
Abstract. Background: Identification of genetic prognostic
biomarkers, such as germline variants, are urgently needed
to choose optimal treatment for metastatic castration-
resistant prostate cancer (mCRPC). Patients and Methods:
The prognostic value of anoctamin 7 (ANO7) rs77559646 on
docetaxel response was tested in a prospective PROSTY
randomized trial and a retrospective Auria Biobank set. The
variant rs77559646 was genotyped and its association with
progression-free survival (PFS) and overall survival (OS)
was tested. Results: In comparison with the non-carriers, the
variant carriers had longer PFS (p=0.005) and OS
(p=0.003) in the PROSTY cohort. In the retrospective cohort,
there was a borderline association with PFS (p=0.09), but
not in OS (p=0.9). In both cohorts, Cox regression
multivariate models revealed that rs77559646 was an
independent prognostic factor for favourable PFS.
Conclusion: The rs77559646 was shown to be a prognostic
germline biomarker for better response to docetaxel
treatments. To our knowledge, this is the first time that a
non-coding germline variant has been associated with
chemotherapy of mCRPC. 

One in five cases of prostate cancer (PCa) progresses after
local therapies and will eventually progress into a castration-
resistant prostate cancer (CRPC) when treated with androgen
deprivation therapy (ADT). Treatment options for metastatic
CRPC (mCRPC) include taxanes (docetaxel and cabazitaxel)
and androgen receptor-targeting therapies (abiraterone
acetate and enzalutamide).

Choosing the right therapy for each patient is very
problematic and more frequently based on the age,
symptoms, and general condition of the patient than on the
molecular characteristics of the tumor (1, 2). On the other
hand, the first-line therapy usually has the best response,
emphasizing the importance of the first drug selected.
Docetaxel has been the gold standard in treating mCRPC
since its approval by the US Food and Drug Administration
in 2004 based on two randomized clinical trials (3, 4).
Unlike docetaxel, the new second-line hormonal therapies
abiraterone acetate and enzalutamide have been in clinical
use for a shorter time, since 2011 and 2012 respectively. Due
to its adverse effects, not all patients with mCRPC can be
treated with docetaxel and the newest Advanced Prostate
Cancer Consensus Conference guidelines (2) concluded that
abiraterone acetate or enzalutamide should be recommended
before docetaxel as first-line treatment for asymptomatic
patients with mCRPC. 

PCa has a very strong genetic background, with 57% of the
inter-individual variation in risk being attributed to genetic
factors (5). In our recent study(6), we showed that anoctamin
7 (ANO7) rs77559646 is related to PCa susceptibility and
aggressive phenotype. ANO7 is prostate specific (6-8) and its
expression is elevated in PCa compared to benign prostate
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tissue (6, 8). The function of ANO7 protein is still unclear, but
is predicted to act as scramblase (9) or calcium-activated
chloride ion channel (10, 11). According to in silico analyses,
ANO7 rs77559646 mutation causes a splice site mutation in
the long transcript of ANO7 intron 4 and a missense mutation
in the short form. The frequency of this ANO7 variant in PCa
among Finnish, Swedish and Norwegian patients is 9.4%, 4%
and 3.5%, respectively (6). Although the rs77559646 variant
is associated with aggressive disease, the survival of the
carriers of this single nucleotide polymorphism (SNP) has not
been reported to differ from that of non-carriers (6). Therefore,
we hypothesized that their relatively good survival might be
due to better cytotoxic treatment response to docetaxel among
ANO7 rs77559646 variant carriers. This hypothesis was tested
in two cohorts of patients with mCRPC treated with docetaxel.

Materials and Methods

Study design and patient cohorts. The genetic association study was
conducted using two cohorts of patients who received first-line
docetaxel for mCRPC: A set of 98 Finnish patients from PROSTY
(NCT00255606)(12), a randomized, registered, prospective trial;
and 110 retrospectively collected samples from the Auria Biobank
(the Auria cohort; Turku, Finland).

A total of 361 patients were recruited between 2004-2009 into
the multinational prospective randomized PROSTY trial. The
inclusion criteria relevant for the current study were: Castration-
resistant metastatic disease, a WHO performance status of 0-2 and
a prostate-specific antigen (PSA) concentration more than 10 ng/ml,
followed by a rise in two or more consecutive measurements.
Exclusion criteria included any history of cancer other than PCa,
any medical condition preventing administration of chemotherapy,
impaired liver or kidney tests, low blood neutrophil count or low
concentration of hemoglobin (12).

In the Auria cohort, 110 patients were retrospectively identified
from the patient records by ICD-10 code (C61) and ATC codes
(L01CD02). The data of these patients was manually collected from
electronic healthcare records. The patients were treated with
docetaxel at Turku University Hospital (Turku, Finland) between
2007 and 2018. The key inclusion criteria were: Administration of
at least two cycles of docetaxel as first-line treatment in men with
CRPC and having blood or tissue sample available for genotyping.
Patients treated with early chemohormonal treatment (i.e.
administration of docetaxel less than 90 days after initiation of ADT
in hormone-sensitive patients) or men receiving fewer than two
cycles of docetaxel were excluded.

DNA extraction. All PROSTY cohort samples were formalin-fixed
and paraffin-embedded (FFPE) and obtained from prostate biopsy
or prostatectomy tissues. The Auria cohort consisted of 24 blood
samples, 17 prostate FFPE tissues, and 69 FFPE samples from
tissues other than prostate. Five patients from the Auria cohort were
excluded due to unavailability of blood or tissue. DNA was
extracted using Qiagen DNA micro extraction and QiaAmp FFPE
DNA kits (Qiagen, Hilden, Germany). Blood DNA was extracted
with Nucleon BACC3 kit (GE Healthcare, Merck, Chicago, IL,
USA). DNA concentrations were measured with Qubit Fluorometer
(ThermoFisher Scientific, Inc., Waltham, MA, USA).

SNP genotyping. Patient samples were genotyped using commercial
Taqman SNP genotyping assay for ANO7 rs77559646
(ThermoFisher Scientific, Inc.), 10% of the genotyped DNAs was
randomly chosen for Sanger sequencing validation. Although some
of the genotyped samples were somatic DNA, all detected SNPs
were considered as germline based on our earlier results (6).

Study endpoints. The primary endpoint was progression-free
survival (PFS), which was defined as time from initiation of
chemotherapy to biochemical or radiological progression, whichever
came first, or patient death. The secondary endpoint was overall
survival (OS), defined as time from initiation of chemotherapy to
death from any cause.

Evaluation of docetaxel treatment response and progression. In both
cohorts, the treatment response and progression were evaluated with
the same methods. Radiographic response and progression were
evaluated using bone scan, whole-body computed tomography or
magnetic resonance imaging and graded according to RECIST 1.1.
(13). In bony lesions, response was defined as either “stable
disease” (no change in number of bony lesions) or complete
response (disappearance of all the lesions seen in the baseline).
Progression was defined as two or more new lesions observed either
in x-rays, computed tomography or magnetic resonance imaging.

Biochemical response was defined as a minimum of 50%
decrease in PSA concentration at least 4 weeks after the
administration of the first dose of docetaxel and in the PROSTY
trial according to the protocol (12), which was every sixth week in
both docetaxel dosing arms. An increase of 25% in PSA
concentration above the PSA nadir was defined as PSA progression.

Since a proportion of the patients included in both cohorts were
diagnosed with PCa more than 20 years ago, there is uncertainty
about the baseline variables for these patients, especially the exact
date of ADT initiation. Therefore, the time interval between the
diagnosis of PCa and date of first docetaxel cycle was used as a
surrogate marker to describe the time interval between the initiation
of ADT and chemotherapy.

Statistical analyses. SAS JMP Pro (version 13.1.0) (SAS Institute,
Cary, NC, USA) was used for the data analysis. All analyses were two-
sided and p-values below 0.05 were considered statistically significant.
PFS and OS of carriers and non-carriers were estimated with Kaplan–
Meier method and log-rank tests. In the Cox proportional hazard
model, the relevance of rs77559646 and clinical variables on disease
PFS time was investigated. Hazard ratios (HR) and 95% confidence
intervals (CI) were calculated for the models. The clinical covariates
were as follows: Gleason score (dichotomized into two groups: ≤7 or
≥8), pre-treatment PSA (ng/ml, continuous), time from diagnosis to
chemotherapy (continuous), and rs77559646 genotype. 

Results

The patient characteristics for both cohorts and separately for
variant carriers and non-carriers are presented in Table I. A
heterozygous ANO7 rs77559646 variant was detected in six
(6%) of PROSTY and 11 (10%) of the Auria patients. None
of the genotyped mCRPC cases were homozygous for the
mutation. Biochemical response (PSA decline) to docetaxel
was observed in five out of six (83%) variant carriers and in

ANTICANCER RESEARCH 39: 5353-5359 (2019)

5354



65 out of 92 (71%) non-carriers in the PROSTY cohort,
while 8/11 carriers (73%) and 61/99 non-carriers (62%) in
the Auria cohort showed a PSA response.

The median PFS for variant carriers and non-carriers was
20 months and 5 months, respectively, in the PROSTY

cohort. In the Auria cohort, the median PFS was 5 months
for carriers and 6 months for non-carriers. Median OS was
49 months for carriers, and 23 months for non-carriers in the
PROSTY cohort, while the corresponding values for the
Auria cohort were 27 and 28 months.
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Table I. Patient characteristics.

                                                                                  All                                            rs77559646 carriers                            rs77559646 non-carriers

                                                    PROSTY n=98          Auria n=110           PROSTY n=6           Auria n=11          PROSTY n=92          Auria n=99

Age at diagnosis, years
  Median (IQR)                                65 (61-71)               67 (62-72)               62 (54-63)              70 (65-73)              66 (61-71)              67 (62-71)
Age at death, years
  Median (IQR)                                71 (67-77)               74 (71-78)               70 (64-72)              78 (73-81)              72 (68-77)              74 (71-77)
Status
  Dead                                                87 (94%)                 72 (65%)                 6 (100%)                 7 (64%)                 81 (93%)                65 (66%)
  Alive                                                 6 (6%)                   38 (35%)                        0                        4 (36%)                   6 (7%)                  34 (34%)
  Missing data                                          5                               0                               0                              0                              5                              0
Metastases, n (%)
  Bone                                                83 (85%)                 91 (83%)                  4 (67%)                  9 (82%)                 73 (86%)                82 (83%)
  Visceral                                             8 (8%)                   11 (10%)                        0                         1 (9%)                    8 (9%)                  10 (10%)
  Lymph nodes                                  43 (44%)                 45 (41%)                  2 (33%)                  6 (55%)                 37 (44%)                39 (39%)
  >1 site                                             32 (33%)                 33 (30%)                        0                        5 (45%)                 28 (33%)                28 (28%)
  Missing data                                          0                               4                               0                              1                              0                              3
Gleason, n (%)
  ≤7                                                    21 (24%)                 42 (47%)                  2 (40%)                  4 (44%)                 19 (23%)                38 (48%)
  ≥8                                                    65 (76%)                 47 (53%)                  3 (60%)                  5 (56%)                 62 (77%)                42 (52%)
  Missing data                                         12                             21                              1                              2                             11                            19
PSA pre docetaxel ng/ml
  Median (IQR)                             92 (38.1-229)        17.5 (8.58-81.2)        46 (18.3-315)         44 (10.7-140)         92 (39.2-232)         17 (8.20-75.0)
PFS after docetaxel 
initiation, days
  Median (95% CI)                       168 (137-216)         181 (153-199)          587 (84-631)          161 (94-382)         157 (131-209)        181 (148-199)
OS after docetaxel 
initiation, days
  Median (95% CI)                       689 (511-799)         679 (620-786)       1477 (238-2716)     804 (363-1088)       663 (479-793)        675 (620-739)
Biochemical/radiological 
response
  Yes                                                   81 (84%)                 84 (76%)                 6 (100%)                 8 (73%)                 75 (83%)                76 (77%)
  No                                                   15 (16%)                 41 (37%)                        0                        3 (27%)                 15 (17%)                23 (23%)
  Missing data                                          2                               0                               0                              0                              2                              0
Diagnosis to 
docetaxel, days
  Median (95% CI)                    1409 (1142-1783)   1758 (1560-2089)   1431 (407-39427)   1114 (546-3455)   1358 (1141-1810)  1852 (1580-2101)
M Stage at diagnosis
  M1                                                                                   23 (23%)                                                  5 (50%)                                                 18 (20%)
  M0                                                                                   77 (77%)                                                  5 (50%)                                                 72 (80%)
  Missing                                                 98                             17                              6                              2                             92                            15
N stage at diagnosis
  N1                                                                                    24 (26%)                                                  5 (45%)                                                 19 (23%)
  N0                                                                                    70 (74%)                                                  6 (55%)                                                 64 (77%)
  Missing                                                 98                             23                              6                              1                             92                            22
Abiraterone/enzalutamide
after docetaxel
  Yes                                                         0                        79 (72%)                        0                        7 (64%)                        0                       72 (73%)

CI: Confidence interval; IQR: interquartile range; M: distal metastases; N: regional metastases; OS: overall survival; PFS: progression-free survival;
PSA: prostate-specific antigen.



Kaplan–Meier PFS and OS curves for PROSTY and Auria
cohorts are shown in Figure 1. Interestingly, rs77559646
variant carriers had longer median PFS in both PROSTY
(p=0.005), and Auria cohorts, although the difference was
not statistically significant in the latter cohort (p=0.09). In
PROSTY, the variant carriers had significantly improved OS
(p=0.003), but in Auria, the OS did not differ between the
two groups (p=0.9).

Cox proportional hazard multivariate analysis results for PFS
are presented in Table II. ANO7 variant rs77559646 was a
statistically significant predictor of improved PFS in both cohorts
(non-carriers vs. carriers: PROSTY HR 3.9, 95% CI=1.5-12,
p=0.0027; Auria HR=2.4, 95%CI=1.1-6.1, p=0.024). An
additional statistically significant covariate in PROSTY was
Gleason score (≥8 vs. ≤7 HR=1.8, 95% CI=1.0-3.1, p=0.040),
but in Auria there were no other significant covariates besides
rs77559646.

Discussion

Currently there are many unmet needs in PCa diagnostics
and prognostics. Blood-based biomarkers are of great clinical
interest because they can aid in decision-making processes.
The ANO7 rs77559646 germline mutation was shown to be
associated with an aggressive PCa in our earlier study (6).
In the current study, we demonstrate that this particular SNP
is also associated with better PFS in patients treated with
first-line docetaxel.

Contrary to the PROSTY cohort, where a better OS was
observed, no statistically significant difference in OS was
seen in the Auria cohort between ANO7 variant carriers and
non-carriers. This is likely due to clinical differences
between the two cohorts. The PROSTY cohort was derived
from a prospective, well-defined and controlled phase III
multi-center trial, whereas the Auria cohort samples were
collected retrospectively from the Turku University Hospital
registries. The structured fashion of imaging and PSA
measurements in PROSTY is in contrast with the data
collection for Auria, where imaging and blood chemistry
measurements were performed at uneven intervals. Patients
in the Auria cohort are therefore more representative of
unselected patients compared with the very controlled
PROSTY cohort. The other major dissimilarity between
these two cohorts is that none of the PROSTY patients
received abiraterone acetate or enzalutamide after docetaxel,
while 72% of patients in Auria cohort received new second-
or third-line androgen pathway modulators. The latter may
in fact explain why no survival benefit was observed in the
Auria cohort. Since non-carriers of ANO7 SNP did not
respond to docetaxel as well as the SNP carriers, most of the
non-carriers received abiraterone and enzalutamide as a
second-line treatment, which likely improved their survival
and possibly masked the good response of docetaxel in SNP

carriers. However, it was not possible to determine the effect
of abiraterone and enzalutamide on OS reliably due to the
small number of SNP carriers in the subgroups (data not
shown).

Taxanes were originally shown to inhibit cell mitosis by
binding to microtubules and thus blocking microtubule re-
organization (14). They are also thought to have an effect on
androgen receptor translocation into the nucleus (15). Since
the exact function of ANO7 is not known, the impact of the
ANO7 variant on the response of docetaxel is not clear. One
study has suggested that ANO7 expression is androgen-
regulated (8), which might be related to the mechanism
behind docetaxel effectiveness as taxanes purportedly have
an impact on androgen receptor transportation into the
nucleus (16).

There are only few molecular markers possibly predicting
mCRPC treatment response. One of the most studied is the
androgen receptor splice variant AR-V7, which has been
reported to be associated with a poor response to abiraterone
acetate and enzalutamide (17). Docetaxel, in turn, seems to
be effective for these patients (18). Additionally, some
predictive clinical variables and cell-free DNA-based
detection methods have been investigated (19). For germline
markers, Castro et al. sequenced DNA repair genes and
found that BRCA2 DNA repair-associated gene (BRCA2)
mutation carriers had better survival when treated with
abiraterone acetate or enzalutamide than with taxanes (20).
However, instead of using particular SNPs, they combined
all detected variants. The current analysis is the first study
reporting a single germline variant associated with
aggressive PCa and with outcome of mCRPC after docetaxel
treatment. This is an especially important finding taking into
account the possible adjuvant use of docetaxel in high-risk
PCa (21-23). Moreover, ANO7 is not a DNA-repair gene,
therefore revealing there must be another pathway
underlying the response to docetaxel. The advantage of a
germline marker compared to other diagnostic methods is
that there is no need to have tissue from the tumor, i.e. it is
non-invasive. The SNP can be tested from a simple blood
sample or any tissue obtained, including FFPE samples. In
addition, germline SNPs remain stable over time despite the
patient being given treatments, or other factors and, most
importantly, it is present in all cancer clones unlike somatic
mutations that can differ between metastatic sites. Thus, the
sensitivity and specificity of such tests are better than those
with using other methods.

There are two major limitations to our study. The first is
the relatively low prevalence of the ANO7 variant even
though this variant is enriched among aggressive PCa cases.
A second limitation is the retrospective nature of the Auria
cohort. Therefore, although the results are encouraging, they
should be considered as preliminary and another larger
prospective study is warranted. The major pitfall in the
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retrospective Auria cohort is its uncertainty about the
endpoint time intervals due to uneven imaging and blood
sampling. However, the diversity of the cohorts can also be
considered as one of the strengths of the study. PROSTY,
like all clinical trials, likely has a biased patient selection.
On the other hand, the Auria cohort included a wider range
of the docetaxel-treated patients with PCa as only the early
chemohormonally treated cases were excluded. Our
observation that the effect of the ANO7 variant was seen in
both cohorts, although to a lesser degree in the Auria cohort,
makes the results more useful in clinical practice. 

This study strongly suggests that the ANO7 rs77559646
variant should be taken into account either alone or in
combination with other (genetic) biomarkers when selecting
treatment for patients with mCRPC. 

Conclusion

We report here, for the first time, that men with mCRPC
with a germline variant, rs77559646 in ANO7, have a better
prognosis when given docetaxel than men without the
variant. Another prospective clinical study is, however,
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Figure 1. Kaplan–Meier plots of progression-free and overall survival after docetaxel first administration in the PROSTY (A and B, respectively)
and Auria (C and D, respectively) patient cohorts.

Table II. Cox regression proportional hazards model for progression-free survival.

                                                                                                                                                             PROSTY                                             Auria

Variable                                                                                                                            HR (95% CI)           p-Value            HR (95% CI)           p-Value

Variant rs77559646                                              Non-carrier vs. carrier                        3.9 (1.5-12)             0.0027              2.4 (1.1-6.1)              0.024
PSA                                                                       Per change over entire range             3.8 (0.86-14)           0.077                7.4 (0.51-44)             0.12
Time from diagnosis to docetaxel initiation       Per change over entire range             0.63 (0.32-1.2)        0.14                  0.50 (0.19-1.3)          0.15
Gleason score                                                       ≥8 vs. ≤7                                            1.8 (1.0-3.1)            0.040                0.62 (0.38-1.0)          0.056
                                                                              Whole model                                                                     <0.0001                                                0.057

CI: Confidence interval; HR: hazard ratio; PSA: prostate-specific antigen.



warranted to confirm the results. In addition, functional
analyses are needed to reveal the mechanism behind the
observed treatment effect. 
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