:' frontiers ‘ Frontiers in Oncology

ORIGINAL RESEARCH
published: 15 July 2022
doi: 10.3389/fonc.2022.949275

OPEN ACCESS

Edited by:
Ke-hung Tsui,
Taipei Medical University, Taiwan

Reviewed by:

Chen Pang Hou,

Linkou Chang Gung Memorial
Hospital, Taiwan

Jui-Ming Liu,

Ministry of Health and Welfare, Taiwan

*Correspondence:
Yeong-Shiau Pu
yspu@ntu.edu.tw
Chung-Hsin Chen
mufasachen@gmail.com

TThese authors have contributed
equally to this work and share
corresponding authorship

Specialty section:

This article was submitted to
Genitourinary Oncology,

a section of the journal
Frontiers in Oncology

Received: 20 May 2022
Accepted: 24 June 2022
Published: 15 July 2022

Citation:

Cheng Y-T, Hong J-H, Lu Y-C,
Chang Y-K, Hung S-C, Feng K-K,
Liu S-P, Chow P-M, Chang H-C,
Chen C-H and Pu Y-S (2022) Clinical
Implications of Nadir Serum
Prostate-Specific Antigen Levels
After Transurethral Enucleation

of the Prostate.

Front. Oncol. 12:949275.

doi: 10.3389/fonc.2022.949275

Check for
updates

Clinical Implications of Nadir Serum
Prostate-Specific Antigen Levels
After Transurethral Enucleation of
the Prostate

Yung-Ting Cheng "2, Jian-Hua Hong’, Yu-Chuan Lu?, Yi-Kai Chang’, Shih-Chun Hung?,
Kuo-Kang Feng?, Shih-Ping Liu’, Po-Ming Chow, Hong-Chiang Chang’,
Chung-Hsin Chen™*" and Yeong-Shiau Pu’*"

7 Department of Urology, National Taiwan University Hospital, Taipei, Taiwan, 2 Department of Urology, National Taiwan
University Hospital Hsin-Chu Branch, Hsinchu City, Taiwan, 3 Department of Urology, National Taiwan University Cancer
Center, Taipei, Taiwan

Objective: Prostate-specific antigen levels after transurethral enucleation of the prostate
may serve as indicators of residual cancer foci. The objective of this study was to
investigate the association between the post-transurethral enucleation of the prostate
nadir prostate-specific antigen level and prostate cancer.

Materials and Methods: We retrospectively reviewed the data of 428 men who
underwent transurethral enucleation of the prostate between March 2015 and April
2021. Based on the following exclusion criteria, we excluded 106 men from our
analysis: men with metastatic prostate cancer, incomplete transurethral enucleation of
the prostate, and missing prostate-specific antigen or prostate size data. Three hundred
and twenty-two patients were finally enrolled in our study. These patients were classified
into four groups according to the surgical pathology: benign, transition zone (cancer only
in the adenoma or transition zone), peripheral zone, and transition and peripheral zones.
The optimal cutoff post-transurethral enucleation of the prostate nadir prostate-specific
antigen level that predicted residual prostate cancer was determined using receiver
operating characteristic curve analysis.

Results: In total, 71 (22.0%) men exhibited prostate cancer (median follow-up, 38.0
months). The benign and combined cancer groups showed similar adenoma removal
rates (103.0% and 106.7%, respectively). The median nadir prostate-specific antigen
levels after transurethral enucleation of the prostate were 0.76, 0.63, 1.79, and 1.70 ng/ml
in the benign, transition zone, peripheral zone, and transition and peripheral zone groups,
respectively (p < 0.001), with no difference between the benign and transition zone groups
(p = 0.458); this suggested that complete transurethral enucleation of the prostate
removed all cancer nests in the adenoma in the transition zone group. Receiver
operating characteristic curve analysis showed that nadir prostate-specific antigen 21.7
ng/ml predicted residual cancer (area under the curve: 0.787) or cancer with a Gleason
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score of 27 (area under the curve: 0.816) in the remaining prostate. Limitations include the
retrospective design and the perioperative peripheral zone biopsy rate.

Conclusions: The post-transurethral enucleation of the prostate nadir prostate-specific
antigen 1.7 ng/ml after complete transurethral enucleation of the prostate can predict
significant residual cancer. Prostate cancer patients with low post-transurethral
enucleation of the prostate prostate-specific antigen levels can be conservatively

managed.

Keywords: benign prostatic hyperplasia, nadir, prediction, prostate cancer, PSA kinetics

INTRODUCTION

Benign prostatic hyperplasia (BPH) is a common cause of
urinary symptoms in older men. The prostate can be
anatomically divided into the transition zone (TZ), central
zone (CZ), peripheral zone (PZ), and anterior fibromuscular
stroma (1). An enlarged TZ, also known as adenoma, is
considered the major component of BPH (1).

Transurethral resection of the prostate (TURP) is the gold
standard surgical treatment for BPH. Transurethral enucleation
of the prostate (TUEP) is a new technique for more complete
adenoma removal by dissection along the surgical plane between
TZ and PZ/CZ (2). The surgical cases of TUEP had tripled from
2008 to 2014 (3). It removes prostate adenomas almost
completely, similar to open simple prostatectomy (4-7). With
complete TUEP, only PZ, CZ, and anterior fibromuscular stroma
of the prostate are left behind after surgery (8).

Serum prostate-specific antigen (PSA) levels can be affected
by age, race, prostate volume, and prostate diseases (9-11). The
“reset” PSA level after radical prostatectomy for prostate cancer
(PCa) has been used as a marker of surgical completeness,
presence of residual PCa, and postoperative follow-up (12).
The nadir PSA level after TURP is theoretically produced from
the remaining prostate tissue, including PZ, CZ, and residual TZ,
if any. Compared with TURP, TUEP can remove the adenoma
more completely and may generate a new nadir PSA secreted
only from PZ+CZ (13, 14). The nadir PSA level after complete
TUEP may serve as a new indicator for not only the
completeness of TUEP but also the secretory activity in the
remaining prostate.

We hypothesized that the nadir level of PSA secreted from the
remaining PZ and CZ after TUEP remains stable and that the
nadir and follow-up PSA levels may serve as biomarkers of
residual and/or recurrent PCa (15, 16). Accordingly, the aim of
this study was to investigate the oncological implications of the

Abbreviations: AUC, area under the curve; BPH, Benign prostatic hyperplasia;
CZ, central zone; GS, Gleason score; PCa, prostate cancer; PSA, prostate-specific
antigen; PSAV, postoperative PSA velocity; PSAW, PSA reduction per gram of
enucleated prostate weight; PZ, peripheral zone; TRUSP, transrectal ultrasound of
the prostate; TRUSP Bx, TRUSP-guided biopsy; TTPP, time to PSA progression;
TUEP, Transurethral enucleation of the prostate; TURP, Transurethral resection
of the prostate; TZ, transition zone; ROC-CA, receiver operating characteristic
curve analysis.

post-TUEP nadir PSA level and determine its association
with PCa.

MATERIALS AND METHODS
Patient Cohort and Risk Grouping

Data for a cohort of 428 patients who underwent bipolar or
thulium laser TUEP between March 2015 and April 2021 were
retrospectively reviewed. This study was approved by the
Research Ethics Committee Office of National Taiwan
University Hospital (202009014RINA). The need for informed
consent was waived because of the retrospective nature of the
study. The exclusion criteria were as follows (1): metastatic PCa
(2), enucleated prostate weight <70% of the estimated adenoma
volume measured by transrectal ultrasound of the prostate
(TRUSP) (3), missing pre- or postoperative PSA data, and (4)
lack of data regarding the preoperative prostate or adenoma size.
After exclusion of 106 men who were ineligible for analysis, 322
remained in the final analysis (Figure 1). The patients were
divided into benign and cancer groups according to the results of
surgical pathology with or without TRUSP-guided biopsy
(TRUSP Bx). Based on the zonal distribution of the detected
cancer, patients were further divided into TZ (cancer found only
in TZ), PZ (cancer found only in PZ using TRUSP Bx, with no
cancer found in the adenoma during TUEP), and TZ and PZ
(cancer found in both TZ and PZ) groups (Figure 1).

PSA and TRUSP

Prostate and adenoma sizes determined by TRUSP were
reviewed and recalculated by the same urologist (Y. T. Cheng)
using the caliper-based method: width x length x height x /6
(17). 50-reductase inhibitors were preoperatively prescribed to
76 (23.6%) of the 322 men and discontinued after TUEP. The
median duration of 50RI use was 9 months (interquartile range
[IQR]: 3-28.5 months). We restored the preoperative PSA level
by doubling the PSA values in these patients, as previously
described (18). For patients diagnosed with PCa, PSA after
definitive cancer treatment (such as radiotherapy, radical
prostatectomy, or hormone therapy) will not be analyzed.

Perioperative Parameters and Endpoints
The use of either bipolar, laser, or combined surgical techniques
was in accordance with shared decisions made by surgeons and
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Patients who received bipolar/thulium enucleation of the prostate, n=428

Excluding:
1.
2.

Metastatic disease (5)

Enucleated prostate weight <70% of
estimated adenoma volume by
TRUSP (22)

Lack of preoperative or postoperative
PSA measurements (58)

Lack of data regarding the preop
prostate or adenoma size (26)

| Final analysis (n=322) |

!

Benign Group
n=251 (78.0%)

|

v

Cancer
n=71(22.0%)

1

Group TZ
n=28 (39.4%)

Group PZ Group TZ+PZ
n=21(29.6%) n=22 (31.0%)

presence of more than one exclusion criterion.

patients. Bipolar TUEP was performed using the PK technology
system ESG-400 (Olympus Winter & Ibe GmbH, Hamburg,
Germany) with power settings of 230 and 160 W for cutting
and coagulation, respectively. Thulium laser TUEP was
performed using the 120-W vela XL laser device (Boston
Scientific Co., MA, USA). Percentage adenoma removal was
defined as follows: [enucleated prostate weight (g)/adenoma size
(ml)] x 100%. PSA levels were checked before and within 12
weeks of TUEP and every 3 to 6 months thereafter. Percentage
PSA reduction was defined as follows: [(preoperative PSA —
postoperative nadir PSA)/preoperative PSA] x 100%. PSA
reduction per gram of enucleated prostate weight (PSAW) was
defined as (preoperative PSA — postoperative nadir PSA)/
enucleated prostate weight (g). The study endpoint was the
cutoff nadir PSA level for predicting residual cancer in the
remaining prostate after TUEP.

Statistical Analysis

All data were analyzed using SPSS version 20 (IBM Corp, Inc.,
Chicago, IL, USA) and GraphPad Prism (GraphPad Software,
Inc., San Diego, CA, USA) version 5.01.336. Non-parametric
variables are presented as medians and 95% confidence intervals
(95% ClIs). The Mann-Whitney U and Kruskal-Wallis tests were
used to compare non-parametric continuous variables. The
optimal cutoff post-TUEP nadir PSA level for the prediction of
residual cancer in the remaining prostate (cancer in PZ) was
determined using receiver operating characteristic curve analysis
(ROC-CA). The median time to PSA progression (TTPP)
(defined as PSA>1.7 ng/ml) was calculated using the Kaplan-
Meier method. The log-rank test was used to compare survival
between groups. All tests were two-sided, and p < 0.05 was
considered statistically significant.

FIGURE 1 | Patient cohort based on the surgical pathology for men who underwent transurethral prostate enucleation. Preop, preoperative; postop, postoperative;
PSA, prostate-specific antigen; PZ, peripheral zone; TRUSP, transrectal ultrasound of the prostate; TZ, transition zone Some men were excluded because of the

RESULTS

Patient Characteristics and

Preoperative Parameters

The median duration from TUEP to the final analysis (February
22, 2022) was 38.0 months (IQR: 17.0-52.0). The median
duration to the last follow-up or censor date was 18.5 months
(IQR: 5.0-32.0). Of the 322 men, 71 (22.0%) were diagnosed with
PCa using TUEP and/or TRUSP Bx. There were no significant
differences in preoperative prostate or adenoma sizes between
the benign and combined cancer groups (Table 1).

Of the 322 men, 248 (77.0%) had a PSA level of >4 ng/ml or
abnormal digital rectal examination before TUEP. TRUSP Bx
(=12 cores) was performed for 157 (63.3%) patients; 93 (59.2%)
underwent TRUSP Bx concurrently with TUEP while 29 (18.5%)
and 35 (22.3%) underwent the procedure before and after TUEP,
respectively. The remaining 91 (36.7%) men with elevated PSA
did not undergo TRUSP Bx because of the low likelihood of
cancer or refusal by the patients. Of note, 97/251 (38.6%) patients
with benign tumors and 60/71 (84.5%) patients in the combined
cancer group had undergone TRUSP Bx at least once.

Postoperative Parameters and

PSA Reduction

The benign and combined cancer groups had similar adenoma
removal rates (median 103.0% and 106.7%, respectively, p = 0.72)
and high percentage PSA reduction rates (median 91.1% vs. 90.5%,
respectively, p = 0.92). The percentage PSA reduction was
significantly higher in the benign and TZ groups (p = 0.04 and p
= 0.02, respectively) than in the PZ group; this suggested that high
PSA-secreting cancer nests may have been removed in group TZ but
left behind in group PZ after TUEP (Table 1 and Figure 2A).
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TABLE 1 | Characteristics and perioperative parameters of patients who underwent TUEP.

Benign group(n =

Cancer group(n = 71)

251
) All cancer groupsn  All cancer group vs. benign  Group TZ*n = Group PZn = Group TZ+PZn
- =71 group 28 21 =22
Median (95% CI) Median (95% CI) P-value Median (95% Median (95% Median (95% CI)
Cl) Cl)
Age, years 70.0 (69.0, 71.0) 74.0 (70.9, 74.0) 0.009 76.0 (70.7, 76.7) 72.0 (68.5, 74.0 (69.8, 74.9)
73.2)
Preoperative parameters
Prostate size, ml 75.0 (75.5, 84.3) 65.0 (66.7, 83.3) 0.244 54.5 (55.4,83.4) 83 (71.7,102.8) 66.0 (55.6, 85.4)
Adenoma size, ml 42.0 (44.1,51.2) 37.0 (36.3, 48.8) 0.165 25.0 (26.0, 46.6) 45.0 (41.9, 34.5 (29.2, 50.3)
66.0)
PSA, ng/ml 7.0 (7.9, 10.0) 13.0 (16.7, 29.6) <0.001 11.0(9.1,29.2) 10.0(8.8,31.0) 25.0(17.7,44.9)
PSAD, ng/ml? 0.09 (0.10, 0.13) 0.18 (0.25, 0.42) <0.001 0.17 (0.15, 0.43) 0.14 (0.11, 0.33 (0.31, 0.66)
0.35)
Intraoperative parameters

Enucleated prostate 49.0 (48.9, 57.5) 40.0 (38.3, 54.6) 0.080 36.5 (28.2, 63.5) 52.0 (43.5, 23.0 (28.3, 51.1)
weight, gm 65.3)

Operation time, min 93.0 (90.9, 101.2) 90.0 (88.4, 106.8) 0.697 83.0 (73.5, 105.0 (93.0, 91.0 (79.8, 115.9)

103.8) 125.3)

Percentage adenoma 103.0 (110.5, 106.7 (105.8, 128.2) 0.720 122.3 (110.7, 108.5 (93.8, 108.7 (91.4,
removal, % 122.6) 159.9) 118.5) 116.7)
Gleason score,

6 26 (36.6%) 12 (42.9%) 10 (47.6%) 4 (18.2%)

7 30 (42.3%) 13 (46.4%) 7 (33.3%) 10 (45.5%)

8-10 15 (21.1%) 3 (10.7%) 4 (19.0%) 8 (36.4%)
Postoperative parameters

PSA nadir, ng/ml 0.76 (0.6, 1.1) 1.0 (1.4, 6.9) <0.001 0.63(0.5,1.6) 1.79 (0, 10.1)F 1.70 (0, 15.0)%

Time to PSA nadir, weeks 12.4 (25.1, 34.7) 10.3 (16.0, 37.6) 0.165 12.1 (11.7, 59.8) 12.6 (12.3, 8.4 (2.2, 30.4)

39.2)

Percentage PSA reduction, 91.1 (85.2, 88.6) 90.5 (77.8, 88.0) 0.915 94.1 (81.9, 93.8) 85.7 (61.4, 90.9 (77.0, 93.5)
% 86.9)

PSA velocity, ng/ml/year 0.2 (0.4, 1) 0.8 (1.6, 6.4) <0.001 0.19 (0, 1.9) 0.9 (0.1, 10.7) 3.3 (0.60, 10.4)

TUEP, transurethral enucleation of the prostate; Cl, confidence interval; PSA, prostate-specific antigen; PSAD, PSA density; PSA reduction percentage, (preoperative PSA — postoperative
nadir PSA)/preoperative PSA; PZ, peripheral zone, enucleated adenoma percentage, enucleated prostate weight/adenoma size on TRUS; TZ, transition zone; TRUSP, transrectal

ultrasound of the prostate.

*Fifteen out of 28 (50%) patients in the TZ group underwent perioperative TRUSP-guided biopsy.

The lower limit of the confidence interval was —0.16 but is presented as 0 because there was no negative PSA value.

#The lower limit of the confidence interval was —0.07 but is presented as 0 because there was no negative nadir PSA value.
S$The lower limit of the confidence interval was —0.68 but is presented as 0 because there was no negative PSA value.

P-value < 0.05 was considered statistically significant and provided as bold values.

The nadir PSA was significantly lower in the benign group
than in the combined cancer group (Table 1). Interestingly, there
was no significant difference in the nadir PSA between the benign
and TZ groups (median 0.76 vs. 0.63, respectively, p = 0.458),
whereas it was significantly lower in the TZ group than in the PZ
(p = 0.02) and TZ+PZ (p = 0.002) groups (Figure 2B). This
suggested that cancer nests in the TZ group were efficiently
removed by TUEP and that the nadir PSA was lower in the TZ
group as the benign group and higher in the PZ or TZ+PZ group,
where residual cancer nests were present after TUEP.

The median Gleason score (GS) was 7 in the TZ, PZ, and
TZ+PZ groups (Table 1). Patients with GS >8 had significantly
higher nadir PSA than did those with GS 7 or 6 in the PZ group
(GS 28 vs. GS 7, 4.4 vs. 0.7 ng/ml, p = 0.04; GS =8 vs. GS 6, 4.4 vs.
0.9 ng/ml, p = 0.04, respectively), but not in the TZ group (GS =8,
7,and 6, 1.0, 0.6, and 0.5 ng/ml, respectively, p = 0.364, Kruskal-
Wallis test) (Figure 2C). This suggested that if TZ tumors were
completely removed by TUEP, GS of the removed adenoma would
not influence the nadir PSA.

Optimal Nadir PSA Cutoff

ROC-CA showed that the nadir PSA, compared with other
predictors, had the highest area under the curve (AUC) for
predicting residual PCa and residual cancer nests with GS >7 in
the remaining prostate (AUC: 0.787 and 0.816, respectively, both p
< 0.001; Figures 3A, B, and Table 2). The Youden index method
showed that the optimal cutoff nadir PSA level that predicted
residual cancer and GS 27 cancer was 1.7 ng/ml (Table 2). Up to
90.0%, 78.6%, 47.6%, and 45.5% men in the benign, TZ, PZ, and
TZ+PZ groups, respectively, had nadir PSA <1.7 ng/ml.

PSAW

PSAW was significantly lower in the benign group (0.13 ng/ml/g)
than in the TZ (0.24 ng/ml/g) and TZ+PZ (0.44 ng/ml/g) groups
(both p < 0.001), but not the PZ group (0.15 ng/ml/g, p = 0.234,
Figure 2D), possibly because most cancer nests remained in the PZ
group, resulting in low postoperative percentage PSA reduction.
This also explains the higher post-TUEP nadir PSA in the PZ and
TZ+PZ groups than in the benign and TZ groups. PSAW had a fair
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FIGURE 2 | Postoperative PSA parameters for men treated by transurethral prostate enucleation. (A) Percentage PSA reduction by patient groups (p = 0.004,
Kruskal-Wallis test) (B) Nadir PSA values by patient groups (p < 0.001, Kruskal-Wallis test) (C) Nadir PSA values by the Gleason score in each cancer group (D)
PSA reduction per enucleated prostate weight by patient groups (p < 0.001, Kruskal-Wallis test) PSA, prostate-specific antigen; TZ, transition zone; PZ, peripheral
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FIGURE 3 | ROC curve analysis for detection of PCa in the remaining prostate after transurethral prostate enucleation. ROC curve analysis of postoperative PSA
parameters to predict (A) residual PCa or (B) residual PCa with GS >7 in the remaining prostate after transurethral enucleation of the prostate. GS, Gleason score;
PSA, prostate-specific antigen; PCa, prostate cancer; ROC, receiver operating characteristic.

AUC for predicting all cancers and GS =7 cancer in the remaining
prostate at cutoff values of 0.265 and 0.430 ng/ml/g, with AUCs of
0.706 and 0.655 (p < 0.001 and p = 0.01), respectively (Table 2).

Postoperative Follow-up and

PSA progression

The median TTPP (>1.7 ng/ml) was not reached (>60 months)
in the benign group, whereas it was only 15 months in the
combined cancer group (hazard ratio: 5.64; 95% CI, 3.49-9.10;

log-rank test: p < 0.001; Figure 4A). The median TTPP was also
not reached in the TZ group, but it was 18 and 2 months in the
PZ and TZ+PZ groups, respectively (log-rank test: p < 0.001)
(Figure 4B). The postoperative PSA velocity (PSAV) was low in
the benign and TZ groups and high in the PZ and TZ+PZ groups
(Table 1); PSAV in the benign group was similar to that in the
TZ group (p = 0.767) and significantly higher than that in the PZ
and TZ+PZ groups (both p < 0.05), indicating the significant
existence of residual cancer in the PZ and TZ+PZ groups.
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TABLE 2 | Prediction models: all prostate cancers or prostate cancers with GS >7 using post-TUEP PSA derivatives.

Predictors PSA nadir (ng/ml) Percentage PSA reduction (%) PSAW (ng/ml/g)
Predicting outcome All PCa PCa with GS >7 All PCa PCa with GS >7 All PCa PCa with GS >7
AUC 0.787 0.816 0.577 0.640 0.706 0.655
(95% Cl) (0.714-0.861) (0.728-0.903) (0.479-0.675) (0.514-0.761) (0.613-0.799) (0.523-0.787)
P-value <0.001 <0.001 0.111 0.022 <0.001 0.012
Optimal cutoff 1.687 1.687 90.894 79.879 0.265 0.430
Youden'’s index 0.434 0.523 0.107 0.295 0.362 0.335
Sensitivity at threshold 0.561 0.667 0.585 0.458 0.561 0.417
Specificity at threshold 0.873 0.857 0.522 0.836 0.801 0.918

AUC, area under the receiver operating characteristic curve; Cl, confidence interval; GS, Gleason score; PCa, prostate cancer; PSA, prostate-specific antigen; PSAW, PSA reduction per

enucleated weight; TUEP, transurethral enucleation of the prostate.
P-value < 0.05 was considered statistically significant and provided as bold values.

>
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FIGURE 4 | Kaplan-Meier analysis of PSA progression-free survival in men treated by transurethral prostate enucleation. Cl, confidence interval; mo, months; NR,

Of the 71 patients with PC, subsequent treatment taken
included 38 (53.5%) patients with active surveillance, 10
(14.1%) with watchful waiting, 18 (25.4%) with definitive
radiotherapy, and 5 (7.0%) with radical prostatectomy. None
of the 71 men died of PCa.

DISCUSSION

This study has several important clinical implications. First, after
complete TUEP, nadir PSA >1.7 ng/ml may inform the presence of
residual PCa nests and/or foci with GS >7 in the remaining prostate.
In contrast, men with nadir PSA <1.7 after TUEP may have no
significant PCa foci in the remaining prostate. Second, for men with
de novo PCa found in the removed adenoma, active surveillance
may be preferred overactive treatments if the nadir PSA is <1.7.
Third, the basal PSA level secreted from the remaining benign
prostate (PZ/CZ) seems to be stable and lower than the new
threshold of 1.7 ng/ml. Fourth, for men with initial nadir
PSA <1.7 ng/ml after TUEP and progressive PSA elevation

to 21.7 ng/ml during follow-up, cancer foci or GS =7 cancer
should be suspected and re-biopsy of the remaining prostate
should be considered, which however needs a longer follow-up
and more data to confirm. Traditionally, the nadir PSA after
successful radical prostatectomy for PCa is undetectable or <0.1
ng/ml. Similarly, the 1.7-ng/ml threshold may be considered a new
baseline for follow-up after complete TUEP.

Previous reports showed that PCa may be incidentally found
in 5.4%-12% surgical specimens from TURP, most of which are
considered indolent or clinically insignificant (19-21). PSA-
derived markers after prostate enucleation can be used to
differentiate BPH from incidental PCa and monitor possible
cancer progression (22). Favorable oncological outcomes in men
with incidental PCa detected during TUEP have made active
surveillance an attractive option (15). Higher postoperative nadir
PSA levels may indicate residual cancer foci after TUEP (13).
However, complete removal of the prostate adenoma by TUEP
or “complete TURP” is mandatory to use the nadir PSA level as a
biomarker of oncological outcomes, and the nadir PSA level after
incomplete TUEP may not be a reliable marker. Compared with
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conventional TURP, TUEP is more technically demanding and
may pose a challenge for urologists-in-training. In our cohort, 22
(5.1%) of the 428 men who underwent TUEP were excluded
because of incomplete adenoma removal (<70%). Up to 94.9%
men underwent acceptable TUEP in terms of adenoma removal.
It has been shown that the mean enucleation ratio for beginners’
hand was approximately 60% and increased to 65% after 90
patients (23, 24). This may explain why previous studies did not
show a consistent nadir PSA threshold that predicts
oncological outcomes.

A previous study showed that PSA declined by 81%-86%
after TUEP, which correlated with the amount of removed
prostate tissue (25). We noted a higher PSA reduction rate
(>90%) in our cohort. Elmansy et al. showed that percentage
PSA reduction was significantly lower in the malignant group
than in the benign group (47% vs. 75%, respectively, p < 0.001)
(13). In contrast, Otsubo et al. reported that percentage PSA
reduction was similar in the benign and cancer groups (83.2% vs.
83.2%, p = 0.962) (22). The major difference between the two
studies was the inclusion of patients with different zonal
distributions of cancer. Elmansy et al. excluded patients with
incidental PCa in TZ but included patients with PCa in the
remaining prostate that was newly diagnosed by TRUSP Bx
during the post-TUEP follow-up period. Patients with newly
diagnosed PCa may already have cancer in PZ that was not
detected during TUEP; therefore, the post-TUEP PSA level was
high and percentage PSA reduction was low. In Otsubo et al.’s
study, the cancer group included men with incidental PCa found
in TZ. They concluded that men with incidental PCa in TZ may
exhibit PSA reduction similar to that in men with benign lesions,
similar to our findings.

Tumor GS may also influence the magnitude of PSA
reduction and PSA nadir. Rivera et al. showed that patients
with GS >8 cancer had a significantly higher PSA nadir than did
patients with GS <7 (p = 0.01); this was also observed in our PZ
group (26). By categorizing cancer groups with different zonal
distributions, we showed a more clear association between post-
TUEP nadir PSA and oncological outcomes, thus making the
nadir PSA more clinically meaningful.

Otsubo et al. also reported that men with incidental PCa had
higher postoperative PSAV than men in the benign group after
TUEP (0.22 vs. 0.04 ng/ml/year, p = 0.003); we believe this may
largely relate to residual cancer nests in the remaining prostate
(22). Elmansy et al. showed that PSAV was significantly higher in
the late cancer group than in the benign group (13). Our results
confirmed the findings of Elmansy et al. by showing that TTPP
was longer in the benign group than in the three cancer groups.

About 78% incidental PCa lesions found in TUEP are
reportedly indolent cancers with GS <6 (21). Although the
majority of these cancers can be managed by active
surveillance, the optimal treatment strategy for incidental PCa
remains controversial (21, 26, 27). Interestingly, 2%-47.8%
patients with incidental PCa showed no residual cancer after
radical prostatectomy (pT0); this indicated that TUEP or TURP
may have removed all cancer nests in these patients (20). In
contrast, 5.6% patients showed extracapsular extension (pT3),

and 31% showed upgraded GS (4, 12). In this context, the
postoperative PSA nadir may be used to detect significant
residual cancer after TUEP.

The prostate volume measured by TRUS is likely to
underestimate the prostate weight (28). The inherent error rate
varied with the prostate size. Prostate glands between 60 and 80 g
had the best-calculated accuracy by TRUS (28). Rodriguez et al.
reported that prostate volume measured by displaced water
volume had a correlation coefficient of 0.997 with the prostate
weight, indicating that the specific density of the prostate tissue is
roughly 1.003 (29). Thus, it is not surprising that enucleated
adenoma percentage was sometimes higher than 100% due to the
volume and weight relationship.

Our study had several limitations. First, this was a
retrospective study in which postoperative PSA levels were not
measured at predefined time points; thus, the nadir PSA levels
were not precisely determined. Second, cancer phenotypes may
not represent the true spectrum of patients in this setting.
Selection bias may exist when making TUEP-related decisions.
However, if we categorize patients with cancer according to the
anatomical zonal distribution, PSA kinetics are still reliable and
useful in clinical applications. Third, only 63.3% of patients with
suspected PCa underwent perioperative TRUSP Bx, which may
have led to the underestimation of PZ cancer. Among 70 men
who eventually presented with PSA 21.7 ng/ml, 16/70 (22.9%)
men were re-biopsied following the surgery; 22/70 (31.4%) men
were followed by MRL In addition, five men without elevated
PSA postoperatively were re-biopsied and followed by MRI for
regular active surveillance protocol. Fourth, we adopted a cutoff
value of >70% in the definition of complete adenoma removal
according to prior studies (23, 24). The ideal criterion to define
complete TUEP remains unclear.

After complete TUEP, nadir PSA >1.7 ng/ml may inform the
presence of residual cancer and/or cancer foci with GS 27 in the
remaining prostate. For men with incidental PCa found in
the removed adenoma and a nadir PSA of <1.7 ng/ml, active
surveillance or other conservative management may be preferred
over active treatments. TUEP may generate a new baseline PSA
to monitor PCa progression. Whether progressive PSA elevation
from below to above 1.7 ng/ml after TUEP indicates recurrence
of GS 27 cancer nests needs further investigation with a longer
follow-up duration.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Research Ethics Committee Office of National
Taiwan University Hospital (202009014RINA). Written
informed consent for participation was not required for this

Frontiers in Oncology | www.frontiersin.org

July 2022 | Volume 12 | Article 949275


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Cheng et al.

Nadir PSA After Prostate Enucleation

study in accordance with the national legislation and the
institutional requirements.

AUTHOR CONTRIBUTIONS

Study concept and design: Y-TC, Y-SP, and C-HC; Acquisition
of data: Y-TC, J-HH, Y-CL, Y-KC, S-CH, K-KF, S-PL, P-MC,
H-CC, and Y-SP; Data and statistical analysis: Y-TC, J-HH, Y-
SP, and C-HC; Manuscript editing: Y-TC and Y-SP; Critical

REFERENCES

—

10.

11.

12.

13.

14.

. McNeal JE. Normal Histology of the Prostate. Am J Surg Pathol (1988) 12

(8):619-33. doi: 10.1097/00000478-198808000-00003

. Herrmann TRW, Wolters M. Transurethral Anatomical Enucleation of the

Prostate With Tm:Yag Support (Thulep): Evolution and Variations of the
Technique. The Inventors' Perspective. Andrologia (2020) 52(8):e13587.
doi: 10.1111/and.13587

. Robles J, Pais V, Miller N. Mind the Gaps: Adoption and Underutilization of

Holmium Laser Enucleation of the Prostate in the United States From 2008 to
2014. ] Endourol (2020) 34(7):770-6. doi: 10.1089/end.2019.0603

. Li S, Zeng XT, Ruan XL, Weng H, Liu TZ, Wang X, et al. Holmium Laser

Enucleation Versus Transurethral Resection in Patients With Benign Prostate
Hyperplasia: An Updated Systematic Review With Meta-Analysis and Trial
Sequential Analysis. PloS One (2014) 9(7):e101615. doi: 10.1371/
journal.pone.0101615

. Lowrance WT, Southwick A, Maschino AC, Sandhu JS. Contemporary

Practice Patterns of Endoscopic Surgical Management for Benign Prostatic
Hyperplasia Among Urologists in the United States. /] Urol (2013) 189
(5):1811-6. doi: 10.1016/j.juro.2012.11.171

. Sun N, Fu Y, Tian T, Gao J, Wang Y, Wang S, et al. Holmium Laser

Enucleation of the Prostate Versus Transurethral Resection of the Prostate: A
Randomized Clinical Trial. Int Urol Nephrol (2014) 46(7):1277-82.
doi: 10.1007/s11255-014-0646-9

. Kuntz RM, Lehrich K, Ahyai S. Transurethral Holmium Laser Enucleation of

the Prostate Compared With Transvesical Open Prostatectomy: 18-Month
Follow-Up of a Randomized Trial. ] Endourol (2004) 18(2):189-91.
doi: 10.1089/089277904322959851

. Diaz TA, Benson B, Clinkenbeard A, Long JR, Kawashima A, Yano M. Mri

Evaluation of Patients Before and After Interventions for Benign Prostatic
Hyperplasia: An Update. AJR Am ] roentgenol (2022) 218(1):88-99.
doi: 10.2214/ajr.21.26278

. Kirollos MM. Statistical Review and Analysis of the Relationship Between

Serum Prostate Specific Antigen and Age. J Urol (1997) 158(1):143-5.
doi: 10.1097/00005392-199707000-00044

Abdalla I, Ray P, Vijayakumar S. Race and Serum Prostate-Specific Antigen
Levels: Current Status and Future Directions. Semin Urol Oncol (1998) 16
(4):207-13.

Pinsky PF, Kramer BS, Crawford ED, Grubb RL, Urban DA, Andriole GL,
et al. Prostate Volume and Prostate-Specific Antigen Levels in Men Enrolled
in a Large Screening Trial. Urology (2006) 68(2):352-6. doi: 10.1016/
j.urology.2006.02.026

Capitanio U, Scattoni V, Freschi M, Briganti A, Salonia A, Gallina A, et al.
Radical Prostatectomy for Incidental (Stage Tla-T1b) Prostate Cancer:
Analysis of Predictors for Residual Disease and Biochemical Recurrence.
Eur Urol (2008) 54(1):118-25. doi: 10.1016/j.eururo.2008.02.018

Elmansy HM, Elzayat EA, Sampalis JS, Elhilali MM. Prostatic-Specific
Antigen Velocity After Holmium Laser Enucleation of the Prostate: Possible
Predictor for the Assessment of Treatment Effect Durability for Benign
Prostatic Hyperplasia and Detection of Malignancy. Urology (2009) 74
(5):1105-10. doi: 10.1016/j.urology.2009.06.039

Cheng BK, Castellani D, Chan IS, Baker A, Gauhar V, Wroclawski ML, et al.
Incidence, Predictive Factors and Oncological Outcomes of Incidental

review of the manuscript: Y-SP, C-HC, and J-HH; All authors
read and approved the final manuscript.

ACKNOWLEDGMENTS

The authors would like to express their thanks to the staff of
National Taiwan University Hospital-Statistical Consulting Unit
(NTUH-SCU) for statistical consultation.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Prostate Cancer After Endoscopic Enucleation of the Prostate: A Systematic
Review and Meta-Analysis. World ] Urol (2022) 40(1):87-101. doi: 10.1007/
500345-021-03756-9

Elkoushy MA, Elshal AM, Elhilali MM. Incidental Prostate Cancer Diagnosis
During Holmium Laser Enucleation: Assessment of Predictors, Survival, and
Disease Progression. Urology (2015) 86(3):552-7. doi: 10.1016/
j.urology.2015.06.002

Helfand BT, Anderson CB, Fought A, Kim DY, Vyas A, McVary KT.
Postoperative Psa and Psa Velocity Identify Presence of Prostate Cancer
After Various Surgical Interventions for Benign Prostatic Hyperplasia.
Urology (2009) 74(1):177-83. doi: 10.1016/j.urology.2008.10.062

Bosch JL, Bohnen AM, Groeneveld FP, Bernsen R. Validity of Three Calliper-
Based Transrectal Ultrasound Methods and Digital Rectal Examination in the
Estimation of Prostate Volume and Its Changes With Age: The Krimpen
Study. Prostate (2005) 62(4):353-63. doi: 10.1002/pros.20144

Marks LS, Andriole GL, Fitzpatrick JM, Schulman CC, Roehrborn CG. The
Interpretation of Serum Prostate Specific Antigen in Men Receiving 5alpha-
Reductase Inhibitors: A Review and Clinical Recommendations. J Urol (2006)
176(3):868-74. doi: 10.1016/j.juro.2006.04.024

Jones JS, Follis HW, Johnson JR. Probability of Finding Tla and T1b
(Incidental) Prostate Cancer During Turp Has Decreased in the Psa Era.
Prostate Cancer Prostatic Dis (2009) 12(1):57-60. doi: 10.1038/
pcan.2008.14

Melchior S, Hadaschik B, Thuroff S, Thomas C, Gillitzer R, Thuroff J.
Outcome of Radical Prostatectomy for Incidental Carcinoma of the
Prostate. BJU Int (2009) 103(11):1478-81. doi: 10.1111/j.1464-
410X.2008.08279.x

Bhojani N, Boris RS, Monn MF, Mandeville JA, Lingeman JE. Coexisting
Prostate Cancer Found at the Time of Holmium Laser Enucleation of the
Prostate for Benign Prostatic Hyperplasia: Predicting Its Presence and Grade
in Analyzed Tissue. ] Endourol (2015) 29(1):41-6. doi: 10.1089/end.2014.0359
Otsubo S, Yokomizo A, Mochida O, Shiota M, Tatsugami K, Inokuchi J, et al.
Significance of Prostate-Specific Antigen-Related Factors in Incidental
Prostate Cancer Treated by Holmium Laser Enucleation of the Prostate.
World J Urol (2015) 33(3):329-33. doi: 10.1007/s00345-014-1310-9

Jeong CW, Oh JK, Cho MC, Bae JB, Oh §J. Enucleation Ratio Efficacy Might
Be a Better Predictor to Assess Learning Curve of Holmium Laser Enucleation
of the Prostate. Int Braz J Urol (2012) 38(3):362-71. doi: 10.1590/S1677-
55382012000300009

Bae J, Oh §J, Paick JS. The Learning Curve for Holmium Laser Enucleation of
the Prostate: A Single-Center Experience. Korean ] Urol (2010) 51(10):688-93.
doi: 10.4111/kju.2010.51.10.688

Tinmouth WW, Habib E, Kim SC, Kuo RL, Paterson RF, Terry CL, et al.
Change in Serum Prostate Specific Antigen Concentration After
Holmium Laser Enucleation of the Prostate: A Marker for
Completeness of Adenoma Resection? J Endourol (2005) 19(5):550-4.
doi: 10.1089/end.2005.19.550

Rivera ME, Frank I, Viers BR, Rangel L], Krambeck AE. Holmium Laser
Enucleation of the Prostate and Perioperative Diagnosis of Prostate Cancer:
An Outcomes Analysis. ] Endourol (2014) 28(6):699-703. doi: 10.1089/
end.2014.0009

Herden J, Schwarte A, Boedefeld EA, Weissbach L. Active Surveillance for
Incidental (Ctla/B) Prostate Cancer: Long-Term Outcomes of the Prospective

Frontiers in Oncology | www.frontiersin.org

July 2022 | Volume 12 | Article 949275


https://doi.org/10.1097/00000478-198808000-00003
https://doi.org/10.1111/and.13587
https://doi.org/10.1089/end.2019.0603
https://doi.org/10.1371/journal.pone.0101615
https://doi.org/10.1371/journal.pone.0101615
https://doi.org/10.1016/j.juro.2012.11.171
https://doi.org/10.1007/s11255-014-0646-9
https://doi.org/10.1089/089277904322959851
https://doi.org/10.2214/ajr.21.26278
https://doi.org/10.1097/00005392-199707000-00044
https://doi.org/10.1016/j.urology.2006.02.026
https://doi.org/10.1016/j.urology.2006.02.026
https://doi.org/10.1016/j.eururo.2008.02.018
https://doi.org/10.1016/j.urology.2009.06.039
https://doi.org/10.1007/s00345-021-03756-9
https://doi.org/10.1007/s00345-021-03756-9
https://doi.org/10.1016/j.urology.2015.06.002
https://doi.org/10.1016/j.urology.2015.06.002
https://doi.org/10.1016/j.urology.2008.10.062
https://doi.org/10.1002/pros.20144
https://doi.org/10.1016/j.juro.2006.04.024
https://doi.org/10.1038/pcan.2008.14
https://doi.org/10.1038/pcan.2008.14
https://doi.org/10.1111/j.1464-410X.2008.08279.x
https://doi.org/10.1111/j.1464-410X.2008.08279.x
https://doi.org/10.1089/end.2014.0359
https://doi.org/10.1007/s00345-014-1310-9
https://doi.org/10.1590/S1677-55382012000300009
https://doi.org/10.1590/S1677-55382012000300009
https://doi.org/10.4111/kju.2010.51.10.688
https://doi.org/10.1089/end.2005.19.550
https://doi.org/10.1089/end.2014.0009
https://doi.org/10.1089/end.2014.0009
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Cheng et al.

Nadir PSA After Prostate Enucleation

Noninterventional Harow Study. Urologia Int (2021) 105(5-6):428-35.
doi: 10.1159/000512893

28. Bienz M, Hueber PA, Al-Hathal N, McCormack M, Bhojani N, Trinh QD,
et al. Accuracy of Transrectal Ultrasonography to Evaluate Pathologic
Prostate Weight: Correlation With Various Prostate Size Groups. Urology
(2014) 84(1):169-74. doi: 10.1016/j.urology.2014.02.022

29. Rodriguez EJr., Skarecky D, Narula N, Ahlering TE. Prostate Volume
Estimation Using the Ellipsoid Formula Consistently Underestimates Actual
Gland Size. J Urol (2008) 179(2):501-3. doi: 10.1016/j.juro.2007.09.083

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Cheng, Hong, Lu, Chang, Hung, Feng, Liu, Chow, Chang, Chen
and Pu. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) and the copyright owner(s) are
credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

July 2022 | Volume 12 | Article 949275


https://doi.org/10.1159/000512893
https://doi.org/10.1016/j.urology.2014.02.022
https://doi.org/10.1016/j.juro.2007.09.083
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Clinical Implications of Nadir Serum Prostate-Specific Antigen Levels After Transurethral Enucleation of the Prostate
	Introduction
	Materials and methods
	Patient Cohort and Risk Grouping
	PSA and TRUSP
	Perioperative Parameters and Endpoints
	Statistical Analysis

	Results
	Patient Characteristics and Preoperative Parameters
	Postoperative Parameters and PSA Reduction
	Optimal Nadir PSA Cutoff
	PSAW
	Postoperative Follow-up and PSA progression

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


