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Abstract: FDG PET/CT-based measures of tumor burden show promise to predict survival in patients with meta-
static breast cancer, but the patient populations studied so far are heterogeneous. The reports may have been
confounded by the markedly different prognosis of the various subtypes of breast cancer. The purpose of this study
is to evaluate the correlation between tumor burden on FDG PET/CT and overall survival (OS) in patients within a
defined population: metastatic triple negative breast cancer (MTNBC). FDG PET/CT scans of 47 consecutive MTNBC
patients (54112 years-old) with no other known malignancies were analyzed. A total 393 lesions were identified,
and maximum standardized uptake value (SUVmax), mean SUV, metabolic tumor volume (MTV), total lesion number
(TLN) and total lesion glycolysis (TLG), were measured and correlated with patient survival by Mantel-Cox tests and
Cox regression analysis. At a median follow-up time of 12.4 months, 41 patients died with a median OS of 12.1
months. Patients with MTV less than 51.5 ml lived nearly three times longer (22 vs 7.1 months) than those with a
higher MTV (x?=21.3, P<0.0001). In a multivariate Cox regression analysis only TLN and MTV were significantly cor-
related with survival. Those with an MTV burden in the 75" percentile versus the 25™ percentile had a hazard ratio
of 6.94 (p=0.001). In patients with MTNBC, MTV appears to be a strong prognostic factor. If validated in prospective
studies, MTV may be a valuable tool for risk stratification of MTNBC patients in clinical trials and to guide patient
management.
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Background breast cancer patients with expression of ER,
PR or HER2, endocrine treatment or Her2 tar-
Triple negative breast cancer (TNBC) is a sub- geted monoclonal therapy markedly improves
type of breast cancer defined by the absence of survival in the setting of metastatic disease.
estrogen receptors (ER), progesterone recep- However, in the nearly 15% of all breast cancers
tors (PR) and human epidermal growth factor that have a triple-negative phenotype, effica-
receptor 2 (HER2). Metastatic triple negative cious targeted treatments are not available.
breast cancer (MTNBC) has the worst progno-
sis of all subtypes of breast cancer. Median sur- Clinical trials with poly ADP-ribose polymerase
vival of patients with MTNBC is 13 months [1]. (PARP) inhibitors [7], epidermal growth factor
This is considerably shorter than patients with receptor (EGFR) inhibitors [8], and platinum
metastatic breast cancer (MBC) where the pri- containing regimens are ongoing with mixed
mary tumor is positive for ER (21.0 months), PR results [9]. Even a moderate imbalance in prog-

(24.7 months) or HER2 (25.1 months) [2-5]. For nostic factors between the arms of a random-
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ized study may affect treatment efficacy. Few
predictors of survival or treatment response
within the triple-negative phenotype exist, limit-
ing means to stratify patients beyond TNM
stage [6].

Intuitively, a quantitative measurement of total
tumor burden should differentiate disease
severity among breast cancer patients of the
same stage and molecular phenotype. FDG
PET/CT has been recognized to have an ever-
expanding role in guiding the clinical manage-
ment of breast cancer [10, 11]. FDG PET/CT
has quantitative capabilities, however, in most
studies FDG PET scans are interpreted in a
qualitative way and the quantitative informa-
tion of the PET scans is not fully utilized.

Various quantitative measures are easily
derived clinically from whole body FDG PET/CT
scans. The most common is the standard
uptake value (SUV), used in practice as either
the mean (SUV,___ ) or maximum (SUV_ ) meta-
bolic signal from a given tumor lesion. Another
parameter is metabolic tumor volume (MTV),
calculated by determining all voxels that show
FDG uptake above a certain percentage of
SUV .- MTV can be multiplied with the mean or
maximum SUV from that lesion and results in a
parameter called total lesion glycolysis (TLG)
[12].

Studies of breast [13], multiple myeloma [14],
lung [15, 16], pharyngeal [17], esophageal [18]
and gastrointestinal cancers [19] have shown
that MTV or TLG are significantly correlated
with survival and that their prognostic value is
often higher than SUV measurements. Two
studies have shown this prospectively, suggest-
ing MTV and/or TLG may have utility as stratifi-
cation tools in assessing treatment efficacy
[19, 20]. For example, Song et al. demonstrat-
ed that an MTV cut-off value of 160 ml was sig-
nificantly predictive of survival in patients with
gastrointestinal B-cell lymphoma. Post-hoc
analysis further showed those with MTVs above
the cut-off had significantly different responses
to treatment with chemotherapy alone versus
chemotherapy with surgery [19].

For studies assessing treatment efficacy in
MTNBC, a reliable prognostic tool that enables
more finely tuned patient stratification would
be extremely valuable [21]. Thus, we investi-
gated whether quantitative FDG PET/CT derived
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parameters of tumor burden are correlated
with survival of MTNBC patients.

Methods
Patient selection

This was an IRB approved HIPAA compliant ret-
rospective study. Patients were selected using
Darwin, an electronic medical records filtering
database at MSKCC, that searched and com-
piled a list of patients with a metastatic breast
cancer diagnosis, triple negative pathology
findings, and who underwent a FDG PET/CT
from 2001-2012. Patients with synchronous,
invasive non-breast tumors or no evidence of
metastasis on FDG PET/CT were excluded. No
restrictions were made regarding the number
of prior palliative therapies. Of 47 patients
meeting this criteria 18 received therapy prior
to PET/CT, four in the past month. In 31 patients
initial MTNBC diagnosis was made within two
months of FDG PET/CT. Thirteen patients had
had a previous diagnosis of breast cancer
before their metastatic diagnosis. The basis of
referral for FDG PET/CT was not recorded.

FDG PET/CT

Before injection of radiotracer patients were
fasted for at least six hours. If plasma glucose
levels were <200 mg/dl, patients were injected
with 444-555 MBq of IV radiotracer. After injec-
tion patients were rested for 60-90 minutes
before image acquisition. FDG PET/CT scans
were performed on various systems (GE
Discovery Series, Siemens Biograph Series)
but patient preparation and image acquisition
followed a standardized protocol. Using an IEC
image quality phantom the medical physics
group have made efforts to ensure iterative
reconstruction parameters are comparable,
minimizing SUV differences between scanners,
generally within 10%. All patients followed the
protocol described above. Measured lesions
were those corroborated by the radiologist’'s
report and included only primary tumors and
lesions that had the typical characteristics
of metastatic disease on FDG PET/CT. Lesion
MTV was defined as the region enclosed by a
42% isocontour around the maximum PET
voxel of a lesion using PET VCAR software
(Advanced Workstation 4.4, GE Medical Sys-
tems, Milwaukee, WI). This method of calculat-
ing MTV has been well described by others [14,
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Figure 1. Measurement of Metabolic Tumor Volume. Representative PET MIP of two patients at time of FDG PET/CT:
(A) Low tumor burden: MTV of 36.0 ml, with survival of 669 days; (B) Medium burden: MTV of 58.3 ml and survival
of 393 days; and (C) high tumor burden: MTV of 137.0 ml with survival of 16 days.

Table 1. FDG PET/CT Measurement Summary

Value?
Age 53+14
SUvV, . 14.4+10.0
SUV, ... 6.6+4.8
TLG 292.5 [81.4-800]
MTV 51.5 [27.0-123]
TLN 7.916.4
Time from Diagnosis to PET-CT 40 [10-144)

2Values are presented as the means * standard devia-
tion or median [interquartile range].

22, 23]. Patient MTV represents the sum of
every individual lesion MTV. Occasional adjust-
ments of the 42% threshold were performed if
the volume extended beyond the lesion as seen
on CT [12]. Patient SUV__ and TLGs constitut-
ed the average and sum, respectively, of all
lesion SUV__ ~ and lesion TLG measures.
Patient SUVmax was reported as the highest
lesion SUV__, and TLN was defined as the total
number of malignant lesions per patient (Figure
1).

Visualization of bone and bone marrow metas-
tases is one of the major strengths of FDG PET/
CT in staging of breast cancer patients and
were identified in half of all study subjects [24].
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Also, alkaline phosphatase has been reported
as prognostic of survival in patients with
MTNBC [1]. Therefore, we performed the same
multivariate analysis excluding bone lesions to
assess if our approach may have been influ-
enced by the unique ability of FDG PET/CT to
detect such lesions. Measurements were also
grouped separately for seven patients with only
lymph node metastases to assess if metastatic
site might influence the prognostic strength of
these measures. There were no patients with
only bone or only liver lesions from whom we
could perform a similar grouping.

Statistical analysis

Overall survival (0OS) was determined by chart
review and defined as the time from FDG PET/
CT to death or last recorded encounter. Prism
GraphPad 6 (GraphPad Software, Lalolla, CA)
was used for graphical representation of mea-
surements and univariate Cox-Mantel survival
analysis statistics. Cox regression analysis was
performed using IBM SPSS 20 (IBM Corporation,
Armonk, NY). Distributions of continuous val-
ues were assessed for normality with a one-
sample Kolmogorov-Smirnov Test (Table 1).

Age, SUV__, SUV__ . TLG, MTV, and TLN were
analyzed for their correlation with survival. To
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Figure 2. Univariate Analysis of FDG PET/CT Measurements. Mantel-Cox survival analysis for three measurements
demonstrated significant differences (all p<0.001) when grouped by relationship to the median value. Metabolic
tumor volume (MTV) (A) had the largest difference (X2=24.0) between groups based on a median of 51.5 mL. Total
lesion number (TLN) (B) (X>=15.6) with a median value 7, and total lesion glycolysis (TLG) (C) (X?=15.6) with a me-
dian value of 292.5 grams also demonstrated significant differences in survival. SUV max (D) (X?=1.9, p=0.167)
with a median of 12.5 grams per milliliter did not show a significant difference in survival.

distinguish between instances of early diagno-
sis versus slowly evolving disease the time from
diagnosis to FDG PET/CT was also included. All
measurements first underwent univariate anal-
ysis as continuous variables as well as their
dichotomized versions using median-split.
Those found to be significant were entered into
a multivariate Cox Regression model using
Backward Wald selection. Finally, to better illus-
trate clinical relevance a Cox model was refit
with MTV dichotomized to compare patients
with tumor burden of the 75" percentile to
those of the 25" percentile. As patient data
was collected over the span of twelve years,
and management of MTNBC patients has
changed notably in this time, analysis was
repeated using the same median value cut-off
excluding the six oldest patients, reducing the
time range of patient data to eight years.
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Results

Forty-seven patients with metastatic triple neg-
ative breast cancer met the inclusion criteria.
The average age was 55 (SD, 12.4) years-old.
Of those included, 26% of patients had under-
gone prior curative intent surgery, 26% had
received adjuvant or neoadjuvant chemothera-
py and 9% adjuvant radiotherapy. A majority of
patients (59%) had not received breast cancer
specific treatment prior FDG PET/CT and there
was no significant difference in survival
between these patients and those who did.
There was also no difference in survival
between those with a prior breast cancer diag-
nosis (13) and those without (34) a prior diag-
nosis. A total of 393 lesions were measured
and their location noted. Manual adjustments
of the MTV were only required for 12 of these
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Table 2. Multivariate Analysis of FDG PET/CT
Measurements for Predicting Survival

HR 95% Cl p

TLG? 0.70 0.23-2.15 0.536
MTV 3.66 1.73-7.72 0.001*
TLN 3.28 1.57-6.84 0.002*

MTVWoBL 3.74 1.79-7.86 <0.001*
TLNWoBL 2.13 1.04-4.34 0.038*

aTLG dropped from Backward Wald Selection after first of
two steps. *Denotes statistically significant hazard ratio.

lesions. In seventy-nine percent of patients
(37) both primary and metastatic lesions were
identifiable on FDG PET/CT.

SUVmax, SUVmean, TLG, MTV, TLN and time from
diagnosis to PET-CT values are reported in
Table 1. Univariate Cox regression of measures
as continuous variables demonstrated a signifi-
cant correlation with survival only for MTV, TLG,
and TLN. Mantel-Cox survival analysis demon-
strated significant differences in OS for patient
measures of MTV, TLN, and TLG when com-
pared about their respective medians (Figure
2A-C). For example, median survival of patients
with a MTV below the median was 3-times lon-
ger than for patients with a MTV above the
median (Figure 2A). Both SUV___ and SUV__
(Figure 2D) were not significantly correlated
with survival. In patients with only lymph node
metastases the median MTV was 47.0 mL com-
pared to 52.4 mL in the remaining subjects.
Median TLN was eight and seven, respectively,
between these same two groups. Survival was
also comparable with a median survival of 322
in the lymph node only group versus 386 days
in all other patients.

Measures found to be significant on univariate
analysis were tested in a multivariate Cox
regression and only MTV and TLN connoted a
significant ability to predict survival with the fol-
lowing hazard ratios (HRs): MTV (HR: 3.66, Cl:
1.73-7.72, p=0.001) and TLN (HR: 3.28, Cl:
1.24-13.23, p=0.002) (Table 2). These mea-
sures were also analyzed as continuous vari-
ables and, again, only MTV and TLN were sig-
nificant: MTV per 100 ml (HR: 2.44, CI:
1.54-3.82, p=0.001) and TLN per lesion (HR:
1.11, Cl: 1.03-1.19, p=0.004). As a dichoto-
mous value representing the 25" (27.0 mL) and
75" percentiles (121.3 mL) of tumor burden
MTV demonstrated a hazard ratio of 6.94 (Cl:
2.15-22.39, p=0.001).
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To address if FDG PET/CT’s ability to identify
bone lesions influenced our findings analysis
was performed without bone lesions. This
revealed only a small change in MTV (HR: 3.74,
Cl: 1.79-7.86, p=0.021) and moderate change
in TLN (HR: 2.13, CI: 1.04-4.34, p=0.038) to
predict survival. With some patient records
extending back nearly twelve years analysis
was performed excluding the six oldest records
as management of MTNBC may have changed.
This smaller cohort, representing records com-
piled across just eight years (2005-2012), still
demonstrated significant correlations between
survival and both MTV (HR: 3.90, CI: 1.91-8.12,
p=0.001) and TLN (HR: 3.63, Cl: 2.04-6.64,
p=0.001).

Discussion

In our patient population tumor burden as
assessed quantitatively by MTV and TLN on
FDG PET/CT was a strong predictor of survival.
The median OS for the whole group of patients
included was 12.1 months, which is in line with
previous studies of MTNBC [1]. Yet, OS was only
7 months with a MTV above the median where-
as it was more than 20 months for patients
with an MTV below the median. Thus, survival
of triple negative breast cancer patients with a
low metastatic volume was comparable to the
survival of patients with estrogen receptor pos-
itive tumors.

Measures of breast cancer tumor burden from
FDG PET/CT have been studied before and MTV
has been shown to be able to predict post-sur-
gery disease-free survival, and OS in early
stage disease [24, 25]. In MBC patients of all
phenotypes, Ulaner et al. [13] demonstrated
MTV and TLG have prognostic strength when
stratified by site of metastasis. However, inten-
sity of FDG uptake is correlated with molecular
subtype [26] and the molecular subtype is
strongly correlated with prognosis. Therefore,
studies of the prognostic value of MTV and
SUV__ in mixed breast cancer populations can
easily be confounded by the distribution of
molecular phenotypes in the study population.
Specifically, high SUV__ and high MTV may
closely correlate with a more aggressive molec-
ular phenotype and therefore not provide inde-
pendent prognostic information. In order to
confirm the prognostic value of measurements
of tumor burden on FDG PET/CT we therefore
studied a well-defined patient group of MTNBC
patients.

Am J Nucl Med Mol Imaging 2016;6(2):120-127
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Few studies have investigated predictors of
survival exclusively in the MTNBC population.
Kassam et al. [1] reported previous chemother-
apy and an alkaline phosphatase level of more
than 120 U/L to be predictive of survival with
HRs of 2.40 and 2.77, respectively. This is sub-
stantially lower than the HR of nearly 7 for MTV
values in the 75™ percentile compared to the
25" percentile of tumor burden examined in
the present study. Groups focused on triple-
negative populations, metastatic and non-met-
astatic, have published HRs for OS as high as
4.2 [27, 28], however, all of these measures are
confounded by TNM staging and may not be
able to be extrapolated to the MTNBC popula-
tion in a meaningful way.

The survival difference for patients above and
below the median was nearly 15 months, which
is high when compared to the typical median
survival of MTNBC (13 months) and effects of
current therapies on survival differences.
Recent trials with PARP and EGFR inhibitors
show survival changes on the order of 4
months, just a third of the difference observed
here [8, 29].

Unexpectedly, our analysis showed SUV,__ and
TLG were not significantly predictive of survival
yet MTV and TLN were. One explanation could
be that the metabolic activity of the tumor cells
(assessed by SUV__ ) is relatively similar in all
MTNBC patients and therefore not correlated
with survival. In contrast, there are marked
differences in SUV__ between the different
molecular subtypes of breast cancer. For exam-
ple, ER/PR positive primary breast cancers
have been shown to demonstrate an almost
2-times lower FDG uptake than triple negative
tumors [30]. In MTNBC patients, physical size
and extent of tumor burden may therefore be
stronger determinants of future breast cancer
outcomes than metabolic signal strength.

In addition to MTV, TLN was also significantly
correlated with patient survival. This raises the
question if other imaging modalities, such as
CT may provide similar prognostic information
as FDG PET/CT. However, TLN was much less
correlated with survival when bone (marrow)
lesions were excluded from analysis. A study
comparing the ability of FDG PET/CT and CT to
detect extra-hepatic metastases in hepatocel-
lular carcinoma demonstrated FDG PET/CT is
twice as sensitive in detecting bone and bone
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marrow lesions [31]. If similarly true for breast
cancer patients then CT imaging is unlikely to
provide prognostic information as accurate as
FDG PET/CT. However, future studies compar-
ing CT and FDG PET/CT in patients with MBC
are required to definitively address this point.

This study demonstrates promise for MTV and
TLN measured with FDG PET/CT as useful prog-
nostic indicators in MTNBC, but there are limi-
tations. First, different PET machines were
used, likely with various reconstruction algo-
rithms, and coupled with the large number of
small lesions measured inconsistent values for
Suv,__ and SUV__ from partial volume effects
may have influenced results. Yet, this also may
highlight the relative robustness of MTV and
TLN for application in future studies using dis-
parate PET scanners. Second, as with all retro-
spective studies there are possibly confound-
ing factors. For example, FDG PET/CT was
performed at various times after diagnosis of
MTNBC and, thus, concerning for bias towards
longer survival times in patients who under-
went FDG PET/CT scans earlier after the diag-
nosis of MTNBC. However, we saw no contribu-
tion to our multivariate survival analysis when
time from diagnosis to FDG PET/CT was added.
There was also considerable variability in the
types and number of therapies employed, and
our sample size was too small to account for
these differences in a meaningful way. Also, as
clinical use of serum tumor markers and mea-
surements of circulating tumor cells (CTCs)
become more common future studies would
benefit from inclusion of these tests so that
they could be compared to the PET/CT-based
measures examined here. Nevertheless, a larg-
er multicenter, prospective study is needed to
validate the utility of MTV and TLN.

Conclusion

MTV and TLN appear to be strong prognostic
factors in MTNBC. These parameters can be
obtained from routine whole-body FDG PET/CT
studies using commonly available software. If
confirmed in prospective studies, MTV and TLN
may be valuable predictors of survival in
MTNBC and provide data for risk adaptive
treatment.

Disclosure of conflict of interest

All procedures performed in studies involving
human participants were in accordance with

Am J Nucl Med Mol Imaging 2016;6(2):120-127



MTNBC prognosis from MTV

the ethical standards of the institutional and/or
national research committee and with the
1964 Helsinki declaration and its later amend-
ments or comparable ethical standards.
Informed consent was obtained from all indi-
vidual participants included in the study.

Address correspondence to: Wolfgang A Weber,
Molecular Imaging and Therapy Service, Department
of Radiology, Memorial Sloan Kettering Cancer
Center, 1275 York Avenue, NY 10065, New York.
E-mail: weberw@mskcc.org

References

[1] Kassam F, Enright K, Dent R, Dranitsaris G, My-
ers J, Flynn C, Fralick M, Kumar R and Clemons
M. Survival outcomes for patients with meta-
static triple-negative breast cancer: implica-
tions for clinical practice and trial design. Clin
Breast Cancer 2009; 9: 29-33.

[2] Lin NU, Claus E, Sohl J, Razzak AR, Arnaout A
and Winer EP. Sites of distant recurrence and
clinical outcomes in patients with metastatic
triple-negative breast cancer: high incidence of
central nervous system metastases. Cancer
2008; 113: 2638-2645.

[3] Changl, Clark GM, Allred DC, Mohsin S, Cham-
ness G and Elledge RM. Survival of patients
with metastatic breast carcinoma: importance
of prognostic markers of the primary tumor.
Cancer 2003; 97: 545-553.

[4] Harris LN, Broadwater G, Lin NU, Miron A,
Schnitt SJ, Cowan D, Lara J, Bleiweiss |, Berry
D, Ellis M, Hayes DF, Winer EP and Dressler L.
Molecular subtypes of breast cancer in rela-
tion to paclitaxel response and outcomes in
women with metastatic disease: results from
CALGB 9342. Breast Cancer Res 2006; 8:
R66.

[5] Slamon DJ, Leyland-Jones B, Shak S, Fuchs H,
Paton V, Bajamonde A, Fleming T, Eiermann W,
Wolter J, Pegram M, Baselga J and Norton L.
Use of chemotherapy plus a monoclonal anti-
body against HER2 for metastatic breast can-
cer that overexpresses HER2. N Engl J Med
2001; 344: 783-792.

[6] Abramson VG, Lehmann BD, Ballinger TJ and
Pietenpol JA. Subtyping of triple-negative
breast cancer: implications for therapy. Cancer
2015; 121: 8-16.

[71  Gelmon KA, Tischkowitz M, Mackay H, Swener-
ton K, Robidoux A, Tonkin K, Hirte H, Hunts-
man D, Clemons M, Gilks B, Yerushalmi R,
Macpherson E, Carmichael J and Oza A. Olapa-
rib in patients with recurrent high-grade serous
or poorly differentiated ovarian carcinoma or
triple-negative breast cancer: a phase 2, multi-

126

centre, open-label, non-randomised study. The
Lancet Oncology 2011; 12: 852-861.

[8] Carey LA, Rugo HS, Marcom PK, Mayer EL, Es-
teva FJ, Ma CX, Liu MC, Storniolo AM, Rimawi
MF, Forero-Torres A, Wolff AC, Hobday TJ, Iva-
nova A, Chiu WK, Ferraro M, Burrows E, Ber-
nard PS, Hoadley KA, Perou CM and Winer EP.
TBCRC 001: randomized phase Il study of ce-
tuximab in combination with carboplatin in
stage IV triple-negative breast cancer. J Clin
Oncol 2012; 30: 2615-2623.

[9] von Minckwitz G, Schneeweiss A, Loibl S, Salat
C, Denkert C, Rezai M, Blohmer JU, Jackisch C,
Paepke S, Gerber B, Zahm DM, Kimmel S, Ei-
dtmann H, Klare P, Huober J, Costa S, Tesch H,
Hanusch C, Hilfrich J, Khandan F, Fasching PA,
Sinn BV, Engels K, Mehta K, Nekljudova V and
Untch M. Neoadjuvant carboplatin in patients
with triple-negative and HER2-positive early
breast cancer (GeparSixto; GBG 66): a ran-
domised phase 2 trial. The Lancet Oncology
2014; 15: 747-756.

[10] Basu S, Mavi A, Cermik T, Houseni M and Alavi
A. Implications of standardized uptake value
measurements of the primary lesions in prov-
en cases of breast carcinoma with different
degree of disease burden at diagnosis: does
2-deoxy-2-[F-18]fluoro-D-glucose-positron
emission tomography predict tumor biology?
Mol Imaging Biol 2008; 10: 62-66.

[11] Jadvar H, Alavi Aand Gambhir SS. 18F-FDG up-
take in lung, breast, and colon cancers: mo-
lecular biology correlates and disease charac-
terization. J Nucl Med 2009; 50: 1820-1827.

[12] Larson SM, Erdi Y, Akhurst T, Mazumdar M,
Macapinlac HA, Finn RD, Casilla C, Fazzari M,
Srivastava N, Yeung HW, Humm JL, Guillem J,
Downey R, Karpeh M, Cohen AE and Ginsberg
R. Tumor Treatment Response Based on Visual
and Quantitative Changes in Global Tumor Gly-
colysis Using PET-FDG Imaging. The Visual Re-
sponse Score and the Change in Total Lesion
Glycolysis. Clin Positron Imaging 1999; 2: 159-
171.

[13] Ulaner GA, Eaton A, Morris PG, Lilienstein J,
Jhaveri K, Patil S, Fazio M, Larson S, Hudis CA
and Jochelson MS. Prognostic value of quanti-
tative fluorodeoxyglucose measurements in
newly diagnosed metastatic breast cancer.
Cancer Med 2013; 2: 725-733.

[14] Fonti R, Larobina M, Del Vecchio S, De Luca S,
Fabbricini R, Catalano L, Pane F, Salvatore M
and Pace L. Metabolic tumor volume assessed
by 18F-FDG PET/CT for the prediction of out-
come in patients with multiple myeloma. J Nucl
Med 2012; 53: 1829-1835.

[15] Zhu D, MaT, Niu Z, Zheng J, Han A, Zhao S and
Yu J. Prognostic significance of metabolic pa-

Am J Nucl Med Mol Imaging 2016;6(2):120-127


mailto:weberw@mskcc.org

(16]

[17]

(18]

[20]

[21]

[22]

[23]

127

MTNBC prognosis from MTV

rameters measured by (18)F-fluorodeoxyglu-
cose positron emission tomography/computed
tomography in patients with small cell lung
cancer. Lung Cancer 2011; 73: 332-337.

Lee P, Weerasuriya DK, Lavori PW, Quon A,
Hara W, Maxim PG, Le QT, Wakelee HA, Don-
ington JS, Graves EE and Loo BW Jr. Metabolic
tumor burden predicts for disease progression
and death in lung cancer. Int J Radiat Oncol
Biol Phys 2007; 69: 328-333.

Chung MK, Jeong HS, Park SG, Jang JY, Son YI,
Choi JY, Hyun SH, Park K, Ahn MJ, Ahn YC, Kim
HJ, Ko YH and Baek CH. Metabolic tumor vol-
ume of [18F]-fluorodeoxyglucose positron
emission tomography/computed tomography
predicts short-term outcome to radiotherapy
with or without chemotherapy in pharyngeal
cancer. Clin Cancer Res 2009; 15: 5861-
5868.

Roedl JB, Halpern EF, Colen RR, Sahani DV, Fis-
chman AJ and Blake MA. Metabolic tumor
width parameters as determined on PET/CT
predict disease-free survival and treatment re-
sponse in squamous cell carcinoma of the
esophagus. Mol Imaging Biol 2009; 11: 54-60.
Song MK, Chung JS, Shin HJ, Moon JH, Lee JO,
Lee HS, Lee SM, Lee GW, Lee SE and Kim SJ.
Prognostic value of metabolic tumor volume
on PET/CT in primary gastrointestinal diffuse
large B cell lymphoma. Cancer Sci 2012; 103:
477-482.

Im HJ, Kim YK, Kim Y1, Lee JJ, Lee WW and Kim
SE. Usefulness of Combined Metabolic-Volu-
metric Indices of (18)F-FDG PET/CT for the
Early Prediction of Neoadjuvant Chemotherapy
Outcomes in Breast Cancer. Nucl Med Mol Im-
aging 2013; 47: 36-43.

Kurland BF, Gerstner ER, Mountz JM, Schwartz
LH, Ryan CW, Graham MM, Buatti JM, Fen-
nessy FM, Eikman EA, Kumar V, Forster KM,
Wahl RL and Lieberman FS. Promise and pit-
falls of quantitative imaging in oncology clini-
cal trials. Magn Reson Imaging 2012; 30:
1301-1312.

Miller TR and Grigsby PW. Measurement of tu-
mor volume by PET to evaluate prognosis in
patients with advanced cervical cancer treated
by radiation therapy. Int J Radiat Oncol Biol
Phys 2002; 53: 353-359.

Yin LJ, Yu XB, Ren YG, Gu GH, Ding TG and Lu Z.
Utilization of PET-CT in target volume delinea-
tion for three-dimensional conformal radio-
therapy in patients with non-small cell lung
cancer and atelectasis. Multidiscip Respir Med
2013; 8: 21.

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

Kim J, Yoo SW, Kang SR, Cho SG, Oh JR, Chong
A, Min JJ, Bom HS, Yoon JH and Song HC. Prog-
nostic Significance of Metabolic Tumor Volume
Measured by (18)F-FDG PET/CT in Operable
Primary Breast Cancer. Nucl Med Mol Imaging
2012; 46: 278-285.

Nakajima N, Kataoka M, Sugawara Y, Ochi T,
Kiyoto S, Ohsumi S and Mochizuki T. Volume-
based parameters of 18F-fluorodeoxyglucose
positron emission tomography/computed to-
mography improve disease recurrence predic-
tion in postmastectomy breast cancer patients
with 1 to 3 positive axillary lymph nodes. Int J
Radiat Oncol Biol Phys 2013; 87: 738-746.
Osborne JR, Port E, Gonen M, Doane A, Yeung
H, Gerald W, Cook JB and Larson S. 18F-FDG
PET of locally invasive breast cancer and as-
sociation of estrogen receptor status with
standardized uptake value: microarray and im-
munohistochemical analysis. J Nucl Med
2010; 51: 543-550.

Rakha EA, El-Sayed ME, Green AR, Lee AH,
Robertson JF and Ellis I0. Prognostic markers
in triple-negative breast cancer. Cancer 2007;
109: 25-32.

Lin NU, Vanderplas A, Hughes ME, Theriault
RL, Edge SB, Wong YN, Blayney DW, Niland JC,
Winer EP and Weeks JC. Clinicopathologic fea-
tures, patterns of recurrence, and survival
among women with triple-negative breast can-
cer in the National Comprehensive Cancer Net-
work. Cancer 2012; 118: 5463-5472.
O’Shaughnessy J, Osborne C, Pippen JE, Yoffe
M, Patt D, Rocha C, Koo IC, Sherman BM and
Bradley C. Iniparib plus chemotherapy in meta-
static triple-negative breast cancer. N Engl J
Med 2011; 364: 205-214.

Koolen BB, Vrancken Peeters MJ, Wesseling J,
Lips EH, Vogel WV, Aukema TS, van Werkhoven
E, Gilhuijs KG, Rodenhuis S, Rutgers EJ and
Valdes Olmos RA. Association of primary tu-
mour FDG uptake with clinical, histopathologi-
cal and molecular characteristics in breast
cancer patients scheduled for neoadjuvant
chemotherapy. Eur J Nucl Med Mol Imaging
2012; 39: 1830-1838.

Kawaoka T, Aikata H, Takaki S, Uka K, Azakami
T, Saneto H, Jeong SC, Kawakami Y, Takahashi
S, Toyota N, Ito K, Hirokawa Y and Chayama K.
FDG positron emission tomography/computed
tomography for the detection of extrahepatic
metastases from hepatocellular carcinoma.
Hepatol Res 2009; 39: 134-142.

Am J Nucl Med Mol Imaging 2016;6(2):120-127



