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Abstract

Objectives.—To report the clinical outcomes a cohort of men with high-risk prostate cancer
treated with neoadjuvant docetaxel and mitoxantrone ten years after treatment. To identify
pretreatment clinical parameters that maybe predictors of recurrence, and to describe tumor
infiltrating leukocytes present in the radical prostatectomy specimens.

Methods.—We conducted a phase /1l study of neoadjuvant docetaxel and mitoxantrone prior to
radical prostatectomy in high-risk localized prostate cancer to determine the feasibility of this
combination and predictors of prostate cancer recurrence after cytotoxic chemotherapy.

Results.—After ten years of follow up, 34 (63%) of 54 participants had a recurrence. In
univariate analysis, PSA density (p=0.01), pathological stage (p=0.03), lymph node status
(p<0.0001), seminal vesicle invasion (p=0.003) and tissue VEGF expression (p=0.016) were
significantly associated with recurrence. In multivariate analysis, only lymph node status, PSA
density, and VEGF expression were significant predictors of disease recurrence. We used a tissue
microarray for the first 50 participants to characterize the tumor infiltrating lymphocytes and
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evaluate them for association with recurrence. We measured CD3, CD4, CD8, FoxP3, CD20,
CD15, CD68 and CD163 by immunohistochemistry in both tumor and normal prostate specimens,
but did not find an association between immunophenotype and recurrence. There was a
significantly different density of CD68* and CD163* cells between normal and tumor tissue.

Conclusions.—Lymph node status, PSA density, and tissue VEGF expression predict for
recurrence after chemotherapy for high-risk prostate cancer. Additional studies are needed to
determine the potential benefit of chemotherapy in the neoadjuvant setting.
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INTRODUCTION:

Prostate cancer is a common malignancy, with 220,800 new cases and 27,540 deaths
predicted in the United States in 2015, making it the second leading cause of cancer-related
death for US men [1]. Prostate cancer is a complex disease characterized by inherent
heterogeneity and variable patient outcome as evident by treatment failure rates of 20% to
40% after radical prostatectomy or radiation therapy even in standard risk disease [2-6].
Recurrence may result from the presence of locally extensive disease or systemic disease at
the time of treatment. Predictive models using readily available information such as PSA,
clinical stage, and pathologic grade can identify patients at high risk of recurrence prior to
surgery and allow researchers to target these patients for novel therapeutic strategies [7-9].

Radical prostatectomy remains an option for patients classified as high risk for recurrence,
and treatment protocols to eradicate micrometastases with androgen-deprivation therapy
following surgery or radiation in patients with high risk prostate cancer have resulted in
improved outcomes [10-12]. Several randomized clinical trials have evaluated neoadjuvant
androgen-deprivation therapy alone but this intervention has failed to reduce the risk of
prostate cancer recurrence [13-16], possibly because of the presence of castration resistant
clones at diagnosis. Our understanding of the presence of castration resistant cells early in
the disease course was enhanced by the CHAARTED and STAMPEDE studies where men
with newly diagnosed metastatic prostate cancer or biochemically recurrent prostate cancer
were treated with docetaxel chemotherapy and androgen deprivation therapy had improved
survival relative to ADT alone [17, 18]. Thus, docetaxel chemotherapy may be most
beneficial in terms of prolonging survival in hormone naive prostate cancer.

In a previously described phase I/11 study we examined the short-term efficacy of
neoadjuvant combination chemotherapy of weekly docetaxel and escalating doses
mitoxantrone prior to prostatectomy in a cohort of fifty-seven patients [19, 20]. Here, we
report long-term outcomes and examine new potential biomarkers. Using radical
prostatectomy tissue from patients who participated in this clinical trial, we examined
tumor-infiltrating lymphocytes post-chemotherapy to look for correlations between
lymphocyte subsets and recurrence. Published reports characterizing the immune
composition of prostate cancer at diagnosis in the context of meaningful clinical outcomes
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(e.g., survival) for prostate cancer have been limited. One group examined “inflammation”
broadly in 161 radical prostatectomy specimens and found that higher inflammation was
associated with higher likelihood of biochemical recurrence after radical prostatectomy [21].
Similarly, another group found the presence of tumor-infiltrating lymphocytes was
associated with reduced survival in 188 patients [22], while others examined prostate cancer
tissue from 80 patients and determined that increased CD4* T-lymphocyte count was
independently associated with a shorter cancer-specific survival [23]. These studies suggest
the potential for immune cells to promote prostate cancer growth/recurrence and hint that
there may be immune targets amenable to therapeutic targeting. Alternatively, the presence
of tumor infiltrating lymphocytes may be an indicator of more aggressive tumor clones.
However, the absence of definitive studies in human prostate cancer have left us without
clarity about the types of immune cells present within tumors and the significance that
immune cells have in mediating tumor progression, response to therapy, and survival.

Here, we report the clinical outcomes of this cohort of men with high-risk prostate cancer
treated with neoadjuvant docetaxel and mitoxantrone ten years after treatment and describe
the tumor infiltrating leukocytes present in the radical prostatectomy specimens.
Pathological, biochemical and molecular variables were examined and assessed for their
ability to predict progression-free survival.

MATERIAL and METHODS:

Patients:

The clinical trial design has been described previously [19, 20]. Briefly, 57 patients were
recruited between 2001 and 2004 with a new histological diagnosis of adenocarcinoma of
the prostate with a planned prostatectomy as the primary therapy and at least one of the
following high- risk features: clinical stage T2c or surgically resectable T3a, serum prostate
specific antigen (PSA) =15 ng/ml, or Gleason grade =4+3 for a multicenter phase I-I1
clinical trial of neoadjuvant chemotherapy.

Ethics Statement

The clinical trial protocol (NCT 00017563) was approved by the Institutional Review
Boards of the Oregon Health and Science University, VA Portland Health Care System,
Kaiser Permanente Northwest Region, Legacy Health System, and the University of
Washington. All patients signed informed consent.

Treatment: Docetaxel was administered at a fixed dose of 35 mg/m?2 and the MTD of
mitoxantrone was established in 10 patients to be 4 mg/m?2 [20]. Subsequently, all patients
received this dose of mitoxantrone. Patients received four 28-day cycles of chemotherapy
with docetaxel and mitoxantrone administered weekly for 3 weeks followed by a 1-week
break. Dexamethasone 4 mg was given orally 12 hours and 1 hour before and 12 hours after
treatment. Four to six weeks after completing chemotherapy, patients underwent open
radical prostatectomy at their respective institutions. Three of the 57 patients did not
complete the 4 cycles of chemotherapy prior to surgery. Two patients developed grade 2 side
effects before completing the full 4 cycles of therapy (one patient developed persistent grade
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2 nausea and another developed grade 2 neuropathy). The third patient was lost to follow up
because he was incarcerated.

Patient Monitoring: During the first week of every 4-week cycle, a serum PSA and
chemistry panel were obtained from each patient. A complete blood count was also obtained
each week during the first three weeks of drug treatment. A physical exam was completed
during each week, and a serum testosterone level was obtained prior to and after treatment.
Surgical morbidities and pathological findings were recorded. After completion of
chemotherapy and prostatectomy, patient follow-up, clinical evaluation and serum PSA
levels were performed every 3 months and regular clinic visits for ten years or until evidence
of recurrence as defined below.

Translational Studies

Pre- and post-chemotherapy plasma vascular endothelial growth factor (VEGF) were
measured. Tumor expression of tissue VEGF was characterized by tissue microarray.
Methods for these assays have been described [20]. Also, serum total testosterone levels
were obtained prior to and after neoadjuvant chemotherapy.

Immune infiltration was examined via immunohistochemistry with a panel of 8 markers in
primary prostatic tumors and adjacent normal tissue using a tissue microarray (TMA) of 50
patients treated neoadjuvantly with docetaxel and mitoxantrone. Heat mediated antigen
retrieval was performed with citrate buffer (BioGenex, Fremont, CA), with the exception of
retrieval prior to CD4 staining, which was achieved using 10 mM Tris/1 mM EDTA.
Staining was performed with the Ultravision Detection System (Thermo Scientific,
Waltham, MA), followed by counterstaining with methyl green. Antibodies CD3, CD4,
CD8, CD15, and CD163 were from Thermo Scientific, CD68 (clone PG-M1) and CD20
were from AbCAM (Cambridge, UK), and FoxP3 was from eBioscience (San Diego, CA).
Slides were digitally scanned with an Aperio ScanScope CT Slide Scanner at 40x objective
and individual TMA cores were analyzed separately using TMALab (Aperio, Buffalo Grove,
IL) and the nuclear stain detection algorithm to quantify the number of positive cells within
each core. Data is displayed as cell density (cells/mm?).

Statistical Analysis

The primary endpoint for this analysis was to determine the ten-year recurrence-free survival
following combination neoadjuvant chemotherapy and prostatectomy. Recurrence was
defined as the detection and confirmation of a serum PSA > 0.4 ng/ml or any other clinical
evidence of disease or initiation of any prostate-cancer directed therapy.

Variables investigated included: age, day 1 (at entry to study) PSA level, baseline PSA level,
PSA level after chemotherapy, percent change in PSA following chemotherapy and PSA
density (PSAD) which was calculated by dividing the day 1 PSA value by prostate volume
as measured by transrectal ultrasound. Gleason scores were assigned into either three
category scheme (6, 7, 8-10) or two category scheme (67 or 8-10). Pathologic and clinical
T-stages were split into T1-2 and T3-4. Other variables included: clear pathological surgical
margins, seminal vesicle involvement, extension to lymph nodes, serum total testosterone
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levels prior to and after neoadjuvant chemotherapy, serum VEGF prior to and after
chemotherapy, percent change in serum VEGF and tissue VEGF expression. Sign Rank Test
was used to compare means between pre and post-chemotherapy testosterone levels as well
as VEGF levels.

Survival analyses were analyzed using the Kaplan-Meier method. Univariate and
multivariate regression analyses were conducted to evaluate the effect of covariates on PFS
using respectively the Log-Rank Test and the Cox Proportional Hazard Ratio. For the
Kaplan-Meier, univariate and multivariate regression analysis the continuous variables:
percent change in PSA level following chemotherapy, percent change in VEGF levels
following chemotherapy and tissue VEGF expression were dichotomized into high and low
groups based on median values. In addition to the analysis of serum testosterone levels as a
continuous variable, the serum testosterone level variable was also dichotomized into two
groups, patients with a serum testosterone levels < 200 ng/dL and = 200 ng/dL. In order to
determine whether physiological male hypogonadism affects recurrence of prostate cancer,
this variable was included in the analyses since one criterion for male hypogonadism is a
serum testosterone less than 200 ng/dL.

Patient characteristics

Of the 57 patients total patients enrolled, 3 did not complete the 4 cycles of chemotherapy
prior to surgery. Two patients developed grade 2 side effects before completing the full 4
cycles of therapy (one patient developed persistent grade 2 nausea and the second patient
developed grade 2 neuropathy). The third patient was lost to follow up because he was
incarcerated. Only the 54 patients who received all cycles of chemotherapy and underwent
surgery are described in this report. Patient characteristics are presented in Table 1 and were
presented previously [20].

Long-term outcome

At ten years, 34 (63%) of the 54 men had a PSA recurrence. The median time to recurrence
was 51 months (range: 1-140 months). Six men were lost to follow up for a ten-year
retention rate of 89%. The recurrence free survival at 2 years was 63% (95% Cl: 49-74), at 5
years was 46% (95% CI: 32-59) and at 10 years was 29% (95% CI: 16-44).

Predictors of disease recurrence

The univariate Cox regression model identified five predictors of disease recurrence: PSAD
(p=0.01), pathological stage (p=0.03), lymph node status (p<0.0001), seminal vesical
invasion (p=0.003) and tissue VEGF expression (p=0.016) (Table 2).

At the five-year follow-up period, with multivariate analysis after stepwise procedure, 4
variables (lymph node status, Gleason score at biopsy, PSAD and tissue VEGF expression)
were identified as independent predictors of disease recurrence [20]. The ten-year follow-up
with multivariate analysis identified three predictors of disease recurrence (lymph node
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status, PSAD, and tissue VEGF expression) that at baseline were independently associated
with risk of recurrence. (Table 3)

Immunophenotype

Immunohistochemistry revealed prominent tissue infiltration of both tumors and adjacent
normal tissue by T cells (CD3, CD4, CD8) and macrophages (CD68, CD163) (Figure 2A).
Minimal presence of CD15" neutrophils, CD20* B cells, or FoxP3* regulatory T cells were
observed. A paired analysis between matching adjacent normal and tumor tissue revealed no
significant differences in lymphocyte infiltration (Figure 2B), but did identify a small, yet
significant (p<0.001) increase in the presence of CD68* and CD163* cells. This was also
true in an unpaired analysis (Figure 2C) with an approximate 2-fold increase in CD68*
(87.68+8.872 versus 178.9+15.75) and CD163* (101.0+8.852 versus 173.6+15.30) cells.
Cellular density of CD68" and CD163" cells displayed a strong correlation (R=0.8946),
suggesting that the majority of macrophages were positive for both markers (Figure 2C).

We next examined whether immune infiltration in either tumors or adjacent normal tissue
was predicative of progression using a logistic regression model. None of the parameters
examined displayed significance (p<0.05). A subgroup analysis of lymph node negative
patients (n=41) also found no significant correlations. Finally, a multivariable analysis
incorporating combined immune scores also failed to identify combinations that were
predictive of progression.

DISCUSSION:

At the ten year follow-up, the progression-free survival for the entire study was 29%. Our
results are similar to the recently published study of neoadjuvant docetaxel therapy in
patients with locally advanced prostate cancer. In that study, 10 (36%) of the 28 patients
were disease free clinically and biochemically, and the estimated ten-year biochemical
recurrence-free survival was 33.5% [24]. It is encouraging that even with the most sensitive
definition of recurrence (i.e. PSA or any cancer directed intervention), a third of patients
with high risk disease remain free of disease a decade later.

Our study is unique in that we were able to identify predictors for recurrent prostate cancer
after neoadjuvant therapy and radical prostatectomy. Other groups have identified PSAD as a
predictor for adverse pathologic features in localized disease [25-27]. To our knowledge,
this is the first demonstration that PSAD is a ten-year predictor of prostate cancer recurrence
both in univariate and multivariate analyses. PSAD can be readily calculated prior to any
therapy or surgery. Tissue VEGF expression is a measure of VEGF receptor status on the
pathologic prostate cancer specimen. The finding that a higher tissue VEGF expression
predicts the ten-year recurrence after neoadjuvant therapy and radical prostatectomy is
provocative. In a recent review VEGF receptors have been implicated in the pathogenesis of
metastatic prostate cancer to the skeleton [28]. The finding of elevated tissue VEGF
expression suggests a possible targeted therapeutic intervention in those patients likely to
recurrence.
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Ours is the first study to characterize infiltrating lymphocytes in prostate cancer tissue post-
chemotherapy. We observed both strong macrophage and T cell infiltration, with minimal
detection of neutrophils, B cells, or regulatory T cells. Only an increase in macrophage
infiltration was found between tumor and adjacent normal samples, possibly reflecting the
use of adjacent normal, rather than truly normal prostate tissue. However, as these samples
were all obtained post-chemotherapy, it is not possible to determine whether these findings
are specific to post-treated tumors, or reflect the immunophenotype of prostate tumors
broadly. For example, a reduction in B cells and CD4* T cells, along with an increase in
macrophages, has previously been noted within the tumors of breast cancer patients treated
with neoadjuvant chemotherapy [29]. Similarly, the disappearance of FoxP3* regulatory T
cells has been observed in breast carcinoma patients that have a complete response to
chemotherapy [30]. Regardless, in this small patient population, we did not find a population
of lymphocytes that could predict recurrence. Whether infiltration by specific immune
populations can predict recurrence prior to chemotherapy remains to be determined.

The study has several strengths. First, it is a prospective ten-year multicenter study, thus
reducing biases that are inherent when studies are conducted at one institution. Second, it is
relatively large for phase Il trials, and there was a high retention rate for ten years (89%).
Finally, we have a tissue microarray that contains the prostatectomy tissue from most of the
participants (93%) that we can use for biological correlates. Unfortunately, this study is
limited in that there is not a comparator group. Also, it may not have been large enough to
define the predictive potential of tumor infiltrating lymphocytes post-chemotherapy.

In the 15 years since this study was designed, there have been no phase 111 data that reported
the results of neoadjuvant treatment in high-risk localized prostate cancer. However, there is
a phase 111 cooperative group study underway to test the combination of docetaxel and ADT
given prior to surgery versus surgery alone in high-risk disease (NCT00430183). There is
currently no indication for neoadjuvant chemotherapy outside of the setting of a clinical
trial.
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The Kaplan-Meier progression-free survival for entire study group.
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(A) Representative immunohistochemistry of the post-chemotherapy prostatectomy
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specimens stained for leukocyte markers. The adjacent normal and tumor samples displayed

are neighboring samples on the TMA, but are not patient matched. (B) Paired sample

analysis between the density of immune cells within tumors and adjacent normal tissue. (C)
Unpaired sample analysis for the density of CD68* (left panel) and CD163* positive cells
(center panel). Linear regression analysis of CD68 and CD163 cell density is shown in the

right panel.
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Table 1.
Patient characteristics
No. of patients % Mean Median SD Minimum  Maximum

Age 54 62.1 62.5 6.3 49.5 74.3
Day 1 PSA (ng/ml) 54 184 120 151 14 58.6
Prostate volume (cc) 48 35.7 31.9 19.7 14.3 136.0
PSA density 48 0.61 0.36 0.66 0.05 3.68
(S%;Jdnli)testosterone levels pre chemotherapy 53 3429  310.0 1455 97.0 914.0
Serum VEGF levels pre chemotherapy (pg/ml) 49 78.6 44.8 80.7 10.6 314.7
Tissue VEGF expression 46 3.7 3.6 1.7 0.3 6.8
Gleason Score at Biopsy 6 5 9.3

7 22 40.7

8 14 25.9

9 12 22.2

10 1 19
Gleason Score at Surgery 6 8 15.1

7 25 47.2

8 8 151

9 11 20.8

10 1 1.9
Surgical margins Negative 36 66.7

Positive 18 333
Clinical T Stage Tic 7 13.0
(AJCC 2002 criteria) T2a 6 111

T2b 10 18.5

T2c 18 333

T3a 10 18.5

T3b 2 3.7

T4 1 1.9
Pathological T Stage T2a 4 7.4
(AJCC 2002 criteria) T2b 5 9.3

T2c 16 29.6

T3a 10 18.5

T3b 9 16.7

T3c 7 13.0

T4a 3 5.6
Node Status Negative 44 81.5

Positive 10 185
Seminal Vesical Involvement Negative 36 69.2

Positive 16 30.8
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Predictors of Disease Recurrence on Univariate Analysis

Table 2:

Covariate Comparison Hazard Ratio  95% Hazard Ratio Confidence Interval  P-value
Age nfa 0.98 0.93 1.03 0.436
PSA density n/a 251 131 481 0.005 ¥
Prostate volume nla 1.00 0.98 1.02 0.987
PSA basdline nla 1.02 1.00 1.05 0.070
Percent changein PSA Low vs high 1.22 0.61 2.45 0.576

6 vs 8-10 0.77 0.26 2.27
Gleason score at biopsy 0.620

7 vs 8-10 0.70 0.34 1.46

6 vs 8-10 0.85 0.30 2.38
Gleason score at surgery 0.949

7 vs 8-10 0.93 0.45 1.94
Gleason score at biopsy 6-7 vs 8-10 0.72 0.37 1.40 0.333
Gleason score at surgery 6-7 vs 8-10 0.91 0.45 1.82 0.788
Surgical margin Negative vs Positive  0.70 0.35 141 0.315
Clinical Stage T1-2vs T3-4 0.60 0.30 1.22 0.158
Pathological Stage T1-2vs T3-4 0.47 0.24 0.94 00327
Node Status Negative vs. Positive  0.19 0.09 0.41 <.0001 7
Seminal Vesical involvement  Negative vs. Positive  0.33 0.16 0.68 0.003
Percent changein VEGF Low vs high 0.93 0.46 1.90 0.848
Serum testosterone level <200 vs. 2200 ng/dL  1.12 0.43 2.89 0.822
Tissue VEGF expression Low vs high 0.39 0.19 0.84 0016 7

}Significant at 0.05 level.

n/a = continuous variable
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Table 3.

Multivariate analysis of predictors of recurrence at 5 and 10 years.
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Parameter Comparison Hazard Ratio 95% Hazard Ratio Confidence Interval P-Value
5 year 10 year 5year 10 year
PES PFES 5 Year PFS 10 Year PFS PES PFES
Lymph Node Negative vs I
Status Postive 9.70 0.23 2.80 33.40 0.84 0.64 <.0001 0.005
S'eas"” scoreat g 75510 1.80 1.60 110 310 0946 271 0.030 0.080
10psy
PSA density continuous 6.40 4.09 1.20 10.40 1.645 10.14 0.004 0.002
Tissue VEGF : 7
expression Low vs high 3.50 0.31 1.20 12.00 0.125 0.78 0.023 0.013

lISignificant at 0.05 level
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