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significant (log-rank P< 0.001 andP= 0.007, respect-
ively, Fig. 2C and D). Furthermore, among the pa-
tients having � 1 CTCs, those with high PLR values
had shorter PFS and OS than those with low PLR
values, and the survival differences were significant
for PFS analysis (log-rankP= 0.041). Similar results
were obtained from univariate Cox analyses. Com-
pared to the patients with CTCs and low PLRs, those
with CTCs and high PLRs had significantly increased
risk for PFS (HR 2.27,P= 0.046) (Table2).

Evaluation of predictive power of a model combining NLR
or PLR
To demonstrate whether NLR or PLR provided add-
itional prognostic value, the performance between a
CTC model with and a model without NLR/PLR were
estimated and compared by time-dependent ROC
analyses. We found that the performance of a model
in combination of CTC and NLR was higher than a
CTC only model in predicting death risk (AUC:

82.2% vs. 72.0% at 3 m,P< 0.001; 84.3% vs. 73.5% at
6 m, P< 0.001; 82.4% vs. 69.3% at 9 m,P< 0.001;
81.5% vs. 72.4% at 12 m,P= 0.061; 77.5% vs. 71.7% at
18 m, P= 0.271; 74.2% vs. 73.4% at 24 m,P= 0.893,
Fig. 3). Thus, NLR added prognostic value to that of-
fered by CTC alone, although the discriminatory
power decreased over time. No significant result was
obtained in other combination models, except for a
significantly higher performance in predicting death
risk at 3 m using a CTC plus PLR model than a CTC
only model (AUC 81.4% vs. 72%,P< 0.001).

Multivariate analysis of joint associations with clinical
outcomes
The univariate analyses suggested that NLR and PLR
might provide additional prognostic information among
patients with CTCs. To find out whether the identified
associations were independent of clinical confounders,
we developed multivariate Cox models by combining
confounding variables such as ECOG PS identified from

Fig. 2 Kaplan-Meier survival plots of mCRPC patients. The survival differences were compared among four risk groups which was stratified
according to the status of CTCs (absence/presence) and NLR level (low/high) (A for PFS analysis and B for OS analysis), or according to the status
of CTCs (absence/presence) and PLR level (low/high) (C for PFS analysis and D for OS analysis). Survival differences were compared with the log
rank test, with P < 0.05 denoting significance. mCRPC: metastatic castration-resistant prostate cancer; CTC: circulating tumor cell; NLR: neutrophil-
lymphocyte ratio; PLR: platelet-lymphocyte ratio; PFS: progression-free survival; OS: overall survival
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univariate analyses (TableS1). Figure4 shows the results
from multivariate Cox analyses. Among the patients with
one or more CTCs, the association between NLR and
OS remained statistically significant (HR 5.89, 95% CI
1.18 to 29.40,P= 0.031) after adjusting covariates (PS,
treatments, PSA, and ALP) (Fig.4B), further confirming
the prognostic stratification from NLR in addition to
CTC enumeration alone. Other unfavorable prognostic
factors included previously receiving chemotherapy, high
PSA, and high ALP values (Fig.4).

Discussion
The vast majority of prostate-cancer specific deaths
occur in the setting of castration-resistant disease. Vali-
dated prognostic biomarkers can be used to more accur-
ately inform physicians and patients and to assist in the
development of life-prolonging treatment plans. Multiple
hematological biomarkers have been associated with
prognosis of CRPC, such as PSA [20–23], ALP [24, 25],
LDH [23, 26], and HGB [23, 27]. These routine labora-
tory parameters, although imperfect, are always com-
bined into statistical models to predict mCRPC
outcomes [27, 28].

CTCs have promising prognostic and predictive value in
cancers including CRPC [3, 29]. In a recent phase III

clinical trial of abiraterone acetate plus prednisone versus
prednisone alone in patients with mCRPC, a biomarker
panel containing CTC number and LDH level was shown
to be a surrogate for OS at theindividual-patient level [30].
NLR and PLR are inflammatory parameters that also confer
poor outcomes in mCRPC [13, 14, 31, 32] and are easily
available from routine complete blood counts and more
stable compared to absolute counts [33]. However, the add-
itional prognostic value of NLR and PLR has never been
evaluated in the context of CTCs. Based on the data from
our mCRPC cohort, we observed unfavorable outcomes in
the patients with CTCs (� 1 or � 5) and high levels of NLR
or PLR. Importantly, we found that NLR could further clas-
sify risk of death among those with CTCs, but not among
those without CTCs. The performance in predicting risk of
death was improved by adding NLR to a CTC model, al-
though the discriminatoryaccuracy decreased over time.
Moreover, the joint association was independent of clinical
confounders. These resultssuggest a new avenue for im-
proving risk-stratified management of mCRPC.

The shedding of tumor cells into circulation is a neces-
sary, but not sufficient condition for the formation of me-
tastases [30, 34]. The interplay between tumor cells and
host microenvironment plays an important role in tumor
cell dissemination. Chronic inflammation is a classic and

Fig. 3 Time-dependent ROC analyses for survival prediction models. AUCs (%) in predicting progression or death risk of mCRPC patients over
time were estimated and compared between a CTC only model and a model in combination of CTC and NLR (A for progression risk and B for
death risk), or a model in combination of CTC and PLR (C for progression risk and D for death risk). ROC: receiver operating characteristic; AUC:
area under the curve; mCRPC: metastatic castration-resistant prostate cancer; CTC: circulating tumor cell; NLR: neutrophil-lymphocyte ratio; PLR:
platelet-lymphocyte ratio. Star indicates a P value of < 0.001 when comparing the AUC derived from a CTC only model and that from a
combination model
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