-cm3 sphere that encompasses the voxels with the highest average SUL. 

This SUL is reported as SUVpeak. Liver SUL was measured in a 3-cm region of interest (5).

Response to therapy was classified as either complete metabolic response, partial metabolic 

response, stable metabolic disease, or progressive metabolic disease according to PERCIST. 

For the PERCIST 1 analysis, the lesion with the highest SULpeak was identified on the 

baseline image and on the follow-up scan (not necessarily the same lesion). The percentage 

change in SULpeak between the baseline and follow-up scans was used to determine 

response as defined by PERCIST. Briefly, an increase by 30% or more, a new metabolically 

active lesion, or unequivocal progression of a nontarget lesion (≥30% increase in any lesion) 

was defined as progressive disease. A decrease by 30% or more was defined as partial 

response. A decrease to blood-pool level or less was defined as a complete response. When 

none of these criteria were met, the response was defined as stable disease. For the 

PERCIST 5 analysis, up to 5 target lesions (maximum of two per organ) were identified. 

Their sums on the baseline scan and on the follow-up scan were calculated, and the 

percentage change used to determine response as defined by PERCIST.

The patients underwent clinical follow-up and contrast-enhanced CT or PET/CT every 3 mo 

until progression, followed by routine follow-up until death. These data were used to assess 

progression-free survival (PFS) and disease-specific survival (DSS).

Statistical Analysis

Concordance between response assessments by PERCIST 1 and PERCIST 5 was evaluated 

using κ-statistics. For survival analysis, the data were dichotomized into responders 

(complete or partial response) and nonresponders (stable or progressive disease). Kaplan–

Meier analysis was used to determine whether there was an association between treatment 

response and either PFS or DSS. The log-rank (Mantel–Cox) test was used to evaluate 

differences between Kaplan–Meier curves. Statistical analyses were performed using Prism 

6 software (GraphPad). P values of 0.05 or less were considered significant.
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RESULTS

The response classification according to PERCIST 1 and PER-CIST 5 is summarized in 

Table 1. For PERCIST 1, 28 patients had the same target lesion on both the baseline and the 

follow-up scans and 32 patients had a different target lesion. Response was discordant 

between PERCIST 1 and PERCIST 5 in only 3 patients (5%, weighted κ = 0.96). These 3 

patients were classified as having stable disease by PERCIST 1 but a partial response by 

PERCIST 5. One of the three died after 31 mo whereas the other two were still alive at the 

end of the follow-up period, with survival of 35 and 38 mo. Progressive disease was 

concordantly diagnosed by PERCIST 1 and PERCIST 5 in 13 patients. The reasons for 

progressive disease were new lesions in 2 cases, unequivocal progression of nontarget 

lesions in 4 cases, increase in SULpeak of the target and nontarget lesions in 4 cases, and 

increase in SULpeak of the target lesions in 3 cases.

Response according to both PERCIST 1 and PERCIST 5 found highly significant 

differences in both 2-y PFS and 4-y DSS between responders and nonresponders (Figs. 1 

and 2). The median follow-up time for all patients was 25.0 mo (range, 4.0–52 mo). Forty-

nine patients (81%) progressed during the follow-up period, after a median interval of 8.3 

mo (range, 01.3–39.7 mo). Thirty patients (50%) died of breast cancer during the follow-up 

period, at a median interval of 17 mo (range, 4–36 mo).

The respective 2-y PFS for responders and nonresponders was 37.26% and 6.43% for 

PERCIST 1 (P < 0.0001) and 33.65% and 7.14% for PERCIST 5 (P < 0.0001) (Fig. 1). The 

median time to progression for nonresponders was 3.03 mo for PERCIST 1 and 2.8 mo for 

PERCIST 5. The median time to progression for responders was 16.1 mo for PERCIST 1 

and 14.3 mo for PERCIST 5. The respective 4-y DSS for responders and nonresponders was 

58.96% and 25.44% for PERCIST 1 (P < 0.008) and 59.12% and 20.01% for PERCIST 5 (P 
< 0.0009) (Fig. 2). The median DSS for nonresponders was 21 mo both for PERCIST 1 and 

for PERCIST 5 and had not been reached by the end of the follow-up for responders. The 2-

y PFS for responders (P = 0.832) and nonresponders (P = 0.667) did not significantly differ 

between PERCIST 1 and PERCIST 5, nor did the 4-y DSS for responders (P = 0.948) or 

nonresponders (P = 0.604).

In 16 patients, the percentage difference in normal-liver SUL was greater than recommended 

by PERCIST (5). Excluding these patients had no impact on the results (Supplemental Figs. 

2 and 3).

DISCUSSION

The use of 18F-FDG PET and PET/CT for response assessment in breast cancer has been 

extensively studied. The initial studies focused on patients with locally advanced breast 

cancer who underwent neoadjuvant therapy (6–8). In that setting, the question of the number 

of lesions to analyze is not particularly relevant, as there is generally a single dominant 

breast mass and the histopathology of this mass is the reference standard for response 

assessment on 18F-FDG PET/CT. More recently, 18F-FDG PET/CT has also shown 

promising results in metastatic breast cancer (2–4,9–11). In this setting, patients may show 
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so many lesions on 18F-FDG PET/CT that it becomes quite cumbersome to measure 18F-

FDG uptake for each of them. However, to our knowledge the number of lesions that needs 

to be measured to accurately assess response has not yet been determined. Therefore, 

PERCIST, although recommending an analysis of the most metabolically active lesion, also 

encourages averaging SUL for up to 5 lesions (5).

The present study indicated that the only effect of analyzing 1 rather than 5 lesions is a 

minimal decrease in the frequency of partial response. Fewer patients with partial response 

are expected for PERCIST 1, because it chooses the lesion with the highest SULpeak on the 

follow-up scan for calculating the percentage change in 18F-FDG uptake. This change will 

tend to be smaller than the change in SUL summed for several lesions, as used by PERCIST 

5. For similar reasons, one might expect a higher frequency of progressive disease for 

PERCIST 1 than for PERCIST 5. However, the fact that progressive disease in the present 

study was usually attributable to the appearance of new lesions or the progression of 

nontarget lesions explains why there was no difference between PERCIST 1 and PERCIST 5 

for this category.

CONCLUSION

In metastatic breast cancer, 18F-FDG PET/CT is a robust method for monitoring the 

response to therapy. In the current study, the exact number of analyzed lesions did not have a 

major influence on the prognostic value of response by 18F-FDG PET/CT. Larger 

prospective trials will be helpful in validating these results.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
PFS by tumor response.
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FIGURE 2. 
DSS by tumor response.

Pinker et al. Page 8

J Nucl Med. Author manuscript; available in PMC 2017 June 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Pinker et al. Page 9

TA
B

L
E

 1

C
or

re
la

tio
n 

B
et

w
ee

n 
R

es
po

ns
e 

A
ss

es
sm

en
t b

y 
PE

R
C

IS
T

 1
 a

nd
 P

E
R

C
IS

T
 5

P
E

R
C

IS
T

 5

P
E

R
C

IS
T

 1

C
om

pl
et

e 
re

sp
on

se
P

ar
ti

al
 r

es
po

ns
e

St
ab

le
 d

is
ea

se
P

ro
gr

es
si

ve
 d

is
ea

se
Su

m

C
om

pl
et

e 
re

sp
on

se
19

  0
  0

  0
19

Pa
rt

ia
l r

es
po

ns
e

  0
10

  3
  0

13

St
ab

le
 d

is
ea

se
  0

  0
15

  0
15

Pr
og

re
ss

iv
e 

di
se

as
e

  0
  0

  0
13

13

Su
m

19
10

18
13

60

J Nucl Med. Author manuscript; available in PMC 2017 June 30.


	Abstract
	MATERIALS AND METHODS
	Patients
	Imaging
	Image Analysis
	Statistical Analysis

	RESULTS
	DISCUSSION
	CONCLUSION
	References
	FIGURE 1
	FIGURE 2
	TABLE 1

