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Abstract

Background: Prostate cancer (PCa) is the most common malignant tumor in men in Mexico. There are two treatments with
curative potential, such as radical prostatectomy (RP) for localized disease and radical radiotherapy (R-RT). Control rates are
determined by the prognostic factors present. Objective: The objective of this study was to determine the control and survival
rate with radical conformal radiotherapy (R-CR) in PCa. Methods: The 8.5-year results of an institutional series are presented
using Cox proportional hazards analysis and Kaplan-Meier survival. Results: One hundred and fifty-one cases were analyzed
with a mean age of 675 years, treated with R-CR at doses of 72-75 Grays (Gy). The Gleason score was the main predictor of
biochemical recurrence (BR) (hazard ratio [HR] 1.69, p = 0.005), followed by prostate-specific antigen (PSA) (HR 1013, p <
0.001). The biochemical recurrence-free survival in low risk was 100%, intermediate risk 86.7%, and 72.4% in high-risk. Cau-
se-specific survival (CES) of the series was 92.7% and overall survival (OS) was 83.5%. Conclusions: R-CR achieved high
control rates in PCa. Radiotherapy is the treatment modality best adapted to the locoregional nature of the clinical disease.
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limitations due to both the underestimation of the dis-
ease and its heterogeneity clinical and pathological.

There are 2 treatment modalities with curative poten-
tials, such as RP for localized disease and R-RT in local-
ized and regional disease, with 8-year biochemical control
rates for external radiotherapy of 80-90% in low risk>6:11,
of 65-80% in intermediate risk,'""® and 48-75% at 10 years
for high-risk”'415,

Introduction

PCa is the second most common malignant tumor in
morbidity and the fifth most common in mortality for
men worldwide'. In Mexico, it represents the first place
in morbidity and mortality in men2.

Control and survival are in relation to the present
prognostic factors and the extent of the disease, thus
for localized disease a 5-year OS is reported > 90%,
for locoregional disease 60-80%, and in metastatic dis-

ease 30-40%34.

In the context of clinical staging, recognized predic-
tors for control are clinical T stage, PSA, and Gleason
score®-8, These factors constitute the basis of the prog-
nostic models of risk groups for BR proposed by
D’Amico® and the National Comprehensive Cancer
Network (NCCN)'® with the recognition of inherent
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Methods

An institutional series of PCa patients treated with
R-CR in the period 2014-2015 is presented with clinical
staging variables, extension studies of abdominopelvic
tomography, and complete bone scan. The risk group
prognostic model proposed by D’Amico was used due
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to the best fit to the available data, and the NCCN model
was used for descriptive purposes. The cutoff date was
December 2023.

R-CR treatment was administered with simulation
and 3D planning, with a radical dose of 72-75 Gy to the
prostate, with a prescription for 95% of the planning
volume, with the inclusion of pelvic lymph nodes at
doses of 45-50 Gy at the consideration of the radiation
oncologist based on the present factors and fraction-
ation of 1.8-2 Gy/day. In the first phase, a conventional
4-field technique was used with the upper limit at L4-5
and the restriction doses to risk organs were those
suggested in QUANTEC'®. Androgen deprivation ther-
apy (ADT) was a short course of 4-6 months in inter-
mediate risk and a long course of 2-3 years in high risk
before the start of radiotherapy.

The primary outcome was BR with the definition of
> 2 ng/mL above the PSA nadir or initiation of ADT
before meeting the criterion'. The time to the BR was
from the end of the R-CR to the date of compliance with
the criterion. Secondary outcomes were CES (death
due to cancer progression) and OS (death from any
cause). The statistical analysis was using the Cox
regression model with a statistical significance value of
5%, and Kaplan—Meier survival analysis. The SPSS-27
statistical program was used.

Results

There were 151 cases with a mean age of 67.5 years
(53-85).

The baseline characteristics of the disease and risk
groups are shown in table 1.

Treatment characteristics are shown in Supplementary
Table S1. The radical dose range was 72-75 Gy. In the
intermediate-risk group, 78.3% received pelvic lymph
node treatment and 98.8% in the high-risk group. ADT
was administered in 86% of the intermediate-risk group
and 100% of the high-risk group.

In the univariate analysis of the predictors of BR of the
entire series, it was observed that age in years (p = 0.013),
the initial PSA value in ng/mL (p < 0.001), and the Gleason
score (p = 0.001) were significant but not the clinical stage
T by DAmico risk group categories (p = 0.28).

Table 2 shows the results of the multivariate Cox
regression analysis.

In the analysis by prognostic groups for the interme-
diate risk group, age confirmed its significant value
(p = 0.045, HR 0.90, 95% CI 0.819-0.998). The ADT (p
= 0.264) and the comparison of doses < 75 Gy versus

Table 1: Characteristics of the disease (n = 151)

I TR

Clinical stage T

T1 60 (39.8)
T2 85 (56.3)
T4 2(1.3)
Tx 4 (2.6)
PSA (ng/ml)
<10 22 (14.6)
10.1-20 62 (41.1)
> 20 67 (44.4)
PSA median (range) 18.5 (4.7-281)
Gleason score
6 37 (24.5)
7 (3+4) 55 (36.4)
7 (4+3) 18 (11.9)
8 31 (20.5)
9 9 (6.0)
10 1(0.7)
Group/Risk D’Amico
Low 4 (2.6)
Intermediate 60 (39.8)
High 87 (57.6)

Group/Risk NCCN
Low 4 (2.6)

Favorable intermediate 26 (17.2)
Unfavorable intermediate 35 (23.2)
High 62 (41.1)
Very high 24 (15.9)

Table 2. Multivariate analysis of predictive factors of BR
(n=151)

Factor HR 95% CI p-value
Age’ 0.92 0.875-0.984 0.012
PSA? 1.013 1.007-1.018 < 0.001
Gleason score! 1.69 1.177-2.439 0.005

'Discrete variable.
2Continuous variable.
BR: biochemical recurrence; HR: hazard ratio; Cl: confidence interval.

75 Gy (p = 0.295) did not show to be significant for the
biochemical control.

In the high-risk group, the PSA in ng/mL (p < 0.001,
HR 1.011, 95% CI 1.006-1.017) and the Gleason score
(p = 0.015, HR 1.74, 95% CI 1.113-2.742) were con-
firmed to be independent variables for BR, but not age
(p = 0.120) and dose < 75 versus 75 Gy (p = 0.121).

Table 3 shows the control rate of the total series by
D’Amico risk group.

Supplementary Table S2 shows the biochemical con-
trol rate by NCCN risk group.
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Table 3. Biochemical control at 8.5 years by risk group

Risk group Control rate (%)

Low 0/4 (0%) 100
Intermediate 8/60 (13.3%) 86.7
High 24/87 (27.6%) 124
Total 32/151 (21.2%) 788

The average time to BR of the total series was 39 months
(9-101). 25% of recurrences occurred in the intermedi-
ate-risk group, with a mean of 48 months (9-101), while in
high risk 75% presented with an average of 36 months
(10-63). In intermediate risk, 25% of BRs occurred in
the first 2 years, 50% at 4, and 75% at 5 years; while
in high risk, 29% occurred in the first 2 years, 58%
at 3 years, 71% at 4 and 95% at 5 years. The docu-
mented recurrence patterns of the series are described
in Supplementary Table S3.

The Kaplan—-Meier Survival Analysis shows the dif-
ference in biochemical recurrence-free survival at
8.5 years in the prognostic risk groups (Fig. 1).

Regarding mortality, there were 25 deaths, 14 due to
a different or competent cause (56%) and 11 related to
PCa (44%). The overall mortality rate was 16.5%. The
causes of death of the total series are shown in
Supplementary Table S4.

The OS of the total series was 83.5% and the CES
was 92.7% at 8.5 years. In the intermediate-risk group,
four deaths occurred due to competent causes (6.6%)
and two due to PCa (3.3%). The causes of death not
related to PCa were 2 due to COVID-19, myocardial
infarction, and multiple myeloma. The OS for the group
was 90% and the CES 96.7%. The OS of the group with-
out BR was 92.3%, while that of the recurrence group
was 75%. In the high-risk group, there were 10 deaths
not related to PCa (11.5%), the causes of which were
four due to myocardial infarction, two due to cerebro-
vascular disease, two due to complications of gastro-
esophageal surgery, one due to multi-pathology, and
one due to digestive bleeding while there were nine
deaths due to PCa (10.3%). The OS of the group was
78.2% while the CES was 89.7%. In the BR-free group,
the OS was 84.1%, while in the recurrence group, it was
62.5%.

There were five cases of second primary cancers
(bladder carcinoma at 2.7 years, rectal carcinoma at
3 years, renal carcinoma at 3.4 years, lung carcinoma
at 3.8 years, and multiple myeloma at 8.3 years).

Biochemical Recurrence Free Survival
RISK GROUP

1
! Low
— —Mintermediate
g M e High
08

Log rank
p=0.05

Cumulative Survival

3 20 a0 50 0 100
Number at risk Years
Low risk a a 4 a 2

Intermediate risk 60 58 55 51 as
High risk 87 78 64 56 51

Figure 1. Kaplan—Meier survival curve for biochemical
control in D’Amico risk groups.

An incidence of grade 3-4 late proctitis and/or cystitis
of < 5% was observed.

The mean follow-up of cases without BR was 8.7 years
(7.8-9.9).

Discussion

In the review of our data, a heterogeneous distribution
of prognostic clinicopathological factors is observed,
which in part explains the limitations of the predictive
value of the risk models, as well as a predominance of
high-risk disease, unlike other series where intermedi-
ate risk prevailed®®.

In relation to the predictive factors of BR, we con-
firmed that the Gleason score was the main indepen-
dent factor for BR, followed by the PSA, data consistent
with other series®”8. The T stage was not shown to be
a predictive factor in our series due to a bias in the
initial clinical record. ADT did not prove to be an inde-
pendent factor in intermediate risk and the difference
< 5 Gy in the dose comparison in both the intermediate
and high-risk groups did not allow detecting a differ-
ence in control of approximately 5-10% for every 5 Gy
scaling as reported in the literature"1"13,

To compare results, it is necessary to recognize the
heterogeneity in the designs and their reporting in the
literature series. In the intermediate risk, 87% received
a radical dose of 73.8-75 Gy, with which we obtained
a biochemical control rate of 86.7% at 8.5 years; our
design is more similar to 3 series that report control
rates of 79, 72, and 65-80%, respectively''®, Compared
to the mean, we observed an absolute benefit of 14%
in biochemical control, possibly in part due to formal
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pelvic lymph node treatment. In the high-risk group,
95% received a radical dose of 73.8-75, achieving bio-
chemical control at 5 years of 73.5% and at 8.5 years
of 72.4%. Biochemical control at 5 years in series of
similar design, all including pelvic lymph nodes, is
reported to be 70-95%"'8'% and 48-75% at 10 years’'*1®,
Our small number of low-risk cases does not allow us
to do analysis.

In relation to the radiotherapy technique and the
inclusion of pelvic lymph nodes, it is necessary to con-
sider that although the historical series in intermediate
risk did not have the intention of including them®:12.13.20,
it is observed that having used predominantly confor-
mal technique and according to their field sizes, it
follows that at least the first levels were included.
Current prediction methods based on nomograms and
formulas?!?? have an average of 25-30% underestima-
tion of the pathological disease and even with the prac-
tice of systematic sampling (= 10 biopsies), there is an
underestimation of the highest Gleason score of
21-38%23%5. These inherent diagnostic biases and the
multifocal nature of the disease must be considered in
radical treatment at low and intermediate risks. Because
these historical series did not include a detailed study
of recurrences, we do not have precise information on
their patterns and their correlation with the technique,
to consider lymph node exclusion safe. There are no
specialized studies in this regard based ideally on pos-
itron emission tomography; only in the study by Spratt
et al., an approximation to the pelvic lymph node com-
ponent of recurrences at intermediate risk is reported
using conventional studies?.

Regarding BR, we observed a later trend in the inter-
mediate risk with a mean of 48 months compared to
36 for the high risk. There was a temporal distribution
like that reported in the series by Kuban et al., where
the highest risk it was in the first 3.5 years®. In the inter-
mediate risk we observed a trend similar to that described
in the same series, of an incidence of 3.5-4.5% of annual
recurrences after the first 5 years; in the high-risk, we
did not observe this distribution. In the intermediate risk,
there was a tendency towards locoregional recur-
rence, while distant and predominantly bone recur-
rence for the high-risk, similar to what was reported
by Nabid et al., in the high-risk, where 67% had a
bone component'.

In relation to survival, in the intermediate risk group,
the probability of dying from PCa was 3.3% and 10%
for general causes at 8.5 years. The impact of recur-
rence on OS was 17.3%. In the high-risk group, the
probability of dying from PCa was 10.3% and 21.8%

from general mortality. The impact of recurrence on group
survival was 21.6%.

The limitations of the study were the retrospective
documentation of variables, the number of cases from
an institutional series, and the detection rates of con-
ventional studies for initial subclinical disease and
recurrences since only 19% of these were studied by
emission tomography of positrons.

It is concluded that PCa is a disease with high clinical
and pathological heterogeneity that must be consid-
ered in the approach of radical treatment. A specialized
and analytical study of the pattern of recurrences and
its relationship with the treatment technique is required
that includes all risk groups. R-CR achieved high con-
trol rates in PCa. Radiotherapy is the treatment modal-
ity best adapted to the loco-regional nature of the
clinical disease.

Acknowledgments

The authors would like to thank the services of urol-
ogy, medical physics, pathology, imaging, and nuclear
medicine.t AMDGTt

Funding

This research received no external funding.

Conflicts of interest

The authors declare no conflicts of interest.

Ethical disclosures

Protection of human and animal subjects. The
authors declare that no experiments were performed
on humans or animals for this study.

Confidentiality of data. The authors declare that
they have followed the protocols of their work center on
the publication of patient data.

Right to privacy and informed consent. The
authors have obtained approval from the Ethics
Committee for analysis and publication of routinely
acquired clinical data and informed consent was not
required for this retrospective observational study.

Use of artificial intelligence for generating text.
The authors declare that they have not used any type
of generative artificial intelligence for the writing of this
manuscript nor for the creation of images, graphics,
tables, or their corresponding captions.



G.A. Sanchez-Marin et al. Radical radiotherapy in prostate cancer

Supplementary data

Supplementary data are available at DOI: 10.24875/
CIHR.M24000008. These data are provided by the cor-
responding author and published online for the benefit
of the reader. The contents of supplementary data are
the sole responsibility of the authors.

References

1.

10.

1.

Bray F, Laversanne M, Sung H, Ferlay J, Siegel R, Soerjomataram |,
et al. Global cancer statistics 2022: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185 countries. CA Cancer J
Clin. 2024;74:226-3.

. |ARC. Global Cancer Observatory. Available from: https://gco.iarc.fr [Last

accessed on 2023 Oct 29].

. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin.

2018,68:7-30.

. Mazzone E, Preisser F, Nazzani S, Tian Z, Bandini M, Gandaglia G,

et al. The effect of lymph node dissection in metastatic prostate cancer
patients treated with radical prostatectomy: a contemporary analysis
of survival and early postoperative outcomes. Eur Urol Oncol. 2018;
2:541-8.

. Kuban DA, Thames HD, Levy LB, Horwitz EM, Kupelian PA, Martinez AA,

et al. Long-term multi-institutional analysis of stage T1-T2 prostate cancer
treated with radiotherapy in the PSA era. Int J Radiat Oncol Biol Phys.
2003;57:915-28.

. Kuban DA, Tucker SL, Dong L, Starkschall G, Huang EH, Cheung MR, et

al. Long-term results of the M. D. Anderson randomized dose-escalation
trial for prostate cancer. Int J Radiat Oncol Biol Phys. 2008;70:67-74.

. Zelefsky MJ, Pei X, Chou JF, Schechter M, Kollmeier M, Cox B, et al.

Dose escalation for prostate cancer radiotherapy: predictors of long-term
biochemical tumor control and distant metastases-free survival outco-
mes. Eur Urol. 2011;60:1133-9.

. Pasalic D, Kuban DA, Allen PK, Tang C, Mesko SM, Grant SR, et al.

Dose escalation for prostate adenocarcinoma: a long-term update on the
outcomes of a phase 3, single institution randomized clinical trial. Int J
Radiat Oncol Biol Phys. 2019;104:790-7.

. D’Amico AV., Whittington R, Bruce Malkowicz S, Schultz D, Blank K,

Broderick GA, et al. Biochemical outcome after radical prostatectomy,
external beam radiation therapy, or interstitial radiation therapy for clini-
cally localized prostate cancer. JAMA. 1998;280:969-74.

Schaeffer E, Srinivas S, An Y, Barocas D, Bitting R, Bryce A, et al. NCCN.
Prostate Cancer NCCN Guidelines Version 1; 2024. Available from:
https://www.nccn.org/professionals/physician_gls/pdf/prostate.pdf [Last
accessed on 2024 Ene 10].

Zelefsky MJ, Yamada Y, Fuks Z, Zhang Z, Hunt M, Cahlon O, et al. Long-
term results of conformal radiotherapy for prostate cancer: impact of dose
escalation on biochemical tumor control and distant metastases-free
survival outcomes. Int J Radiat Oncol Biol Phys. 2008;71:1028-33.

12.

20.

21.

22.

23.

24,

25.

26.

Dearnaley DP, Sydes MR, Graham JD, Aird EG, Bottomley D, Cowan RA,
et al. Escalated-dose versus standard-dose conformal radiotherapy in
prostate cancer: first results from the MRC RTO01 randomised controlled
trial. Lancet Oncol. 2007;8:475-87.

. Michalski JM, Moughan J, Purdy J, Bosch W, Bruner DW, Bahary JP,

et al. Effect of standard vs dose-escalated radiation therapy for patients
with intermediate-risk prostate cancer: the NRG oncology RTOG 0126
randomized clinical trial. JAMA Oncol. 2018;4:e180039.

. Horwitz EM, Bae K, Hanks GE, Porter A, Grignon DJ, Brereton HD, et al.

Ten-year follow-up of radiation therapy oncology group protocol 92-02:
a phase |ll trial of the duration of elective androgen deprivation in locally
advanced prostate cancer. J Clin Oncol. 2008;26:2497-504.

. Nabid A, Carrier N, Martin AG, Bahary JP, Lemaire C, Vass S, et al.

Duration of androgen deprivation therapy in high-risk prostate cancer: a
randomized phase Ill trial. Eur Urol. 2018;74:432-41.

. Marks LB, Yorke ED, Jackson A, Ten Haken RK, Constine LS, Eisbruch A,

et al. Use of normal tissue complication probability models in the clinic.
Int J Radiat Oncol Biol Phys. 2010;76:S10-9.

. Roach M, Hanks G, Thames H, Schellhammer P, Shipley WU, Sokol GH,

et al. Defining biochemical failure following radiotherapy with or without
hormonal therapy in men with clinically localized prostate cancer: recom-
mendations of the RTOG-ASTRO phoenix consensus conference. Int J
Radiat Oncol Biol Phys. 2006;65:965-74.

. Bolla M, De Reijke TM, Van Tienhoven G, Van den Bergh AC, Oddens J,

Poortmans PM, et al. Duration of androgen suppression in the treatment
of prostate cancer. N Engl J Med. 2009;360:2516-27.

. Murthy V, Maitre P, Kannan S, Panigrahi G, Krishnatry R, Bakshi G, et al.

Prostate-only versus whole-pelvic radiation therapy in high-risk and very
high-risk prostate cancer (POP-RT): outcomes from phase Ill randomized
controlled trial. J Clin Oncol. 2021;39:1234-42.

Michalski J, Winter K, Roach M, Markoe A, Sandler HM, Ryu J, et al.
Clinical Outcome of patients treated with 3d conformal radiation therapy
(8d-crt) for prostate cancer on RTOG 9406. Int J Radiat Oncol Biol Phys.
2012;83:e363-70.

Roach M, Marquez C, Yuo HS, Narayan P, Coleman L, Nseyo UO, et al.
Predicting the risk of lymph node involvement using the pre-treatment
prostate specific antigen and gleason score in men with clinically locali-
zed prostate cancer. Int J Radiat Oncol Biol Phys. 1994;28:33-7.

Partin AW, Kattan MW, Subong EN, Walsh PC, Wojno KJ, Oesterling JE,
et al. Combination of prostate-specific antigen, clinical stage, and Glea-
son score to predict pathological stage of localized prostate cancer.
A multi-institutional update. JAMA. 1997;277:1445-51.

Kvale R, Moller B, Wahlqvist R, Fossa SD, Berner A, Busch C, et al. Con-
cordance between Gleason scores of needle biopsies and radical prostatec-
tomy specimens: a population-based study. BJU Int. 2009;103:1647-54.
Porten SP, Whitson JM, Cowan JE, Cooperberg MR, Shinohara K,
Perez N, et al. Changes in prostate cancer grade on serial biopsy in men
undergoing active surveillance. J Clin Oncol. 2011;29:2795-800.
Epstein JI, Feng Z, Trock BJ, Pierorazio PM. Upgrading and downgrading
of prostate cancer from biopsy to radical prostatectomy: incidence and
predictive factors using the modified gleason grading system and facto-
ring in tertiary Grades. Eur Urol. 2012;61:1019-24.

Spratt DE, Vargas HA, Zumsteg ZS, Golia Pemicka JS, Osborne JR, Pei X,
et al. Patterns of lymph node failure after dose-escalated radiotherapy: impli-
cations for extended pelvic lymph node coverage. Eur Urol. 2017;71:37-43.

41



