miA UNIVERSITAT 8
AUGSBURG

Universitatsbibliothek OPUS AUGSBURG

Circulating tumor cells versus objective response
assessment predicting survival in metastatic
castration-resistant prostate cancer patients treated with
docetaxel chemotherapy

M. Thalgott, Matthias M. Heck, M. Eiber, M. Souvatzoglou, G.
Hatzichristodoulou, V. Kehl, B. J. Krause, B. Rack, M. Retz, J. E. Gschwend, U.
Andergassen, R. Nawroth

Angaben zur Veroffentlichung / Publication details:

Thalgott, M., Matthias M. Heck, M. Eiber, M. Souvatzoglou, G. Hatzichristodoulou, V. Kehl, B. J.
Krause, et al. 2015. “Circulating tumor cells versus objective response assessment predicting
survival in metastatic castration-resistant prostate cancer patients treated with docetaxel
chemotherapy.” Journal of Cancer Research and Clinical Oncology 141(8): 1457-64.
https://doi.org/10.1007/s00432-015-1936-z.

Nutzungsbedingungen / Terms of use: licgercopyright

-

Dieses Dokument wird unter folgenden Bedingungen zur Verfiligung gestellt: / This document is made available under these conditions: P -

Deutsches Urheberrecht % I

Weitere Informationen finden Sie unter: / For more information see: 11:/’7 '_ -

https://www.uni-augsburg.de/de/organisation/bibliothek/publizieren-zitieren-archivieren/publiz/ GO /7j
A\

T,
A}


https://doi.org/10.1007/s00432-015-1936-z
https://www.uni-augsburg.de/de/organisation/bibliothek/publizieren-zitieren-archivieren/publiz/

Circulating tumor cells versus objective response assessment
predicting survival in metastatic castration-resistant prostate
cancer patients treated with docetaxel chemotherapy

M. Thalgott - M. M. Heck *+ M. Eiber - M. Souvatzoglou * G. Hatzichristodoulou *
V. Kehl - B. J. Krause - B. Rack - M. Retz - J. E. Gschwend - U. Andergassen -

R. Nawroth

Abstract

Purpose  Circulating tumor cell (CTC) counts might dis-
play a superior prognostic value for overall survival (OS)
compared to objective response criteria (OR) in metastatic
castration-resistant prostate cancer (mCRPC) patients.
Methods CTCs were detected using the CellSearch™
System out of 122 samples during docetaxel chemotherapy
(75 mg/mz) at baseline (q0) and after 1 (q1), 4 (g4) and 10
(q10) cycles, in mCRPC patients (n = 33). OR was evalu-
ated by morphologic RECIST and clinical criteria after 4
(g4) and 10 (q10) cycles.

Results For OS, analyses revealed a significant prog-
nostic value for categorical (<5 vs. >5) CTC counts (q0,
p = 0.005; q1, p = 0.001; g4, p < 0.001; q10, p = 0.002),
RECIST (g4, p < 0.001; q10, p = 0.02) and clinical criteria
(g4, p < 0.001; q10, p = 0.02). Concordance of CTC counts
with OR revealed a sensitivity of 83.3-87.5 % and a speci-
ficity of 68.0-76.5 % with complementary discriminatory
power for OS. Comparing CTC counts with concomitant
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OR at g4 in multivariate analyses, an independent prog-
nostic value for OS was found for CTC counts (HR 3.3;
p = 0.02) similar to clinical (HR 4.9; p = 0.02) and radi-
ologic response (HR 3.4; p = 0.051). Comparing the pre-
dictive value for death, early post-treatment CTC counts at
ql demonstrated significant accuracy with an area under
the curve of 79.5 % (p = 0.004) similar to CTC counts at
q4 (76.7 %; p = 0.009). Radiologic and clinical response
at g4 displayed accuracy similar to early CTC counts at
ql (72.2 %; p = 0.03 and 75.0 %; p = 0.02) despite low
sensitivities.

Conclusions CTC counts appear to be an earlier and
more sensitive predictor for survival and treatment
response than current OR approaches and may provide
complementary information toward individualized treat-
ment strategies.
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Introduction

In progressive metastatic castration-resistant prostate can-
cer (mCRPC) patients’, first-line cytotoxic therapy with
docetaxel is standard of care (Heidenreich et al. 2014).
However, about 45 % of patients are treatment refractory,
and in responders, tumor progression may occur after a
median of 6-8 months (Petrylak et al. 2004; Tannock et al.
2004; Berthold et al. 2008). Therefore, early and reliable
evaluation of treatment response is crucial for optimized
and personalized sequential treatment strategies including
newly established agents like abiraterone, enzalutamide,
radium-223 and cabazitaxel (Heidenreich et al. 2014).

The generally accepted gold standard for treatment moni-
toring is the combination of computed tomography scans
(CT) and bone scintigraphy (BS) with T-99m-labeled diphos-
phonates (Heidenreich et al. 2010, 2014). In clinical routine,
treatment response is first determined by objective response
assessments (OR) after an initial interval of 3—4 months (Hei-
denreich et al. 2010). Nevertheless, these imaging devices
are not uniformly accepted as outcome surrogates (Gomella
and Sartor 2014). Similarly, prostate-specific antigen (PSA)
decrease algorithms of 30 or 50 % demonstrated prognos-
tic significance for OS and are also standard procedure, but
require an interval of 3 months for appropriate evaluation
(Petrylak et al. 2004; Tannock et al. 2004; Strijbos et al.
2010). Despite being in widespread clinical use, the limita-
tions of PSA-based surrogate parameters to predict survival
are increasingly recognized (Huang et al. 2012).

There is a clear need for more sensitive prognostic sur-
rogate markers applicable for early response evaluation
and treatment guidance. An intensively investigated blood-
derived molecular marker is the detection and quantification
of circulating tumor cells (CTCs) that potentially can cause
distant metastases (Sun et al. 2011; Pantel and Alix-Pana-
bieres 2012; Becker et al. 2014; Caixeiro et al. 2014; Liu
et al. 2015). In previous studies, CTC counts demonstrated a
significant association with overall survival (OS) and treat-
ment response (De Bono et al. 2008; Olmos et al. 2009;
Thalgott et al. 2013; Goldkorn et al. 2014). A US Federal
Food and Drug Administration (FDA)-approved device for
CTC quantification is the CellSearch™ System (CSS) that
targets EpDCAM (epithelial cell adhesion molecule) express-
ing cells. In metastatic prostate cancer (mPC), a threshold of
>5 CTCs per 7.5 ml peripheral blood is prognostic for poor
OS (De Bono et al. 2008; Olmos et al. 2009).

Despite diagnostic advances, analyses comparing the
individual prognostic value of CTC counts and OR assess-
ments for OS were not conducted in patients with mCRPC.
Therefore, we performed a prospective clinical validation
study, investigating the prognostic value of longitudinal
assessed CTC counts compared to OR assessments by mor-
phologic RECIST (Response Evaluation Criteria In Solid

Tumors) and clinical criteria as well as PSA value decrease
in mCRPC patients treated with first-line docetaxel therapy.
Since CTC counts may be an earlier indicator of therapy
response, the main objective was to compare the prognostic
value of early post-treatment CTC counts and OR for pre-
diction of survival.

Patients and methods
Study design

This clinical study is a prospective longitudinal analysis
of CTC counts in peripheral blood of mCRPC patients
undergoing first-line chemotherapy with 3-weekly doc-
etaxel (75 mg/m?). The trial was approved by the institu-
tional review board and was performed in accordance with
the ethical standards of the Declaration of Helsinki. All
subjects gave informed consent. In total, 33 patients were
accrued from June 2008 to July 2010 at the Department
of Urology, Klinikum rechts der Isar, Technische Univer-
sitdt Miinchen, Germany. The main exclusion criterion was
a second malignancy. Patients were included in the study
independent of their baseline CTC status. CTC counts
were assessed at baseline (q0) and in serial intervals after
the first (ql), the fourth (q4) and the tenth (q10) cycle of
docetaxel. OR was assessed after the fourth (q4) and tenth
cycle (q10) (Fig. 1).

Blood sampling and CTC detection

Detection of CTCs was performed according to the manu-
facturer’s protocol using the CellSearch™ System (Veri-
dex, Raritan, NJ, USA). In brief, 7.5 ml venous blood
was collected into CellSave™ Preservative Tubes and was
stored to a maximum of 96 h before being processed. Cells
were selectively captured by an immunomagnetic EpCAM
antibody followed by fluorescent staining, using the auto-
mated CellTracks®AutoPrep System and the CellSearch™
Epithelial Cell Reagent Kit. The CellSpotter™ Analyzer
was used for automated imaging capture. CTCs were char-
acterized by staining for nucleic acid and cytokeratin as
epithelial markers. Samples were analyzed at the University
of Munich, Germany, and were evaluated in a blinded fash-
ion by two operators (Rink et al. 2011; Thalgott et al. 2013;
Loh et al. 2014; Schindlbeck et al. 2013). Concomitantly,
PSA, lactate dehydrogenase and alkaline phosphatase were
analyzed as routine markers at the clinical site.

Objective and clinical response

A board-certified radiologist and a nuclear medicine physi-
cian independently reviewed the imaging datasets, blinded
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Fig. 1 Study design
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to CTC results. Patients were dichotomized into progres-
sive disease (PD) versus non-progressive disease (non-
PD). According to RECIST 1.1 criteria, patients with non-
measurable disease only at baseline, e.g., bone lesions were
allowed. For non-measurable metastases and measurable
visceral lesions, PD was assumed in case of an increased
tumor burden as defined by RECIST 1.1 (Eisenhauer et al.
2009). Single CT scans were carried out without intrave-
nous contrast agent, e.g., due to renal insufficiency. In these
cases, RECIST criteria were used when the selected target
lesions were measurable. If not, PD was defined by the
presence of new metastases. Clinical response was deter-
mined by cumulating patients’ medical condition, routine
laboratory and imaging results including bone scans and
PSA values, evaluated by a genitourinary oncology physi-
cian (Olmos et al. 2009; Khoury et al. 2010; Gonzales et al.
2011). Based on clinical response assessments, treatment
was aborted preterm in case of PD.

Statistical analysis

Univariate and multivariate Cox proportional hazards
regression analyses were used to determine the prognostic
value of CTC counts and OR assessments for OS. Cross-
classified tables were used to determine the sensitivity and
specificity of CTCs to predict PD. For multivariate analy-
ses, biochemical response was defined as PSA decrease of
>50 %. Estimates of OS were analyzed using the Kaplan—
Meier method and compared with log-rank tests. Receiver
operating characteristic curves (ROC) served for accuracy
analyses to predict death within 12 months. OS was defined
as the elapsed time from baseline CTC collection to death
or the last follow-up. Tests were two-sided and were ana-
lyzed in an exploratory manner with « = 5 % using SPSS
version 21 (SPSS Inc., Chicago, IL, USA). CTC counts are
presented as number per 7.5 ml of blood. An unfavorable
CTC count was defined as >5 CTCs.

Patient demographics and response evaluation

The clinical characteristics of the enrolled mCRPC patients
are summarized in Table 1. CTC counts were analyzed
in a total of 122 samples. CTCs were detected in 81.8 %
of patients at baseline, in 72.7 % at ql, in 60.6 % at g4
and 57.7 % at ql10. At the time of this analysis, 72.7 %
(n = 24) of patients had died, resulting in a median OS
of 10.7 months (95 % CI 5.8-15.6). A total of 269 cycles
of docetaxel were administered with a median of 10 per
patient (range 3—10; mean 8.15). Concomitant OR assess-
ments were evaluable in 33 patients at g4 and 23 at q10
(Fig. 1). Median intervals from CTC collection at q0, ql
and g4 to OR at g4 were 2.9 (2.4-4.7), 2.1 (1.7-3.7) and
0 months (0-0.4). The interval from O to q10 or end of
treatment was 7.2 months (4.0-9.0).

Association of CTC counts with OS

The prognostic value of categorical CTC counts (<5 vs. >5
CTCs) for OS was analyzed in a landmark analysis at each
time point of CTC assessment. Kaplan—Meier analyses
revealed significant differences in median OS times for all
time points (Fig. 2). Median survival times (months) were
24.8 (95 % CI not defined) versus 9.0 (95 % CI 7.7-10.4)
for CTCI (p = 0.005), 22.4 (95 % CI 20.2-24.6) versus 8.5
(95 % CI 6.6-10.5) for CTC2 (p = 0.001), 24.6 (95 % CI
16.9-32.3) versus 8.5 (7.5-9.6) for CTC3 (p < 0.001) and
24.6 (95 % CI 23.3-25.9) versus 10.5 (95 % CI 7.4-13.6)
for CTC4 (p = 0.002). Consecutively in univariate analy-
ses, categorical CTC counts were highly prognostic for OS.
The Cox proportional hazard ratio for g0 was 3.8 (95 %
CI 1.4-10.3; p = 0.009), for q1 4.5 (95 % CI 1.9-10.8;
p = 0.001), for g4 5.8 (95 % CI 2.2-15.1; p < 0.001) and
for q10 5.6 (95 % CI 1.7-18.4; p = 0.004).
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Table 1 Clinical characteristics of the study cohort

Patients, n = 33 Value
Age (years)
Median (mean) 70 (70)
Range 53-82
Time from diagnosis to docetaxel (months)
Median (mean) 43 (51)
Range 6-178
ECOG performance status, n (%)
0 23 (69.6)
1 5(15.2)
>2 5(15.2)
Gleason score at diagnosis, 1 (%)
Not known 3.1
<6 4(12.1)
7 7(21.2)
>8 19 (57.6)
Primary therapy, n (%)
RP 9(27.3)
EBRT 4(12.1)
Palliative 20 (60.6)
Metastatic sites, n (%)
Soft tissue (LN + visceral) 3(9.0)
Bone 15 (45.5)
Bone + visceral 15 (45.5)
PSA positive >5 ng/ml, n (%)
Yes 30 (90.9)
No 39.1)
Biochemical markers®
PSA [ng/dl] 140.3 (305)
0.1-3378
Lactate dehydrogenase [U/1] 320 (461)
218-1900
Alkaline phosphatase [U/1] 164 (301)
50-1466

n, number; ECOG, Eastern Cooperative Oncology Group; RP, radical
prostatectomy; EBRT, external beam radiotherapy; LN, lymph node;
PSA, prostate-specific antigen

* Values given as median (mean)

Prognostic value of objective response (OR) evaluation
for OS

The prognostic value of OR evaluations for OS was ana-
lyzed dichotomized in non-PD versus PD at g4 and ql0.
Kaplan—Meier analysis revealed significant differences in
median OS times for each time point of assessment either by
radiologic or clinical response (Fig. 3a, b). According to mor-
phologic RECIST criteria, median survival times (months)
were 19.9 (95 % CI 8.9-30.9) versus 3.9 (95 % CI 0.0-9.4)
at g4 (p < 0.001) and 24.6 (95 % CI 18.0-31.2) versus 10.5
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Fig. 2 Kaplan—Meier analyses for overall survival (OS) at each time
point of CTC assessment according to categorical CTC counts (<5
vs. >5)

(95 % CI 8.8-12.3) at q10 (p = 0.02). Similarly for clinical
response, median survival times (months) were 19.9 (95 %
CI 9.1-30.7) versus 7.5 (95 % CI 0.0-18.2) at g4 (p < 0.001)
and 24.6 (95 % CI 23.4-25.9) versus 10.5 (95 % CI1 7.1-13.9)
months at q10 (p = 0.02). In univariate analyses, the Cox
proportional hazard ratio (HR) for OS was highly prognos-
tic. The HR for radiographic analysis at g4 and q10 was 6.5
(95 % CI 2.5-17.3; p < 0.001) and 3.99 (95 % CI 1.2-13.7,
p = 0.03), respectively, and for clinical response 8.4 (95 % CI
2.9-24.8; p <0.001) and 4.5 (95 % CI 1.3-15.4; p = 0.02).

Concordance of categorical CTC counts with OR

Concordance analyses were performed matching categorical
CTC counts (<5 vs. >5 CTCs) with morphologic RECIST or
clinical OR assessments (Table 2). RECIST and clinical OR
evaluations at g4 were concordant with concomitant CTC
counts at g4 with 75.8 % (sensitivity 87.5 %; specificity
72.0 %) and 78.8 % (sensitivity 88.9 %; specificity 75.0 %),
respectively. Interestingly, early CTC counts after the first
cycle of docetaxel revealed an almost equal concordance to
predict radiographic and clinical OR at q4 with 72.7 % (sen-
sitivity 87.5 %; specificity 68 %) and 75.8 % (sensitivity
88.9 %; specificity 70.8 %), respectively.

Combination of CTC counts and OR for OS

In order to investigate the prognostic value of a combined
response assessment by CTC counts and morphologic
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Fig.3 Kaplan—Meier analyses for overall survival (OS) at each time
point of objective response evaluation dichotomized to progressive
(PD) and non-progressive disease (non-PD), according to: a RECIST
criteria; b clinical criteria

RECIST criteria, the interval from g0 to q4 was ana-
lyzed. Patients were stratified into three groups as sug-
gested earlier for a sample of breast cancer patients (Budd
et al. 2006). Group 1 included responders with <5 CTCs
and radiologic non-PD, group 2 comprised patients with
<5 CTCs and PD as well as >5 CTCs and non-PD, and
group 3 included non-responders with >5 CTCs and PD.
Significant differences in median OS times (months) were
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Table 2 Concordance analyses of categorical CTC counts with
response assessments

CTC counts Radiographic Clinical criteria
evaluation
Non-PD PD Non-PD PD
CTC ql with OR at g4
<5 17 1 17
>5 8 7 7 8
Sensitivity (%) 87.5 88.9
Specificity (%) 68.0 70.8
Concordance (%) 72.7 75.8
CTC g4 with OR at g4
<5 18 1 18 1
>5 7 7 6 8
Sensitivity (%) 87.5 88.9
Specificity (%) 72.0 75.0
Concordance (%) 75.8 78.8
CTC q10 with OR at q10
<5 13 1 10
>5 4 5 3 6
Sensitivity (%) 83.3 60.0
Specificity (%) 76.5 76.9
Concordance (%) 78.3 69.6

q, cycle of docetaxel; OR, objective response; PD, progressive disease

observed between the three groups with 24.6 (95 % CI
23.4-25.8) versus 9.2 (95 % CI 8.8-9.6) versus 3.9 (3.0—
4.8) (Fig. 4). Equally pairwise comparisons revealed signif-
icant differences for group 1 versus 2 (p = 0.001), 1 versus
3 (p<0.001) and 2 versus 3 (p = 0.02).

Comparison of the prognostic and predictive value of OR
and CTC counts for OS

The independent prognostic value of CTC counts and OR
for OS was assessed by multivariate Cox proportional haz-
ards regressions for the interval from g0 to g4, in a model
including radiologic, clinical and biochemical response
(Table 3). Comparing different assessment methods, only
CTC counts (HR 3.3; p = 0.02) and clinical response (HR
4.9; p = 0.02) showed independent prognostic significance,
whereas radiologic response (HR 3.4; p = 0.051) and PSA
decrease >50 % failed significance (HR 2.2; p = 0.17).
Similarly, the PSA decrease >30 % failed significance (HR
0.95; p = 0.91), while the further variables presented an
equal prognostic value in the chosen model.

Further, we compared the accuracy of early post-treat-
ment CTC counts and response evaluations to predict death
within 12 months using receiver operating characteristic
curves (Fig. 5). Early post-treatment CTC counts at ql
were significantly predictive with an area under the curve
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Fig. 4 Kaplan—Meier analyses for overall survival (OS) accord-
ing to objective response assessments (non-PD vs. PD) according to
RECIST criteria in combination with categorical CTC counts (<5 vs.
>5) at the first time point of treatment response evaluation (q4)

Table 3 Multivariate Cox proportional hazards regression for OS
comparing the prognostic value of concomitant CTC counts (<5 vs.
>5), objective response assessments (non-PD vs. PD) and a PSA
decrease of >50 % at g4

Variable Hazard ratio 95 % CI P
CTC3 33 1.18-9.07 0.02
CT-scan q4 34 0.99-11.38 0.051
Clinical q4 4.9 1.27-18.92 0.02
PSA > 50 % 22 0.71-6.95 0.17

(AUC) of 79.5 % (sensitivity 72.2 %, specificity 86.7 %;
p = 0.004), whereas the early PSA decrease of >50 % at
ql revealed an AUC of 55.0 % (sensitivity 16.7 %, speci-
ficity 93.3 %; p = 0.6). Assessments after four cycles of
docetaxel (q4) revealed predictive significance for CTC
counts with an AUC of 76.7 % (sensitivity 66.7, specific-
ity 86.7 %; p = 0.009) as well as radiologic response with
an AUC of 72.2 % (sensitivity 44.4 %, specificity 100 %;
p = 0.03) and clinical response with an AUC of 75.0 %
(sensitivity 50.0 %, specificity 100 %; p = 0.015), although
the latter displayed a low sensitivity. Finally, the PSA
decrease of >50 % displayed an AUC of 37.2 % (sensitiv-
ity 27.8 %, specificity 46.7 %; p = 0.2). Thus, categorical
post-treatment CTC counts revealed an equal prognos-
tic value when compared to concomitant OR criteria, and
each of them seems superior to PSA value assessments. In

Sensitivity
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e ==== Clinical OR at g4
. PSA decrement at ql
‘ PSA decrement at q4

0,2 .
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Fig. 5 Receiver operating characteristic curves demonstrating the
sensitivity and specificity of early CTC counts (ql, q4), objective
response evaluations (q4) and PSA decrease >50 % (ql, q4) to pre-
dict death within 12 months

addition, early post-treatment CTC counts after one cycle
of docetaxel were identified as an early and sensitive indi-
cator for survival, fully 9-12 weeks before the first radio-
logic response assessment.

Discussion

In this prospective clinical validation trial, we examined the
prognostic value of early categorical CTC counts in com-
parison to OR evaluations for survival. According to our
data, CTC counts relative to the criterion threshold of five
displayed a significant individual association with OS in
landmark analyses, for each time point during therapy. This
threshold status of <5 versus >5 CTCs was validated for
baseline CTC counts as early as 2-5 weeks after therapy
induction or during later intervals (De Bono et al. 2008;
Olmos et al. 2009; Strijbos et al. 2010; Okegawa et al.
2008, 2009; Goldkorn et al. 2014). Similarly, the current
gold standard for therapy monitoring with OR assessments
revealed in our study an individual significant association
with OS for each time point of evaluation either by mor-
phologic RECIST or clinical criteria. Therefore, we found
a complementary power when combining CTC counts and
OR assessments in order to discriminate favorable from
unfavorable treatment response with respect to OS, similar
to earlier results in breast cancer (Budd et al. 2006). As a



function of the evaluated interval, we found consecutive
high sensitivities and specificities for the concordance of
categorical CTC count status with morphologic RECIST or
clinical OR. Interestingly, CTC counts after the first ther-
apy cycle were concordant with the OR after four cycles,
with a continuously high sensitivity. To our knowledge, we
are first to present concordance analyses of serial categori-
cal CTC counts with objective RECIST criteria. Earlier, in
prostate cancer, concordance analyses were performed for
continuous CTC count changes with clinical response in
overall interval adjusted analyses revealing similar results
(Khoury et al. 2010; Gonzales et al. 2011). Considering the
complementary power of categorical CTC counts and OR
analyses, the implementation of CTC counts into the cur-
rent imaging-based standard of treatment monitoring may
facilitate and enhance treatment guidance.

In order to explore the independent prognostic value of
CTC counts and concomitant OR evaluation devices for OS,
multivariate Cox proportional hazards regressions were per-
formed for the interval from q0 to g4. In this model, categor-
ical CTC counts and clinical response revealed a significant
prognostic value for OS, while RECIST criteria failed sig-
nificance; the latter might be attributed to our small cohort. A
PSA decrease >50 % clearly failed significance. Thus, cat-
egorical post-treatment CTC counts revealed an equal prog-
nostic value for OS when compared to clinical OR criteria
and were clearly superior to PSA value assessments. The rel-
atively low value of PSA as a surrogate marker for survival
in CRPC patients has been shown prospectively. This may be
caused due to a pharmacological modulation of PSA expres-
sion independent of an effect on tumor cell growth (Fleming
et al. 2006; Scher et al. 2008).

In a further comparative analysis, we investigated the
accuracy of CTC counts and OR assessments to predict
death within 12 months. In our cohort, a significant predic-
tive value of early post-treatment CTC counts was found
after one cycle of docetaxel. Although at g4 CTC counts,
radiologic and clinical response demonstrated a similar
AUC, only CTCs can be used as a surrogate parameter at q1.
Therefore, early post-treatment CTC counts after one cycle
of docetaxel seem to be an earlier and more sensitive indica-
tor for survival than PSA decrease or OR assessments after
4 cycles of chemotherapy. The superior predictive power of
CTC counts when compared with PSA changes of >30 %
has been demonstrated earlier (De Bono et al. 2008).

To our knowledge, we are the first to compare the prog-
nostic value of CTC counts with OR assessments for sur-
vival in mCRPC patients demonstrating that CTC counts
are an early and reliable indicator for survival, 9-12 weeks
before the first radiologic response assessment. Simi-
lar data have been described for metastatic breast cancer
(Budd et al. 2006). This combined evidence supports our
assertion that categorical CTC counts should be considered
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as an additional surrogate marker for therapy monitoring,
particularly as CTC counts are the only currently avail-
able indicator for therapy response at early time points
(De Bono et al. 2008; Budd et al. 2006). Due to the small
study cohort, our analyses need further validation in larger
trials especially with regard to randomized CTC-guided
treatment strategies with an early switch to other active
agents in the sequential treatment of mCRPC. Additionally,
the recommendations of the prostate cancer clinical trials
working group (PCWG2 guidelines) should be considered
for OR assessment in further studies (Eisenhauer et al.
2009; Scher et al. 2008). Since there is an additional incon-
sistent body of evidence demonstrating a prognostic value
not only for threshold-based CTC assessments but also for
CTC proportional changes, the evaluation of continuously
assessed CTC counts also should be considered in further
analyses (Olmos et al. 2009; Scher et al. 2009; Coumans
et al. 2012; Goldkorn et al. 2014). Finally, further studies
need to address the molecular characterization of CTCs as
a liquid biopsy (Pantel and Alix-Panabieres 2012).

Conclusion

Our data provide evidence for early categorical CTC counts
as a prognostic molecular surrogate marker for survival in
mCRPC patients. In regression analyses, CTC counts and
OR methods displayed a similar prognostic value. Moreo-
ver, early categorical post-treatment CTC counts after one
cycle of docetaxel demonstrated a significant predictive
accuracy for survival as early as 9-12 weeks before the first
radiologic response assessment. In conclusion, our data
suggest categorical CTC counts as an earlier and more sen-
sitive prognostic parameter for survival compared to cur-
rent OR methods and therefore should be incorporated into
diagnostics and treatment guidance.
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