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Objectives: In patients with metastatic castration-resistant prostate cancer (mCRPC), the finding 

of less than five circulating tumor cells (CTCs)/7.5 mL blood before start of cytotoxic treatment 

or shortly thereafter indicates prolonged survival. In this descriptive pilot study, we investigated 

whether this association depends on the sequence of the therapeutic attempts.

Patients and methods: CTCs were determined in 41 mCRPC patients before and 2–3 months 

after starting first-line treatment with docetaxel (group 1) or second-line treatment with either 

radium-223 (group 2) or placebo/best supportive care (group 3). A “favorable” CTC count was 

defined as ,5 CTC/7.5 mL blood. The results were related to overall survival.

Results: Pretreatment, six of ten men in group 1, three of 19 in group 2, and three of 12 patients 

in group 3 had a favorable CTC count, leading to a significant difference between first- and 

second-line therapy (P=0.04). Decrease of pretreatment elevated CTCs to a favorable CTC count 

was significantly more often observed in patients on first-line therapy (three of four patients) 

than on second-line treatment (two of 26 men) (P=0.03). A favorable CTC count before or 

shortly after treatment start was observed in nine of ten patients on first-line and in eight of 

31 men on second-line therapy (P=0.01). A favorable CTC count pretreatment or 2–3 months 

after therapy start was associated with beneficial overall survival in the three groups combined 

and in each group analyzed separately.

Conclusion: In mCRPC, a favorable CTC count before or 2–3 months after start of therapy 

is associated with length of overall survival, though such favorable CTC counts are observed 

significantly less often in patients on second- than on first-line therapy.

Keywords: first-line treatment, second-line treatment, overall survival

Introduction
Metastatic castration-resistant prostate cancer (mCRPC) is a heterogeneous  disease. 

The individual patient’s condition is, though imperfectly, reflected by tumor  markers, 

such as lactate dehydrogenase (LDH), prostate-specific antigen (PSA), and total 

alkaline phosphate (total ALP). Together with clinical parameters, such as pain1 

and performance status,2–5 these biomarkers are included in prognostic models, 

which recently also have incorporated circulating tumor cells (CTCs).6–8 The finding 

of ,5 CTCs/7.5 mL blood before treatment start and/or a few weeks after treatment 

has been shown to be associated with favorable survival compared with patients with 

$5 CTCs.

With the rapid development of new cytotoxic and hormonal therapies for mCRPC, an 

increasing number of men will have received at least one life-prolonging systemic treat-

ment before they are offered a new, often experimental therapy, frequently provided at a 
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tertiary academic referral hospital. With this clinical scenario, 

one may question whether the prognostic significance of CTCs 

differs between patients in whom the new treatment represents 

a first-line or second-line treatment for mCRPC.9

The present analysis aimed to shed more light on this 

question by assessing the prognostic role of CTC counts 

determined pretreatment and during the early phase of the 

treatment, separately for first-line and second-line therapy 

of patients with mCRPC. We anticipated that the findings 

of ,5 CTCs (“favorable” CTC count) would be associated 

with favorable survival in mCRPC patients receiving first-

line therapy but not in those on second-line therapy, in whom 

favorable CTC counts would be observed less often than in 

those on first-line treatment.

Patients and methods
Patients
Radium Hospital at the Oslo University Hospital serves 

as a tertiary referral hospital for mCRPC patients from 

the south-eastern health region in Norway. The hospital 

has participated in national and international multicenter 

studies concerning these patients.10–13 The Department of 

Pathology has broad experience with the determination of 

CTCs,14–16 using immunocytochemistry reverse-transcription 

polymerase chain reaction (RT-PCR) technology or the Cell-

Search® methodology.

After receiving written information, consenting patients 

with mCRPC were eligible for a prospective pilot study con-

cerning determination of CTCs. All patients had progressed 

biochemically (PSA increase) or clinically (new metastases) 

during androgen deprivation treatment, and had a serum 

testosterone ,0.4 nmol/L. None had received abiraterone or 

enzalutamide previously. The patients either were scheduled 

to start with docetaxel chemotherapy or, as part of the post-

docetaxel option of the ALSYMPCA trial13 (patients in the 

placebo arm of the ALSYMPCA trial were eligible for the 

current study), received best supportive care (BSC), which 

could include prednisolone (10 mg daily per os) and/or 

 palliative external beam radiotherapy. Thus three groups of 

patients were identified:

•	 Group 1, Docetaxel (75 mg/m2 every third week) was 

applied as first-line treatment of mCRPC. None of these 

patients was subsequently included in either of the two 

other study groups

•	 Group 2, Radium-223_rec (Alpharadin) was given as 

second-line therapy, following docetaxel therapy per-

formed at a local hospital before referral to Oslo Uni-

versity Hospital, Radium Hospital

•	 Group 3, Radium-223_plac: BSC was given, in the 

ALSYMPCA trial, as second-line therapy after previous 

docetaxel treatment at a local hospital.

cTc determination
In eligible patients, CTCs were determined no more than 

1 week prior to start of the planned treatment (CTC_1). For 

all patients, a second CTC determination was planned after 

2–3 months (CTC_2). For each CTC determination, blood 

was collected into CellSave Preservation Tubes (Janssen 

Diagnostics LLC), and 7.5 mL blood was analyzed per 

sample. Isolation and enumeration of CTCs were carried 

out using the Food and Drug Association (FDA)-approved 

 CellSearch system (Janssen Diagnostics LLC), with cell inter-

pretation following the standard CellSearch CTC definition.17 

 Following previous studies in mCRPC patients6,7 a finding 

of ,5 CTCs/7.5 mL blood was defined as “favorable”.

PSA, total ALP, bone-specific ALP (bone-ALP), and LDH 

were determined at the same days that the CTC determinations 

took place. LDH and total ALP were measured on a Cobas® 

L501 analyzer, while PSA was measured on Cobas L601 

analyzer (F Hoffman-La Roche Ltd, Basel,  Switzerland). 

Bone-ALP levels were determined with a MicroVue™ BAP 

EIA kit (Quidel Corporation, San Diego, CA, USA).

statistics
Using SPSS for Windows (Version 18), descriptive nonparamet-

ric tests were applied (median [range], for continuous variables). 

Differences between groups were assessed by the Fisher exact 

test or the Mann–Whitney test.  Associations between pretreat-

ment serum levels and CTC_1 counts were assessed by the 

Spearman’s correlation test. Overall survival was determined 

by the Kaplan–Meier method, with the logrank test assessing 

differences between the estimates. The observation time started 

with the day of the first CTC determination and ended with the 

date of death or July 1, 2013, whichever occurred first. All tests 

were two-sided, setting the level of significance at P,0.05.

Results
Patients
Of 41 individual patients, 38 had been included into previ-

ously reported Phase III studies applying docetaxel12 or 

radium-223.13 All had multiple bone metastases, without 

visceral involvement. No significant difference emerged for 

pretreatment total ALP, bone-specific ALP or LDH compar-

ing patients on first-line treatment with those on second-line 

therapy, while the median pretreatment PSA was lower in 

Group 1 than in the two other groups (P=0.02).
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Table 1 Baseline characteristics

N First-line treatment Second-line treatment Total

Group 1 Group 2 Group 3 Subtotal

Docetaxel Radium-223_reca Radium-223_placb

Patients 10 19 12 31 41
age (years) 68 (63–75)c 69 (52–83) 68 (63–86) 70 (52–86) 69 (52–86)
Psa (μg/l) 49 (2–1,520) 352 (12–3,740) 425 (4–4,850) 388 (4–4,850) 293 (2–4,850)
LDH (U/L)
elevatedd 233 (169–651) 215 (177–760) 357 (199–750) 291 (177–760) 290 (169–760)

4 8 11 19 23
Total ALP (U/L)
elevated 137 (63–3,268) 208 (48–829) 189 (48–758) 218 (48–829) 180 (48–3,268)

8 15 9 24 32
Bone-ALP (U/L)
elevated 46 (27–2,039) 99 (17–562) 83 (10–538) 99 (10–562) 80 (10–2,039)

6 15 9 24 30
Observation time (months) 29 (1–42) 11 (3–37) 13 (2–23) 11 (1–36) 12 (1–42)
Vital status
 alive 3 3 0 3 6
 Dead 7 16 12 28 35

Notes: aRadium-223 received; bplacebo/best supportive care; cmedian (range); dnumber of patients with values above the upper limit of the normal range.
Abbreviations: ALP, total alkaline phosphate; Bone-ALP, bone-specific ALP; LDH, lactate dehydrogenase; PSA, prostate-specific antigen.

Table 2 Findings related to cTc counts pretreatment or 2–3 months after treatment start

N First-line treatment Second-line treatment Total

Group 1 Group 2 Group 3 Subtotal

Docetaxel Radium-223_reca Radium-223_placb

Patients 10 19 12 31 41
Pretreatment
cTc_1
 Median (range) 2 (0–141) 15 (0–756) 28 (0–1,524) 18 (0–1,524) 15 (0–1,524)
 Patients with ,5 6/10 (60%) 3/19 (16%) 3/12 (25%) 6/31 (19%) 12/4 (29%)
2–3 months follow up
Patients with cTc_1 $5 decreasing  
to cTc_2 ,5

3/4 (75%) 2/15 0/8 2/23 (9%) 5/27 (19%)

cTc_1 ,5 or cTc_2 ,5 (all patients) 9/10 (91%) 5/19 3/12 8/31 (26%) 17/41 (41%)

Notes: aRadium-223 received; bplacebo/best supportive care. All results on CTC counts are given as the number of CTCs/7.5 mL blood.
Abbreviations: CTC, circulating tumor cells; CTC_1, pretreatment CTC count; CTC_2, CTC count at 2–3 months posttreatment.

cTc counts
Ten patients with mCRPC had CTCs determined before 

their first-line docetaxel treatment, and for 31 men, CTC_1 

counts were available before their second-line treatment 

(Table 2). CTC_2 counts were performed in 34 men after 

median 2.8 months (range: 1.8–3.9).

Median CTC counts, expressed as CTC/7.5 mL blood, 

differed nonsignificantly between patients from group 1 and 

those from group 2 and group 3 combined (2 [0–141] vs 18 

[0–1,524]) (P=0.16) (Table 2). Six of the ten men on first-line 

therapy had CTCs ,5 before treatment start compared with six 

of 31 men receiving second-line treatment (P=0.04). In three of 

four paired samples from group1 elevated CTC_1 counts have 

decreased to <5 at the second determination, the comparable 

figures in group 2 and group 3 combined being two of 23 men 

(P=0.03). In none of the eight evaluable patients with elevated 

CTC_1 in the placebo arm was a favorable CTC count observed 

at the second CTC determination. Overall, favorable CTC 

counts before or shortly after treatment start were observed in 

nine of ten men in group 1 (first-line  treatment) and in eight of 

31 patients in group 2 and 3 combined (second-line therapy) 

(P=0.01). No significant associations were observed between 

the individual CTC_1 counts and pretreatment PSA, total ALP, 

bone-ALP, or LDH (data not shown).

survival
Patients from group 1 lived significantly longer than those 

from group 2 or group 3 (P=0.037) (Figure 1A).  Combining 
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Figure 1 Overall survival and cTc counts per 7.5 ml blood in 41 patients with mcRPc.
Notes: (A) First-line vs second-line treatment: ten patients were on docetaxel as first-line treatment; 19 patients received radium-223 as second-line treatment; and 
12 patients received placebo/best supportive care as second-line treatment. (B) CTC-counts before treatment start and after 2–3 months; all treatment groups.
Abbreviations: CTC, circulating tumor cells; mCRPC, metastatic castration-resistant prostate cancer.
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all three groups, a favorable CTC count before treatment 

start or 2–3 months thereafter was associated with sig-

nificantly improved overall survival (P=0.001) (Figure 1B). 

These latter results were supported by survival analyses 

performed separately in each of the three groups; however, 

the numbers of patients in the different subgroups (with 

or without favorable CTC counts) were very small (Figure 

2A–C), the median survival time being 27, 19, and 20 months 

(Kaplan–Meier estimates), respectively, for group 1, group 

2, and group 3.

Discussion
This admittedly small sample is, as far as we know, the first to 

point to differences related to the presence of favorable CTC 

counts and their  prognostic information when the sequence of 

therapeutic attempts is considered: The finding of ,5 CTCs/7.5 

mL blood before or shortly after the treatment initiation was 

significantly more often observed in patients on first-line than 

on second-line treatment. The observation of ,5 CTCs/7.5 mL 

blood before start of treatment or 2–3 months posttreatment 

indicated a favorable prognosis, both among patients on first-
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line treatment and in those on second-line therapy. However, 

the length of overall survival associated with a favorable CTC 

count was reduced after second-line therapy compared with 

first-line treatment.

When starting cytotoxic treatment in mCRPC, in particu-

lar in scientific trials, today’s clinicians are at an increasing 

degree challenged to estimate future life expectancy in the 

individual patient. In clinical trials that evaluate new anti-

cancer regimens in mCRPC patients, overall survival is an 

important endpoint, requiring reliable prognostic criteria to 

adjust for the heterogeneity of the patients. Routinely avail-

able biomarkers, such as PSA, hemoglobin, total ALP, LDH, 

and results from new imaging techniques serve only limitedly 

as valid objective prognostic parameters, even if combined in 

multivariate models. The presence of severe pain and/or of a 

reduced performance status is recognized as a subjectively 

assessed prognostic factor.5,9 In this situation, clinicians need 

more objective biomarkers associated with survival. Indeed, 

investigators have recently become aware of the prognostic 

significance of the number of an mCRPC patient’s previous 

therapeutic attempts. Reanalyzing data from a previously ran-

domized trial, Halabi et al have thus published a prognostic 

nomogram restricted to patients with second-line therapy.5 

CTC counts may represent new independent prognostic fac-

tors in such models.

However, differences as to prognostic information emerg-

ing from CTC determinations have to be expected, related 

to the number of preceding therapeutic attempts: Compared 

with men on first-line treatment, favorable CTC counts 

were in our pilot study, significantly less often observed in 

patients on second-line therapy. Nevertheless, the prognostic 

role of these CTC findings was maintained if the patients 

on first- and second-line treatment are analyzed separately, 

though with differing survival duration. We were surprised 

that significant survival differences emerged in a cohort of 

only 41 patients, even when our three groups were analyzed 

separately. Whether one should use categorized CTC counts,6 

probably preferred by clinicians, or present CTC results as 

continuous variables7 remains debatable. The fact that none 

of the patients of the placebo arm (group 3) experienced 

reduction of CTCs indicates sufficient robustness of our 

technique.

Due to small numbers within each group, no survival 

analyses were made according to the decrease of pretreat-

ment elevated CTCs, as done by Olmos et al6 and Scher 

et al,7 though significant differences were observed in the 

paired samples as to the event of decrease to a favorable 

CTC count.

Our findings support clinical experience regarding sur-

vival of mCRPC patients related to the number of the individ-

ual patient’s previous treatment courses. Only the most recent 

trials of drugs have considered this effect, as for example 

the abiraterone trials.18,19 In these trials, the progression-free 

survival of the chemotherapy-naïve patients exceeded that of 

patients who received abiraterone after  docetaxel by approxi-

mately 10 months. A comparable though smaller difference 

of progression-free survival was observed in patients in the 

placebo arm of the ALSYMPCA trial,13 when docetaxel-naïve 

patients are analyzed separately from those after docetaxel 

failure (∼8 months before docetaxel vs ∼3 months post-

docetaxel). These observations again indicate that the number 

of previous therapeutic attempts represent prognostic factors 

requiring new nomograms.5,9 In the future, an increasing 

number of mCRPC patients will receive third- and fourth-

line treatment, emphasizing the need for taking into account 

the number of preceding therapeutic attempts in addition to 

“traditional” prognostic factors (PSA, total ALP, LDH, pain, 

performance status). The identification of reliable prognostic 

factors is particularly important for clinicians at tertiary refer-

ral hospitals as their patients with mCRPC will have received 

several new hormonal or cytotoxic therapies prescribed by 

private specialists or uro-oncologists at local hospitals with 

oncological units before they finally are referred to a tertiary 

academic uro-oncological unit for inclusion in trials testing 

experimental drugs.

Our survival data are generally below those documented 

by Olmos et al,6 probably due to the fact that our hospital acts 

as a tertiary referral hospital. More than 80% of the patients, 

especially those in group 2 and group 3, used opiates due 

to highly advanced mCRPC with multiple bone metastases 

on bone scan.

Apart for the small size of our cohort, several limitations 

of our entirely descriptive study must be considered. Though 

the life expectancy was estimated to be .6 months in all of 

our patients at start of treatment, the vast majority of them 

had advanced bone metastases, as commonly seen in patients 

referred to a tertiary referral hospital. Therefore, findings on 

CTCs in relation to the number of therapeutic attempts may 

differ at institutions seeing earlier cases of mCRPC. Due to 

the small number of patients, the risk of type 2 errors must 

not be overlooked. Therefore, no multivariate analysis was 

performed. Finally the inclusion of patients on placebo/

BCS only may be debatable. However, we consider BCS as 

a relevant second-line management in many patients with 

mCRPC and have therefore included these patients in our 

analyses.
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We consider it a strength that we differentiated our 

findings between first-line and second-line treatment, 

though we are aware of the need for larger patient cohorts 

to facilitate multivariate analyses including treatment line 

as a covariate.

In conclusion, CTC determination performed before 

or shortly after initiation of treatment among patients 

with mCRPC provides clinically worthwhile prognostic 

 information. Favorable CTC counts (,5 CTCs/7.5 mL blood) 

are significantly more often observed in men on first-line than 

on second-line treatment, the former findings associated with 

significantly longer survival than those observed in men with 

second-line therapy. The final significance of a favorable 

CTC count before or early during treatment of mCRPC has 

to be determined by multivariate analyses taking into account 

the number of preceding therapeutic attempts together with 

traditional prognostic factors.
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