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ABSTRACT
Background The standard treatment for non- metastatic 
castration sensitive prostate cancer (nmCSPC) is androgen 
deprivation therapy (ADT) or surveillance. This study 
evaluated the potential synergy of immunotherapy and 
enzalutamide (without ADT) in nmCSPC. In addition, the 
immunologic impact of enzalutamide was also evaluated 
in men with normal testosterone.
Methods Patients with rising prostate- specific antigen 
(PSA) after definitive therapy, normal testosterone and no 
radiographic metastasis were randomized to enzalutamide 
for 3 months with/without PROSTVAC for 6 months. 
Thereafter, patients could be retreated with another 
3 month course of enzalutamide when PSA returned 
to baseline. Immune profiles were evaluated in these 
patients.
Results Thirty- eight patients were randomized with a 
median PSA=4.38 ng/dL and PSA doubling time=4.1 
months. No difference was observed between the two 
groups for PSA growth kinetics, but PSA responses to 
enzalutamide were noteworthy regardless of PROSTVAC. 
The median PSA decline after short- course enzalutamide 
without ADT/testosterone lowering therapy was 99% 
in both courses. The median time to PSA recovery to 
baseline after each 84- day course of enzalutamide was 
also noteworthy because of the duration of response 
after enzalutamide was discontinued. After the first and 
second 3 month cycle of enzalutamide, PSA recovery to 
baseline took a median 224 (range 84–1246) and 189 
days (78–400), respectively. The most common adverse 
events related to the enzalutamide were grade 1 fatigue 
(71%) and grade 1 breast pain/nipple tenderness (81%). 
The only grade 3 toxicity was aspartate aminotransferase 
(AST)/alanine aminotransferase (ALT) elevation in two 
patients. Enzalutamide was independently associated with 
immune changes, increasing natural killer cells, naïve- T 
cells, and decreasing myeloid- derived suppressor cells.
Conclusions Three months of enzalutamide without ADT 
induced substantial PSA control beyond the treatment 
period and was repeatable, perhaps representing an 
alternative to intermittent ADT in nmCSPC. In addition, 

enzalutamide was associated with immune changes that 
could be relevant as future immune combinations are 
developed.
Trail registration number  clinicaltrials. gov 
(NCT01875250).

BACKGROUND
Enzalutamide is an androgen receptor inhib-
itor that initially demonstrated efficacy in 
patients with metastatic castration resistant 
prostate cancer (mCRPC).1 2 In recent years, 
trials in earlier stages of prostate cancer 
including metastatic castration sensitive 
prostate cancer (mCSPC) and non- mCSPC 
(nmCSPC) have demonstrated the clinical 
benefit of using enzalutamide before the 
development of mCRPC.3 4 Another subpop-
ulation worthy of investigation are those with 
a rising prostate- specific antigen (PSA) after 
definitive surgery or radiation, but without 
evidence of metastatic disease on conven-
tional imaging (CT/MRI and Tc99 bone 
scan).

Approximately 25 000 men in the USA 
develop nmCSPC annually, also commonly 
referred to as biochemically recurrent pros-
tate cancer. Standard treatment includes 
observation until metastatic disease or 
androgen- deprivation therapy (ADT) based 
on patient preference or PSA doubling time 
(PSA DT).5–7 Retrospective data suggest that 
PSA DT can be used to identify patients who 
are at highest risk for metastatic disease.8 9 
There is also retrospective data suggesting that 
altering the PSA DT/PSA velocity could 
impact survival in nmCSPC, but prospective 
trials are required.10
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A single previous study that is published explored the 
use of indefinite enzalutamide without ADT in nmCSPC 
and presented efficacy data and toxicities after 25 weeks.11 
While these findings are important, efforts should be 
made to develop strategies to minimize toxicity in an 
asymptomatic population like nmCSPC. Another trial 
has demonstrated that intermittent ADT is equivalent to 
continuous ADT in nmCSPC.12

Based on that data and preclinical data suggesting the 
potential synergy of enzalutamide with immunotherapy, 
we conducted a randomized trial of a 3- month course 
of enzalutamide with and without PROSTVAC, a pox- 
viral based therapeutic cancer vaccine targeting PSA.13 14 
Although PROSTVAC was not effective as a single agent 
to extend survival in mCRPC, data suggest that it can be 
synergistic with enzalutamide and perhaps slow tumor 
growth rates, which would be especially important in 
nmCSPC.14–16 Immune monitoring was also conducted 
to evaluate the immunologic impact of enzalutamide and 
the combination of enzalutamide and PROSTVAC in this 
population.

METHODS
This was a single institution trial conducted at the National 
Cancer Institute, NIH, Bethesda, Maryland, USA. Patients 
enrolled from July 2013 to June 2015 (online supple-
mental figure 1).

Eligible patients were required to have had previous 
definitive therapy with either radiation or surgery. 
Patients were required to have negative CT scans/MRI 
and Tc99 bone scans. The eligible PSA range was between 
2.0 and 20.0 ng/mL with a PSA DT of less than 12 months. 
Because of the use of PROSTVAC, patients with autoim-
mune diseases and requirements for chronic steroids were 
excluded. Patients who had previous chemotherapy were 
also excepted. Herbal medications and other medications 
known to influence PSA were prohibited. Previous ADT 
was allowed in patients with a normal range testosterone 
at study entry.

All patients were treated with enzalutamide 160 mg orally 
(in the absence of ADT) for 84 days. Patients randomized 
to the vaccine arm were also given PROSTVAC- V (vaccinia, 
2×108 infectious units subcutaneous) at week 1, followed 
by PROSTVAC- F (fowlpox 1×109 infectious units) at weeks 
3, 5, 9, 13, 17 and 21. Per protocol, patients were then 
followed every 4–6 weeks to track PSA recovery to their 
respective baseline value. After an amendment to the study 
protocol, patients could have a second 84- day course of 
enzalutamide if the PSA recovery to baseline was beyond 
7 months from treatment initiation and the CT and Tc99 
bone scan remained negative for metastatic disease. (No 
further vaccine was administered.) Thereafter patients 
were followed until PSA recovery to baseline.

Analysis of antigen-specific T cell responses, peripheral 
immune subsets, and thymic activity
Antigen- specific T cell responses against PSA were 
analyzed in cryopreserved peripheral blood mononuclear 

cells (PBMCs) collected from patients before and during 
therapy, by intracellular cytokine staining following a 
period of in vitro stimulation with overlapping peptides 
pools using methods previously described.17 The PSA 
peptide pools contained a previously identified agonist 
epitope, and peptide pools encoding human leukocyte 
antigen and a mixture of peptides of cytomegalovirus, 
Epstein- Barr virus, influenza, and tetanus toxin served as 
negative and positive controls, respectively.18

Cryopreserved PBMCs collected from patients before 
and during therapy were examined by multicolor flow 
cytometry to identify 123 peripheral immune cell subsets, 
using the methodology previously described.19 20 Subsets 
evaluated included nine parental cell types (CD4+ 
and CD8+ T cells, T- regulatory cells, natural killer (NK) 
cells, NK- T cells, conventional dendritic cells, plas-
macytoid dendritic cells, B cells, and myeloid- derived 
suppressor cells (MDSCs)) and 114 refined subsets 
related to the maturation/function of the parental cell 
types. Flow cytometry files were analyzed using FlowJo 
V9.7 for Macintosh using the outlined gating strategy 
(online supplemental figure 2) with non- viable cells 
excluded and negative gates based on fluorescence minus 
1 controls. The frequency of all subsets was calculated as a 
percentage of PBMC to help eliminate the bias that could 
occur in the smaller populations with fluctuations in 
leukocyte subpopulations. Immune subsets with a poten-
tially biologically relevant change following therapy were 
defined as those with p<0.05, the majority of patients 
having a>25% change, difference in medians >0.05% 
of PBMCs, and a frequency >0.01% of total PBMCs. 
Multiple prior studies have used this method to detect 
the dynamics of 123 immune subsets, many of which have 
known biologic functions.21–24

T cell receptor excision circles (TRECs), a byproduct 
formed during T cell receptor rearrangement, which 
identifies recent thymic emigrants, was analyzed on 
DNA extracted from PBMC, using methods previously 
described.25 26

Impact of enzalutamide on vascular endothelial growth factor
Preliminary data have suggested that enzalutamide 
could potentially impact vascular endothelial growth 
factor (VEGF) and this study involving enzalutamide 
without ADT provided an opportunity to evaluate that, 
independent of the immune analysis.27 28 Venous blood 
was obtained by uncomplicated venipuncture into an 
EDTA tube at baseline, 4 weeks, 12 weeks and pre and 
post second course of enzalutamide. Samples were imme-
diately placed on ice and processed within 2 hours of 
collection. Blood was centrifuged for 5 min at 1200 g and 
plasma stored at −80 Celsius until time of analysis. VEGF 
concentrations were measured by a commercial ELISA 
assay (R&D Systems Quantikine Human VEGF Immuno-
assay), following manufacturer’s instructions. All samples 
were evaluated in duplicate and an internal control was 
included in each plate. The lower limit of quantitation of 
the assay was 9.0 pg/mL.
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Statistical design
The study was designed to evaluate if PROSTVAC could 
slow the PSA growth rate after a short- course of enzalut-
amide. The primary endpoint of the trial was to compare 
the PSA recovery kinetics at 7 months after enzalutamide 
initiation between the two arms of the study based on 
previous data suggesting that vaccines could slow tumor 
growth rate over time.29 30 This was based on retrospective 
data that suggested vaccines may slow the growth rates 
in prostate cancer as measured by PSA. With 17 patients 
in each arm, there would be 80% power to detect a 1 
SD difference between the two groups with a two- tailed 
0.05 significance level two- group t- test. Up to 38 total 
patients were allowed to be enrolled, in case a small 
number of patients were found to be inevaluable. The 
growth rate was measured via the equation f(t)=exp(- d * 
t)+exp(g * t)–1, where exp is the base of the natural loga-
rithm, e=2.7182 and t is days since treatment initiation, 

as previously described.16 Secondary objectives included 
safety, impact of short- course enzalutamide on PSA 
kinetics, changes in testosterone, and VEGF levels.

RESULTS
The two groups (n=38) were relatively balanced at enroll-
ment (table 1). The growth rate as measured via the 
prespecified equation was not different between the two 
groups (0.031 for enzalutamide alone vs 0.030 for the 
combination; p=0.74 by Wilcoxon rank sum test) after 
7 months (figure 1).

Although the trial’s primary endpoint was not met, 
the impact of the short- course of enzalutamide in all 
patients, regardless of PROSTVAC, is noteworthy. Thir-
ty- six patients were evaluable for PSA response to the first 
course of enzalutamide (±PROSTVAC). The median PSA 
decline was >99% (range 84->99%) (figure 2A). Although 
median time to first PSA rise after completing 84 days of 
enzalutamide was 28 days, the range was broad (14–182 
days) and the median time until PSA recovery to respec-
tive baseline value was 224 days (84–1246) after the short- 
course of therapy (figure 2B).

An amendment allowed for retreatment with 84 days of 
enzalutamide (without vaccine) and for those 26 patients 
the median PSA decline was again >99% (87->99) with 
a median time to recovery to second baseline PSA of 
189 days (78–400) (figure 2). (Three patients on second 
course of therapy discontinued for toxicity (see below) 
and one discontinued due to travel logistics.) Only two 
patients on study developed metastatic disease; one was 
451 days after starting treatment on cycle 1 and another 
was treated with two courses and had metastasis 574 days 
after initiating therapy.

Toxicity
The treatment of enzalutamide in the absence of ADT 
was well tolerated with a grade 3 event (elevated alanine 
aminotransferase/aspartate aminotransferase) seen in 
two patients one of whom was taking a prohibited herbal 
supplement (table 2). Resolution of most toxicities was 
rapid within weeks of discontinuing enzalutamide in 

Table 1 Baseline characteristics

Enzalutamide+PROSTVAC Enzalutamide All Patients

Number of Patients 19 19 38

Median Age (Range) 64.4 years (56–79) 68 years (54–87) 64.6 (54–87)

Gleason

6 1 5 6

7 9 6 15

8–10 9 8 17

Median PSA (Range) 3.94 ng/dL (2.02–19.43) 4.49 ng/dL (2.25–16.75) 4.38 ng/dL (2.02–19.43)

Median PSA Doubling Time (Range) 3.3 months (0.9–7.8) 5.2 months (1.6–10.3) 4.1 months (0.9–10.3)

Median Testosterone (Range) 314 ng/dL (182-472) 317 ng/dL (167-723) 316 ng/dL (167-723)

Previous ADT (Percent) 7 (37%) 7 (37%) 14 (37%)

Figure 1 PSA Growth Rates. There was no difference seen 
in PSA growth rates in the 4 months following enzalutamide 
discontinuation regardless of the 6- month course of 
PROSTVAC administered to the combination group. Growth 
rates defined as previously described.16
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cycle 1. Vaccine- related toxicity (injection site reactions 
and flu- like symptoms) was seen frequently in the PROS-
TVAC cohort as expected. Fatigue was the most frequent 
adverse event seen (89% of all patients), but mostly grade 
1 and transient with only seven patients (18%) having 
grade 2 fatigue at any time point, regardless of vaccine. 
Breast tenderness was seen in most patients (82%) but 
was universally grade 1 and likely in relation to elevation 
in systemic levels of testosterone. The second course of 
enzalutamide was stopped for precautionary reasons 

for dizziness and mild cognitive issues, in two patients 
respectively.

Testosterone
Testosterone increased in 22 of 36 patients beyond the 
institutional normal range, with a median rise to 834 ng/
dL (range 308–1579) with course 1 of enzalutamide and 
721 ng/dL (227–1171) in course 2. Testosterone declined 
from peak values in patients on enzalutamide within 4–6 
weeks of completing the 84- day course of therapy.

Figure 2 (A) This waterfall plot depicts maximum PSA response for each individual patient who completed the full 84- day 
initial course of enzalutamide. For the 28 patients who were treated with a second course of enzalutamide when PSA recovered 
to baseline after course 1 (including 2 patients who discontinued for toxicity) a paired bar is included. (B) The swimmers plot 
depicts the duration of PSA control below baseline for each individual patient including the 84- day course of enzalutamide 
(median = 224 days after treatment, 308 days including treatment). For the 26 patients who completed a second course of 
enzalutamide, a paired bar is included (median = 189 days after treatment, 273 days including treatment).

Table 2 Adverse events

Adverse Event

Enzalutamide+Prostvac (n=20) Enzalutamide alone (n=18) Total for all patients (n=38)

Grade 1 Grade 2 Grade 3 Grade 1 Grade 2 Grade 3 Grade1 Grade 2 Grade 3

Injection Site Reaction 14 (70%) 4 (20%) 0 0 0 0 14 (37%) 4 (11%) 0

Flu- like Symptoms 6 (30%) 0 0 0 0 0 6 (16%) 0 0

Fatigue/Lethargy 14 (70%) 4 (20%) 0 13 (72%) 3 (17%) 0 27 (71%) 7 (18%) 0

Breast Pain/Nipple 
Tenderness

17 (85%) 0 0 14 (78%) 0 0 31 (81%) 0 0

Gynecomastia 6 (30%) 1 (5%) 0 8 1 (6%) 0 14 (37%) 2 (5%) 0

Myalgia 4 (20%) 0 0 1 (6%) 0 0 5 (13%) 0 0

AST/ALT Elevation 0 0 1 (5%) 3 (17%) 0 1 (6%) 3 (8%) 0 2 (5%)

Anorexia 5 (20%) 0 0 2 (11%) 0 7 (39%) 0 0

Dizziness 3 (15%) 1 (5%) 0 2 (11%) 2 (11%) 0 5 (28%) 3 (8%) 0

Headache 5 (25%) 1 (5%) 0 1 (6%) 0 0 6 (33%) 1 (3%) 0

Hypertension 0 1 (5%) 0 1 (6%) 1 (6%) 0 1 (6%) 2 (5%) 0

Hot Flashes 4 (20%) 1 (5%) 0 2 (11%) 0 0 6 (16%) 1 (3%) 0

Memory Impairment 3 (15%) 0 0 1 (6%) 0 0 4 (11%) 0 0

Anemia 6 (30%) 0 0 4 (22%) 0 0 10 (26%) 0 0

Decreased White Blood 
Cells

5 (25%) 2 (10%) 0 3 (17%) 0 0 8 (31%) 2 (5%) 0

Decreased Libido 3 (15%) 0 0 1 (6%) 0 0 4 (22%) 0 0
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Antigen-specific T cell responses, peripheral immune subsets, 
and thymic activity
Antigen- specific T cells targeting PSA were expanded 
after 3 months of therapy in a similar frequency of 
patients treated with enzalutamide alone (7/15, 45%) 
versus enzalutamide + vaccine (6/15, 40%). Similar find-
ings were observed after 7 months of treatment, with 
6/15 (40%) patients receiving enzalutamide alone and 
8/15 (53%) patients receiving enzalutamide + vaccine 
displaying increases in PSA- specific T cells.

Analyses of PBMC subsets in patients treated with 
enzalutamide alone and in combination with vaccine 
revealed mainly immune potentiating effects (online 
supplemental table 1). Patients treated with enzalut-
amide alone had increases in NK cells (figure 3A), 
including mature NK cells and Tim3+ NK cells, as well 
as reductions in the immune suppressive MDSC compart-
ment, including granulocytic MDSC (gMDSC, figure 3C) 
and programmed death ligand 1 (PD- L1+) MDSCs. 
Similar increases in the NK compartment were observed 

Figure 3 Frequency of notable PBMC subsets changing during enzalutamide +/-vaccine therapy. Increase in natural killer 
cells in patients treated with enzalutamide alone (A) or enzalutamide + vaccine (B). Decrease in granulocytic myeloid derived 
suppressor cells (gMDSC) in patients treated with enzalutamide alone (C), but not in patients treated with enzalutamide + 
vaccine (D). Increase in ICOS+PD1+ CD4 T cells in patients treated with enzalutamide + vaccine (F), but not in patients treated 
with enzalutamide alone (E). Subsets with a potentially biologically relevant change are were defined as those with p <0.05, the 
majority of patients having a >25% change, difference in medians >0.05% of PBMCs, and a frequency >0.1% of total PBMCs. 
(Wilcoxon signed ranked test was used in this analysis).
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in patients treated with enzalutamide plus vaccine 
(figure 3B); however, here there were no reductions in 
the MDSC compartment (figure 3D), and instead were 
increased in activated CD4 that coexpress inducible T cell 
costimulator (ICOS) and programmed cell death protein 
1 (PD-1) (figure 3F). Although activated CD4 were 
increased only in the combination arm (Figure 3E,F), it 
is unclear whether these cells are antigen and/or vaccine 
specific. Representative flow plots of notable subsets that 
change with therapy are shown in online supplemental 
figure 3.

TRECs were increased in the majority of evaluated 
patients (9 of 12) while on treatment with enzalutamide 
at time points between 15 and 86 days after initiation; 
TRECs were similarly increased in patients treated with 
enzalutamide combined with vaccine (figure 4). Further-
more, age was not a determining factor in the magni-
tude of increase in TRECs (r=0.21; p=0.49). There was 
a declining trend of decreasing mean TREC levels noted 
within 14 days of stopping enzalutamide (p=0.064).

Serum VEGF
There was no significant difference in the VEGF concen-
trations between those patients whoreceived PROSTVAC 
and those who received enzalutamide monotherapy. 
Eleven patients were evaluated during both courses of 
enzalutamide, while five were evaluated only in course 
1 and six were evaluated only in course 2. The mean 
pretreatment plasma VEGF concentration was 192 pg/

mL, SD of 82 pg/mL, median 174 pg/mL. VEGF concen-
trations were compared over the course of treatment 
using paired, Wilcoxon signed rank test, and no signifi-
cant difference was seen in plasma VEGF concentration 
over the course of treatment (online supplemental figure 
4).

DISCUSSION
Since this trial was initiated, it is important to note that 
PROSTVAC alone failed to improve survival in a phase 3 
trial in mCRPC.15 Although the use of PROSTVAC with 
enzalutamide did not improve PSA recovery rates, there 
was a more recent study of PROSTVAC alone in a similar 
nmCSPC population that suggested that PROSTVAC 
alone could induce delayed PSA declines in a subset of 
patients.31 Given the efficacy of enzalutamide to induce 
a median PSA decline of 99%, it seems likely that any 
PSA signal of PROSTVAC efficacy was lost in that substan-
tial response to enzalutamide, although it is noteworthy 
that the three patients with the greatest duration of PSA 
response below baseline in this study (for 861, 1008, and 
1442 days, respectively) received vaccine with enzalut-
amide. Interestingly, there were increases in CD4 markers 
of activity (ICOS and PD-1) that were seen in the vaccine 
arm, but not the enzalutamide alone arm.

Despite the lack of an efficacy signal of enzalutamide 
and vaccine, this study is notable because it demonstrates 

Figure 4 Percent change in TREC after Therapy. Data in graphs indicates the % change in TREC/TRAC levels at the indicated 
time points after vs before therapy. Frequency and percentage of patients with increase in TREC are indicated. Bars indicate 
mean +/- SEM. DNA (100 ng) isolated from PBMCs was amplified to detect TREC and the housekeeper gene TRAC (T cell 
receptor alpha constant gene) using primer and probe sequences that have been previously described.19 Mean Ct values for the 
target gene (TREC) were normalized to mean Ct values for the housekeeping gene (TRAC) [–ΔCt = Ct(TRAC) – Ct(TREC)]. The 
ratio of expression of the target gene TRAC versus TREC was defined as 2(–ΔCt).20
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for the first time that short- course enzalutamide (regard-
less of vaccine and without ADT) in nmCSPC brought 
about prolonged PSA control well beyond the treatment 
period and such responses were largely duplicated with 
a second course of enzalutamide for 3 months. The 
median duration of 224 days after 84 days of treatment 
until PSA recovery to baseline means that for men with 
nmCSPC and rising PSA, a 3 month course of enzalut-
amide afforded them PSA control (ie, PSA below base-
line) for 308 days (11 months) and a second 3 month 
course in eligible patients afforded them another median 
273 days (9.75 months) with a PSA below baseline. It is 
perhaps not surprising that some benefit was diminished 
in duration of the second course (although median PSA 
declines were >99% in both groups). For the two patients 
who had metastatic recurrence at first and second PSA 
rise, it was only after an extended response of 451 and 574 
days, respectively. These findings are noteworthy because 
it suggests that men with nmCSPC who may have been 
treated previously with continuous or intermittent ADT 
may now experience effective PSA control with inter-
mittent short- course enzalutamide and less toxicity than 
ADT.

In addition to intermittent ADT, there have been other 
short- course therapy strategies explored in men with 
nmCSPC but they appear to be either more toxic and/
or less effective. One study administered 80 mg of bicalut-
amide monotherapy for 2 years in men postprostatectomy 
(with no minimum required PSA DT).32 Of 91 patients on 
the continuous regimen, 26.4% had progression within 
2 years, but 33% remain without progression at 5 years. 
Perhaps this study in an unselected population further 
highlights the potential role of androgen receptor disrup-
tion as monotherapy for abbreviated courses. Higher 
doses of bicalutamide have been investigated in this popu-
lation, but also had increased toxicity.33 A more recent 
strategy evaluated an 8 month course of abiraterone with 
ADT versus ADT alone in 197 men with nmCSPC. The 
results suggest that the addition of abiraterone to ADT 
improved PSA- free survival from a median of 21.1 months 
to 28.3 months, but the use of ADT increased the toxicity 
profile of this strategy.34

While some practitioners hold firm to the stance of not 
treating nmCSPC until the development of metastatic 
disease, there may be some benefits to the use of ADT in 
clinical practice. Some patients have anxiety about rising 
PSA levels and ADT, despite its side effects, may improve 
quality of life by decreasing anxiety along with PSA. (Our 
future studies in nmCSPC will look into quality of life 
impact prospectively). Another major concern is that 
not all men with nmCSPC develop metastasis. While that 
is an accurate statement, subsets of patients with rapid 
PSA DTs less than 3 months have a 50% chance of devel-
oping metastasis within 1 year.9 Such populations should 
be considered for more aggressive therapies to prevent 
metastasis and the morbidity associated with metastatic 
disease. Patients who develop metastasis will require ADT 
indefinitely and then must contend with the associated 

toxicities. If the use of intermittent short- course enzalut-
amide can control PSA for nearly a year, and then be 
repeated with minimal diminishing benefit and toxicity, 
it is possible that such PSA control would come with a 
delay in metastasis in men who have rapidly rising PSAs. 
Thus, short- course enzalutamide could potential defer 
the need for indefinite ADT (and associated toxicities) in 
these patients, although future trials would be required to 
confirm this hypothesis.

The previous study of enzalutamide in nmCSPC was 
associated with some degree of toxicity, which was simi-
larly seen in this trial (with grade 1 fatigue and breast/
nipple pain predominating, and rare grade 3 toxicities). 
While these symptoms may appear minor, it is important 
to recall that nmCSPC patients have no cancer- related 
symptoms and thus these likely cumulative symptoms will 
impact quality of life over time and could diminish treat-
ment compliance. Such toxicities are likely to be apparent 
in the ongoing EMBARK trial (NCT02319837), a phase 3 
trial evaluating enzalutamide ± ADT in nmCSPC. Much 
like intermittent ADT was associated with improved 
quality of life due to periods where patients were not on 
therapy, it is likely that intermittent enzalutamide could 
afford similar benefits, as this study demonstrates, while 
also being associated with prolonged PSA control.12

The immunologic impact of enzalutamide indepen-
dent of vaccine in this study is important as well. To our 
knowledge, the immune effects of enzalutamide without 
ADT have not been previously reported. Enzalutamide 
was associated with increased subpopulations of activated 
NK cells and decreases in immune suppressive gMDSCs. 
Emerging data have suggested that within the prostate 
cancer immune microenvironment NK cells and MDSCs 
may be more relevant than T cells.35 36 The apparent 
minimal impact seen on T cells after enzalutamide alone 
could provide insight into the recent phase 3 trial that 
demonstrated no improvement when the PDL1 targeting 
antibody atezolizumab was added to enzalutamide in 
advanced prostate cancer.37

We also report for the first time in humans that an 
androgen receptor targeting therapy can increase naïve T 
cell production from the thymus in humans. TRECS are 
the byproduct of T cell receptor gene rearrangement that 
occurs when naïve T cells are produced from the thymus, 
thereby providing an indirect measure of thymic activity. 
Previous studies have shown that androgen blockade 
in mice and humans activates thymic regeneration and 
increases TREC levels.38 Similar to androgen deprivation, 
2 weeks of enzalutamide treatment in C57BL/6 mice 
increased thymic weight and TREC production.14 The 
increases in TRECs coincided with therapy, irrespective 
of age. Interestingly, even though the impact of enzalut-
amide on the PSA often lasts months after therapy, TREC 
levels appeared to decline 2 weeks after enzalutamide 
discontinuation.

There was no clear association between clinical 
responses and immune changes, but most patients in this 
study had sustained PSA declines of large magnitude so 
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such associations may not be readily apparent in a trial 
of this size.

The immune findings in this study are remarkable 
because, beyond sipuleucel- T, immune checkpoint inhibi-
tors are only effective in about half of patients who possess 
rare mutations like microsatellite instability and CDK12 
inactivation.39 40 Since enzalutamide is already frequently 
used in many stages of prostate cancer, additional immu-
notherapies can be added to exploit the immune poten-
tiating effects of enzalutamide on NK cells and gMDSCs. 
While PD1/PDL1 inhibitors are often dependent on T 
cells infiltrating the tumor for their effects, other immu-
notherapies such as immunocytokines could be combined 
with enzalutamide to bring about a synergistic clinical 
impact. The findings of this study highlight that the best 
opportunities may lie in focusing on NK cells when devel-
oping immune- based combinations with enzalutamide. 
Additional strategies could be built on enzalutamide’s 
ability to enhance TRECs and possibly be used beyond 
prostate cancer.

Although the trial is small in numbers, the median PSA 
decline of >99% is likely to be a reasonable indicator of 
the potential for short- course enzalutamide in nmCSPC. 
While the responses to the second course of enzalutamide 
are encouraging, it should be noted that some degree of 
selection bias may have impacted why some patients did 
not receive a second course, either by protocol require-
ment or other factors.

A shortcoming of this trial stems from the fact that it 
was initiated in 2013; thus it did not incorporate modern 
positron emission tomography (PET) or molecular 
imaging strategies, which are increasingly being used in 
clinical practice. It is worth noting that many patients 
with nmCSPC are likely to have micrometastatic disease 
detectable on sensitive PET imaging studies.41 Nonethe-
less, these findings on ultra- sensitive modern imaging 
studies do not meet the conventional definition of metas-
tasis as they have been defined in mCSPC clinical trials 
to this point (that is findings on CT/MRI or Tc99 bone 
scan). While some practitioners may contend that PET 
scan findings define metastatic disease that should be 
treated with docetaxel or antiandrogen therapies based 
on studies of those agents in overtly metastatic disease 
(as seen on CT and Tc99 bone scan), prospective data 
supporting this are lacking in either mCSPC or mCRPC 
trials where modern imaging techniques were not 
employed. Others may suggest radiation has an emerging 
role in oligometastatic prostate cancer;however, its role in 
oligorecurrence (rising PSA with negative conventional 
imaging after definitive therapy) is less defined.

Future studies of agents such as enzalutamide in 
nmCSPC need to be done to better understand their clin-
ical role in this minimal residual disease state of prostate 
cancer. The data presented here provide a rationale for 
intermittent use of enzalutamide in men with biochemi-
cally recurrent prostate cancer that can impact PSA and 
thus likely decrease near term risk of metastatic disease, 
without the systemic toxicity of ADT. In order to define 

the impact beyond just PSA, such studies should require 
baseline and follow- up assessments with modern (PET) 
imaging to better understand the antitumor effects that 
are associated with transient but substantial and repeat-
able PSA declines such as those seen with short- course 
enzalutamide in this study. If such responses are associ-
ated with changes in PET imaging (ie, improvements) 
and/or the delay in ultimate progression of disease in PET 
or conventional imaging, then perhaps such an interme-
diate endpoint could be evaluated in phase 3 trials, as has 
been suggested by data from the ICECaP Working Group, 
demonstrating a strong association between metastasis- 
free survival and overall survival in localized disease.42 
Indeed, modern imaging has potentially lifted the shroud 
of nmCSPC, allowing for more pragmatic treatment of 
the minimal residual disease state in patients who are at 
high risk for metastasis.
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