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Prostate cancer is one of the most prevalent tumours in Spain. According to the latest
data published by the Spanish cancer registries network (REDECAN), it is estimated
that in 2017, prostate cancer was the second most diagnosed tumour for both sexes, and
the most common tumour among men in Spain, with an incidence of approximately
30,000 cases'.

Radiotherapy is one of the treatment options for patients with localized prostate cancer.
Since the escalation of doses has proved to be superior to standard doses in controlling
the disease, it has become the gold standard for treatment’, 3. Dose escalation was
initially accompanied by an increase in toxicity, but the appearance of the technological
advances represented by intensity-modulated radiotherapy (IMRT) and image-guided
modulated intensity radiotherapy (IGRT) have resulted in the possibility of increasing
dose without increasing side effects®.

On the other hand, studies conducted in recent decades have determined the alpha / beta
ratio for prostate cancer and shown that unlike most tumours, which have an elevated
alpha / beta ratio (10 Gy on average), prostate cancer has a low alpha / beta ratio of 1.5
Gy making this cancer particularly sensitive to high doses per fraction, which in turn
improves local control because the effective biological dose (EBD),, 7 is increased.
Based on this premise, several randomised clinical trials (RCT) have been published
that attempt to establish the role of hypofractionation in prostate cancer, using different
schedules and technologies 8, °, 10, 1112 1314 /15 /16 /17 18 /19,

From the results of a recent metaanalysis of nine RCT, the conclusion reached is that
hypofraction seems safe, but further follow-up would be necessary to draw more
consistent conclusions?’, 2!, 2.

The clinical trials studied differ in dose, techniques and verification systems, so we
believe that they are quite heterogeneous and the results are not as good as might be
expected.

On the other hand, the advanced age of some patients means that they are not
considered as candidates for radical treatment, whether surgery or radiotherapy, because
chronological age carries more weight than comorbidity (despite the fact that there may
be elderly patients without comorbidity whose life expectancy is greater than that of

other, younger patients), thus denying older patients a curative treatment option>>.

Objective:
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The aim of this report is to analyse the series of 452 patients with prostate cancer treated
in our institution with hypofractionated radiotherapy with three-dimensional
radiotherapy (3DCRT) or volumetric arc therapy (VMAT); to analyse the differences in
the profile of toxicity and results with both techniques, and provide information about
how comorbidity measured using the Charlson Comorbidity Index (CCI) influenced
each group.

Patients, material and methods

From May 2011 to June 2016, 452 patients with localised prostate cancer were treated
with hypofractionated radiotherapy with or without hormone therapy.

All patients were assessed by a multidisciplinary committee and underwent an extension
study consisting of a physical digital rectal examination, a computed tomography (CT)
of the abdominopelvic area, complete blood tests, a prostate-specific antigen test (PSA),
a transrectal ultrasound and a bone scintigraphy before treatment was performed. The
patient’s CCI was calculated on the day of the first visit. The CCI is a system of
evaluating life expectancy at ten years which depends on the subject’s age at the time of
evaluation and the comorbidities. In addition to age, it consists of 19 items which, if
present, have been found to influence the life expectancy of a subject in a concrete way.
Initially conceived to assess survival at one year, it was finally developed in its
definitive form for survival at ten years. The age-adjusted CCI was calculated for all
patients to determine the probability of their being alive at 10 years. A 75-year-old
patient with no comorbidity had a CCI score of 3.5, which gives a probability of being
alive at 10 years of 67.02%%%, .

For simulation and treatment, patients were immobilised in supine position using a
personalised body-fix device with ankle support. A planning CT scan of the pelvis was
obtained at 5-mm intervals from the mid-abdomen to 5 cm below the ischial tuberosities
with an empty rectum and a full bladder. To prepare the rectum, a laxative was
prescribed to be taken for a week prior to and during the treatment. The cuts were every
3 mm.

Based on the literature available at that time, the chosen scheme was 60 Gy to 3 Gy/
fraction in 20 fractions to the prostate or to the prostate and seminal vesicles if they
were T3B stage. Based on the Gallina nomogram, which establishes the risk of
involvement of seminal vesicles; if the probability of them being affected was greater
than 15%, they were included in the treatment with a dose of between 44Gy and 2.4Gy

that was administered by integrated boost.
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According to The National Comprehensive Cancer Network (NCCN)?, which takes
into account PSA level, size of prostatic involvement, findings of needle biopsy and T-
stage of cancer, we classified patients as low-risk, intermediate-risk, high or very high-
risk, with a corresponding 17.1% (77), 27.3% (123), 39% (176) and 16.6% (75),
respectively.

With regard to comorbidities, 50.1% (226 patients) presented a CCI score <3.5; and
49.9% (225 patients) > 3.5.

Seminal vesicles were treated in 47% of the cases; 11.5% with radical doses (prostate
cancer with T3b stage) or electively (35.5%).

Regarding technique, 208 patients (46.1%) were treated with 3DCRT radiotherapy, and
243 (53.9%) with VMAT.

With respect to the distribution of risk groups by technique, 70.1% of low-risk patients
were treated with 3DCRT and 29.9% with VMAT,; intermediate-risk 63.3% with
3DCRT and 36.7% with VMAT; high-risk 28% with 3D and 72% with VMAT, and
very high-risk 40.5% with 3DCRT and 59.5% with VMAT.

In short, more high-risk and very high-risk patients were treated with VMAT than with
3DCRT because seminal vesicles were included, and the constraints on the rectum and
bladder, as well as doses to the PTV, complied better with VMAT. Table 2

Regarding the associated hormonal treatment, 32.2% of tumours were treated with
androgen blockade for 6 months (intermediate-risk tumours), and 27.3% received
treatment for 18 or 36 months (high or very high-risk tumours).

With a median follow-up of 51 months (6-88), only 1.6% (7 patients) of the total study
population had died due to the disease; 89.6% remained alive, 8.4% of whom suffered
biochemical disease and 3.3% of whom had clinical disease (including adenophatic,
bone and visceral involvement) (Figures 1 and 2). Approximately 6% of the total study
population patients died due to second malignancies not related to the primary tumour.
The most frequent locations of the second tumours were the lung (1.8%), bladder
(1.6%) and colon (1.3%).

Genitourinary and rectal toxicity were classified according to the Common
Terminology Criteria for Adverse Events (CTCAE) v 4.0. Considering the excellent
tolerance of the treatment, this variable was dichotomised into absence versus presence
of toxicity. Tables 3 and 4 show the main toxicities.

Global acute GU and GI toxicity > G2 were 26.6% and 3.8% respectively, whereas
global chronic GU and GI toxicity > G2 were 2.8% and 0.9% respectively.
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Discussion

Escalated hypofractionated radiotherapy is an effective and well tolerated treatment
even for elderly patients. From our point of view image-guided radiotherapy techniques
and daily verification maximize the benefit since they achieve high doses in the target
volume and low in the organs at risk.

Several randomised trials have studied the role of hypofractionation in prostate cancer.
The studies differ substantially in the techniques, doses, fractionations and systems of
reporting toxicities employed, which makes comparison difficult.

In our group of patients, overall, acute and chronic toxicity were acceptable if compared
with the figures reported in hypofractionation studies, and in some cases were even
somewhat better. We believe that the differences found may be due to the technology
used (2D, four field box technique, in some cases), PTV margins (up to 1.5 cm in some
series) and the daily verification system.

In the series where radiotherapy was carried out with the 2D / 3D four field box
technique, the toxicity reported was greater than for IMRT, placing our series at values

similar to those reported in the series that employed IMRT with daily image verification
techniques.

With the results obtained, we observed a greater impact of acute urinary toxicity
(72.7%), compared to the different published series, which range between 10 and 49%,
but most of which refer to < G2 toxicity. However, in our case, when we dichotomised
the sample, we reflected the total percentage of patients who had some degree of
toxicity. On the other hand, we also see how this acute toxicity is resolved by greatly
reducing the percentage of chronic toxicity to 20.2%, with results similar to other series,
with the same treatment scheme.

Regarding acute gastrointestinal toxicity, we found statistical significance in the
technique using VMAT vs 3DCRT (23.9% vs 13.5%, respectively (p = 0.005). As we
analysed the data, we found that VMAT was the technique of choice for cases that
require a greater volume of irradiation when including the seminal vesicles. This
increase in toxicity could therefore bear more relation with the total volume than with
the technique used. Rectum V40 was 43.73% with VMAT vs 25.10% with 3DCRT (p
<0.001)

We have focused on the CHHIP trial, since it was taken as the reference for our

treatment schadule. As far as radiotherapy technique is concerned, the CHHiP trial used
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IMRT with "portal imaging" whereas we employed VMAT with cone beam CT. In our
case, the study population included patients with seminal vesicles and a Gleason Score
of 8 (who were excluded from the CHHiP trial, but not from other trials).

Our results in acute and chronic toxicity are comparable to those described in the
literature. Acute GU toxicity > G2 in our case was 26.6% compared to the 49.9% of the
CHHiP trial, and GI toxicity of > G2 was 38% vs 3.8% respectively.
With regard to chronic toxicity CHHIiP reports a GI toxicity > G2 of 11.9% compared to
the 0.9% in ours, and a GU toxicity > G2 of 11.7% vs our 2.8%. Although an initial
assumption could be to conclude that these results are better, we should bear in mind
that our series is a retrospective study with the limitations that this entails. In any case,
it can be inferred from the results of each trial that the most advanced techniques
provide less toxicity.

Another limitation of our study is the lack of patient self-assessment questionnaires to
evaluate health-related quality of life, which might have resulted in an overall decreased
or increased reporting of toxicity.

Given the results of studies and the variety of patient characteristics, doses and
techniques used, in 2018 Arcangeli published a systematic review and meta-analysis to
determine the optimal hypofractionation scheme, according to BPFS, chronic
gastrointestinal and genitourinary toxicity at 5 years (34). This study confirms the
equivalence in results between conventional fractionation and hypofractionation, with a
wide safety window of dose, estimated up to 3.5Gy per fraction. However, greater
follow-up is necessary to determine the optimal hypofractionation scheme and its
translation to an increase in overall survival

Taking into account the analysis of these publications, our work uses a fractionation of
60 Gy to 3 Gy per fraction in a total of 4 weeks, and includes patients of low,
intermediate, high or very high-risk; without excluding patients due to age or associated
comorbidity.

Delarney recently analysed a CHHIP trial subgroup of patients older than 75 years, and
concluded that hypofractionation is also safe for them. In the multivariate analysis
performed on our series, age was not a risk factor either for toxicity or for survival free
of biochemical or clinical recurrence; however, CCI was relevant for overall survival. In
our opinion, CCI, which considers chronological age and other pathologies, should

carry more weight than chronological age alone. We need to take into account the
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progressive aging of the population, and life expectancy should be assessed with
reference to comorbidities, not just to age.*°

Regarding the progression of both biochemical and clinical disease, we observed high
survival, with a BPFS and CPFS at 5 years of 83.8% and 94%. These figures are similar
to other studies that, when compared to conventional fractionation, show a better
control of local disease!.

As for CCI, a higher score on the comorbidity index was found to be related to a
decrease in overall survival. Analysing the cause of death, we find a very specific
population: many are elderly men who sometimes have an associated pathology. Six per
cent of our series died due to a second neoplasia. Among the second tumours are lung,
bladder and colon cancer. The CHHiP trial reported 35% of second tumours in its
series.

As limitations, we are faced with a retrospective study with different biases. For
instance, a selection bias may condition the results of a higher toxicity with VMAT, as
patients who had a lower volume of PTV were treated with 3D, which results in better
statistics regarding toxicity for this group.

Conclusion

Hypofractionated radiotherapy for prostate cancer is an effective, well-tolerated
treatment, with a low degree of chronic toxicity which reaches its highest benefit when
performed with precise image-guided radiotherapy techniques and daily verification; so
it is a safe treatment, even for elderly patients with associated comorbidity. This not
only provides theoretical radiobiological advantages for tumour and healthy tissues, but
also allows a reduction in the number of sessions, thus improving the quality of life and

use of resources while decreasing the cost of treatment.
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