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Background: Patients with prostate cancer were collected from CMN Siglo XXI (IMSS), CMN 20 de Noviem-
bre (ISSSTE), and Hospital General de México (HGM). For the IMSS, 173 patients that are treated with
three-dimensional conformal radiation therapy (3D-CRT) and 250 with SBRT, for the ISSSTE 57 patients
are treated with 3D-CRT and on the HGM 115 patients are managed with intensity modulated radiation
therapy (IMRT). The percentage of patients by risk group is: low 11.1%, intermediate 35.1% and high 53.8%.
The average follow-up is 39 months, and the Phoenix criterion was used to determine the bRFS.

Keywords:
Prostate cancer
Biochemical relapse-free survival

3D-CRT Materials and methods: The Kaplan-Meier technique for the construction of the survival curves and, the
Hypofractionation Cox proportional hazards to model the cofactors.
SBRT Results: (a) The bRFS rates obtained are 95.9% for the SBRT (7 Gy fx, IMSS), 94.6% for the 3D-CRT (1.8 Gy

fx, IMSS), 91.3% to the 3D-CRT (2.65 Gy fx, IMSS), 89.1% for the SBRT (7.25 Gy fx, IMSS), 88.7% for the IMRT
(1.8 Gy fx, HGM) %, and 87.7% for the 3D-CRT (1.8 Gy fx, ISSSTE). (b) There is no statistically significant
difference in the bRFS rates by fractionation scheme, c) Although the numerical difference in the bRFS
rate per risk group is 95.5%, 93.8% and 89.1% for low, intermediate and high risk, respectively, these are
not statistically significant.
Conclusions: The RT techniques for the treatment of PCa are statistically equivalent with respect to the
bRFS rate. This paper confirms that the bRFS rates of Mexican PCa patients who were treated with
conventional vs. hypofractionated schemes do not differ significantly.
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1. Introduction

According to the World Health Organization (WHO), cancer is
the second leading cause of death in the world; in 2015 this disease
produced 8.8 million deaths worldwide, of which about 70% are
registered in middle and low income countries.!

In Mexico, 160,000 new cases of cancer are presented every
year,? this disease being the third cause of death in the country,
only after cardiovascular diseases and diabetes mellitus.? Prostate
cancer PCa has become a public health problem in Mexico, as it is
the leading cause of death in the male population. The figures show
that about 7,000 men die each year from this disease, and it is esti-
mated that every year between 21,000 and 25,000 new cases of PCa
are reported.*

For the clinical stage of PCa, the TNM classification of the AJCC
is used,” which employs the criteria; tumor, lymph node involve-
ment and metastatic disease. This classification is used only for the
purposes of clinical stage, since the classification by risk groups is
currently employed®: low, intermediate and high. In fact, the low
risk group are patients with PSA <10, Gleason <7 and <50% of the
prostate lobe involved (<T2b). Intermediate risk group is defined as
patients with a PSA 10-20, Gleason 7 and >50% of the lobe of the
prostate affected. The high risk group are patients with PSA >20,
Gleason >7 and with extra-prostatic extension (T3).

The treatment for PCa is carried out based on the classification of
risk groups.® Patients with low risk with life expectancy of less than
5yearsare under active surveillance, and in those with expectations
of more than 5 years there are different options: radical prosta-
tectomy with lymph node dissection (QX), external radiotherapy
or brachytherapy. In patients with intermediate and high risk, the
options are radical prostatectomy with lymph node dissection, rad-
ical external radiotherapy, or external radiotherapy followed by
brachytherapy, and hormonal therapy (HT). Also, for these last risk
groups the guidelines consider the concomitant androgenic depri-
vation for increased biochemical control.

Prostatectomy with lymphadenectomy is the surgical treatment
indicated in the clinical practice guidelines,”-® which consists in
removing the prostate, seminal vesicles and lymph node dissection,
the advantages being: better locoregional control, pathological
staging, elimination of resistant clones to radiation and better
response to hormone therapy without a primary tumor in case of
progression or metastasis.

In the case of RT, initial studies showed that for absorbed doses
on the interval of 64—70 Gy, there are good local control rates.”
Other studies were conducted in order to increase the dose from
74 to 80 Gy, with a 10-15% benefit of PSA control, with no impact
on overall survival. Finally, different clinical studies show that RT
improves the bRFS without increasing toxicity. For example, the
10-year bRFS rates in 393 patients with PCa are reported in the Ziet-
man study?; 83% for patients who received doses ~79.2 compared
with 68% of patients with doses administered <70 Gy. Similarly, Al-
Mamgani followed up 669 patients,'? where the bRFS rate was 54%
for patients who had received doses ~78 Gy, and 47% in patients
with doses below 70 Gy. Subsequently, Dearnaley'! demonstrates
in his study conducted with 843 patients that doses >70 Gy improve
the bRFS rate at 10 years, since the bRFS is 72% in patients with
administered doses >70 Gy contrasted with 61% with doses <70 Gy.

On the other hand, the mechanism of action whereby HT
reduces intracellular concentrations of testosterone,® induces apo-
ptosis, which decreases tumor volume, increasing local control and
decreasing the probability of metastatic disease.

In fact, RT is one of the main treatment options for PCa; however,
it is well known that there are biological factors that influence the
response of tissues to treatment, such as radiosensitivity, repop-
ulation, reoxygenation and redistribution.'? What is even more,
the PCa is characterized by being a tissue with repopulation and

slow repair that is expressed with a low value of /B ~1.5Gy.!* In
neoplasms with low values of /[ it is considered that hypofrac-
tionation schemes can favor cell death and, therefore, the local
control of the disease. In this scenario, tolerance and type of tissues
located in the treatment area should be considered, since there is a
risk to develop greater toxicity. In the case of the conventional treat-
ment schemes to treat PCa with external RT, total absorbed dose
employed is in the order of 70—80 Gy, which is administered from
Monday to Friday in a period of 6-8 weeks, with doses of 1.8-2 Gy
fx; while in the hypofractionated treatments doses >2.0 Gy fx are
used,'* where these are divided into: (a) moderate hypofraction-
ation which uses 2.4-3 Gy fx and, (b) ultra-hypofractionated dose
>3 Gy fX, giving 5-12 fractions. The advantage of the hypofraction-
ation schemes, is that the total treatment time and the number of
fractions are reduced, so that the patient receives treatment in 1-2
weeks instead of 8.

Inrecentyears, there has been arapid increase in CaP treatments
with hypofractioned external RT with the SBRT technique.!>-6
However, although there are results in several countries regard-
ing the radiobiological equivalence of PCa treatment schemes, it is
convenient to verify with radioepidemiological data the effective-
ness of the different RT treatment schemes and techniques for the
Mexican male population, i.e. the bRFS and alpha/beta determined
for Mexican population of PCa treated with RT techniques, because
there are no such studies in our country.!”

The aims of this work are to determine and compare the bRFS
rate of different RT treatment schemes in Mexican patients with
PCa, treated in three Hospital Institutions of Mexico City. The RT
techniques used in the patients were 3D-CRT, IMRT and SBRT. The
survival values obtained in this study will be taken as a reference
to perform a radiobiological optimization in a future phase, and for
the determination of the «/3 for the Mexican population treated
with RT techniques.

2. Methods and materials
2.1. Cohort of patients with PCa treated with RT

This work was carried out with 595 PCa patients treated with
external RT in three different Hospitals of Mexico City. The distribu-
tion of the patients, as well as the different schemes and treatment
techniques used are shown in Table 1.

To determine the bRFS, the Phoenix criterion is used'®: By def-
inition, an increase of 2ng/ml or more above the nadir PSA is
considered as a biochemical failure.

2.2. Statistical analysis

The non-parametric method of Kaplan-Meier (K-M) is used
to estimate the median survival.!® The analysis assumes that the
mechanisms of the event and censorship are statistically inde-
pendent; that is, the censored individuals are subject to the same
probability of the event as the uncensored ones. Patients are con-
sidered on the following accounts:

i) Because the study was completed before the event appeared,
ii) the patient decided to leave the study,
iii) the patient was lost for some other reason,
iv) due to death not related to the investigation and so on.

To test the survival functions, the Mantel-Cox, Breslow and
Tarone-Ware tests were carried out.

On the other hand, because in the K-M analysis it only considers
the relationship of one variable over time, the Cox proportional haz-
ards model is used to take into account different possibly confusing
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Table 1
Cohort of PCa patients treated with RT.

Hospital No. patients Percentage Technique Dose fx (Gy) No fractions Total dose (Gy)
IMSS 93 15.6% 3D-CRT 1.8 39-44 70.2-79.2
80 13.4% 3D-CRT 2.65 25 66.25
121 20.3% SBRT 7.0 5 35.0
129 21.7% SBRT 7.25 5 36.25
ISSSTE 57 19.3% 3D-CRT 1.8-2.0 30-41 60-73.8
HGM 115 9.6% IMRT 1.8 42-44 75.6-79.2
Table 2
bREFS rates by institution, technique and treatment scheme.
Hospital No. patients Technique Dose fx (Gy) No fractions Total dose (Gy) bRFS Rate
IMSS 93 3D-CRT 1.8 39-44 70.2-79.2 94.6%
80 3D-CRT 2.66 25 66.25 91.3%
121 SBRT 7.0 5 35.0 95.9%
129 SBRT 7.25 5 36.25 89.1%
ISSSTE 57 3D-CRT 1.8-2.0 30-41 60-73.8 87.7%
HGM 115 IMRT 1.8 42 -44 75.6-79.2 88.7%
Global 595 91.4%
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Fig. 1. bRFS curves stratified by institution, technique and treatment scheme.

Table 3

Test to compare the bRFS rates by institution, technique and treatment scheme.
Test ba df p-Value
Log Rank 17.08 5 0.004
Breslow 16.74 5 0.005
Tarone-Ware 17.40 5 0.004

covariates, such as the treatment scheme, technique employed, the
risk group, etc. A central element to interpret this method is the
hazard ratio (HR), which is no more than the ratio of instantaneous
hazard rates between the interest and control group.2°

Finally, an important aspect in the models is their validation,
since their predictability must be measured, for example, by esti-
mating their concordance between the observed ranges and the
estimated or predicted survival times. This concordance statistic
test summarizes the potential of the model to predict. Specifically,
the concordance statistics is an estimator of the probability that
for any couple of individuals, the ones with the shortest life span
are the ones with the highest risk function. These pairs of individ-
uals are considered in the calculation when they have failure times
of both, and one of them fails before the censorship time of the
other. Couples with both censored times, and when the survival
time exceeds the other’s censorship time, are not considered in the
calculation of statistics. As for a model with good predictability, its

Fig. 2. Forest plot considering the SBRT 7 Gy fx scheme as reference.

concordance takes values greater than 0.7, while values around 0.5
have no prediction ability.

3. Results

(a) The bRES rates of the patient cohort.

Table 2 shows the PSA RFS rates after treatment with exter-
nal RT, for an average follow-up of 39 months, considering: the
fractionation scheme, technique and treatment institution.

Subsequently, the survival curves for the data in Table 2 were
constructed using the K-M method, see Fig. 1. The tests to compare
such distributions are (a) Log Rank, (b) Breslow and (c) Tarone-
Ware. The results of these tests are shown in Table 3.

As said before, the Cox proportional hazards are used to perform
an analysis that considers the cofactors, see Table 4 and Fig. 2, where
the 7 Gy fx scheme i considers the reference treatment.

Finally, the concordance statistic determined for this model
is=0.666 +0.034 and R?>=0.028.

(b) bRFS rate of hypofractioned vs. conventional treatment
scheme.

The bRFS rates of the patients who were treated with the
hypofractioned vs. conventional scheme are compared. The out-
comes of bRFS rate values are: (i) 92.1% for patients who were
treated with hypofractionated schemes and (ii) 90.6% for patients
who received treatments with conventional schemes.
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Table 4
HR values stratified by scheme and treatment technique.
Technique Dose fx (Gy) Hospital B SE Wald df p-Value HR Cl
Lower Higher
SBRT 7 IMSS 15.153 5 0.01 95%
SBRT 7.25 IMSS 0.935 0.521 3.219 1 0.073 2.55 0.917 7.073
IMRT 1.8 HGM 1.079 0.527 4.2 1 0.04 2.94 1.048 8.264
3D-CRT 1.8 IMSS -0.55 0.64 0.739 1 0.39 0.58 0.165 2.021
3D-CRT 2.65 IMSS 0.006 0.592 0 1 0.992 1.01 0.315 3.21
3D-CRT 1.8 ISSSTE 0.777 0.588 1.743 1 0.187 2.17 0.686 6.887
100.0 ——*~w—r~,¢:% Table 7
; M bREFS rates stratified by risk group.
" . X B B
80.0 Risk Total patients Patients PSA failure bRFS Rates
Low 66 3 95.50%
= Intermediate 209 13 93.80%
X 600 .
~ c . High 320 35 89.10%
» onventional
w — Hipofractionated
& 400
100.0
L -
200 -
80.0
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é 60.0
Time following (months) —— High
[7] :
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Fig. 3. DbRFS rates of hypofraction vs. conventional treatment scheme. % 40.0 — Low
Table 5 20.0
Test to compare the bRFS rates by treatment scheme: hypofraction vs. conventional.
2 -
Test X df p-Value 09 10 20 30 40 50 60
Log Rank 0.031 1 0.860 Time following (months)
Breslow 0.036 1 0.849
Tarone-Ware 0.025 1 0.873 Fig. 4. bRFS stratified by risk group.
Table 8
Apparently, the survival curves stratified by treatment scheme Test to compare the bRFS rates distributions by risk group.
are very similar, see Fig. 3, and, therefore, the statistical test is run to 5
. N Test X df p-Value
demonstrate the null hypothesis for the equality of the treatment
schemes, see Table 5. Log Rank 2855 2 0.240
Th 1 . hi . . h Breslow 3.381 2 0.184
ese results point to something very important, since they Tarone-Ware 3.118 2 0.210

indicate that there is no statistical significant difference between
hypofractioned and standard treatment schemes.

Similarly, the Cox proportional hazards are calculated for this
classification, where the standard scheme is taken as reference,
see Table 6. This method also reveals that there is no significant
difference related to the patient’s treatment scheme.

(c) bRFS stratified by risk group.

The percentage of patients classified by risk group is: low risk
11.1% (66 patients), intermediate risk 35.1% (209 patients) and high
risk 53.8% (320 patients). And the bRFS rates obtained for this strat-
ification are: 95.5%, 93.8% and 89.1% for the low, intermediate and
high risk, respectively, see Table 7. Likewise, the K-M curves were
constructed for each of the risks, Fig. 4.

To test the HO hypothesis for the equality of the survival func-
tions for risk group, the Log-Rank, Breslow and Tarone-Ware tests
were carried out, and the values resulting from these tests are
shown in Table 8.

Also, for this stratification, the Cox proportional hazards analysis
was carried out, where the high risk was taken as a reference, see
Table 9.

4. Discussion

The bRFS rates obtained are 95.9%, 94.6%, 91.3%, 89.1%, 88.7%
and 87.7% for the treatment schemes SBRT (7 Gy fx, IMSS), 3D-CRT
(1.8 Gy fx, IMSS), 3D -CRT (2.65 Gy fx, IMSS), SBRT (7.25 Gy fx, IMSS)
IMRT (1.8 Gy fx, HGM) and 3D-CRT (1.8 Gy fx, ISSSTE). These results
are consistently reported in the literature.?!

For the contrast tests stratified by scheme and treatment tech-
nique, there is a statistically significant difference in HR only for
patients treated with the IMRT technique, see Table 2 and Fig. 2.

zzgl;r(:‘)portional hazards model of hypofraction vs. conventional treatment scheme.
Technique B SE Wald df p-Value HR Cl
lower higher
Hypofractioned -0.05 0.281 0.031 1 0.860 0.95 0.548 1.652
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Table 9
Cox proportional hazards model by risk group.
Group B SE Wald df p-Value HR Cl
Lower Higher
High 2.779 2 0.249
Intermediate -0.724 0.602 1.447 1 0.229 0.485 0.149 1.578
Low —0.429 0.325 1.74 1 0.187 0.651 0.344 1.232

Where the proportional hazards model was validated with the Con-
cordance test.

On the other hand, the bRFS rates of the hypofractioned vs. con-
ventional scheme are not statistically significant, that is, patients
treated with hypofractionated schemes have the same results as
patients who were treated with standard treatment schedules,
Table 5, 6 and Fig. 3. This is a very important result, since it is
verified that for the Mexican population the treatments admin-
istered with hypofractionated schemes provide an advantage, as
they improve the use of technical, human resources and allow the
patients to receive their treatment in a shorter period, with the
same probability of tumor control.

In spite of the above, the consequences of this study generate a
high impact, since one of the main disadvantages of the treatment
of PCa with standard schemes of radiotherapy is the duration of
the treatment. For this reason, the possibility of reducing the treat-
ment time, delivering higher doses per fraction, has benefits from
an economic and administrative point of view; improves the use
of technical and human resources, allows the patient to finish his
treatment in a shorter period, causing savings to the institution and
the patient, to name a few.

Regarding the bRFS classified by the type of risk, we have val-
ues of 95.5%, 93.8% and 89.1% for the low, intermediate and high
risk, respectively, as intuitively expected, but when performing the
contrast tests and multivariate analysis using the Cox proportions
model, we found that there is no statistically significant difference
for the risk group, Tables 7 and 8. However, the low risk has a
HR =0.48 while the intermediate risk has HR = 0.64, which together
with the negative sign of B indicates a lower risk of biochemical
failure with respect to the high risk that has a value of HR=1.

It is worth mentioning that the proportional hazards model was
validated with the Concordance test.

Another fundamental aspect of radiotherapy is to validate the
radiobiological sensitivities of a/3 for the PCa tumor and risk organs
(bladder rectum, penile bulb and so on). A preliminary calculation of
o/ considering the treatment schemes for the Mexican population
uses the Refs. 13,22 under the hypothesis that the hypofractionated
and normal techniques all have the same rate of bRFS (see Fig. 3 and
Table 5), which gives us avalue of a/[3 ~2.8 Gy. This value will be the
issue for future research to verify and determine a more accurate
value with the corresponding uncertainty or confidence interval.

5. Conclusions

The RT techniques (3D-CRT and SBRT) for the treatment of PCa
are statistically equivalent with respect to the rate bRFS. This paper
confirms that the bRFS rates of Mexican PCa patients who were
treated with conventional vs. hypofractionated schemes show no
significant difference.

Another fundamental aspect of radiotherapy is to validate the
radiobiological sensitivities of /@, both for the PCa tumor and risk
organs (bladder rectum, penile bulb, to name a few). A prelimi-
nary calculation of a/8 considering the treatment schemes of this
work, gives the value of ~2.8 Gy. This value will be the reason for
future research to determine a more accurate value and with the
corresponding uncertainty for the Mexican population.

Finally, the objective of knowing the survival rates of PCa in the
Mexican population is to determine the current levels of the bRFS
rate to take the corresponding actions in the optimization of the
treatment schemes based on the radiobiological optimization.
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