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Editorial on the Research Topic

Multimodality therapy for older cancer patients
The management of locally advanced cancer frequently requires a multimodality

approach due to high rates of loco-regional recurrences and/or distant metastases (1).

Surgery, followed by postoperative radiation, concurrent chemotherapy and radiotherapy,

and preoperative chemoradiation are standard approaches for these patients, depending on

the anatomic site. However, older cancer patients with locally advanced disease are often

not ideal candidates for surgical resection due to pre-existing comorbidities, a high risk of

postoperative complications, and poor survival rates after treatment (2). Additionally, frail

patients may not benefit from chemotherapy due to a high mortality rate and frequent

hospitalizations during treatment (3). As a result, they are often denied curative treatment

as clinicians are concerned about their ability to tolerate it.

Innovative therapies such as immunotherapy with immune checkpoint inhibitors

(ICIs) may offer a curative option with minimal morbidity when combined with new

radiotherapy techniques like image-guided radiotherapy. Immunotherapy is well -tolerated

and has been reported to be effective for older cancer patients, comparable to its

effectiveness in younger patients (4). It is most effective among patients with positive

program death ligand 1 (PD-L1) expression, defined as 1% or above. However, patients

who lack PD-L1 in their tumors may still benefit from immunotherapy if they receive

radiotherapy first. Preclinical and preliminary clinical data suggest that radiotherapy may

increase PD-L1 expression in tumors, as cancer cells produce an immune -suppressive

environment to escape destruction by CD-8 T cells (5).

The best illustration of the synergy between radiotherapy and immunotherapy is

reflected in the model of renal cell carcinoma, which is reported to be radio-resistant. This

resistance often requires a high dose of radiation, which can potentially damage

surrounding normal organs such as the liver and the small intestine. Additionally, there

is a high rate of distant metastases in tumors with high risk features such as large size and

poorly differentiated histology. Historically, patients who develop distant metastases had a

very poor outcome due to the tumor resistance to chemotherapy. The survival of those
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patients has significantly improved with ICIs. The combination of

ICIs and radiotherapy is also very well tolerated and effective for

patients with distant metastases. Thus, at least in theory,

immunotherapy and modern radiotherapy techniques such as

stereotactic body radiotherapy (SBRT), which delivers a high

curative dose of radiation with minimal toxicity, should improve

local control and survival for renal cancer patients with locally

advanced disease (Nguyen et al.). In another example, the

combination of ICIs with radiotherapy for locally advanced

bladder cancer has produced an 81% biopsy proven complete

response (CR), which is significantly higher than the responses

reported after concurrent chemoradiation or neoadjuvant

immunotherapy (Nguyen et al.). For selected patients with locally

advanced rectal cancer, immunotherapy alone or combined with

chemotherapy and radiotherapy may lead to organ preservation in a

disease that traditionally require surgery for local control (6).

Therefore, the judicious sequencing of immunotherapy and

radiotherapy may benefit most patients with locally advanced

cancers, regardless of their PD-L1 status. Specific protocols need

to be developed for each tumor type for older cancer patients, taking

into account their frailty status to avoid unnecessary treatment

toxicity (7). As an international organization dedicated to the care

of older cancer patients, the International Geriatric Radiotherapy

Group (http://www.igrg.org) is committed to conducting

prospective trials combining radiotherapy and immunotherapy

for this vulnerable population (8). The data obtained may allow
Frontiers in Oncology 026
us to optimize treatment strategies for older cancer patients,

improving outcomes and quality of life for these individuals.
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Minas Gerais, Brazil, 8Department of Gynecology and Obstetrics of the School of Medicine of the
Federal University of Minas Gerais, Belo Horizonte, Minas Gerais, Brazil
Purpose: This study, conducted during the COVID-19 crisis, primarily aimed to

compare the acute toxicity between conventional fractionated radiation

therapy (CF-RT) with hypofractionated radiation therapy (HF-RT) among

patients who underwent breast-conserving surgery or mastectomy in whom

breast or chest wall and regional nodal irradiation (RNI) were indicated. The

secondary endpoints were both acute and subacute toxicity, cosmesis, quality

of life, and lymphedema features.

Methods: In this open and non-inferiority randomized trial, patients (n = 86) were

randomly allocated 2:1 in the CF-RT arm (n = 33; 50 Gy/25 fractions ± sequential

boost [10 Gy/5 fractions]) versus the HF-RT arm (n = 53; 40 Gy/15 fractions ±

concomitant boost [8 Gy/15 fractions]). Toxic effects and cosmesis evaluation

used the Common Terminology Criteria for Adverse Events, version 4.03

(CTCAE) and the Harvard/National Surgical Adjuvant Breast and Bowel Project

(NSABP)/Radiation Therapy Oncology Group (RTOG) scale. For the patient-

reported quality of life (QoL), the European Organisation for Research and

Treatment of Cancer quality of life questionnaire (EORTC QLQ-C30) and the

breast cancer-specific supplementary questionnaire (QLQ-BR23) were used.
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Lymphedema was assessed by comparing volume differences between the

affected and contralateral arms using the Casley–Smith formula.

Results: Grade 2 and grade 3 dermatitis were lower with HF-RT than with CF-RT

(28% vs. 52%, and 0% vs. 6%, respectively; p = 0.022). HF-RT had a lower rate of

grade 2 hyperpigmentation (23% vs. 55%; p = 0.005), compared to CF-RT. No

other differences in overall rates of physician-assessed grade 2 or higher and

grade 3 or higher acute toxicity between HF-RT and CF-RT were registered.

There was no statistical difference between groups regarding cosmesis,

lymphedema rate (13% vs. 12% HF-RT vs. CF-RT; p = 1.000), and functional

and symptom scales, during both the irradiation period and after 6 months of the

end of treatment. The results revealed that the subset of patients up to 65 years

or older did not show a statistical difference between both arm fractionation

schedules (p > 0.05) regarding skin rash, fibrosis, and lymphedema.

Conclusion: HF-RT was non-inferior to CF-RT, and moderate hypofractionation

showed lower rates of acute toxicity, with no changes in quality-of-life

outcomes.

Clinical trial registration: ClinicalTrials.gov, identifier NCT 40155531.
KEYWORDS

breast cancer, radiation dose hypofractionation, toxicity, breast cancer lymphedema,
quality of life
1 Introduction

Hypofractionated radiation therapy (HF-RT), in which

irradiation may be delivered in dose fractions greater than 2 Gy/

day, has emerged as an important tool in breast cancer radiation

therapy (RT) (1). Previously, the standard RT dose consisted of 50

Gy in 25 fractions, 2 Gy per daily fraction, corresponding to

conventional fractionated radiation therapy (CF-RT) (2, 3).

However, after the publication of important phase 3 trials, such

as START A and START B, the American Society for Radiation

Oncology (ASTRO) endorsed this technique in the treatment of

breast cancer (4–8) and extended its indication to patients of all

ages, irrespective of chemotherapy receipt (9, 10). Nevertheless,

despite the comparable long-term local control, equivalent or

modestly improved toxicity outcomes, and additional benefits

such as convenience and reduced costs, HF-RT incorporation in

practice had been slow and varied worldwide (11).

The arguments against the routine adoption of HF-RT

for breast cancer are often based on concerns about the

underrepresentation of certain patient subgroups in major trials.

Additional limiting use includes uncertainties regarding adverse

effects of a higher daily fraction on the heart/lung/brachial plexus

and paucity of data on the effects of hypofractionation in

the regional nodal irradiation (RNI), post-mastectomy,

and breast reconstruction setting (12). In 2019, addressing

the representativeness of different patient populations, a phase 3
028
trial showed the non-inferiority of post-mastectomy RNI

hypofractionation over the CF-RT schedule after surgery (12).

On March 11, 2020, the World Health Organization declared

the COVID-19 outbreak a global pandemic. Public health officials

mobilized communities to minimize transmission by self-isolation

and social distancing (13). This scenario catalyzed the

hypofractionation implementation broadly (14). In this context,

we carried out a randomized phase 2 trial with the primary objective

of comparing, in our population, the acute toxicity of HF-RT with

CF-RT after breast-conserving surgery or mastectomy with RNI,

including the internal mammary nodes (IMNs), when indicated.

Then, acute and subacute toxicity, cosmesis, quality of life, and

lymphedema features, at different times of the patient journey, were

also investigated. The hypothesis established was the non-inferiority

of the toxicity of the HF-RT arm compared to the CF-RT.
2 Methods

This phase II study was approved by the local research ethics

committee under the number 51139715.0.0000.5123 and registered

in 2019 on ClinicalTrials.gov (NCT04015531). The study was

single-center, conducted on Hospital da Baleia, a Brazilian referral

tertiary hospital, which performs radiation therapy among patients

from Minas Gerais, the second-most populous state in Brazil.

Written informed consent was obtained from each participant.
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The study was conducted in accordance with the Declaration

of Helsinki.
2.1 Enrollment

Patients were enrolled from November 2019 through May 2022

at Hospital da Baleia, a referral public oncology tertiary center in

Belo Horizonte, Minas Gerais, Brazil. The inclusion criteria were

female gender, 18 years or older, breast carcinoma, T1-4 with at

least one positive lymph node (American Joint Committee on

Cancer (AJCC) 8th) (15), mastectomy or breast-conserving

surgery with the investigation of sentinel lymph node or axillary

dissection. Adjuvant chemotherapy and hormone therapy were

performed as local practice. Neoadjuvant chemotherapy and the

use of breast implants were allowed in both study groups. Exclusion

criteria were compromised margin, concomitant chemotherapy,

internal mammary chain (IMC) or supraclavicular fossa lymph

node involvement, previous chest RT, collagen disease, bilateral

breast cancer, inflammatory carcinoma, concurrent skin treatment

with irradiation, distant metastasis, and synchronic malignancy.
2.2 Randomization

Patients were randomly allocated to the control arm, CF-RT (50

Gy/25 fractions ± a sequential boost of 10 Gy/5 fractions, over 25–

30 days), or the experimental arm, HF-RT (40 Gy/15 fractions ± a

concomitant boost of 8 Gy/15 fractions, over 15 days) following

breast surgery. The boost was realized in all cases of breast-

conserving surgery. Randomization was planned and performed

initially through a computer-generated 2:1 allocation (HF-RT vs.

CF-RT) to preserve the safety, rights, and well-being of trial

participants during the prolonged global public health crisis.

Thus, we had more patients with a lower number of physician

visits and fewer cross-transmission.
2.3 Treatment

Free-breathing computed tomography (CT) scans, with 5-mm

slice thickness, in a supine position with arms raised over the head

and supported by a ramp for immobilization were obtained for

simulation. The organs at risk (OARs) and the target volumes were

contoured according to the Radiation Therapy Oncology Group

(RTOG) atlas (16–18). The planning target volume (PTV) was

delineated with a 7-mm expansion from the clinical target volume

(CTV) and 5 mm cropped from the skin, excluding the heart of the

treatment volume (19). For women who underwent axillary

dissection, the nodal irradiation included the ipsilateral axillary

level III and supraclavicular nodes. For patients undergoing sentinel

node surgery, nodal RT included the ipsilateral axillary level (I, II,

and III) and supraclavicular nodes within the portals. Irradiation of
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the IMNs was performed based on the physician’s discretion,

including from the first to third intercostal space.

Three-dimensional conformal radiotherapy (3D-CRT) was

performed using 6- to 10-MV photons. The dose fields were

normalized in the same way as the three-field technique photon

field. No axilla posterior field was permitted. If any part of the heart

was included in the tangential fields, a multileaf collimator was used

to shield it from the photon fields. The humeral head, larynx, and

trachea were also shielded by the multileaf collimator. Dose

constraints followed the RTOG 1005 protocol. At least 95% of

each PTV was expected to receive >95% of the prescribed dose.

The recommended maximum dose point was not greater than 110%.
2.4 Follow-up

All patients were evaluated at baseline, weekly during treatment,

just at the end and 1, 2, and 6 months after treatment. The treating

physician, a specialist in radiation therapy trained for the study

procedures, assessed toxic effects and cosmesis using the Common

Terminology Criteria for Adverse Events, version 4.03 (CTCAE v.

4.03). The Harvard/National Surgical Adjuvant Breast and Bowel

Project (NSABP)/RTOG scale and pictures were taken at each

moment (20–22). Patient-reported quality of life (QoL) was

obtained at the first medical appointment, at the end of

irradiation, and 1, 2, and 6 months after RT, using the

Portuguese-validated versions of the European Organisation for

Research and Treatment of Cancer (EORTC) QLQ-30 and the

breast cancer-specific QLQ-BR23 applied questionnaires (20, 21,

23). The treating physician did not participate in the data analysis,

which was performed by an independent committee.
2.5 Lymphedema evaluation

Lymphedemawas evaluated bymeasuring the circumference of the

affected and contralateral arm using the Casley–Smith volume formula

(22, 24). The volume of each arm was estimated by the formula,

corresponding to the distance from the wrist to the arm, which was

divided by four segments of truncated cones separated every 10 cm, as

exemplified by the calculation between segments C1 and C2 below:

V2 =  
h  �   (C2

1 +   (C1  �  C2)   +  C
2
2)

12  �   p
 ,   h = 100  mm

considering h = 100 mm a constant, the volume of each arm was

estimated as the sum of the truncated cones (22).

The arm volume was the assessment at the first RT visit, during

the discharge, and 6 months after the end of irradiation. After the

measurement, the data were tabulated in a spreadsheet, with the

formula already inserted for automatic calculations. Volume

differences (VDs) between the affected arm and the contralateral

were used to define lymphedema. VD >10% was classified as

lymphedema (25, 26).
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2.6 Statistical methods

The primary endpoint of this randomized phase II trial was the

assessment of acute toxicity, considered from the baseline to the 3

months after RT, comparing the CF-RT regimen versus HF-RT.

Acute toxicity fulfills clinical parameters, such as dermatitis,

hyperpigmentation, and edema. Secondary outcomes included

subacute toxicity, assessment of QoL, cosmesis, and lymphedema

of patients treated with irradiation, presented at 6 months

after treatment.

The trial was designed to enroll 80 evaluable patients, which

yielded 80% power with a one-sided significance level of 0.05 to test

the hypothesis that the probability of any grade ≥ 2 acute toxic effect

Hyperfractionated whole breast irradiation (HF-WBI) is no more

than 10% worse than the probability of CF-RT, assuming a

prevalence of any grade ≥ 2 acute toxic outcome of 78% with CF-

RT and 47% with HF-RT and a dropout rate of 15% (27).

Descriptive statistics were used to summarize the data. In the

evaluation of the categorical variables, absolute and relative

frequencies were determined. For the numerical variables, the

absolute frequency, mean, and standard deviation were

considered. The variables measured by the EORTC QLQ-C30 and

QLQ BR23 were modified by linear transformation with scores

from 0 to 100, whose high scores represented a high (better) level of

functioning/symptoms or a low (worse) level. A normality test

(Shapiro–Wilk) was performed for each continuous variable. The

comparative analysis of categorical variables between the control

and experimental groups was performed using the chi-square test
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and Fisher’s exact test, while numerical variables were compared

using the Mann–Whitney U test. The intergroup comparison of the

EORTC QLQ-C30 was performed using the generalized estimating

equation (GEE) method, known as an extension of generalized

linear models. All analyses used two-sided a = 0.05 and were

performed using the R software version 4.1.2.
3 Results

Between November 2019 and February 2022, 128 patients were

assessed for eligibility. A total of 86 womenwere allocated to the CF-RT

(n = 53; 62%) or HF-RT arm (n = 33; 38%) (Figure 1). The mean age

was 57 years (range, 25–91), and patients were self-declared white (30%

× 41%), mixed ethnic group (37% × 44%), and black (33% × 15%) in

the CF-RT and HF-RT arms. Regarding educational degrees, the

majority of patients held a low schooling level (Supplementary

Material). Most patients underwent breast-conserving surgery (CF-

RT 73% vs. HF-RT 72%). Mean breast volume, measured using CTV

volume, was greater than 1,100 cc (CF-RT 1196 cc vs.HF-RT 1,224 cc).

Post-mastectomy breast reconstruction accounted for 17% and 12%,

respectively, in the HF-RT and CF-RT groups. Of the patients, 56%

underwent axillary dissection and 44% sentinel lymph node evaluation,

with a mean of 10 lymph nodes removed and two positive lymph

nodes. Almost two-thirds of patients had N1 staging, and the mean

tumor size in this investigation was 3 cm, with 70% and 30% of staging

II and III, respectively (Supplementary Material). Most of the women

had invasive ductal carcinoma (IDC) and positive hormone receptors.
FIGURE 1

Clinical trial flowchart. HF-RT, hypofractionated radiation therapy; CF-RT, conventional fractionated radiation therapy.
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In total, endocrine therapy was used in 67% of the women. Tamoxifen

was the main drug, followed by anastrozole. More than two-thirds of

patients received either neoadjuvant or adjuvant chemotherapy (CF-

RT 72% vs.HF-RT 79%). IMC irradiation was performed in 14% (CF-

RT 15% vs. HF-RT 13%) (Supplementary Material).

There were no differences in overall rates of any physician-

assessed grade 2 or higher and grade 3 or higher acute toxicity

between HF-RT and CF-RT. For specific acute toxicity effects,

patients treated with HF-RT vs. CF-RT had a lower rate of grade

2 hyperpigmentation (23% vs. 55%; p = 0.005). The skin rash grade

2 and grade 3 dermatitis were lower with HF-RT than with CF-RT

(28% vs. 52%, and 0% vs. 6%, respectively; p = 0.022). Most of the

irradiated breasts showed no alteration compatible with fibrosis of

the skin and subcutaneous tissue. There was no difference in acute

grade 1 or higher for fibrosis and hypopigmentation. According to

the esthetics assessment, most of the patients had excellent or good

grades in both arms (CF-RT 40% vs. HF-RT 47%, and 27% CF-RT

vs. 34% CF-RT, respectively; p = 0.288) (Table 1).

The comparative analysis of the physician-reported maximum

global toxicity, including skin rash, fibrosis, and lymphedema,

according to patients aged 65 years or older (Table 2), did not

show a statistical difference between both arms (p > 0.05).

A total of 74 patients were evaluated for 6-month toxicity

effects. There was no difference between arms regarding subacute

toxicity, including the Harvard/NSABP/RTOG cosmesis scale

(Table 3). There was no statistically significant difference in the

rate of lymphedema after 6 months of treatment between the two

RT fractionation groups (13% vs. 12% HF-RT vs. CF-RT,

respectively; p = 1.000) (Figure 2). There were no reports of acute

or subacute grade 4 toxicity, no symptomatic pulmonary toxicity,

ischemic cardiac event, capsular contracture, rib fracture, brachial

plexopathy, deaths, or distant metastases during the analyzed

period. There was no statistical difference between the CF-RT and

HF-RT arms from baseline to 6 months after treatment in

functional and symptom scales of the QLQ-C30 questionnaire

(Table 4). As detailed in Table 5, analysis of the QLQ-BR23

questionnaire showed no difference in symptom and functional

scales between CF-RT and HF-RT groups.
4 Discussion

While breast HF-RT has been extensively studied, the use of HF in

the setting of RNI and post-mastectomy remains more controversial

(28). In this prospective, randomized trial, we evaluated the acute and

subacute toxicity of HF-RT versus CF-RT after breast-conserving

surgery or mastectomy with RNI. A particularly important finding of

this study is the acute more favorable toxic outcome with the use of

HF-RT in the RNI scenario. Specifically, the incidence of acute grade 2

hyperpigmentation was 32% lower in patients treated with HF-RT than

with CF-RT. In addition, acute skin rash grade 2 and grade 3 dermatitis

were significantly lower in the HF-RT arm. Both groups showed

similar rates of other acute complications such as hypopigmentation

and fibrosis of skin or subcutaneous tissue. We observed that HF-RT

was similar to CF-RT concerning adverse physician-reported toxic

effects 6 months after RT.
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Based on long-term results from randomized trials, the evidence

supports HF-RT for patients with early-stage, node-negative breast

cancer aged >50 years after breast-conserving surgery (BCS). These

patients should routinely receive HF-RT regimens of 40–42.6 Gy in

15–16 fractions (8–10, 29). The UK trials have been demonstrating

that other even more abbreviated hypofractionated regimens for

whole-breast radiation therapy (WBRT) can be delivered. The

FAST trial found the dose of 28.5 Gy to be comparable to the 50-

Gy arm and significantly milder in toxicity than the 30-Gy arm (30).

Sequentially, in the FAST FORWARD trial, 26 Gy in five fractions

over 1 week was non-inferior to the standard of 40 Gy in 15

fractions for local tumor control and is as safe in terms of normal

tissue effects up to 5 years (31).

Consistent with our findings, 864 women who received

locoregional radiotherapy in START trials showed no significant

difference in acute toxicity between HF-RT and CF-RT groups (9,

32). Also, in the Chinese large-scale randomized trial directly

comparing post-mastectomy with RNI, the HF-RT had less

frequent grade 3 acute skin toxicity than the CF-RT arm, 3% vs.

8% p< 0.0001 (12). Furthermore, in the MD Anderson trial,

maximum physician-reported acute dermatitis was lower in the

HF-RT arm (36% vs. 69%; p< 0.001).

To our knowledge, this is the first Latin American randomized

trial to report acute and subacute breast radiation toxicity between

hypofractionation and conventional fractionation. Unlike the

majority of the published trials, our population consisted

predominantly of self-declared black or mixed ethnicity and had

low educational levels (5, 29, 33).

Like other studies performed, we face great challenges due to the

COVID-19 pandemic. Most of the time, we deal with the toughest

moments of the pandemic. As it was impossible to postpone the

treatment or to convert the physical appointment into video visits, we

decide to adjust the allocation proportion to allocate a higher number

of patients in the HF-RT, as reported above (34, 35). This shift followed

the recommendations at that time, with emerging data suggesting no

differences in efficacy or toxicity with HF-RT and CF-RT (36, 37).

Regarding the radiation fields, in the Royal Marsden Hospital

(RMH) trial, START A, and START B, approximately 21%, 14%, and

7% of the patients received RNI, respectively (4, 38–41). Even though in

the Chinese study all patients received level III and supraclavicular

fossa nodal irradiation, there was no target volume for axilla and IMC

(12). In our study, women with no axillary dissection received RT to

levels I, II, and III and supraclavicular fossa, while in those who

underwent the lymphadenectomy, the target volume included only the

supraclavicular region and level III. IMC irradiation was performed in

15% of patients in the CF-RT arm versus 13% in the HF-RT arm. The

randomized trials did not include the internal mammary chain in the

target volumes. Despite some studies suggesting equivalent levels of

acute and late toxicity, it is not possible to exclude the possibility of

increased pulmonary, costal arch, and heart toxicity with

hypofractionated radiotherapy (42). No pulmonary toxicity has been

observed in patients with IMC irradiation, although we consider that a

larger trial with long-term follow-up is required.

Breast reconstruction is performed to restore the breast shape after

mastectomy and improves QoL (43). However, post-mastectomy

radiation therapy (PMRT) can lead to increased complications of the
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TABLE 1 Physician-reported maximum acute toxic effects.

Acute skin toxicity CF-RT (N = 33) HF-RT (N = 53) p

Skin rash (radiotherapy-associated dermatitis)

Grade 0 1 (3%) 4 (8%)

0.022
Grade 1 13 (39%) 34 (64%)

Grade 2 17 (52%) 15 (28%)

Grade 3 2 (6%) 0 (0%)

Hyperpigmentation

Grade 0 0 (0%) 4 (8%)

0.005Grade 1 15 (45%) 37 (70%)

Grade 2 18 (55%) 12 (23%)

Hypopigmentation

Grade 0 21 (64%) 32 (60%)

0.912Grade 1 11 (33%) 20 (38%)

Grade 2 1 (3%) 1 (2%)

Induration/fibrosis of skin or subcutaneous tissue

Grade 0 21 (64%) 30 (57%)

0.854
Grade 1 11 (33%) 18 (34%)

Grade 2 1 (3%) 4 (8%)

Grade 3 0 (0%) 1 (2%)

Fibrosis/cosmetics

Grade 0 25 (76%) 34 (64%)

0.499
Grade 1 4 (12%) 10 (19%)

Grade 2 4 (12%) 6 (11%)

Grade 3 0 (0%) 3 (6%)

Deep connective tissue fibrosis

Grade 0 25 (76%) 34 (64%)

0.456Grade 1 6 (18%) 11 (21%)

Grade 2 2 (6%) 8 (15%)

Any acute toxicity grade 2 or higher

No
Yes

10 (30%)
23 (70%)

26 (49%)
27 (51%)

0.136

Any acute toxicity grade 3 or higher

No
Yes

27 (82%)
6 (18%)

48 (91%)
5 (9%)

0.322

Harvard/NSABP/RTOG breast cosmesis grading scale

Poor
Fair
Good
Excellent

5 (15%)
6 (18%)
13 (40%)
9 (27%)

2 (4%)
8 (15%)
25 (47%)
18 (34%)

0.288
F
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As defined by the Harvard/NSABP/RTOG grading scale and CTCAE v. 4.03. Cosmesis and acute toxic effects were recorded on a weekly basis during radiation therapy using a structured
template that specified these toxic effects and their definitions. Any subsequent toxic effect occurring within 60 days of treatment completion was also included in this analysis. Fisher’s exact test
was used for all values except for any grade 2 or higher toxic effect or any grade 3 or higher toxic effect (c2).
HF-RT, hypofractionated radiation therapy; CF-RT, conventional fractionated radiation therapy; NSABP, National Surgical Adjuvant Breast and Bowel Project; RTOG, Radiation Therapy
Oncology Group; CTCAE, Common Terminology Criteria for Adverse Events.
Bold values means statistically significant.
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reconstructed breast (44). There is a paucity of data about how HF-RT

affects breast-related complications after breast reconstruction. Kim

and colleagues conducted a retrospective investigation of the impact of

PMRT with conventional vs. hypofractionated settings and detected no

difference in the occurrence of any or major breast-related

complications between the two fractionations (45). In our trial, we

had a small number of patients who underwent breast reconstruction,

12% and 17% in the CF-RT and HF-RT, respectively, and no difference

was demonstrated between them. There was no implant failure

reported. We look forward to a longer follow-up that could elucidate
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potential related complications. Current trials are evaluating HF-RT

with reconstruction (Alliance221505/NCT03414970; FABREC

Trial/NCT03422003).

The tumor bed boost dose was investigated in the EORTC boost

trial. The results showed local control improvement, although there

was an increased risk of fibrosis (46, 47). The use of a simultaneous

integrated boost (SIB) during the whole-breast treatment has several

theoretical dosimetric advantages and a more convenient treatment

schedule. The dose can be reduced for the remaining breast as well as

for OARs. The hypofractionated boost (HF-boost) has not been
TABLE 2 Physician-assessed maximum toxic effects at 6 months.

Subacute skin toxicity CF-RT
(N = 26)

HF-RT
(N = 48) p

Skin rash (radiotherapy-associated dermatitis)

Grade 0 26 (100%) 45 (94%)
0.548

Grade 1 0 (0%) 3 (6%)

Hyperpigmentation

Grade 0 7 (27%) 22 (46%)

0.125Grade 1 15 (58%) 24 (50%)

Grade 2 4 (15%) 2 (4%)

Hypopigmentation

Grade 0 25 (96%) 46 (96%)
1.000

Grade 1 1 (4%) 2 (4%)

Induration/fibrosis of skin or subcutaneous tissue

Grade 0 21 (81%) 33 (69%)

0.792
Grade 1 4 (15%) 11 (23%)

Grade 2 1 (4%) 3 (6%)

Grade 3 0 (0%) 1 (2%)

Fibrosis/cosmetics

Grade 0 22 (84%) 37 (77%)

0.821
Grade 1 2 (8%) 6 (13%)

Grade 2 2 (8%) 3 (6%)

Grade 3 0 (0%) 2 (4%)

Deep connective tissue fibrosis

Grade 0 23 (88%) 39 (81%)

0.793Grade 1 2 (8%) 5 (11%)

Grade 2 1 (4%) 4 (8%)

Harvard/NSABP/RTOG breast cosmesis grading scale

Poor
Fair
Good
Excellent

0 (0%)
1 (4%)
10 (38%)
15 (58%)

1 (2%)
5 (10%)
11 (23%)
31 (65%)

0.432
frontier
HF-RT, hypofractionated radiation therapy; CF-RT, conventional fractionated radiation therapy; NSABP, National Surgical Adjuvant Breast and Bowel Project; RTOG, Radiation Therapy
Oncology Group; CTCAE, Common Terminology Criteria for Adverse Events.
As defined by the Harvard/NSABP/RTOG grading scale and CTCAE v. 4.03. Cosmesis and acute toxic effects were recorded 6 months after radiation therapy using a structured template that
specified these toxic effects and their definitions. Any subsequent toxic effect occurring 6 months after the treatment completion was also included in this analysis.
The Fisher’s exact test was used for all values except for any grade 2 or higher toxic effect or any grade 3 or higher toxic effect (c2).
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TABLE 3 Mean baseline and 1-, 2-, and 6-month EORTC QLQ-C30 scale by randomization arm.

CF-RT HF-RT

Mean (SD) Mean (SD) p-Value

Baseline

Fatigue 16 (26) 13 (19) 0.549

Nausea and vomiting 10 (22) 4 (12) 0.206

Pain 24 (31) 14 (23) 0.111

Dyspnea 12 (26) 8 (23) 0.467

Insomnia 28 (40) 16 (30) 0.117

Loss of appetite 13 (31) 11 (27) 0.706

Constipation 23 (35) 6 (20) 0.07

Diarrhea 3 (13) 3 (11) 0.847

Financial difficulties 23 (35) 16 (30) 0.298

One-month follow-up

Fatigue 20 (29) 13 (20) 0.175

Nausea and vomiting 10 (24) 7 (13) 0.421

Pain 20 (30) 19 (23) 0.746

Dyspnea 18 (31) 9 (19) 0.096

Insomnia 26 (41) 19 (36) 0.394

Loss of appetite 15 (33) 10 (23) 0.392

Constipation 16 (30) 9 (26) 0.217

Diarrhea 6 (21) 3 (9) 0.367

Financial difficulties 23 (39) 21 (35) 0.778

Two-month follow-up

Fatigue 15 (25) 15 (22) 0.976

Nausea and vomiting 3 (9) 5 (14) 0.329

Pain 23 (32) 19 (25) 0.544

Dyspnea 14 (31) 13 (29) 0.924

Insomnia 26 (40) 19 (36) 0.481

Loss of appetite 11 (28) 13 (28) 0.717

Constipation 14 (32) 10 (23) 0.558

Diarrhea 4 (19) 3 (14) 0.813

Financial difficulties 22 (38) 18 (34) 0.68

Six-month follow-up

Fatigue 13 (21) 18 (27)

Nausea and vomiting 4 (10) 10 (23)

Pain 21 (31) 23 (30)

Dyspnea 9 (24) 13 (26)

Insomnia 26 (36) 30 (40)

Loss of appetite 18 (32) 12 (25)

Constipation 15 (34) 16 (32)

(Continued)
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TABLE 3 Continued

CF-RT HF-RT

Mean (SD) Mean (SD) p-Value

Diarrhea 4 (20) 6 (20)

Financial difficulties 14 (29) 16 (31)
F
rontiers in Oncology
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HF-RT, hypofractionated radiation therapy; CF-RT, conventional fractionated radiation therapy; SD, standard deviation; EORTC QLQ-C30, European Organisation for Research and Treatment
of Cancer quality of life questionnaire—core questionnaire/Portuguese (Brazil).
p-Value from Mann–Whitney test.
FIGURE 2

Comparison of lymphedema by randomization arm 6 months after treatment.
TABLE 4 Mean baseline and 1-, 2-, and 6-month EORTC QLQ-BR23 scale by randomization arm.

Index

CF-RT HF-RT
p-Value

Mean (SD) Mean (SD)

Baseline

Functional scales

Body image 76 (26) 77 (27) 0.808

Sexual functioning 74 (31) 79 (29) 0.45

Sexual pleasure 70 (35) 75 (29) 0.417

Future perspective 73 (36) 77 (29) 0.583

Symptom scales

Side effects of systemic therapy 26 (22) 24 (16) 0.757

Breast symptoms 30 (29) 19 (26) 0.066

Arm symptoms 24 (26) 17 (21) 0.179

Upset by hair loss 14 (33) 17 (34) 0.699

One-month follow-up

Functional scale

Body image 76 (32) 75 (26) 0.941

Sexual functioning 78 (31) 73 (32) 0.526

(Continued)
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extensively investigated; however, emerging data suggested that it

may be effective and safe. One Chinese study with 185 patients

evaluated CF-RT with 50 Gy in 25 fractions followed by a sequential

boost of 10 Gy in 5 fractions versus HF-RT with 42.56 Gy in 16

fractions with a SIB up to 48 Gy in 16 fractions. After 2 years, no

difference in skin toxicity or cosmetic outcomes between the two

arms was detected. Furthermore, the authors highlighted the

possibility of hypofractionation with a concomitant boost as a

valuable choice to recommend suitable candidates during the

COVID-19 epidemic, as we did in our study (48). These findings

were consistent with our study, in which all patients undergoing BCS
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received a boost (concurrent in the HF-RT arm versus sequential in

the CF-RT arm), and there was no difference in acute toxicity,

fibrosis, or worsening of cosmesis over the 6-month follow-up.

Axillary lymph node dissection and adjuvant radiotherapy are risk

factors for lymphedema related to breast cancer (49, 50). The literature

has investigated a wide variety of methods for evaluating limb volume

when lymphedema is diagnosed. Options include bioelectrical

impedance analysis (BIA), tape measurement, perometry, and water

displacement. In our trial, lymphedema was evaluated by arm-treated

volume measurement in comparison to the contralateral arm (51, 52).

In the Indian randomized investigation with CF-RT versus HF-RT at a
TABLE 4 Continued

Index

CF-RT HF-RT
p-Value

Mean (SD) Mean (SD)

Sexual pleasure 62 (39) 75 (29) 0.087

Future perspective 76 (30) 76 (29) 0.855

Symptom scales

Side effects of systemic therapy 24 (21) 20 (15) 0.343

Breast symptoms 20 (27) 16 (20) 0.399

Arm symptoms 20 (22) 15 (19) 0.307

Upset by hair loss 14 (33) 12 (29) 0.774

Two-month follow-up

Functional scales

Body image 73 (35) 76 (28) 0.811

Sexual functioning 78 (36) 80 (32) 0.878

Sexual pleasure 71 (36) 68 (36) 0.762

Future perspective 78 (35) 79 (32) 0.947

Symptom scales

Side effects of systemic therapy 23 (21) 22 (19) 0.966

Breast symptoms 15 (21) 12 (20) 0.558

Arm symptoms 18 (24) 18 (24) 0.995

Upset by hair loss 16 (33) 15 (35) 0.855

Six-month follow-up

Body image 79 (29) 82 (22) 0.676

Sexual functioning 78 (30) 76 (33) 0.608

Sexual pleasure 69 (39) 70 (35) 0.818

Future perspective 78 (31) 76 (35) 0.578

Symptom scales

Side effects of systemic therapy 23 (25) 19 (20) 0.864

Breast symptoms 16 (25) 16 (25) 0.612

Arm symptoms 19 (25) 18 (22) 0.939

Upset by hair loss 12 (33) 3 (10) 0.353
fron
HF-RT, hypofractionated radiation therapy; CF-RT, conventional fractionated radiation therapy; SD, standard deviation; EORTC QLQ-BR23, European Organisation for Research and
Treatment of Cancer quality of life questionnaire—Breast Module/Portuguese (Brazil).
p-Value from Mann–Whitney test.
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median follow-up of 20 months, lymphedema was not observed at 88%

in conventional irradiation and 86% in hypofractionation (53). A

cohort of 1,640 breast cancer patients receiving post-mastectomy

radiotherapy found lymphedema in four patients in CF-RT (1%) and

four patients in HF-RT (1%), with no statistically significant difference

between the schedules (54). Our lymphedema evaluation was

performed from the baseline to 6 months after the treatment, and

there was no statistically significant difference between arms. As

lymphedema is considered a late toxicity effect of radiation therapy, a

longer time of follow-up for our patients may be necessary.
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Health-related quality of life is considered an important endpoint

in cancer clinical trials (55, 56). There are scarce data available to

describe patient-reported outcomes of hypofractionation in

comparison to conventional fractionation. Jagsi and colleagues

present a study with academic and community radiation oncology

centers showing higher rates of fatigue 30% vs. 19%, p = 0.02, and self-

reported moderate/severe pain, 41% vs. 24%, p = 0.003, respectively, to

the CF-RT versus HF-RT (57). The MD Anderson trial reported less

fatigue in patients randomized to the HF-RT group (0% vs. 6%; p =

0.01) and less lack of energy (23% vs. 39%; p< 0.001) vs. the CF-RT
TABLE 5 Physician-reported maximum global toxicity according to patients up to 65 years or older.

Global toxicity <65 years old
(N = 60)

≥65 years old
(N = 26) p

Skin rash (radiotherapy-associated dermatitis)

Grade 0 5 (8%) 0 (0%)
0.133

Grade 1 31 (52%) 16 (62%)

Grade 2 22 (37%) 10 (38%)

Grade 3 2 (3%) 0 (0%)

Hyperpigmentation

Grade 0 3 (5%) 1 (4%)

0.615Grade 1 34 (57%) 18 (69%)

Grade 2 23 (38%) 7 (27%)

Hypopigmentation

Grade 0 33 (55%) 20 (77%)
0.054

Grade 1 26 (43%) 5 (19%)

Grade 2 1 (2%) 1 (4%)

Induration/fibrosis of skin or subcutaneous tissue

Grade 0 36 (60%) 15 (58%)

0.950
Grade 1 20 (33%) 9 (34%)

Grade 2 3 (5%) 2 (8%)

Grade 3 1 (2%) 0 (0%)

Fibrosis/cosmetics

Grade 0 42 (70%) 17 (66%)

0.649
Grade 1 9 (15%) 5 (19%)

Grade 2 6 (10%) 4 (15%)

Grade 3 3 (5%) 0 (0%)

Deep connective tissue fibrosis

Grade 0 43 (72%) 16 (62%)

0.581Grade 1 11 (18%) 6 (23%)

Grade 2 6 (10%) 4 (15%)

Lymphedema

Lymphedema 7 (12%) 3 (12%) 1.000

Normal 53 (88%) 23 (88%)
frontier
Fisher’s exact test.
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group (27). The results of the abovementioned studies conflict with our

trial. The QLC-C30 and QLC-BR23 scales were used to assess many

factors. No difference was detected in all quality-of-life domains

between arms. Nevertheless, it is important to mention that

differences in the toxicity profile compared to our trial may be due

to a limited number of patients enrolled in the present study, which

might be unable and underpowered to detect smaller differences.

Our results revealed that even the subset of patients up to 65

years or older did not show a statistical difference between both arm

fractionation schedules (p > 0.05) regarding skin rash, fibrosis, and

lymphedema. Hypofractionation is more beneficial for frail and

older patients because it reduces the need for transportation and

increases their adherence, as verified by other studies (58, 59).

Nevertheless, since there are a small number of elderly patients over

70 years old in our research, more studies should be conducted to

investigate this finding.

This trial has some limitations. First, our study has a small

sample size and a short-term follow-up period for late toxicity.

Second, our study was carried out at a single center. Third, it was

not double-blind. Fourth, overall survival data and local recurrence

outcomes are absent. However, in this study, patients were selected

by intention-to-treat analysis, and this analysis may stimulate more

future research for these purposes. Additionally, our findings add to

the evidence for HF-RT, which would help in therapeutic decisions

even after the pandemic period.
5 Conclusions

In this randomized phase 2 study, HF-RT showed a lower

frequency of skin rash and global acute and subacute toxicity when

compared to CF-RT. There was a higher incidence of skin rash and

hyperchromia in the control group. Due to the limitations of this

analysis, more randomized phase 3 studies with a larger number of

patients and a longer follow-up period are needed to better evaluate

and compare toxicity.
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Headings
Fron
◼ Hypofractionated radiation therapy has irradiation dose

fractions greater than 2 Gy/day.

◼ Conventional fractionation has daily radiation doses of 1.8–

2 Gy.

◼ The primary endpoint of this randomized phase II trial was

the assessment of acute toxicity.

◼ Secondary endpoints were subacute toxicity, assessment of

QoL, cosmesis, and lymphedema.

◼ Skin rash grade 2 and grade 3 dermatitis were lower with

HF-RT than with CF-RT.
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◼ HF-RT was non-inferior with a lower frequency of skin rash

and global acute and subacute toxicity when compared to

CF-RT.
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Unraveling the safety of adjuvant
radiotherapy in prostate cancer:
impact of older age and
hypofractionated regimens
on acute and late
toxicity - a multicenter
comprehensive analysis
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Annalisa Cortesi4, Claudio Malizia5, Lorenzo Bianchi1,6,
Maria Ntreta3, Alessandra Arcelli 3, Ilaria Capocaccia1,3,
Elena Natoli 1,3, Savino Cilla7, Francesco Cellini8,10,
Luca Tagliaferri8, Lidia Strigari9, Silvia Cammelli 1,3,
Riccardo Schiavina1,6, Eugenio Brunocilla1,6,
Alessio Giuseppe Morganti1,3‡ and Francesco Deodato2,10‡

1Department of Medical and Surgical Sciences (DIMEC), Alma Mater Studiorum University of Bologna,
Bologna, Italy, 2Radiation Oncology Unit, Gemelli Molise Hospital - Università Cattolica del Sacro
Cuore, Campobasso, Italy, 3Radiation Oncology, IRCCS Azienda Ospedaliero-Universitaria di Bologna,
Bologna, Italy, 4Radiotherapy Unit, IRCCS Istituto Romagnolo per lo Studio dei Tumori (IRST) “Dino
Amadori”, Meldola, Italy, 5Nuclear Medicine, IRCCS Azienda Ospedaliero-Universitaria di Bologna,
Bologna, Italy, 6Division of Urology, IRCCS Azienda Ospedaliero-Universitaria di Bologna,
Bologna, Italy, 7Medical Physics Unit, Gemelli Molise Hospital, Campobasso, Italy, 8Fondazione
Policlinico Universitario “A. Gemelli” IRCCS, Dipartimento di Diagnostica per Immagini, Radioterapia
Oncologica ed Ematologia, Rome, Italy, 9Department of Medical Physics, IRCCS Azienda
Ospedaliero-Universitaria di Bologna, Bologna, Italy, 10Istituto di Radiologia, Università Cattolica del
Sacro Cuore, Roma, Italy
Background: The objective of this study was to assess the impact of age and

other patient and treatment characteristics on toxicity in prostate cancer patients

receiving adjuvant radiotherapy (RT).

Materials and methods: This observational study (ICAROS-1) evaluated both

acute (RTOG) and late (RTOG/EORTC) toxicity. Patient- (age; Charlson’s

comorbidity index) and treatment-related characteristics (nodal irradiation;

previous TURP; use, type, and duration of ADT, RT fractionation and

technique, image-guidance systems, EQD2 delivered to the prostate bed and

pelvic nodes) were recorded and analyzed.

Results: A total of 381 patients were enrolled. The median EQD2 to the prostate

bed (a/b=1.5) was 71.4 Gy. The majority of patients (75.4%) were treated with

intensity-modulated radiation therapy (IMRT) or volumetric-modulated arc

therapy (VMAT). Acute G3 gastrointestinal (GI) and genitourinary (GU) toxicity

rates were 0.5% and 1.3%, respectively. No patients experienced >G3 acute

toxicity. The multivariable analysis of acute toxicity (binomial logistic regression)
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showed a statistically significant association between older age (> 65) and

decreased odds of G≥2 GI acute toxicity (OR: 0.569; 95%CI: 0.329-0.973; p:

0.040) and decreased odds of G≥2 GU acute toxicity (OR: 0.956; 95%CI: 0.918-

0.996; p: 0.031). The 5-year late toxicity-free survival rates for G≥3 GI and GU

toxicity were 98.1% and 94.5%, respectively. The only significant correlation

found (Cox’s regression model) was a reduced risk of late GI toxicity in patients

undergoing hypofractionation (HR: 0.38; 95% CI: 0.18-0.78; p: 0.008).

Conclusions: The unexpected results of this analysis could be explained by a

“response shift bias” concerning the protective effect of older age and by

treatment in later periods (using IMRT/VMAT) concerning the favorable effect

of hypofractionation. However, overall, the study suggests that age should not be

a reason to avoid adjuvant RT and that the latter is well-tolerated even with

moderately hypofractionated regimens.
KEYWORDS

prostate neoplasms, observational study, toxicity, predictive factors, radiotherapy,
adjuvant therapy
Introduction

Prostate cancer (PCa) is a significant health concern, ranking

second in terms of incidence and fifth in terms of mortality among

male populations (1). Radical prostatectomy (RP) is a commonly

employed treatment option for PCa. However, the five-year

biochemical relapse-free survival (bRFS) rate after RP is

approximately 50% of patients with high-risk features at

pathological evaluation (2–4).

Postoperative radiotherapy (RT) has been investigated as an

adjunctive treatment following RP, and the results of four

randomized studies (2–5) have demonstrated improved bRFS

rates (around 25% at five years) compared to RP alone.

Moreover, one of these studies has shown a significantly reduced

risk of metastasis and improved overall survival (OS) with

postoperative RT (6).

Consequently, international guidelines, such as those from the

European Association of Urology1 (EAU 2022) and the National

Comprehensive Cancer Network2 (NCCN 2022), recommend

postoperative RT as an adjuvant therapy for selected PCa

patients. Specifically, EAU guidelines recommend adjuvant RT for

high-risk patients (pN0) with at least two of the following high-risk

features: International Society of Urological Pathology (ISUP) grade

group 4–5, pT3 stage, and positive surgical margins.

Nevertheless, recent randomized trials (7–9) and a meta-

analysis (10) have demonstrated that early salvage RT can achieve

biochemical and clinical outcomes comparable to those of adjuvant

RT, while significantly reducing the number of patients requiring
pter/treatment.

df/prostate.pdf.

0222
pelvic RT and improving overall treatment tolerability. These

findings highlight the importance of careful patient selection for

adjuvant RT, considering the cost/benefit ratio.

In this regard, it is crucial to consider both factors that predict

greater benefit from adjuvant RT, such as seminal vesicle

involvement (11) and positive surgical margins (12) as well as

factors that indicate a higher risk of side effects. However, the

available evidence on the latter topic is limited and often derived

from small studies that have analyzed only specific patient and/or

treatment characteristics (13–17).

Therefore, the aim of this study is to analyze multiple patient-

and treatment-related factors in a large multicenter series of PCa

patients who underwent adjuvant RT, with the goal of identifying

predictors of increased toxicity, and in particular to evaluate

whether older age is associated with a greater risk of radiation-

induced side effects.
Material and methods

Study design and endpoints

This sub-analysis is part of a multicenter observational study

(311/2019/Oss/AOUBo, ICAROS-1 study) focusing specifically on

patients with PCa who underwent postoperative adjuvant RT. The

study endpoints encompass both acute and late gastrointestinal (GI)

and genitourinary (GU) toxicities.
Inclusion criteria

The inclusion criteria were as follows: 1) patients diagnosed

with PCa who underwent RP with negative or microscopically
frontiersin.org
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positive margins (R0-1) and no distant metastases, and 2) RT

delivered using external beam techniques with photon beams.

Exclusion criteria were: 1) presence of macroscopic (R2) residual

disease after RP, 2) postoperative PSA level exceeding 0.2 ng/ml,

and 3) postoperative RT delivered more than one year after RP.
Evaluated parameters

The recorded and evaluated patient-related characteristics

included age and Charlson’s comorbidity index. Age was analyzed

both as a continuous variable and as a dichotomous variable using a

cut-off at the median value. The analyzed treatment characteristics

encompassed the delivery of prophylactic lymph node irradiation

(PNI), previous transurethral resection of the prostate (TURP), use

and type of adjuvant androgen deprivation therapy (ADT) (LH-RH

analogues or high-dose bicalutamide) and its duration, RT

fractionation and technique (including the type of image-

guidance systems employed), as well as the Equivalent Dose in 2

Gy per fraction (EQD2) delivered to the prostate bed and pelvic

lymph nodes. Acute toxicity was monitored with weekly visits

during treatment and with a follow-up visit 2 months after the

end of treatment. Late toxicity was evaluated with a first follow-up

visit 6 months after the end of treatment and then with further visits

every 6 months up to 24 months after treatment, followed by annual

assessments up to 10 years. Gastrointestinal toxicity was evaluated

by patient interviews and proctoscopy, if necessary. Genitourinary

toxicity was assessed through patient interviews and urine analysis

during follow-up.
Statistical analysis

Statistical computations were performed using IBM SPSS

Version 22.0 software package (IBM Corp, Armonk, NY, USA). A

p-value less than 0.05 was considered statistically significant. Acute
Frontiers in Oncology 0323
toxicity was evaluated using the RTOG scale, while late toxicity was

assessed using the RTOG/EORTC scale (18). The chi-squared test

with Yates’ continuity correction and Fisher’s exact test were

employed in univariate logistic regression to examine the

correlation between the analyzed variables and acute toxicity.

Additionally, a binomial logistic stepwise regression was used to

estimate the likelihood of acute toxicity based on the

aforementioned variables. Late toxicity-free survival estimates

were calculated using the Kaplan-Meier product-limit method

(19) and compared using the log-rank test (20). Variables with a

p-value less than 0.05 or showing a trend (p < 0.1) in the univariate

analysis were included in a multivariate Cox regression model (21).
Ethical considerations

The study received approval from the local institutional review

board, and participation in the analysis was limited to patients who

provided written informed consent.
Results

Patients, tumors, and
treatment characteristics

A total of 381 patients were included in this analysis, with a

median age of 65 years (range: 43-79 years). Table 1 presents the

patients, tumor, and treatment characteristics. The median

delivered EQD2 to the prostate bed, calculated using a/b ratios of

1.5 Gy, 3 Gy, and 10 Gy, was 71.4 (range: 66.2-78.0), 68.7 (range:

67.0-78.0), and 68.2 (range: 65.1-78.0), respectively. Among the

patients, 127 (33.3%) were treated with standard fractionation,

while 254 (66.7%) received a hypofractionated regimen. EQD2a/

b=3 was significantly higher in patients treated with

hypofractionated regimens compared to standard fractionation
TABLE 1 Patients and treatment characteristics and results of univariate analysis on acute toxicity.

n° of
pts (%)

Gastrointestinal Genitourinary

Grade ≥

2 (%)

c (Fisher’s
exact test)

Univariate
logistic

regression Grade ≥

2 (%)

c (Fisher’s
exact test)

Univariate
logistic

regression

p-value OR
p-

value
p-value OR

p-
value

Age

≤ 65 174 (45.7) 23.5
0.032

ref. 20.1 0.424 ref.

> 65 207 (54.3) 14.5 0.55 0.024 16.4 0.78 0.352

CV 381 (100) 0.97 0.078 0.96 0.044

Charlson’s
comorbidity
index

0 309 (81.1) 19.4

0.161

ref. 18.1 0.971 ref.

1 57 (15.0) 17.5 0.88 0.741 19.3 1.08 0.833

2 13 (3.4) 0 0.00 0.982 15.4 0.82 0.802

3 2 (0.5) 50.0 4.15 0.317 0 0.00 0.983

(Continued)
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TABLE 1 Continued

n° of
pts (%)

Gastrointestinal Genitourinary

Grade ≥

2 (%)

c (Fisher’s
exact test)

Univariate
logistic

regression Grade ≥

2 (%)

c (Fisher’s
exact test)

Univariate
logistic

regression

p-value OR
p-

value
p-value OR

p-
value

Age adjusted
Charlson’s
comorbidity
index

0 6 (1.6) 16.7

0.173

ref. 33.3 0.237 ref.

1 49 (12.9) 16.3 0.98 0.983 15.7 0.88 0.892

2 178 (46.7) 24.7 1.64 0.655 16.8 0.37 0.268

3 119 (31.2) 12.6 0.72 0.772 16.0 0.40 0.314

4 25 (6.6) 12.0 0.68 0.761 0 0.38 0.346

5 3 (0.8) 0 0.00 0.987 0 0.0 0.986

6 1 (0.3) 0 0.00 0.992 0 0.0 0.992

PNI
No 84 (22) 13.1

0.187
ref. 10.7

0.053
ref.

Yes 297 (78) 20.2 1.68 0.143 20.2 2.11 0.050

Hypofractionation
No 127 (33.3) 15.7

0.376
ref. 15.7

0.480
ref.

Yes 254 (66.7) 20.1 1.34 0.307 19.3 1.28 0.398

Lymphadenectomy

No 94 (24.7) 21.3

0.288

ref. 19.1

0.706

ref.

< 15* 121 (31.8) 14.0 0.60 0.166 15.7 0.79 0.507

≥ 15* 166 (43.8) 20.5 0.95 0.879 1.2 1.01 0.980

EQD2 prostate bed
a/b10 (Gy)

≤ 68.3 193 (50.7) 17.3
0.699

ref. 16.2
0.358

ref.

> 68.3 188 (49.3) 19.7 1.15 0.605 20.2 1.32 0.294

CV 381 (100) 1.00 0.164 1.00 0.103

Radiotherapy
Technique

3D-
CRT

94 (24.7) 13.8

0.214

ref. 13.8

0.271

ref.

IMRT 273 (71.7) 20.9 1.64 0.136 20.1 1.57 0.177

VMAT 14 (3.7) 7.1 0.48 0.496 7.1 0.48 0.496

Image guidance
EPID 351 (92.1) 18.8

1
ref. 18.8

0.480
ref.

CB-CT 30 (7.9) 16.7 0.86 0.773 10.0 0.48 0.239

ADT
No 127 (33.) 18.9

1
ref. 13.4

0.120
ref.

Yes 254 (66.7) 18.5 0.97 0.926 20.5 1.67 0.092

Type of
ADT

None 127 (33.3) 18.9

0.381

ref. 13.4

0.108

ref.

LHRH 183 (48.0) 16.4 0.84 0.568 18.6 1.48 0.227

HD-
Bic

71 (18.6) 23.9 1.35 0.402 25.4 2.20 0.036

EQD2 lymph
nodes a/b10 (Gy)

≤ 44.3 280 (73.5) 18.2
0.839

ref. 16.4
0.204

ref.

> 44.3 101 (26.5) 19.8 1.11 0.725 22.8 1.5 0.158

CV 381 (100) 1.00 0.126 1.0001 0.035
F
rontiers in Oncology
 0424
 front
ADT, adjuvant deprivation therapy; CV, Continuous variable; PNI, prophylactic nodal irradiation.
Bold values means p-value less than 0.05.
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protocols (mean: 71.3 Gy versus 69.7 Gy; p<0.001). RT was

delivered using either 3D-conformal RT (94 patients, 24.7%) or

modulated techniques such as intensity modulated arc therapy

(IMRT) or volumetric modulated arc therapy (VMAT) (287

patients, 75.3%). The dose to the prostatic bed ranged between 65

and 78 Gy (median: 66 Gy). Moreover, of 254 patients treated with

hypofractionation, the dose per fraction was 2.2 Gy in 100 patients,

2.5 Gy in 142 patients, and 2.6 Gy in 12 patients. Furthermore, of

127 patients treated with standard fractionation, the dose per

fraction was 1.8 Gy in 42 patients and 2 Gy in 85 patients.

Additionally, out of 254 patients treated with hypofractionation,

239 (94.1%) were treated with IMRT/VMAT and 15 (5.9%) with

3D-CRT. Finally, out of 297 patients receiving nodal irradiation,

250 (84.2%) were treated with IMRT/VMAT, while 47 (15.8%) were

treated with 3D-CRT. Daily on-line set-up corrections were

performed using an electronic portal imaging device (351

patients, 92.1%) or an on-board cone-beam CT (30 patients,

7.9%), as previously described (22).
Acute and late toxicity

Table 1 provides the results in terms of acute toxicity. None of

the patients experienced acute toxicity greater than Grade 3, and the

rates of Grade 3 gastrointestinal (GI) and genitourinary (GU)

toxicity were 0.5% and 1.3%, respectively. The actuarial 5-year

rates of Grade ≥ 2 GI and GU late toxicity-free survival were

90.4% and 83.5%, respectively. The actuarial 5-year rates of Grade ≥

3 GI and GU late toxicity-free survival were 98.1% and

94.5%, respectively.
Univariate analysis

Univariate analysis revealed that acute Grade ≥ 3 GI and GU

toxicity rates were not significantly correlated with any of the

analyzed parameters. However, the delivery of PNI showed a

trend for correlation with higher rates of Grade ≥ 2 acute GU

toxicity (Table 1).

The actuarial 5-year late Grade ≥ 2 GI toxicity was significantly

lower in patients treated with hypofractionation (dose per fraction >

2 Gy compared to ≤ 2 Gy; 93.6% vs 84.0%; p: 0.006), IMRT or

VMAT techniques (compared to 3D-conformal therapy; 93.2-

100.0% vs 82.6%; p: 0.027), and PNI (compared to irradiation of

the prostate bed only; 92.9% vs 80.2%; p: 0.009). Moreover, actuarial

5-year late Grade ≥ 2 GU toxicity did not show any significant

correlation with the analyzed parameters. Furthermore, actuarial 5-

year late Grade ≥ 3 GI toxicity was significantly lower in patients

treated with hypofractionation (dose per fraction > 2 Gy compared

to ≤ 2 Gy; 99.2% vs 96.1%; p-value: 0.033) and IMRT or VMAT

techniques (compared to 3D-conformal therapy; 100.0% vs 93.5%;

p-value: 0.022). Late Grade ≥ 3 GU toxicity did not exhibit any

significant correlation with the analyzed parameters (Table 2).
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Multivariate analysis

The multivariable analysis of acute toxicity, conducted using

binomial logistic regression, revealed a statistically significant

association between older age and a reduced risk of Grade ≥ 2 GI

acute toxicity (age analyzed as a dichotomous variable: OR: 0.569;

95% confidence interval [95%CI]: 0.329-0.973; p: 0.040). Apart from

age, no other variable fitted in the multivariable logistic model for

GI Grade ≥ 2 toxicity. Moreover, older age was significantly

associated to a lower risk of Grade ≥ 2 GU acute toxicity (age

analyzed as a continuous variable: OR: 0.956; 95%CI: 0.918-0.996; p:

0.031). Regarding dichotomous variable GU Grade ≥ 2 acute

toxicity, three variables were included in the multivariable model,

including age as a continuous variable, ADT, and EQD2 a/b=10 to
the prostate bed. While ADT and EQD2 enhanced the predictive

model, they were not statistically significant (ADT: OR: 1.730, 95%
CI: 0.966-3.234, p: 0.073; EQD2: OR: 1.0005, 95%CI: 0.9999-1.0010,

p = 0.075). In contrast, the age variable remained statistically

significant, with age showing an inverse association with toxicity

(OR: 0.956, 95% CI: 0.918-0.996, p: 0.031). The multivariable

analysis of late toxicity confirmed only a lower risk of Grade ≥ 2

GI toxicity in patients undergoing hypofractionation (OR: 0.38; 95%
CI: 0.18-0.78; p: 0.008). (Table 3).
Discussion

Adjuvant RT has been associated with an increased risk of side

effects compared to surgery alone (4) and early salvage RT (7–9).

However, it is important to note that, in selected high-risk PCa

patients, adjuvant RT offers a higher chance of cure compared to

surgery alone. Our multicenter observational study confirms that

severe acute toxicity is rare in this setting. The rates of acute Grade

≥ 3 GI and GU toxicity were only 0.5% and 1.3%, respectively, and

the 5-year actuarial cumulative incidence of late Grade ≥ 3 GI and

GU toxicity rates were 1.9% and 5.5%, respectively.

Furthermore, our analysis demonstrated lower rates of GI acute

toxicity in older patients. This unexpected result may arise from the

fact that elderly patients may be more likely to have pre-existing

symptoms or discomfort due to age-related health issues or

comorbidities. As a result, they might be less inclined to report or

attribute certain side effects to RT, especially if these side effects are

mild or non-serious. The phenomenon of underreporting or

downplaying side effects in elderly patients is known as “response

shift” or “response shift bias” (23).

Other studies have reported an increased risk of GI early

adverse effects in patients with higher mean rectal dose (16) or

larger irradiated bowel volumes (24), those receiving PNI (25, 26),

individuals with previous abdominal surgery (24), and those under

anticoagulant or antiplatelet therapy (16). Additionally, Fiorino

et al. observed reduced toxicity rates in patients receiving IMRT

(24), although this effect was not observed in our cohort or in the

study by Flores-Balcazar et al. (27).

Furthermore, our study demonstrated a reduced risk of GU

acute toxicity in older patients, while Martinez-Arribas et al.
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TABLE 2 Actuarial 5-year gastrointestinal and genitourinary late toxicity-free survival rates (Grade ≥ 2 and Grade ≥ 3; Kaplan-Meier) and results of
univariate analysis (log-rank).

No of
pts (%)

Gastrointestinal Genitourinary

G ≥

2 (%)
P G ≥

3 (%)
p G ≥

2 (%)
P G ≥

3 (%)
P

Age ≤

65 years
174 (45.7) 94.1

.065

100.0

.037

83.4

.909

94.3

.683
>
65 years

207 (54.3) 87.2 96.5 83.7 94.6

Charlson’s comorbidity
Index

0 309 (81.1) 91.5

.331

98.1

.900

82.6

.890

93.9

.688
1 57 (15.0) 85.6 98.1 84.4 98.2

2 13 (3.4) 83.9 100.0 92.3 92.3

3 2 (0.5) 100.0 100.0 100.0 100

Age adjusted Charlson’s
comorbidity index

0 6 (1.6) 100.0

.396

100.0

.811

75.0

.865

100.0

,651

1 49 (12.9) 95.8 100.0 90.9 96.8

2 178 (46.7) 92.5 98.3 79.8 93.2

3 119 (31.2) 85.4 97.4 85.4 95.8

4 25 (6.6) 83.0 95.7 86.6 92.0

5 3 (0.8) 100.0 100.0 64.9 100.0

6 1 (0.3) 100.0 100.0 100.0 100.0

Nodal irradiation No 84 (22.0) 80.2
.009

96.8
.288

87.7
.139

98.0
.204

Yes 297 (78.0) 92.9 98.4 82.4 93.5

Hypofractionation No 127 (33.3) 84.0
.006

96.1
.033

83.2
.764

93.2
.533

Yes 254 (66.7) 93.6 99.2 83.6 95.2

Lymphadenectomy No 94 (24.7) 92.6

.098

98.6

.259

79.2

.464

95.9

.758< 15* 166 (43.6) 92.9 99.2 86.9 94.1

≥ 15* 121 (31.8) 84.4 96.0 83.0 93.9

EQD2 to the prostate bed
a/b3 (Gy)

≤ 68.3 226 (59.3) 91.1
.808

98.1
.973

84.2
.603

92.7
.120

> 68.3 155 (40.7) 89.3 98.2 83.2 97.0

Radiotherapy technique 3DCRT 94 (24.7) 82.6

.027

93.5

.002

83.4

.524

96.4

.692IMRT 273 (71.7) 93.2 100.0 83.1 93.2

VMAT 14 (3.7) 100.0 100.0 100.0 100.0

Image guidance EPID 351 (92.1) 90.0
.455

98.0
.556

82.4
.059

94.1
.319

CB 30 (7.9) 96.6 100.0 100.0 100.0

Previous abdominal or
pelvic surgery

No 367 (96.3) 90.3
.914

98.1
.662

83.6
.718

94.3
.467

Yes 14 (3.7) 90.0 100.0 84.4 100.0

Adjuvant Hormone
Therapy

No 127 (33.3) 89.2
.836

98.0
.829

85.9
.341

95.6
.267

Yes 254 (66.3) 91.0 98.2 82.3 93.9

EQD2 to the lymph
node a/b3 (Gy)

No 84 (22.0) 80.2

.033

96.8

.329

87.7

.236

98.0

.121≤ 43.2 196 (51.4) 93.0 99.5 82.2 91.7

> 43.2 101 (26.5) 92.7 96.6 83.5 96.9

Acute GI toxicity G 0 162 (42.5) 91.3 .601 99.0 .442 NA NA NA NA

(Continued)
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reported higher GU acute toxicity rates in patients with urinary

symptoms before RT. Additionally, similar to our findings, Flores-

Balcazar et al. (27) and Deville et al. (26) did not observe a

significant impact of IMRT/VMAT and PNI, respectively.

Moreover, our analysis revealed a reduced risk of GI late toxicity

in patients treated with hypofractionated RT. Another study

observed a higher risk of late GI adverse effects in subjects with

higher body mass index values and those treated with higher RT

doses (17). Furthermore, Flores-Balcazar et al. did not find a

significant impact of IMRT/VMAT, in line with our findings,

while Goenka et al. reported significantly reduced toxicity in

patients treated with IMRT (28). Similarly, Deville et al. did not

find different toxicity rates in subjects treated with PNI (26). **.

In our analysis, no parameter was significantly correlated with

late GU toxicity. However, other studies have reported a significant

correlation between higher toxicity rates and older age and receiving

> 70 Gy to larger bladder volumes (17), hypofractionated RT (15),

and Grade > 2 acute GU toxicity (13, 15). Interestingly, IMRT did

not show an impact on late GU toxicity in two studies (27, 28),

consistent with our analysis. Waldstein et al. reported increased

toxicity rates in patients treated with PNI (25), while Deville et al. did

not observe this correlation (26), similar to our series.

In conclusion, the results of available evidence conflict

regarding: i) the impact of modulated RT techniques on acute

GU toxicity and late GI side effects, and ii) the impact of PNI on late

GU toxicity. Moreover, there is limited evidence available regarding

parameters predicting acute GU side effects.

The use of hypofractionation in the adjuvant RT setting of PCa

remains a controversial topic. Moderately hypofractionated

regimens are considered preferable in patients undergoing

exclusive RT (NCCN 2022) but not in the adjuvant setting.

According to the NCCN guidelines, the recommended standard

fractionation dose for adjuvant/salvage RT is 64-72 Gy (NCCN

2022). However, the data available on this topic are very

heterogeneous. For instance, a systematic review on

hypofractionated postoperative RT reported rates of Grade ≥ 2

late GU toxicity ranging between 0% and 66% (29).

The results of our analysis did not indicate a worse toxicity

profile in patients undergoing hypofractionated RT. Furthermore,

the multivariable analysis revealed a reduced rate of late GI toxicity
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after RT delivered with > 2 Gy per fraction. In contrast, Cozzarini

et al. reported a significant increase in the rate of Grade ≥ 3 GU

toxicity in patients receiving hypofractionated regimens compared

to conventional fractionation (5-year risk: 18.1% versus 6.9%). This

difference can be explained by comparing the equivalent doses

delivered in our study and Cozzarini’s et al. study. Assuming an a/b
ratio of 3 Gy for late effects, patients undergoing hypofractionation

in our study received a median dose of 68.7 Gy, while in Cozzarini’s

et al. study, the range was 68.4-80.8 Gy. Moreover, in Cozzarini’s

et al. study, the EQD2 was > 70 Gy in 79.8% of patients and > 79 Gy

in 32.4% of subjects. Additionally, the EQD2 for PNI was 43.2 Gy in

our series and 50.2 Gy in Cozzarini’s et al. series. Even when using

an a/b ratio of 5, as done by Cozzarini et al., our median EQD2

(67.0 Gy) was lower compared to their analysis (median: 70.4 Gy,

IQR: 70.4-79.2 Gy).

Taken together, the results from the two studies suggest a

possible association between dose and late urological toxicity in

this setting, highlighting the need for further investigation. It is also

worth noting that the safety of hypofractionation observed in our

data is consistent with recent analyses (30–32). Probably, the lower

incidence of late toxicity recorded in patients treated with

hypofractionation in our study, despite a significantly higher

EQD2a/b=3 value, may derive from the delivery of RT in more

recent times, and therefore with more precise techniques.

The paradoxical result of our analysis, of reduced late

gastrointestinal toxicity in patients undergoing PNI, remains to be

explained. The only interpretation we can propose is that patients

with better general conditions and fewer comorbidities (particularly

at the intestinal level) were more frequently referred to PNI.

Our study has certain limitations. The scales used to score acute

and late toxicity are outdated, and an assessment of the treatment

impact on quality of life is lacking. Furthermore, despite efforts to

include as many parameters as possible in the analysis, some were

missing from our database. Among these, several factors have

shown a significant impact on toxicity rates in previous studies,

such as baseline symptoms (16) drug therapy during RT (16),

planning dose/volume indices (14, 17), body mass index (17), and

tobacco history (17).

On the other hand, the strengths of this study lie in the large

number of cases analyzed and the comprehensive inclusion of
TABLE 2 Continued

No of
pts (%)

Gastrointestinal Genitourinary

G ≥

2 (%)
P G ≥

3 (%)
p G ≥

2 (%)
P G ≥

3 (%)
P

G 1 148 (38.8) 88.2 97.1 NA NA NA NA

G 2-3 71 (18.6) 92.5 98.3 NA NA NA NA

Acute GU toxicity G 0 150 (39.4) NA NA NA NA 90.7

.000

95.3

.390G 1 162 (42.5) NA NA NA NA 85.5 92.1

G 2-3 69 (18.1) NA NA NA NA 65.2 98.0
frontiers
3D-CRT, 3-dimensional conformal radiotherapy, CB, cone beam; EQD2, Equivalent Dose in 2 Gy/fraction; EPID, Electronic portal imaging device; G, Grade; GI, gastrointestinal; GU,
genitourinary; NA, not assessed; No, Number; Pts, patients; *number of resected lymph nodes.
Bold values means p<0.1.
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numerous parameters related to both patients and treatments, as

well as RT techniques in the analysis.

In conclusion, the results of our analysis demonstrate that

although adjuvant RT significantly increases the overall rate of
Frontiers in Oncology 0828
adverse events in PCa patients, the risk of severe toxicity is low.

Additionally, acute toxicity rates were higher in younger patients,

while a protective effect of hypofractionation was observed in terms

of late GI toxicity.
TABLE 3 Multivariable analysis of late gastrointestinal and genitourinary toxicity.

Gastrointestinal toxicity (Grade ≥ 2)

Variable Value Hazard Ratio 95%CI p=

Age CV 1.036 0.976-1.107 0.232

Charlson’s comorbidity index 0 Ref

> 0 1.678 0.953-2.955 0.073

Nodal irradiation No Ref
0.802

Yes 0.974 0.593-1.498

Hypofractionation No Ref
0.008

Yes 0.381 0.184-0.783

Lymphadenectomy No/sampling Ref
0.802

Yes (>15) 0.942 0.589-1.505

EQD2 to the prostate bed a/b3 (Gy) CV 1.000 0.998-1.002 0.936

Radiotherapy technique 3D-CRT Ref
0.929

IMRT/VMAT 0.945 0.275-3.251

Image guidance EPID Ref
0.267

Cone-beam CT 0.561 0.202-1.557

EQD2 to the lymph node a/b3 (Gy) CV 1.001 0.998-1.003 0.580

Genitourinary toxicity (Grade ≥ 2)

Variable Value Hazard Ratio 95%CI p=

Age CV 0.991 0.945-1.040 0.710

Charlson’s comorbidity index 0 Ref
0.468

> 0 0.807 0.452-1.440

Nodal irradiation No Ref
0.890

Yes 0.744 0.110-4.894

Hypofractionation No Ref
0.250

Yes 0.544 0.193-1.534

Lymphadenectomy No/sampling Ref
0.074

Yes (>15*) 0.724 0.508-1.031

EQD2 to the prostate bed a/b3 (Gy) CV 1.001 0.998-1.003 0.120

Radiotherapy technique 3D-CRT Ref
0.621

IMRT/VMAT 0.767 0.269-2.191

Image guidance EPID Ref
0.400

Cone-beam CT 0.803 0.606-1.365

EQD2 to the lymph node a/b3 (Gy) CV 1.000 0.999-1.001 0.972

Acute GU toxicity Grade 0-1 Ref
0.059

Grade 2-3 3.060 0.882-13.658
3D-CRT,3-dimensional conformal radiotherapy; EQD2, Equivalent Dose in 2 Gy/fraction; EPID, Electronic portal imaging device; *number of resected lymph nodes.
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To minimize the negative impact of adjuvant RT, further

studies are warranted. These analyses should aim to: i) develop

predictive models of toxicity combined with the risk of recurrence

based on a comprehensive range of clinical, genetic-molecular, and

treatment-related parameters, to guide the careful selection of

patients for immediate adjuvant RT; ii) analyze toxicity rates in

patients undergoing tailored/intensified adjuvant RT. For example,

studies have shown that biochemical relapse-free survival can be

improved by modulating postoperative RT, such as adjusting the

dose based on surgical margin status, delivering PNI in selected

cases, and administering ADT based on the risk of treatment failure

(33–36); iii) clarify the impact of hypofractionation on late GU

toxicity, given the conflicting evidence in the literature (29).
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Retrospective study on the
toxicity induced by stereotactic
body radiotherapy: overview of
the reunion experience on
prostate cancer in
elderly patients
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Mickael Begue1, Olivier Maillot1, Rima Sayah1,
Romain Castanet1, Raoul Caboche2, Pedro Liberati2,
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Nam P. Nguyen4 and Fabien Dutheil1

1Clinique Sainte-Clotilde, Department of Radiotherapy, Groupe Clinifutur, Saint-Denis, La
Réunion, France, 2Clinique Sainte-Clotilde, Department of Urology, Groupe Clinifutur, Saint-Denis, La
Réunion, France, 3Cabinet de Radiologie Les Alizés, Saint-Denis, La Réunion, France, 4Department of
Radiation Oncology, Howard University, College of Medicine, Washington, DC, United States
Introduction: Prostate cancer is the fourth most commonly diagnosed cancer

among men worldwide. Various tools are used to manage disease such as

conventional radiotherapy. However, it has been demonstrated that large

prostate volumes were often associated with higher rates of genitourinary and

gastrointestinal toxicities. Currently, the improvements in radiotherapy

technology have led to the development of stereotactic body radiotherapy,

which delivers higher and much more accurate radiation doses. In order to

complete literature data about short-term outcome and short-term toxic effects

of stereotactic body radiotherapy, we aimed to share our experience about

gastrointestinal and genitourinary toxicities associated with stereotactic body

radiotherapy in prostate cancer in patients over 70 years old.

Methods: We retrospectively reviewed the medical records of elderly patients

with prostate cancer treated between 2021 and 2022. The elderly patients were

treated with a non-coplanar robotic stereotactic body radiotherapy platform

using real-time tracking of implanted fiducials. The prostate, with or without part

of the seminal vesicles, was treated with a total dose of 36.25 Gy delivered in five

fractions, each fraction being administered every other day.

Results: We analyzed a total of 80 elderly patients, comprising 38 low-, 37

intermediate- and 5 high-risk patients. The median follow-up duration was 12

months. We did not observe biochemical/clinical recurrence, distant metastasis,

or death. Grade 2 acute genitourinary toxicity was observed in 9 patients (11.25%)

and Grade 2 acute gastrointestinal toxicity in 4 patients (5.0%). We did not

observe any grade 3 or more acute or late toxicities.
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Conclusion: Over the follow-up period, we noted a low frequency of

gastrointestinal and genitourinary toxicities induced by stereotactic body

radiotherapy in the context of prostate cancer in elderly patients. Therefore,

stereotactic body radiotherapy seems to represent a promising treatment option

for elderly patients, with acceptable acute toxicity.
KEYWORDS

prostate cancer, elderly patients, stereotactic body radiotherapy, gastrointestinal
toxicity, genitourinary toxicity
Introduction

Based on prostate cancer (PCa) statistics, PCa is the 2nd most

commonly occurring cancer in men and the 4th most common

cancer overall. There were more than 1.4 million new cases of

prostate cancer in 2020 (1). Nowadays, the clinical localization of

the disease determines the risk level of the disease through the

National Comprehensive Cancer Network (NCCN) guidelines. As

per these guidelines, most patients diagnosed for PCa have low-risk

or intermediate-risk disease (2). The 5-year survival rate for people

diagnosed with PCa is 84% for those with local- or regional-stage

PCa. However, this rate drops to 31% for those diagnosed with

distant-stage disease (3, 4). Despite an overall 10-year survival rate

of 98% across all stages, which is attributed to the high cure rate of

the disease in the United States, PCa treatment is still associated

with a risk of disability and co-morbidities (5). Various disease

management strategies can be considered for the treatment of PCa,

including definitive external beam radiotherapy (EBRT) delivered

in conventional fractions of 1.8 to 2.0 Gy for 8 or 9 weeks. Given

that prostate cancer exhibits a high sensitivity to higher doses per

fraction due to a low a to b ratio compared to organs at risk,

hypofractionated treatment with a higher dose per fraction seems to

be more appropriate and more effective. Over the past 25 years,

radiotherapy procedures have significantly advanced, resulting in

improved precision for locating and tracking the tumor, and

decreased positioning error rates in the treatments (6). This

improvement has led to the emergence of Stereotactic Body

Radiation Therapy (SBRT) or extreme hypofractionation. In fact,

the combination of multiple fields with image guidance and SBRT

allows to deliver higher and more accurate radiation doses than in

the past (7–13).

Nevertheless, hypofractionation may not be beneficial for all

types of tumors. In case of PCa, it could help to balance the benefits
ent; CTCAE, Common

l Target Volume; EBRT,

Comprehensive Cancer

; PSA, Prostate Specific

f Life; RTOG, Radiation

diation Therapy.
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and risks by improving cure rates and reducing risks of

gastrointestinal and genitourinary toxicities (14–17).

Aging affects the individual’s tolerance to ionizing radiation due

to physiological changes and comorbid illnesses. Indeed, geriatric

conditions can influence the normal tissue response to radiation

and affect the ability of patients to complete radiation treatment and

tolerate radiotherapy-related side effects (18). Of note, radiation-

induced toxicities are not directly proportional to age but are more

associated with the severity of the comorbidities of patients (19).

Moreover, it is well established that the probability of developing

PCa increases with age and that men aged 70 and older may

especially experience radiation-induced toxicities (4).

Even if over the past decade, SBRT technology has been

extensively used worldwide and the data collected has proved that

its effectiveness and acceptability are constantly increasing, there is

a lack of literature data regarding elderly patients and the short-

term outcomes of SBRT, particularly potential short-term

toxic effects.

The aim of this study is to share our experience regarding the

short-term outcomes of SBRT in elderly patients (70 years old and

older) including acute toxicity associated with the treatment in a

cohort of 80 patients with various PCa risk levels (low to high-risk)

treated between 2021 and 2022.
Materials and methods

Patient selection and characteristics

Elderly patients with PCa, for whom radiation therapy was

selected as the preferred treatment in a multidisciplinary

consultation meeting and who opted for SBRT over EBRT, were

included in this study. The 80 patients were exclusively treated with

SBRT at La Clinique Sainte-Clotilde (Reunion Island, France) for

the first time and all toxicity data were collected. To enable tracking

of the prostate and improve the accuracy of the dose delivery during

SBRT, 3 or 4 gold seeds were inserted into the prostate

transperineally or transrectally. In case of transrectal insertion,

prophylactic antibiotics were administrated to the patient before

and after the procedure. The fiducial markers inserted were gold
frontiersin.org
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anchor (0.4x10 mm) delivered through a thin needle (G22) (20, 21).

Patients underwent planning computed tomography with a slice

thickness of 1.5 mm at least 7 days after fiducial markers insertion.

The computed tomography scan extended at least 15 cm above and

below the prostate to ensure the inclusion of the testicles in the

scanned volume. Additionally, a magnetic resonance imaging of the

prostate was performed, specifically to delineate the urethra (22,

23). For low-risk patients, the clinical target volume (CTV) included

only the prostate. However, for intermediate or high-risk patients,

the CTV included the prostate and a proximal 1 cm of the seminal

vesicles (24). The organs at risk (OAR) were delineated according to

the recommendations of the Radiation Therapy Oncology Group

(RTOG) (25). The bladder was contoured as a solid organ from base

to dome. The rectum was contoured from recto-sigmoid flexure to

anal verge. and the urethra from bladder to 2 cm below the prostatic

apex. The bowel was countered as a “bowel bag” i.e in the space

within the peritoneal cavity that could contain the bowel.

The following instructions were given to all patients to ensure

an appropriate bladder and rectum preparation:
Fron
• Empty the bladder one hour before the dosimetric scanner

and the radiotherapy sessions then drink 50 cl of water and

avoid urinating.

• Low residue diet during the treatment phase (from the

medical consultation).

• Prescription of daily laxative (from the medical consultation).

• Fasting 4 hours before the dosimetric scanner and the

treatment sessions.

• Prescription of Enema 2 hours before the dosimetric

scanner and the treatment sessions.
Radiation treatment

Planning
The radiotherapy planning target volume (PTV) is created by

adding appropriate margins to the CTV. To create the PTV, the

CTV is expanded by 5 mm in all directions, except 3 mm

posteriorly. This volume likely includes 1-2 mm of microscopic

extracapsular spread, which helps mitigate delineation uncertainties

and treatment delivery inaccuracies as reported in literature trials

(26, 27). However, optimal margins for high-risk patients needed to

be defined. The primary planning objective was to deliver 36.25 Gy

in 5 fractions to the PTV. The plans were normalized such that 95%

of the PTV volume receives at least 36.25 Gy. The dosimetric

objectives to the OAR are summarized in Table 1.
Treatment
All patient were treated with a non-isocentric robotic radiation

therapy platform (CyberKnife; Accuray, Sunnyvale, CA) capable of

producing rapid fall-off dose gradients with submillimeter accuracy

in dose delivery (28, 29). Three or four prostate fiducials were

tracked in real time, with automatic correction for translational and

rotational target motion. Treatment was completed over a period of
tiers in Oncology 0333
10 to 14 days. Retrospective assessment of genitourinary and

gastrointestinal functions was performed using the CTCAE V.5

scale systems at regular intervals during the first 12 months

following the beginning of the treatment (end of treatment, 1, 3,

6 month and 1 year).
Prostate-specific antigen
level quantification

The blood prostate specific antigen (PSA) levels were measured

before SBRT treatment and after the completion of SBRT. The PSA

bounce was defined as a PSA circulating level increase of 0.2 ng/mL

from the previous level measured, followed by an important decrease.
Statistical analysis

Results were expressed as median ± standard deviation (SD),

mean ± SD or median ± interquartile range when appropriate. One-

way analysis of variance (ANOVA) followed by Sidak tests was
TABLE 1 Organ at risk (OAR) dose constraints.

Organ
at risk

Volume Dose

Rectum

Maximum point dose
(0.03 cc)

≤38.06Gy (105% of the
prescription dose)

Less than 3 cc
<34.4Gy (95% of the
prescription dose)

10% rectum
≤32.625Gy (90% of the

prescription dose)

20% rectum
≤29Gy (80% of the
prescription dose)

50% rectum
≤18.125Gy (50% of the

prescription dose)

Bladder

Maximum point dose
(0.03 cc)

≤38.06Gy (105% of the
prescription dose)

10% bladder
≤32.625Gy (90% of the

prescription dose)

50% bladder
≤18.125Gy (50% of the

prescription dose)

Penil bulb

Maximum point dose <100% of the prescription dose

Less than 3 cc
20Gy (54% of the
prescription dose)

Femoral heads

Less than 10 cc accrued
(right-left)

20Gy (54% of the
prescription dose)

Maximum point dose
30Gy (81% of the
prescription dose)

Bowel
(GETUG 14)

D5 cc <18.1Gy

D1 cc <30Gy

Urethra Maximum dose
≤38.78Gy (107% of the

prescription dose)
cc = cubic centimetre.
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assessed. Multiple comparison between groups was performed

using Graph-Pad Prism 8 program (GraphPad Software, Inc.). A

p values ≤ 0.05 was considered statistically significant.
Results

Distribution of patients according to
tumor characteristics

Eighty elderly patients were treated between September 2021

and December 2022 with SBRT. All characteristics of patients and

tumors are listed in Table 2. The majority of elderly patients had a

prostate cancer classified as T2a and T2b stages and 72.5% of them

had a Gleason score established at 3 + 3 and 3 + 4. Furthermore, this

study included a majority of low and intermediate-risk patients with

5 patients considered as being at high-risk disease and 15% of

patients with a PSA>20 ng/mL. It is worth noting that 58.8% of

patients underwent a hormone therapy.
Radiation dosimetric data

Dosimetric data were collected and listed in Table 3. Results

show selected dose-volume histogram parameters for the rectum,

the bladder and target volumes. This table also indicates the

CTV volume.

The typical dose distribution for radiotherapy treatment of

prostate patients are represented in Figure 1 with the axial

(Figure 1A), sagittal (Figure 1B) and coronal (Figure 1C) views.

The typical Dose-Volume Histogram is represented on Figure 1D as

well as the corresponding dosimetric validation table (Figure 1E).
Genitourinary and gastrointestinal toxicities
reported over time

Toxicity induced by SBRT was assessed by gathering patients’

feedback (Figure 2). The reported toxicity, as measured on the

CTCAE V.5 scale, was low; the gastrointestinal and the

genitourinary grade 2 toxicity occurrence after treatment was 5%

(Figure 2A) and 11.25%, respectively (Figure 2B). Data indicated

that genitourinary toxicity became more significant over time than

gastrointestinal toxicity. Moreover, two patients reported a grade 3

genitourinary toxicity at the vesical globe level.
Correlation between reported toxicities
and dose-volume parameters

The genitourinary toxicity grades were determined by gathering

patients’ feedback over time following SBRT treatment. As shown in

Figure 2, most of the toxicities reported by the patients were

genitourinary. Therefore, we analyzed the dose-volume data to

investigate whether these toxicities could be predicted and

correlated with CTV, PTV, and bladder volume, as well as the
Frontiers in Oncology 0434
doses received by the bladder (Figure 3). No difference was observed

between groups of grades 0, 1 or 2 regarding the prostate CTV, PTV

(Figures 3A, B) and bladder volume (Figure 3C), one week after the

end of SBRT.

On this cohort, we did not observe any correlation between the

toxicity recorded 1 week after the end of SBRT and the doses

received by the bladder (Figures 3D-F).
Prostate-specific antigen analysis

All elderly patients selected for the present study were included

in the post-treatment analysis of prostate specific antigen. The data

presented in Table 2 shows that 58.8% of patients had concomitant
TABLE 2 Distribution of patients according to their PCa characteristics
and their treatments.

Parameters Score/Value Number of
patients (%)

Stage T1a 0 (0)

T1b 2 (2.50)

T1c 3 (3.75)

T2a 35 (43.75)

T2b 33 (41.25)

T2c 6 (7.50)

ND 1 (1.25)

Gleason score 3 + 3 30 (37.5)

3 + 4 28 (35.0)

4 + 3 15 (18.75)

3 + 5 1 (1.25)

4 + 4 1 (1.25)

4 + 5 2 (2.50)

5 + 5 1 (1.25)

ND 2 (2.50)

Initial PSA levels
(ng/mL)

<10 ng/mL 44 (55.0)

10 – 20 ng/mL 24 (30.0)

>20 ng/mL 12 (15.0)

NCCN Risk grouping Low 38 (47.5)

Intermediate 37 (46.3)

High 5 (6.2)

Hormone therapy Yes 47 (58.75)

Short 1 (1.25)

No 32 (40.0)

Age (Mean ± SD) 76.21 ± 5.18

Number of patients (N) 80
NCCN, National Comprehensive cancer Network; ND, not disclosed; PSA, Prostate-
specific antigen.
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androgen deprivation therapy. The PSA levels quantified before the

start of treatment were 19.03 ± 39.69 within a range of [0.230 –

266.00] for 80 patients.
Frontiers in Oncology 0535
The median follow-up time was 12 months and we observed a

gradual decline of the median PSA level over time (Figure 4). Indeed,

the 6 months post-treatment median PSA has dropped to 0.33 ng/ml.

At 6 months after treatment, 20% of patients exhibited a temporary

rise in PSA levels, followed by a subsequent decrease to the previous

levels. However, PSA outcomes with such a short follow-up period

should be interpreted with caution and will need to be reassessed

when the median follow-up period approaches 5 years.
Discussion

The aim of this retrospective study was to report the toxicity

data collected from 80 elderly patients with PCa and treated with

the SBRT technique using the Cyberknife system. No instances of

biochemical or clinical recurrence, distant metastasis occurrence or

death were observed during the follow-up period. Acute

gastrointestinal and genitourinary toxicities observed in this study

were not correlated with the calculated dose levels received by the

bladder or the rectum. Two patients experienced grade 3 toxicity

level during the SBRT treatment, which led to the interruption of

their treatment.

Importantly, geriatric conditions may affect response to

radiation and studies reported that comprehensive geriatric

assessment (CGA) can help to predict the occurrence of acute

radiation-induced toxicities for patients treated for PCa or Head

and neck cancers (30–32).
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FIGURE 1

Typical dose distribution, dose-volume and dosimetric data for application of radiotherapy treatment on prostate cancer. (A) The axial, (B) sagittal
and (C) coronal views were presented concerning dose distribution as well as (D) the dose-Volume Histogram and (E) the corresponding dosimetric
validation table.
TABLE 3 Dose-volume parameters for stereotactic body
radiotherapy plans.

Parameters Median ±
SD (n=80)

CTV Prostate CTV volume 32.64 ± 13.86 cc

PTV Volume of PTV receiving the
prescription dose

95 ± 1.02%

PTV volume 70.83 ± 20.99

PTVmax dose 40.94 ± 1.07 Gy

PTVmin dose 32.69 ± 2.28 Gy

Bladder Bladder maximal dose (0.035 cc) 37.43 ± 0.46 Gy

10% dose for the bladder 28.89 ± 5.99 Gy

50% dose for the bladder 11.57 ± 3.51 Gy

Rectum Rectum maximal dose (0.035 cc) 37.14 ± 0.56 Gy

3 cc dose for the rectum 33.66 ± 2.12 Gy

10% dose for the rectum 29.93 ± 2.66 Gy

20% dose for the rectum 22.27 ± 3.07 Gy

50% dose for the rectum 10.43 ± 3.89 Gy
cc, cubic centimeter; CTV, clinical target volume; PTV, planning target volume.
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In the present study, we did not perform a CGA before SBRT,

which represents a limitation of our study. Recently, studies tried to

predict tolerance of radiotherapy by proceeding to CGA to identify

predictors of reduced Quality of Life (QoL) and occurrence of

toxicities. Nevertheless, some studies on cohorts of prostate cancer

elderly patients using conventional or hypofractionated

radiotherapy demonstrated the lack of sensitivity of CGA

outcome and did not find predictive factors to determine

toxicities or impaired QoL following radiotherapy (33–35).

Indeed, screening tools need to be more experienced.
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PCa incidence risk increases with age and it seems crucial

to pay attention to acute and or late radiation-induced toxicities

for elderly patients after the completion of their radiotherapy

protocol. However, literature data about the side effects of

radiotherapy are more associated with protocols using EBRT

than those using SBRT and the level of evidence in older

patients is limited. Thus, we chose to focus on SBRT-

induced toxicities.

Currently, SBRT technology is a new technique that presents a

significant benefit for PCa treatment. As demonstrated in literature,
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FIGURE 3

Distribution of (A) CTV, (B) PTV, (C) bladder volume, (D) maximum dose (dose in a volume of 0.035 cc) to the bladder, (E) the dose received by 10%
of the bladder volume and (F) the dose received by 50% of the bladder volume by genitourinary toxicity grade occurring one week after the end of
the SBRT treatment. Data are expressed as mean ± SD.
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FIGURE 2

The rate of acute gastrointestinal and genitourinary toxicities after prostate stereotactic body radiotherapy scored following Radiation Therapy
Oncology Group score. (A) The gastrointestinal and (B) genitourinary toxicities were presented overtime after the completion of SBRT protocol.
frontiersin.org

https://doi.org/10.3389/fonc.2024.1302001
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Slama et al. 10.3389/fonc.2024.1302001
results of SBRT are encouraging, supporting its use for PCa

treatment (36, 37).

In fact, several phase III randomized non-inferiority trials have

mentioned that SBRT allowed tumor control without providing

serious toxicities (13, 38). Our study demonstrated that SBRT was

well tolerated in elderly patients; however, a longer follow-up period

would be necessary to assess the real effect of the treatment. Acute

grade 2 genitourinary toxicity was reported for 21 patients (13.6%).

The frequency of acute genitourinary toxicity reported in previous

Phase II or III studies was within a range of 20.2 to 35.3%. Thus, the

frequency of these toxicities found out in our study may seem low

compared to literature data (13, 38, 39). This difference could be

explained by our strict adherence to the bladder dose constraints

recommended by RTOG, in our treatment plans. Similarly, our

study found a lower incidence of gastrointestinal toxicities

compared to the levels commonly reported in the literature for

prostate cancer patients undergoing SBRT. In fact, the 1-year

cumulative incidence rate of grade 2 gastrointestinal toxicities

reached 4% compared to 14% in other studies (40–42).

Interestingly, it has been demonstrated that moderate

hypofractionated RT by helical tomotherapy used to treat patients

aged ≥ 75 years with localized prostate cancer, induced acceptable

acute and late toxicity. As observed in our study using extreme

hypofractionated RT, Cuccia et al. did not observe a significant

difference in urinary and bowel function of patients being treated by

moderate hypofractionated RT (43).

Moreover, we did not observe any post-treatment grade 3

toxicity in our patients, unlike other studies which reported a

toxicity of grade ≥ 3 for 1 to 2% of patients (37, 44). This low

frequency of gastrointestinal toxicities could be also explained by
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the strict compliance with the dose constraints to the organs at risk.

The low levels of toxicity in our study may be also attributed to

other factors. First of all, several publications have demonstrated

that image guided radiotherapy is associated with a lower level of

genitourinary and gastrointestinal toxicities compared to non-

image-guided radiotherapy. This may be attributed to the smaller

positioning errors, thereby avoiding unnecessary irradiation of the

healthy surrounding organs. Moreover, the image guidance allows

for the reduction of radiotherapy planning margins, resulting in

delivering lower doses to the normal tissue (45–47). In addition, the

dose fall-off resulting from the use of multiple noncoplanar beams

produced by the Cyberknife is sharper than in conventional

techniques. Besides, the difference in the alpha/beta ratios

between prostate and rectum may have helped to improve the

therapeutic balance in our favor. In fact, we may be able to achieve

the same cure rates with lower toxicity to the rectum which has a

lower fractionation sensitivity compared to prostate cancer cells.

Biochemical response rates for prostate SBRT have been

published in several trials, the largest being a trial with a cohort

of 1100 patients treated within eight independent US institutions

using similar protocols with doses ranging from 35 to 40 Gy

delivered in 5 fractions (40).

The biochemical response rate at 5-year follow-up was 95.2%

for low risk and 84.1% for intermediate risk patients (including

Gleason 4 + 3) and 86% of patients did not receive androgen

deprivation therapy. The authors noted that out of a total cohort of

49 patients who met the criteria for biochemical failure, 9 patients

experienced a mild PSA rebound but remained biochemically

controlled. A PSA rebound is a recognized but poorly understood

phenomenon occurring after prostate irradiation, and is observed in

20% of the patients in our study. It can persist for several years after

SBRT treatment (48).

In this context, it is important for radiation oncologists to be

aware of this phenomenon to avoid subjecting patients to

unnecessary examinations.

Our study was also limited by its retrospective design and low

sampling. Few patients had associated comorbidities, such as

diabetes or a history of cardiovascular disease requiring

supplemental medication. So, we could not include the

confounding factors in our study. It should be noted that this

study only presents preliminary results. In particular, an important

aspect to consider would be the evaluation of late toxicities, such as

hematuria and rectal hemorrhage which are commonly observed

within 2 years following SBRT treatment. Therefore, the short-term

findings reported in our study should be interpreted with caution. A

longer follow-up is necessary, especially to assess treatment

effectiveness and late toxicities.
Conclusion

The retrospective results obtained from this cohort showed that

SBRT treatment for PCa in elderly patients is well tolerated and

provides an early biochemical response and good efficacy over a

period of one year for patients from Reunion Island. This is in line

with the data from randomized trials such as PACE B and HYPO-
FIGURE 4

Patient level of prostate-specific antigen (PSA) after completion of
prostate stereotactic body radiotherapy. Data are expressed as
median ± interquartile range. The number of patients corresponding
to PSA levels quantified at each period is specified on figure
histogram. Abbreviations: pre-RT = pre-radiotherapy..
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RT trials, which showed the benefit of SBRT for men with low- and

intermediate-risk prostate cancer. Although the treatment is

generally well-tolerated by the patients, the occurrence of

gastrointestinal and genitourinary toxicities remains a

significant problem.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

This retrospective clinical study was evaluated and approved

bythe Ethics Committee of Research at the University of

Montpellier on 09 May 2023 (UM 2023-013). All data collected

were obtained during routine clinical practice and all authors

conducted this study by respecting the ethical standards of their

respective institutions as laid down in the 1964 Declaration of

Helsinki. All patients were informed about the use of their

individual personal data and gave their consent to participate in

the present study.
Author contributions

YS: Writing – original draft, Data curation, Methodology,

Supervision. GB: Validation, Writing – review & editing. AA:

Methodology, Writing – original draft, Formal analysis,
Frontiers in Oncology 0838
Resources. MiB: Methodology, Writing – original draft. OM:

Validation, Writing – review & editing. RS: Methodology, Writing

– review & editing. RoC: Conceptualization, Writing – original

draft. RaC: Data curation, Writing – review & editing. PL: Writing –

original draft, Data curation. HS: Methodology, Writing – review &

editing. MeB: Data curation, Writing – review & editing. OB: Data

curation, Writing – original draft. NN: Writing – original draft. FD:

Writing – original draft, Data curation, Methodology, Supervision.
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
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.
References
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence andmortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin (2021) 71:209–49. doi: 10.3322/caac.21660

2. Mohler JL, Higano CS, Pugh TJ. Prostate Cancer, Version 4.2019, NCCN Clinical
Practice Guidelines in Oncology. NCCN (2019). Available at: https://www.nccn.org.

3. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Cancer J Clin
(2022) 72:7–33. doi: 10.3322/caac.21708

4. American Cancer Society. Cancer Facts & Figures 2022. Atlanta: American
Cancer Society. (2022).

5. Howlader N, Noone A, Krapcho M, Miller D, Brest A, Yu M, et al. SEER cancer
statistics review, 1975-2018. Natl Cancer Inst (2021).

6. P. Weiner J, Schwartz D, Shao M, Osborn V, Choi K, Schreiber D. Stereotactic
radiotherapy of the prostate: fractionation and utilization in the United States. Radiat
Oncol J (2017) 35:137–43. doi: 10.3857/roj.2017.02026

7. Kole TP, Tong M, Wu B, Lei S, Obayomi-Davies O, Chen LN, et al. Late urinary
toxicity modeling after stereotactic body radiotherapy (SBRT) in the definitive
treatment of localized prostate cancer. Acta Oncol (2016) 55:52–8. doi: 10.3109/
0284186X.2015.1037011

8. Helou J, D’Alimonte L, Quon H, Deabreu A, Commisso K, Cheung P, et al.
Stereotactic ablative radiotherapy in the treatment of low and intermediate risk prostate
cancer: Is there an optimal dose? Radiother Oncol (2017) 123:478–82. doi: 10.1016/
j.radonc.2017.03.006

9. Zhang L, Johnson J, Gottschalk AR, Chang AJ, Hsu I-C, Roach M, et al. Receiver
operating curves and dose-volume analysis of late toxicity with stereotactic body
radiation therapy for prostate cancer. Pract Radiat Oncol (2017) 7:e109–16.
doi: 10.1016/j.prro.2016.07.004
10. Jackson WC, Silva J, Hartman HE, Dess RT, Kishan AU, Beeler WH, et al.
Stereotactic body radiation therapy for localized prostate cancer: A systematic review
and meta-analysis of over 6,000 patients treated on prospective studies. Int J Radiat
Oncol (2019) 104:778–89. doi: 10.1016/j.ijrobp.2019.03.051

11. Miszczyk L, Napieralska A, Namysł-Kaletka A, Głowacki G, Grabińska K,
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Urinary incontinence
rehabilitation of after radical
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review and network
meta-analysis
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Sunmeng Chen1 and Ji Lu1*
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Purpose: The aim of this study is to provide treatment for patients with urinary

incontinence at different periods after radical prostatectomy.

Methods: The PubMed, Embase, Cochrane, and Web of Science were searched

for all literature on the effectiveness on urinary control after radical prostate

cancer between the date of database creation and 15 November 2023 and

performed a quality assessment. A network meta-analysis was performed using

RevMan 5.3 and Stata 17.0 software and evaluated using the surface under the

cumulative ranking curve.

Results: The results of the network meta-analysis showed that pelvic floor

muscle therapy including biofeedback with professional therapist–guided

treatment demonstrated better results at 1 month to 6 months; electrical

stimulation, biofeedback, and professional therapist guidance may be more

effective at 3 months of treatment; professional therapist–guided recovery

may be less effective at 6 months of treatment; and combined therapy

demonstrated better results at 1 year of treatment. During the course of

treatment, biofeedback with professional therapist–guided treatment may have

significant therapeutic effects in the short term after surgery, but, in the long

term, the combination of multiple treatments (pelvic floor muscle training+

routine care + biofeedback + professional therapist–guided treatment +

electrical nerve stimulation therapy) may address cases of urinary incontinence

that remain unrecovered long after surgery.

Conclusion: In general, all treatment methods improve the different stages of

functional recovery of the pelvic floor muscles. However, in the long term, there

are no significant differences between the treatments. Given the cost-

effectiveness, pelvic floor muscle training + routine care + biofeedback +

professional therapist–guided treatment + electrical nerve stimulation therapy

within 3 months and pelvic floor muscle + routine care after 3 months may be a

more economical option to treat urinary incontinence.
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1 Introduction

Prostate cancer, one of the most serious diseases affecting older

men, has been increasing in incidence year by year in recent years

and is now the most common malignancy of the male urological

system and related malignancies (1). Prostate cancer may show

great heterogeneity among different patients. Active detection is

usually adopted for some low- to medium-risk tumors with slow

growth, weak invasiveness, and localized prostate cancer. For these

tumors that will not develop in a long period of time, radical surgery

may bring about great side effects (2). For advanced prostate cancer

that progresses rapidly and is highly aggressive, radical prostate

cancer surgery is usually used. The most used surgical procedures

for radical prostate cancer include standard open retropubic radical

prostatectomy, therapeutic laparoscopic radical prostatectomy, and

robot-assisted radical prostatectomy. In a radical prostatectomy, a

patient’s pelvic floor muscles and the nerves that innervate them

may be destroyed, resulting in certain complications, the most

common of which is urinary incontinence in patients after radical

prostatectomy (3). In the realm of surgical approaches, robot-

assisted radical prostatectomy has demonstrated superior

outcomes in postoperative urinary control. The research by

Sehgal et al. indicates that robot-assisted radical prostatectomy

exhibits better results in urinary continence 3 months

postoperatively compared with open radical prostatectomy (4). In

the assessment of postoperative urinary continence, robot-assisted

radical prostatectomy surpasses the outcomes of laparoscopic

radical prostatectomy. Regarding the surgical approach, the study

by Tuğcu et al. (5) suggests that the perineal approach for radical

prostatectomy yields superior results in terms of urinary continence

compared with the abdominal approach.

Urinary incontinence often has a negative impact on the

patient’s physical and mental health, increasing the patient’s

psychological burden and prolonging the postoperative recovery

time. Thus, finding more effective and convenient methods is the

primary issue in this area. Modern studies have documented that

pelvic floor muscle training after radical prostate cancer surgery can

improve incontinence, but they have been based on conventional

randomized controlled trials and traditional meta-analyses, with no

direct-evidence–based medical evidence for the effectiveness of

combining many modalities in the treatment of incontinence. In

summary, this study used a network meta-analysis to compare the
0241
efficacy of many incontinence prevention measures on urinary

incontinence. This method allows for a simultaneous comparison

of the clinical efficacy of many prevention measures on urinary

incontinence prevention, ranked according to the different

treatment effects, and thus provides good-evidence–based medical

evidence for clinical urologists in preventing urinary incontinence

after radical prostate cancer surgery.
2 Methods

2.1 Study design

The study protocol was registered in the International

Prospective Register of Systematic Reviews database (PROSPERO:

CRD42022331797). This study followed the updated Preferred

Reporting Items for Systematic Reviews and Meta-analyses

reporting guideline and its extension for network meta-analysis (6).
2.2 Literature search

We searched PubMed, Embase, and Cochrane CENTRAL

databases to identify reports published by 15 November 2023, on

training for recovery from urinary incontinence after radical

prostate cancer surgery. The trial included treatment related to

pelvic floor muscle therapy after radical prostate cancer surgery. A

number of subject terms and free words related to prostate cancer,

radical surgery, multiple pelvic floor muscle training, and

randomized controlled trials were used. A detailed database

search strategy is given in Figure 1.
2.3 Inclusion and exclusion criteria

A trial was included in the systematic review if: ① The study

type is randomized controlled trial (RCT). ② Languages are limited

to English. ③ Disease diagnostic criteria are authoritative and have

been published in the literature in professional journals. ④ The data

presented in the literature are more standard data. The

interventions were pelvic floor training with a physiotherapist or

routine care and more. ⑤ The outcome indicator was the number of
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people recovering from incontinence at 1 month, 3 months, 6

months, and 12 months after pelvic floor training. ⑥ Patients were

excluded if they had medical history of urethral, vesical, or prostatic

surgery; overactive bladder; and neurogenic lower urinary tract

dysfunction. ⑦ Incontinence was controlled by the following

criteria: 24-h urine pad <2 g or 5.5 g and 8 g; use 1 or fewer pee

pads per day and ICIQ-SF score of 0.

A trial was exclusion in the systematic review if: ① The literature

has a high degree of similarity or is a duplicate report. ② The study

design in the literature has more obvious flaws. ③ The data included

in the literature is incomplete or too much is missing. ④ Animal

studies and research. ⑤ Data in the literature were displayed in icon

format and data could not be extracted after attempts or data were

not available.

Preliminary screening initial screening of ineligible reports was

performed on the basis of the title and abstract of the article.

Potentially relevant reports were reviewed in the full text of the

article, and their relevance was confirmed after data extraction. The

screening of titles and abstracts and the screening of full text were

done independently by two investigators (ZL and TJ),

disagreements were resolved by consensus among the co-authors

(KY), and consensus was reached among the authors.
2.4 Data collection

Two researchers (FB and RH) independently gleaned the

following details from the included articles: the primary author’s

name, year of publication, surgical approach, age of the

experimental and control groups, criteria for assessing urinary

incontinence resolution in each article, total postoperative

treatment duration, specific treatment methods and their

durations, sample size of the experimental and control groups, as

well as the number of patients who achieved urinary continence

recovery at 1 month, 3 months, 6 months, and 12 months. Any

disparities in data extraction were resolved through consensus

among all authors.
2.5 Quality evaluation

After undergoing systematic training, the two researchers (FB

and RH) independently carried out literature screening and cross-

referenced the data extraction in accordance with pre-defined

inclusion and exclusion criteria and data extraction forms. If an
Frontiers in Oncology 0342
agreement could not be reached, then a third researcher involved in

the study was consulted for mediation. The assessment of bias risk

and the quality of the literature was conducted using RevMan 5.3,

utilizing the risk of bias assessment criteria outlined in the

Cochrane Collaboration Network. The assessment involved

evaluating whether: 1) random allocation methods were

employed; 2) there was concealment of the allocation scheme; 3)

patients and physicians involved were blinded; 4) researchers

recording the results were blinded; 5) outcome data were

complete; 6) study results were selectively reported; and 7) there

were other sources of bias. All literature was independently

evaluated by two researchers, and any discrepancies were either

further discussed or resolved through consultation with a third

researcher co-investigating the study. Funnel plots were employed

to ascertain the presence of a small sample effect, with statistical

significance set at p < 0.05.
2.6 Statistical analysis

Stata 17.0 software was applied for data analysis in this paper.

Odds ratios (ORs) and 95% confidence intervals (CI) were used as

effect size indicators for the dichotomous outcome indicators. The

results of direct comparisons were compared with the results of

indirect comparisons using the nodal analysis model in the software

to see if the results were consistent. Inconsistency tests were

performed on the closed loop formed by the direct and indirect

evidence to produce an inconsistency factor (IF). The surface area

under the cumulative ranking curve (SUCRA) was used to estimate

the probability of treatment for each outcome (7), using the SUCRA

to reflect the ranking of the intervention; the closer to 100%, the

higher the probability that the intervention is most effective.
3 Results

3.1 Literature screening process and results

A total of 732 titles were obtained from the initial screening,

including 423 titles from PubMed, 207 titles from EMBASE, 79 titles

from Cochrane, 23 titles from other databases, and some conference

papers. A total of 246 titles were obtained after de-duplication into

Endnote literature management software, and 42 titles were included

after initial screening and rescreening (Figure 2).
FIGURE 1

PubMed search strategy.
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3.2 Basic characteristics of the included
studies: risk of bias evaluation

A total of 4,256 subjects, 2,216 in the experimental group and

2,040 in the control group, were included in the 42 (8–49) RCTs

included in this network meta-analysis, as shown in Supplementary

Table 1. Among the interventions in the experimental group were

Kegel exercises guided by a professional such as a physical

instructor or nurse, bioelectric therapy, pharmacotherapy,

biofeedback, and one or a combination of one or more of

conventional pelvic floor muscle therapy, and, in the control

group a combination of conventional care, one or more of

conventional pelvic floor muscle training and electrotherapy.

Conventional care includes conventional care of patients’ urethral

orifice, change of urinary tube, and cleaning of perineum.

Professional therapists and nurses include those with experience

in pelvic floor exercises. The observed outcome indicators broadly

describe the recovery of urinary control in patients after the

different treatment modalities interventions and after different

time periods in 1 month, 3 months, 6 months, and 12 months.
3.3 Risk of bias evaluation

This network meta-analysis was conducted using the Cochrane

risk-of-bias assessment tool to assess the quality of the 42 included

papers (see Figures 3, 4, where red dots indicate a high risk of bias

for each bias criterion, yellow states a moderate risk, and green

indicates a low risk of bias). In a blinded assessment, if both the
Frontiers in Oncology 0443
experimental and control groups had another form of training in

addition to routine care, in both experimenter exchanges, patients

may perceive themselves as better able to cooperate with treatment

for the experimental group because of the additional training for

both, and it has less psychological impact on patients, at which

point such cases are identified as low risk of bias in the blinded bias

assessment and, conversely, high risk of bias. Thirty-four studies

specified a specific randomization scheme, with the generation of

the randomized sequence being not specified in eight studies and

with a high risk of bias being grouped in two studies. Of the

publication bias, four studies were considered to be at high risk of

bias, possibly due to their association with novel device

development. Other sources of bias were judged to be unclear

except for one study that may have a potential link to a medical

device company or a company related to a novel treatment. One

study clarified the absence of corporate sponsorship (Figures 3, 4).
3.4 Results of the network meta-analysis

3.4.1 The web of relationships
According to the order of the various treatment methods, the 17

treatment methods were classified as follows: routine care (1),

routine care + pelvic floor muscle training (2), pelvic floor muscle

training + routine care + biofeedback (3), routine care + pelvic floor

muscle training + professional therapist–guided treatment (4),

pelvic floor muscle training + routine care + biofeedback +

professional therapist–guided treatment (5), pelvic floor muscle

training + electrical nerve stimulation therapy + routine care (6),
FIGURE 2

Literature screening process and results.
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special medical instruments (penile vibratory stimulation (PVS)

units) + routine care + pelvic floor muscle training (7), routine care

+ pelvic floor muscle training + drug treatment (duloxetine) (8),

pelvic floor muscle training + routine care + biofeedback +

professional therapist–guided treatment + electrical nerve

stimulation therapy (9), routine care + electrical nerve stimulation

therapy + professional therapist–guided treatment + pelvic floor

muscle training (10), electrical nerve stimulation therapy +

biofeedback + pelvic floor muscle training + routine care floor

muscle training + routine care (11), pelvic floor muscle training +
Frontiers in Oncology 0544
routine care + biofeedback + professional therapist–guided

treatment + preoperative pelvic floor muscle training + routine

care (12), pelvic floor muscle training and routine care + pelvic floor

muscle training + advanced pelvic floor exercises (13), routine care

+ preoperative pelvic floor muscle training + biofeedback +

professional therapist–guided (14), routine care + preoperative

pelvic floor muscle training (15), routine care + drug treatment

(duloxetine) (16), routine care + drug treatment (duloxetine) +

pelvic floor muscle training + biofeedback + professional therapist–

guided treatment (17), as shown in Table 1 and Figure 5.

The network relationships for the treatments used to restore

postoperative incontinence in patients undergoing radical

prostatectomy are shown in Figures 6A–D. The network diagram

represents the number of studies, with the thicker the line segment,

the more studies are included; the circular area in the network

diagram represents the sample size of the population using the

measure, with the larger the circle, the larger the population

included in the study. The line segments between the dots

represent studies for which they are directly comparable.
3.4.2 Inconsistency test
3.4.2.1 Overall inconsistency test

The results of the overall inconsistency analysis showed that the

overall effective rate was greater than 0.05, indicating that the results

of direct and indirect comparisons were consistent across

treatment modalities.
3.4.2.2 Ring inconsistency test

The lower 95% CI for all closed-loop IFs involved in the

indicator did not reach 0, suggesting that the loop inconsistency

was statistically significant, whereas the rest of the loops were not

statistically significant.

3.4.3 Results of the network meta-analysis
3.4.3.1 Total clinical effectiveness in 1 month

We used network meta-analysis of different pelvic floor muscle

treatment measures to assess the recovery of urinary incontinence

in patients at 1 month after radical prostate cancer surgery.

Treatment 9 (pelvic floor muscle training + routine care +

biofeedback + professional therapist–guided treatment + electrical

nerve) demonstrated better outcomes compared with treatment 1

(routine care) and treatment 2 (routine care + pelvic floor muscle

training) at 1 month (OR: 5.65, 95% Confidence Range Interval

(Crl): 1.18–26.96; OR: 3.26, 95% CrI: 1.01–10.50). Treatment 13

showed better results compared with treatment 1 at 1 month

postoperatively (OR: 13.50, 95% CrI: 1.25–146.11), as shown in

Figure 7A. The SUCRA values for the various treatments are shown

in Figure 7B.

In Figure 7B, we can see that treatment 14 (routine care +

preoperative pelvic floor muscle training + biofeedback +

professional therapist–guided treatment), treatment 9 (pelvic floor

muscle training + routine care + biofeedback + professional

therapist–guided treatment + electrical nerve), and treatment 8

(routine care + pelvic floor muscle training + drug treatment

(duloxetine) are ranked as the top three in terms of efficacy. In
FIGURE 3

Literature bias evaluation results.
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the network meta-analysis ladder table of urinary incontinence

recovered within 1 month after surgery, we found that biofeedback

therapy under professional guidance had a better therapeutic effect,

and the drug duloxetine also had a better adjunctive effect on the

recovery of postoperative incontinence in patients.

In the recovery of urinary incontinence after radical prostate

cancer surgery, in Table 2 we found the role of biofeedback therapy

under professional guidance is evident during the first month of

treatment, whereas drug treatment also plays a significant role in

postoperative recovery. This means that, for a rapid recovery or

improved control of incontinence, professionally supervised

biofeedback pelvic floor muscle training supplemented with

medication is required.

3.4.3.2 Total clinical effectiveness in 3 months

We used a network meta-analysis of different pelvic floor

muscle treatment measures to assess the recovery of urinary

incontinence in patients at 3 months after radical prostate

cancer surgery.

Treatment 6 (pelvic floor muscle training + electrical nerve

stimulation therapy + routine care) showed better results at 3

months compared with treatment 1 (routine care), treatment 2

(routine care + pelvic floor muscle training), treatment 4 (routine

care + pelvic floor muscle training + professional therapist–guided

treatment), treatment 5 (pelvic floor muscle training + routine care

+ biofeedback + professional therapist–guided treatment),

treatment 7 [special medical instruments (PVS units) + routine

care + pelvic floor muscle training], treatment 12 (pelvic floor

muscle training + routine care + biofeedback + professional

therapist–guided treatment + preoperative pelvic), treatment 16

[routine care + drug treatment (duloxetine)], and treatment 17

[routine care + drug treatment (duloxetine) + pelvic floor muscle

training + biofeedback + professional therapist–guided treatment]

at 3 months postoperatively (OR: 18.06, 95% CrI: 3.00–108.71; OR:

16.40, 95% CrI: 3.22–83.57; OR: 10.81, 95% CrI: 1.83–63.97; OR:

9.35, 95% CrI: 1.47–59.38; OR: 14.05, 95% CrI: 1.24–159.37;

OR: 11.76, 95% CrI: 1.85–74.73; OR: 18.85, 95% CrI: 1.85–192.29;

OR: 34.02, 95% CrI: 3.07–377.25). Treatment 9 (pelvic floor muscle

training + routine care + biofeedback + professional therapist–
FIGURE 4

Results of literature bias evaluation.
ABLE 1 Pelvic floor muscle treatment methods and
orresponding numbers.

Treatment
1 Routine care

Treatment 2 Routine care + pelvic floor muscle training

Treatment 3 Pelvic floor muscle training + routine care + biofeedback

Treatment 4
Routine care + pelvic floor muscle training + professional
therapist guided treatment

Treatment 5
Pelvic floor muscle training + routine care + biofeedback +
professional therapist–guided treatment

Treatment 6
Pelvic floor muscle training + electrical nerve stimulation
therapy + routine care

Treatment 7
Special medical instruments (PVS units) + routine care +
pelvic floor muscle training

Treatment 8
Routine care + pelvic floor muscle training + drug
treatment (duloxetine)

Treatment 9

Pelvic floor muscle training + routine care + biofeedback +
professional therapist–guided treatment + electrical nerve
stimulation therapy

Treatment 10

Routine care + electrical nerve stimulation therapy +
professional therapist–guided treatment + pelvic floor
muscle training

Treatment 11
Electrical nerve stimulation therapy + biofeedback + pelvic
floor muscle training + routine care

Treatment 12

Pelvic floor muscle training + routine care + biofeedback +
professional therapist–guided treatment + preoperative pelvic
floor muscle training

Treatment 13
Routine care + pelvic floor muscle training + advanced
pelvic floor exercises

Treatment 14
Routine care + preoperative pelvic floor muscle training +
biofeedback + professional therapist–guided treatment

Treatment 15 Routine care + preoperative pelvic floor muscle training

Treatment 16 Routine care + drug treatment (duloxetine)

Treatment 17

Routine care + drug treatment (duloxetine) + pelvic floor
muscle training + biofeedback + professional therapist–
guided treatment
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guided treatment + electrical nerve) showed better results compared

with treatment 1 (routine care), treatment 2 (routine care + pelvic

floor muscle training), treatment 4 (routine care + pelvic floor

muscle training + professional therapist–guided treatment),

treatment 12 (pelvic floor muscle training + routine care +

biofeedback + professional therapist–guided treatment +

preoperative pelvic), treatment 16 [routine care + drug treatment

(duloxetine)], and treatment 17 [routine care + drug treatment

(duloxetine) + pelvic floor muscle training + biofeedback +

professional therapist–guided treatment] (OR: 7.89, 95% CrI:

1.89–32.96; OR: 7.16, 95% CrI: 2.13–24.12; OR: 4.72, 95% CrI:

1.16–19.31; OR: 5.14, 95% CrI: 1.15–22.96). Treatment 11 (electrical

nerve stimulation therapy + biofeedback + pelvic floor muscle

training + routine care) showed better results compared with

treatment 17 [routine care + drug treatment (duloxetine) + pelvic

floor muscle training + biofeedback + professional therapist–guided

treatment] (OR: 13.76, 95% CrI: 1.17–161.77).

Treatment 3 (pelvic floor muscle training + routine care +

biofeedback) showed better results compared with treatment 2

(routine care + pelvic floor muscle training) (OR: 2.71, 95% CrI:

1.03–7.14). Treatment 10 (routine care + electrical nerve

stimulation therapy + professional therapist–guided treatment +

pelvic floor muscle) showed better results compared with treatment

1 (routine care) (OR: 3.80, 95% CrI: 1.01–14.26). Treatment 11

(electrical nerve stimulation therapy + biofeedback + pelvic floor

muscle training + routine care) showed better results compared

with treatment 1 (routine care) and treatment 2 (routine care +

pelvic floor muscle training) (OR: 7.32, 95% CrI: 1.12–47.80; OR:

6.65, 95% CrI: 1.20–36.97) at 3 months postoperatively, as shown in

Figure 8A. The SUCRA values for the various treatments are shown

in Figure 8B.

In Figure 8B, we can see that treatment 6 (pelvic floor muscle

training + electrical nerve stimulation therapy + routine care),

treatment 9 (pelvic floor muscle training + routine care +

biofeedback + professional therapist–guided treatment + electrical

nerve), and treatment 15 (routine care + preoperative pelvic floor

muscle training) are in the top three in terms of effectiveness. In the

network meta-analysis ladder table of postoperative urinary

incontinence recovered in 3 months, we could find that treatment

6 (pelvic floor muscle training + electrical nerve stimulation therapy

+ routine care) was better than most of the treatments at 3 months.

In the short to medium term, in Table 3 we found

electrostimulation has been shown to have a significant effect on

the recovery of urinaryincontinence, and this has led to the need for

more electrical stimulation of the relevant pelvic floor nerves.

Similarly, biofeedback is also useful in the short to medium term.

In Table 4, we found that preoperative pelvic floor muscle exercise

may affect the effectiveness of electrotherapy for postoperative

urinary incontinence in patients and that preoperative pelvic floor

muscle training is not a good option for patients who want to treat

urinary incontinence with electrotherapy after radical prostate

cancer surgery.

3.4.3.3 Total clinical effectiveness in 6 months

We used a network meta-analysis of different pelvic floor

muscle treatment measures to assess the recovery of urinary
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TABLE 3 Network meta-analysis ladder table of postoperative urinary incontinence recovered in 6 months.
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FIGURE 5

Treatment methods.
A B

DC

FIGURE 6

(A) One-month network chart. (B) Three-month network chart. (C) Six-month network chart. (D) Twelve-month network chart.
Frontiers in Oncology frontiersin.org0948

https://doi.org/10.3389/fonc.2023.1307434
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Yu et al. 10.3389/fonc.2023.1307434
incontinence in patients at 6 months after radical prostate

cancer surgery.

Treatment 3 (pelvic floor muscle training + routine care +

biofeedback) showed better results compared with treatment 1

(routine care), treatment 2 (routine care + pelvic floor muscle

training), treatment 5 (pelvic floor muscle training + routine care

+ biofeedback + professional therapist–guided treatment),

treatment 7 [special medical instruments (PVS units) + routine

care + pelvic floor muscle training], treatment 12 (pelvic floor

muscle training + routine care + biofeedback + professional

therapist–guided treatment + preoperative pelvic floor muscle

training), treatment 16 [routine care + drug treatment

(duloxetine), and treatment 17 [routine care + drug treatment

(duloxetine) + pelvic floor muscle training + biofeedback +

professional therapist–guided treatment] (OR: 43.43, 95% CrI:
Frontiers in Oncology 1049
1.15–1,642.47; OR: 68.87, 95% CrI: 2.30–2,060.60; OR: 46.62, 95%

CrI: 1.37–1,587.93; OR: 160.68, 95% CrI: 2.70–9,548.99; OR: 68.87,

95% CrI: 1.26–3,762.83; OR: 54.95, 95% CrI: 1.13–2,671.06; OR:

84.19, 95% CrI: 1.13–2,671.06). Treatment 2 (routine care + pelvic

floor muscle training) showed worse results compared with

treatment 4 (routine care + pelvic floor muscle training +

professional therapist–guided treatment) and treatment 9 (pelvic

floor muscle training + routine care + biofeedback + professional

therapist–guided treatment + electrical nerve) (OR: 0.34, 95% CrI:

0.12–0.96; OR: 0.18, 95% CrI: 0.04–0.78) at 6 months

postoperatively, as shown in Figure 9A. The SUCRA values for

the various treatments are shown in Figure 9B.

In Figure 9B, we can see that treatment 3 (pelvic floor muscle

training + routine care + biofeedback), treatment 10 (routine care +

electrical nerve stimulation therapy + professional therapist–guided
A

B

FIGURE 7

(A) The forest plot represents the OR and 95% CrI for a two-by-two comparison of multiple treatment modalities for urinary incontinence at 1
month after radical prostatectomy. (B) Cumulative probability graph of postoperative urinary incontinence recovered in 1 month.
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treatment + pelvic floor muscle), and treatment 9 (pelvic floor

muscle training + routine care + biofeedback + professional

therapist–guided treatment + electrical nerve) are in the top three

in terms of effectiveness. In the network meta-analysis ladder table

of postoperative urinary incontinence recovered in 6 months, we

could find that treatment 3 (pelvic floor muscle training + routine

care + biofeedback) was better than treatment 5 (pelvic floor muscle

training + routine care + biofeedback + professional therapist–

guided treatment) and treatment 12 (pelvic floor muscle training +

routine care + biofeedback + professional therapist–guided

treatment + preoperative pelvic).

In Table 5, we found that electrical stimulation and biofeedback

therapy remained effective during the 6-month interim treatment

period. At the 6-month interim treatment, preoperative pelvic floor

muscle training still had a detrimental effect on the postoperative
Frontiers in Oncology 1150
electrical stimulation treatment and, unexpectedly, on the guided

treatment by the specialist therapist, which may be related to the

level of the specialist therapist.
3.5 Total clinical effectiveness at 12 months

We used a network meta-analysis of different pelvic floor

muscle treatment measures to assess the recovery of urinary

incontinence in patients at 12 months after radical prostate

cancer surgery. Treatment 2 (routine care + pelvic floor muscle

training) showed better results compared with treatment 9 (pelvic

floor muscle training + routine care + biofeedback + professional

therapist–guided treatment + electrical nerve) (OR: 0.10, 95% CrI:

0.01–0.86) at 12 months postoperatively, as shown in Figure 10A.
A

B

FIGURE 8

(A) The forest plot represents the OR and 95% CrI for a two-by-two comparison of multiple treatment modalities for urinary incontinence at 3
months after radical prostatectomy. (B) Cumulative probability graph of postoperative urinary incontinence recovered in 3 months.
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The SUCRA values for the various treatments are shown

in Figure 10B.

In Figure 10B, we can see that treatment 9, treatment 10, and

treatment 3 are in the top three in terms of effectiveness. In the long

term, comprehensive treatment remains at the top of the treatment

effectiveness scale, whereas the rest of the treatment modalities do

not produce significant changes, which may be consistent with

previous research that various treatments help control incontinence

in the short term, but have similar effects in the long term.

In general, biofeedback and pelvic floor training can be used to

treat incontinence in the early post-operative period in order to

maintain a better recovery, and, where possible, specialist treatment

is also required. Professional treatment can also have a significant
Frontiers in Oncology 1251
effect on the first and middle post-operative period, and it is

advisable to also offer bioelectric stimulation in the post-operative

period. In the longer term, there is no significant difference between

the treatments, and, for those who are not financially able to do so,

we can use general pelvic floor training, which is slightly less

effective in the early stages of treatment, but, in the long term, the

two treatments are similar. At the same time, we can also start to

develop more advanced medical devices for the treatment.

3.5.1 Small sample effect estimation
Funnel plots were drawn for the total effective outcome

indicator to test for publication bias. The results showed that all

studies were generally symmetrically distributed around the X = 0
A

B

FIGURE 9

(A) The forest plot represents the OR and 95% CrI for a two-by-two comparison of multiple treatment modalities for urinary incontinence at 6
months after radical prostatectomy. (B) Cumulative probability graph of postoperative urinary incontinence recovered in 6 months.
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vertical line, and most studies fell inside the funnel, whereas some

fell at the bottom, suggesting a possible small sample effect

(Figures 11A–D).

There are some limitations in this study: all of the naive studies

were in English, and most of them were of high quality in terms of

allocation concealment and blinded implementation, but there may

still be some bias. This suggests that future studies should pay

attention to the reporting of safety.

This study has considerable merit in that the quality of the

literature is relatively high and the included literature has a low

publication bias. This network meta-analysis did not require a high

level of gender, age, and basic physical fitness of the patients

studied, and the relatively small amount of relevant foreign

language literature retrieved so far could be used to increase the

amount of data collected later in the study to better define

the findings.

In summary, the results of this study showed that pelvic floor

muscle training combined with biofeedback and guidance from
Frontiers in Oncology 1352
professional therapists had a better recovery effect on urinary

incontinence about 1 month after surgery than conventional care

and pelvic floor muscle training. Bioelectrical stimulation combined

with pelvic floor muscle exercise has a good recovery effect at 3

months; biofeedback treatment is more conducive to the recovery of

urinary incontinence at 6 months after surgery; at 12 months,

combined with biofeedback and electrical stimulation, therapist-

guided pelvic floor muscle training is better than traditional pelvic

floor muscle training.
4 Discussion

Urinary incontinence in individuals with radical prostate cancer

primarily arises from structural or functional irregularities in the

urethral sphincter. This can encompass damage to both the external

urethral sphincter and associated nerves, as well as an inadequate

length of the functional urethra. These issues subsequently induce
A

B

FIGURE 10

(A) The forest plot represents the OR and 95% CrI for a two-by-two comparison of multiple treatment modalities for urinary incontinence at 12
months after radical prostatectomy. (B) Cumulative probability graph of postoperative urinary incontinence recovered in 12 months.
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alterations in the anatomy and function of the bladder and its outlet.

Consequently, some patients may encounter urinary incontinence,

attributed to diverse factors, including damage to the detrusor

muscle, the duration of the extraction procedure, and individual

variations in physical condition (50, 51).

“No pad” after radical prostatectomy is currently considered to

have the best effect in assessing the effect of other factors on urinary

incontinence (52). The baseline level (surgical method, degree of

urinary incontinence, and other physical indicators) of patients

after radical prostatectomy also has a certain impact on the

treatment effect of patients. In terms of surgical methods, patients

with robot-assisted radical prostatectomy recover the fastest after

surgery (53); in surgical approach, perineal radical resection of

prostate cancer is more effective than peritoneal radical resection; in

surgical procedure, retention of lateral prostatic fascia (54), anterior

and posterior fascia (55), nerve (56), and distal urethral sphincter

complex (57) can accelerate the occurrence of postoperative urinary

incontinence. In terms of physical indicators, younger patients (58),

less weight (body mass index < 30) and frequent physical exercise

(1 h or more per week) (59), and patients with longer

preoperative membranous urethral length (60) showed faster

recovery of postoperative urinary incontinence. However, the

baseline level only had an impact on the early urinary

incontinence back-resuscitation after radical prostatectomy, and
Frontiers in Oncology 1453
there was no significant difference in the recovery of long-term

urinary incontinence.

The common clinical treatment modalities include surgical

treatment, and non-surgical treatment includes 1. pelvic floor

muscle training (preoperative, postoperative, and ultrasound-

guided), 2. electrical stimulation (electrical nerve stimulation -

perineum, and electrotherapy - anal electrical stimulation), 3.

lifestyle modification, 4. external penile compression devices, 5.

conservative treatment (reducing coffee intake and weight loss), 6.

medication (duloxetine, etc.), 7. endoscopic treatment, 8. urethral

fillers (collagen injections), 9. specialist therapist supervision, 10.

bladder training and surgical treatment, 11. sling surgery, and 12.

the implantation of an artificial sphincter.

In our studies, we have found that the treatment or prevention

of urinary incontinence through preoperative or postoperative

measures has a significant effect on the development of

complications of urinary incontinence in the short term but not

in the long term. This does not mean that this range of therapeutic

measures is not sufficiently effective, provided that we can reduce

the duration of the effects of complications in a proactive way to

bring about an improvement in the quality of life of patients after

surgery and also to reduce the burden of disease on patients and

health institutions (61). In terms of economic effects, biofeedback

and professional therapist–guided treatment have similar treatment
A B

DC

FIGURE 11

(A) Funnel plot of references cited in 1 month. (B) Funnel plot of references cited in 3 months. (C) Funnel plot of references cited in 6 months. (D)
Funnel plot of references cited in 12 months.
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TABLE 4 Network meta-analysis ladder table of postoperative urinary incontinence recovered in 3 months.
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(0.01, 2.07)

0.60
(0.06, 5.55)

1.08
(0.13

0.70
(0.25, 2.01)

0.71
(0.30, 1.68)

1.94
(0.54, 7.00)

1.12
(0.38, 3.29)

1.08
(0.34, 3.44)

11.58
(1.85, 72.47)

0.82
(0.11, 5.99)

2.80
(0.52, 15.05)

5.06
(1.15

0.23
(0.03, 1.80)

0.24
(0.04, 1.58)

0.65
(0.08, 5.47)

0.37
(0.05, 2.84)

0.36
(0.05, 2.86)

3.86
(0.32, 47.01)

0.28
(0.02, 3.74)

0.94
(0.09, 10.19)

1.69
(0.18

0.11
(0.01, 1.42)

0.11
(0.01, 1.52)

0.31
(0.02, 4.83)

0.18
(0.01, 2.44)

0.17
(0.01, 2.25)

1.84
(0.09, 39.42)

0.13
(0.01, 3.08)

0.45
(0.02, 8.74)

0.81
(0.05

1.14
(0.23, 5.61)

1.15
(0.22, 6.10)

3.16
(0.47, 21.03)

1.82
(0.33, 9.98)

1.75
(0.36, 8.63)

18.85
(1.85, 192.29)

1.34
(0.12, 15.43)

4.57
(0.50, 41.30)

8.24
(1.05

2.07
(0.37, 11.41)

2.08
(0.35, 12.33)

5.70
(0.77, 42.01)

3.29
(0.54, 20.15)

3.16
(0.57, 17.55)

34.02
(3.07, 377.25)

2.42
(0.19, 30.16)

8.24
(0.83, 81.37)

14.8
(1.73
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TABLE 5 Network meta-analysis ladder table of postoperative urinary incontinence recovered in 12 months.
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6.21
(0.22, 173.33)

15.10
(0.87, 263.41)
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Treatment 1

1.31
(0.36, 4.78) Treatment 2

0.11
(0.00, 3.81)

0.08
(0.00, 2.28) Treatment 3

0.55
(0.21, 1.47)

0.42
(0.15, 1.21)

5.14
(0.16, 167.61) Treatment 4

1.24
(0.31, 4.93)

0.95
(0.27, 3.37)

11.55
(0.33, 404.45)

2.25
(0.56, 9.06) Treatment 5

0.63
(0.06, 6.46)

0.48
(0.07, 3.33)

5.86
(0.13, 273.67)

1.14
(0.13, 10.29)

0.51
(0.05, 5.12) Treatment 6

2.62
(0.17, 41.18)

2.00
(0.18, 22.74)

24.35
(0.40, 1493.55)

4.74
(0.34, 66.95)

2.11
(0.14, 32.71)

4.15
(0.19, 92.62)

0.32
(0.02, 6.58)

0.24
(0.02, 3.76)

2.93
(0.04, 218.45)

0.57
(0.03, 10.81)

0.25
(0.01, 5.23)

0.50
(0.02, 14.37)

0.13
(0.01, 1.61)

0.10
(0.01, 0.86) 1.21 (0.02, 63.31)

0.23
(0.02, 2.58)

0.10
(0.01, 1.27)

0.21
(0.01, 3.72)

0.09
(0.01, 1.25)

0.07
(0.00, 1.28) 0.82 (0.01, 69.64)

0.16
(0.01, 2.68)

0.07
(0.00, 1.40)

0.14
(0.00, 4.74)

0.64
(0.04, 9.20)

0.49
(0.05, 5.02)

5.94
(0.10, 343.82)

1.16
(0.09, 14.91)

0.51
(0.04, 7.31)

1.01
(0.05, 20.91)

2.11
(0.39, 11.38)

1.61
(0.25, 10.41)

19.55
(0.43, 884.00)

3.80
(0.61, 23.56)

1.69
(0.32, 8.93)

3.33
(0.23, 48.99)

1.96
(0.36, 10.71)

1.50
(0.23, 9.78)

18.21
(0.40, 827.30)

3.54
(0.57, 22.16)

1.58
(0.30, 8.40)

3.11
(0.21, 45.93)
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prices (62), and electrical nerve stimulation therapy is often more

expensive than conventional care in the treatment of patients (63).

Pelvic floor muscle therapy alone and usual care are more cost-

effective than other forms of treatment. Taking into account quality

adjusted life year, we point out that treatment for only severe life-

affecting incontinence is likely to be cost-effective. We also state

that, when severe urinary incontinence occurs after surgery, pelvic

floor muscle exercise therapy such as biofeedback, electrical

stimulation, and personal guidance can effectively increase the

recovery of urinary incontinence in the first 3 months. When

urinary incontinence does not have a great impact on life,

conservative treatment and ordinary pelvic floor muscle exercise

may be more cost-effective.

During pelvic floor exercises, which are difficult to assess and

often have an impact on the management of pelvic floor exercises,

relying on professional guidance and biofeedback can be

burdensome to treatment. If the patient can be given this training

preoperatively, it may be possible to reduce the cost and time and

effort of treatment by allowing the patient to complete this modified

version of the pelvic floor exercise, and, more fortunately, a new

device has been investigated by Hodges and others, and we will soon

see the results of the device (64, 65).

Validity testing of the stopwatch may be a valid assessment tool

when determining the strength of the pelvic floor muscles exercised

after radical prostate cancer surgery, in a simple test that can

determine the degree of strength of the patient’s pelvic floor

muscles, which may be a better option compared with complex

electrophysiological activity tests.

In a study by Tantawy and others (66), whole-body vibration

training has been shown to be effective as an alternative to traditional

treatment for patients with post-radical prostate cancer incontinence

(66). In a study by Centemero et al., pelvic floor training prior to

surgery in the perioperative period for radical prostate cancer

improved postoperative urinary incontinence (22).

When patients have different degrees of post-operative

incontinence, different treatment modalities should be used.

Conservative treatment including Endo urethral injection can be

used for mild incontinence that has only a minor impact on life,

whereas surgical treatment is more effective when the incontinence has

reached a level that seriously affects the patient’s quality of life (67).

In a study of related drug treatments, it was found that, in

addition to duloxetine, proviverrine hydrochloride, and vardenafil

and tadalafil as phosphodiesterase type 5 inhibitors (PDE5-I),

solifenacin as M-type choline receptor antagonist, solifenacin, is

also effective in early postoperative urinary incontinence (68–71).

The use of PDE5-I improves the quality of life of patients after

surgery and is associated with its ability to relieve urinary

incontinence (72). Solifenacin’s effect is mainly to reduce the

probability of postoperative complications by improving detrusor

overactivity (DO) and cytometric capacity (73).

Non-surgical management of incontinence after radical prostate

cancer surgery can also be managed by bladder training, penciled

clamps, endoscopic therapy, injections, and lifestyle modifications

such as improving lifestyle, reducing coffee, and weight loss, but little

research has been reported on these modalities. It is hoped that more
Frontiers in Oncology 1756
research will be conducted on these approaches in future studies (74).

Moreover, families with high medical burdens can wait for the

natural recovery of incontinence instead of using more costly

alternative treatments. As more relevant trials are conducted, in the

future, we may propose postoperative staged treatment options for

patients with postoperative urinary incontinence after radical

prostate cancer surgery. Researchers have also found acupuncture

to be more effective for pelvic floor muscle treatment (75), pending

further development of the database in the future experimental

results in different languages can be cross-referenced, and future

researchers may add to this paper for acupuncture treatment, future

researchers may add a comparison of the effects of acupuncture

treatment to this paper.

The majority of randomized controlled trials that are currently

available in clinical practice have been entered in this study, but

there may still be some omissions or errors in the analysis. Most of

the clinical data in this paper are usually published in professional

journals and magazines. For conference papers, due to the difficulty

of finding the original text, the data extracted from other journals

may be inaccurate, and only some of the conference papers where

the original text can be found are used in this paper. As some of the

experiments may have different conditions, there may be some

contradictions between experiments, we have reduced the influence

of potential influencing factors on the analysis results after a more

formal and reasonable method.

In this study, we mainly discussed the effect evaluation of

various treatment methods for urinary incontinence after radical

prostate cancer surgery. The baseline level of urinary incontinence

patients is also a confounding factor affecting postoperative urinary

incontinence, which mainly affects the evaluation of treatment effect

alone, whereas the baseline level of urinary incontinence has little

impact on the comparison of multiple treatment methods. There is

still a large scope for research in this area of clinical research, and

there are gaps in the study of many treatment modalities that need

to be investigated in more depth.
5 Conclusion

In this network meta-analysis, we compared the efficacy of

pelvic floor muscle training-based pelvic floor therapy measures in

patients with postoperative urinary incontinence after radical

prostate cancer surgery. We observed that biofeedback +

professional therapist–guided treatment demonstrated superior

therapeutic efficacy at 1 month to 6 months for early recovery of

incontinence, and electrical nerve stimulation therapy

demonstrated superior efficacy at about 3 months postoperatively

for recovery of incontinence in the middle of the postoperative

period. In December postoperatively, no significant difference was

observed in the rest of the modalities, except for electrotherapy +

biofeedback + professional guidance. Thus, we can conclude that

electrostimulation and biofeedback have a better effect in the early

and middle postoperative period, and if they are not effective, pelvic

floor muscle training + routine care + biofeedback + professional

therapist–guided treatment + electrical nerve stimulation therapy is
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still an effective measure to recover incontinence in the longer

postoperative period of about 1 year. In 12 months, the various

modalities do not show much variation. In the cost-effectiveness of

treatment, pelvic floor muscle training + routine care + biofeedback

+ professional therapist–guided treatment + electrical nerve

stimulation therapy within 3 months can quickly restore urine

control, improve patients’ quality of life and the cost of follow-up

daily care. After 3 months, pelvic floor muscle + routine care may be

a more economical option to treat urinary incontinence.

It can greatly reduce the cost of treatment. However, with this

type of treatment, patients may experience a decrease in quality of

life and may increase the cost of care during urine-controlled

recovery time.
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The standard of care for non-metastatic renal cancer is surgical resection

followed by adjuvant therapy for those at high risk for recurrences. However,

for older patients, surgery may not be an option due to the high risk of

complications which may result in death. In the past renal cancer was

considered to be radio-resistant, and required a higher dose of radiation

leading to excessive complications secondary to damage of the normal organs
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surrounding the cancer. Advances in radiotherapy technique such as stereotactic

body radiotherapy (SBRT) has led to the delivery of a tumoricidal dose of radiation

with minimal damage to the normal tissue. Excellent local control and survival

have been reported for selective patients with small tumors following SBRT.

However, for patients with poor prognostic factors such as large tumor size and

aggressive histology, there was a higher rate of loco-regional recurrences and

distant metastases. Those tumors frequently carry program death ligand 1 (PD-

L1) which makes them an ideal target for immunotherapy with check point

inhibitors (CPI). Given the synergy between radiotherapy and immunotherapy,

we propose an algorithm combining CPI and SBRT for older patients with non-

metastatic renal cancer who are not candidates for surgical resection or

decline nephrectomy.
KEYWORDS

older, renal cancer, CPI, SBRT, protocol
Introduction

The management of renal cancer remains a challenge for older

patients. Surgical resection is the standard treatment for non-

metastatic renal cancer. However, due to the presence of co-

morbidities, older patients may not benefit from surgery. In a

study of 537 patients aged 75 or above with localized renal cancer

7 cm in size or less, nephrectomy has led to a poor survival as

patients died from cardiovascular disease and deterioration of renal

function in the remaining kidney (1). Compared to radical

nephrectomy, a partial nephrectomy for localized renal cancer

may better preserve renal function but did not improved survival

among patients aged 65 or older (2). Regardless of age or type of

surgery, frail patients with renal cancer are at increased risk for

major complications and poor survival after the procedure (3, 4).

Preserving renal function is imperative for averting the necessity of

dialysis, mitigating chronic kidney disease, and reducing mortality

associated with cardiac events (5). Thus, older and frail renal cancer

patients may not be candidates for surgery and need an alternative

for curative treatment when diagnosed at an early stage.

In the past, renal cancer was considered to be radio-resistant

and required a higher dose per fraction (hypofractionation) in order

to overcome the tumor cell ability to repair radiation damage (6).

However, the delivery of a high radiation dose may also lead to

serious complications due to damage to the normal organs at risk

(OAR) surrounding the cancer with older radiotherapy techniques.

The introduction of stereotactic body radiotherapy (SBRT) in the

treatment of early stage non-small cell lung cancer (NSCLL) has led

to its successful application for non-metastatic renal cancer in

patients who are not surgical candidates due to their age and pre-

existing comorbidities (7). Preliminary studies are very promising

with excellent local control and survival in selected patients with

small tumors and low grade histology (8, 9). As a local treatment
0261
similar to surgery, SBRT for renal cancer may not be effective for

tumors with high risk for loco-regional recurrences and distant

metastases due to their size and aggressive histology. Those tumors

often carry program death ligand 1 (PD-L1) which allow them to

evade immune surveillance and make them an ideal target for

immunotherapy with checkpoint inhibitors (CPI) (10, 11). As high

dose radiotherapy has a synergistic effect with CPI, this

combination may be ideal for the treatment of older cancer

patients with non-metastatic renal cell cancer (12).

The International Geriatric Radiotherapy Group (http://

www.igrg.org) is an organization devoted to the care of older

cancer patients, minorities, and women who are frequently

excluded from clinical trials (13). Based on currently published

literature, members of the genitourinary cancers subgroup propose

in this article a practical protocol for older patients with non-

metastatic renal cancer who are too frail to undergo surgery or who

decline nephrectomy. Radiotherapy and immunotherapy may

induce long-term remission and potential cure for those patients.
Rationale for using immunotherapy in
renal cancer

Renal cancer immune environment

Renal cell cancer has a very complex tumor immune

microenvironment (TIME) which depends on the tumor histology

and evolves over the course of treatment, thus defying any simple

classification (14–17). Most studies have focused on clear cell renal

(CCR) carcinoma which comprises the majority (up to 80%) of the

tumor subtypes. Other non-CCR carcinoma such as the sarcomatoid

subtype may have a more aggressive biology behavior and a different

TIME (18). In general, renal cell TIME is characterized by an
frontiersin.org
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overwhelming abundance of immunosuppression which allows cancer

cells to evade immune surveillance and cause disease progression. A

preponderance of immunosuppressive cytokines such as interleukin-10

(IL-10) and transforming growth factor beta (TGF-b) promotes the

differentiation of regulatory T cells (Treg) which in turn inhibit CD8+

T cells from tumor killing (19–25). In addition, tumor cells may also

express PD-L1 which binds with the programmed cell death protein 1

(PD-1) on CD8+ T cells to neutralize its tumoricidal function (10, 11).

Hypoxia is also another contributing factor to the tumor immune

resistance (26, 27). Thus, any effective treatment should target all of the

elements that contribute to the tumor ability to evade

immunosurveillance. Even though PD-L1 is not a perfect biomarker,

increase in PD-L1 expression has been reported to be correlated with a

poor prognosis. Among 346 patients with renal cell carcinoma who

had long-term follow-up, high PD-L1 expression was correlated with

increased tumor size, high nucleolar grade, lymph nodes invasion,

tumor recurrence, and cancer specific death, and sarcomatoid subtype

(28, 29). The adverse histopathological features linked to PD-L1

expression has been corroborated in other studies for clear cell and

non-clear cell renal carcinoma (30, 31). In another study of 381 patients

with renal cell carcinoma who underwent nephrectomy, 120 patients

(31.4%) had PD-L1 in the surgical specimen. Compared to patients

who were PD-L1 negative, those with positive biomarker had shorter

time to recurrence and decreased survival (32). Two meta-analysis also

corroborated the poor prognosis conferred by PD-L1 expression in

renal cell carcinoma for early disease stage and for patients with distant

metastases (10, 33). Conversely, PD-L1 expression is also associated

with an excellent response to immunotherapy with CPI (34). Thus, any

induced increase in PD-L1 expression in renal cell carcinoma may lead

to an improved response to immunotherapy and potentially

better survival.
Alteration of renal cancer immune
environment with radiotherapy

Radiotherapy produces a significant alteration of the renal TIME

which is dose dependent and not fully understood. At high dose level,

hypofractionated radiotherapy predominantly produces a pro-

immunogenic tumor environment through endothelial cell apoptosis

induced by activation of ceramide which in turn initiates the release of

mitochondrial cytochrome c (35–37). As renal cell cancer is a

hypervascular tumor, this may account for tumor shrinkage

following SBRT (38, 39). In addition, there is significant infiltration

of CD8+T cells in the tumor microenvironment after an ablative dose

of radiation leading to eradication of the primary tumor (40). The

role of T cells-induced by radiation is highlighted in a study of early

stage renal cancer treated with SBRT to a total dose of 15 Gy followed

by nephrectomy four weeks later. A significant infiltration of T cells

was observed not only in the surgical specimen but also in the

bloodstream of patients receiving preoperative radiotherapy

compared to the ones who had surgery alone (41). Increased of T

cells in the tumor microenvironment is postulated through the

production of interferon gamma (IFNg) by inflammatory cells (T

helper 1, natural killer, and natural killer T cells) following radiation

(34). However, increased in IFNg production may also lead to an
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increase in PD-L1 expression by the tumor cells which may attenuate

the immune response as the cancer cells may escape killing by CD8+T

cells (42–44). The dual role of IFNg may explain the upregulation of

PD-L1 expression in many solid tumors following radiotherapy and

confers resistance to the immune effect of radiotherapy. The increase in

PD-L1 expression may also serve as a strategy for clinicians to combine

radiotherapy and CPI to improve survival of patients with renal cancer

(45, 46).
Effectiveness of immunotherapy for
renal cancer

The role of CPI for resectable renal cancer

Even though surgical resection remains the treatment of choice

for early stage renal cancer, up to 30% of the patients may develop

loco-regional recurrence and/or distant metastases following the

procedure. Many algorithms have been proposed to assess the

recurrence risk for those patients based on tumor size, histologic

grade, histology subtype such as sarcomatoid histology, and

pathological stage (47–49). Thus, an attempt is made to use

neoadjuvant immunotherapy to reduce recurrence risks for high

risk renal cancer patients. The rationale for neoadjuvant

immunotherapy relies on its theoretical ability to improve

immune surveillance, thus reducing the risk of micrometastases.

Preliminary experience for neoadjuvant immunotherapy has

been promising with minimal serious side-effects during the

neoadjuvant phase and acceptable surgical complications (50–55).

Three studies investigated the response of non-metastatic renal

carcinoma to nivolumab after three to four cycles. There was an

intense infiltration of CD8+ T cells in the surgical specimen even

although the tumor size remained mostly stable (50–52). Two other

studies included patients with metastatic disease who underwent

nephrectomy following neoadjuvant immunotherapy with a

combination of CPI and other biologic agents (53, 54).

Interestingly, 13% of the patients achieved a complete pathologic

response in the primary renal cancer (53). However, only one study

had PD-L1 investigated in the initial biopsy (7% positivity rate)

(54). Thus, the correlation between PD-L1 positivity and response

rate to CPI remains to be investigated in future studies. Patients

who had a high CD8+T cells in the biopsy specimen may have a

better response and improved survival. Those studies are limited by

the small number of patients and a short follow-up. However, they

illustrated that CPI are well tolerated and do not impair the surgical

outcome. Table 1 summarizes relevant studies on the use of

neoadjuvant immunotherapy for renal cell cancer.

Among patients at high risk for recurrence after nephrectomy for

renal cancer, pembrolizumab given every three weeks up to one year

has been reported to improve recurrence rates and disease-free survival

(DFS) compared to patients who received placebo (55). Recurrence

rates were 22% and 33% for pembrolizumab and placebo, respectively.

Corresponding distant metastases rates were 22.7% and 31.2%,

respectively. At 30 months follow-up, DFS was 70.6% and 64.8% for

pembrolizumab and placebo, respectively. In the third interim analysis,

there was also a 38% reduction of death with adjuvant pembrolizumab
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compared to placebo at a follow-up of 48 months (56). There was no

difference in outcome between patients who were PD-L1 positive or

negative. However, there was a surprisingly high proportion of PD-L1

positive patients in both groups, 74% and 77% for pembrolizumab and

placebo, respectively, which may have accounted for the benefit of

pembrolizumab in the adjuvant setting. The positive outcome of

immunotherapy for high risk renal cancer after nephrectomy has not

been corroborated in two other trials with atezolizumab and nizolumab

combined with ipilimumab (57, 58). In the adjuvant atezolizumab trial,

778 renal cancer patients with high risk of recurrence after surgery was

randomized between atezolizumab (n=390) every three weeks for one

year or placebo (n=388). T. Median DFS was 57.2 months and 47.9

months for patients receiving atezolizumab and placebo, respectively

(57). Thus, atezolizumab did not improve the clinical outcome.

However, compared to the study with adjuvant pembrolizumab, the

proportion of patients with PD-L1 expression was lower and may have

accounted for the survival difference. The proportion with positive PD-

L1 was 59% and 61% for the atezolizumab and placebo arms,

respectively. In the study comparing the combination of nivolumab

and ipilimumab to placebo, 816 patients was randomized to both CPI

(n=405) or placebo (n=411) after surgery for renal cell carcinoma with

high risk features. There was no difference in DFS between these two

groups (58). However, PD-L1 was not investigated as a biomarker,

thus, many questions remain unanswered about the efficacy of CPI for

patients at high risk for recurrence after nephrectomy for renal cancer.

It is clear that the influence of PD-L1 as a biomarker for CPI efficacy

should be investigated in future prospective studies of renal cell cancer.

Recently, a novel and potent immune indicator for predicting

immunotherapy response and oncology outcomes has been

proposed for solid tumors. Immunoscore is based on

immunohistochemistry and quantitative measurement of the

density of CD3+ and CD8+ cytotoxic T cells in two different

locations of the tumor center and the margin of tumor invasion.

Intermediate and high immunoscore predict favorable response to

immunotherapy and good prognosis (59). Preliminary studies

suggest a powerful predicting and prognostic role for this scoring

system in renal cell carcinoma (60, 61). Thus, immunoscore could

be part of a protocol study on immunotherapy for renal cell cancer.
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The role of CPI for advanced or metastatic
renal cancer

In contrast to the controversy surrounding immunotherapy for

resectable cancer at risk for recurrence after nephrectomy, the

combination of CPIs or a CPI with an anti-vascular endothelial

growth factor (VEGF) antibody or tyrosine kinase inhibitor (TKI)

has become the standard of care for metastatic renal cancer (62).

Nivolumab and ipililumab have been reported to have superior

survival and DFS compared to sunitinib for advanced renal

carcinoma with a clear cell component (63). The 4-year survival

was 53.4% and 43.3% for nivolumab and ipililumab, and sunitinib,

respectively. In another study with a similar population of renal

cancer patients, avelumab (PD-L1 antibody) and axitinib, an anti-

VEGF TKI also demonstrated superior progression-free survival

(PFS) compared to sunitinib. The median PFS at 13 months was

13.3 and 8 months for avelumab and axitinib and sunitinib,

respectively (64). Corresponding numbers for patients with positive

PD-L1 tumors, was 13.8 and 7 months for the combination group,

and sunitinib, respectively. Thus, patients who had PD-L1 expression

had a better outcome when treated with CPI. Another anti PD-1

agent, pembrolizumab was also effective when combined with

axitinib for the treatment of advanced clear cell carcinoma (65, 66).

At a median follow-up of 42 months, the survival rate was 57.5% and

48.5%, for the combination arm, and sunitinib, respectively (65).

Other studies also demonstrated the superiority of combining

immunotherapy and an anti-VEGF agent compared to sunitinib:

Nivolumab and cabozantinib, pembrolizumab and lenvatinib (67,

68). However, it is unclear which combination is most effective for

those patients even though the highest complete response (CR) rate

(16%) has been reported with the lenvatinib combination (68).

Taken together, given the complex immune micro-environment of

renal cancer, a combination treatment with immunotherapy and

another agent may be more effective than immunotherapy alone to

overcome the tumor ability to evade killing by the immune system.

Radiotherapymay potentially further improve survival and loco-regional

control for those patients due to its synergy with immunotherapy, if

excessive irradiation to the normal organs could be avoided.
TABLE 1 Relevant studies on the use of neoadjuvant immunotherapy for renal cell carcinoma.

Study Patient No. Biologic agent Response rate Recurrence Survival Complications

Gorin et al. (50) 17 Nivo Stable 11.7% 85.7% (3-year) 11.8% gr.3

Carlo et al. (51) 18 Nivo 15% 18% NS 11% gr.3

11% postoperative complications

Singla et al. (52) 15 Nivo Stable NS NS NS

Panian et al. (53) 52 Various 42% 36.3% NS None

Alex et al. (54) 40 Avelumab 30% 32% NS 20% gr 3

Axitinib
Nivo, Nivolumab; Gr, grade; NS, not specified.
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Efficacy of immunotherapy among older
cancer patients with renal cancer

A meta-analysis of studies using immunotherapy alone or

combined with other anti-VEGF agents as first-line of treatment

demonstrated that older patients with renal cancer defined as 65

years of age or older had improved survival compared to the ones

receiving sunitinib (69). Again, the combination of lenvatinib and

pembrolizumab seems to be most promising but needs to be

confirmed in future prospective studies (69). There was no

difference in survival among patients 75 years of age or older

compared to other younger age groups who received

immunotherapy for metastatic renal cancer (70). However, they

may be more prone for dose reduction to minimize treatment

toxicity due to their frailty status (70). Thus, older renal cancer

patients receiving immunotherapy should be monitored closely by a

team familiar with geriatric care. Other studies also corroborated

the safety profile of immunotherapy for older patients with other

solid tumors such as bladder cancer (71–74).
The role of SBRT in the management
of non-metastatic renal cancer

The combination of intensity-modulated radiotherapy with

precision image-guidance has brought a new era in the treatment

of cancer thought to be radio-resistant such as renal cell cancer and

melanoma. Daily imaging before treatment allows delivery of a high

dose of radiation to the target while minimizing damage to the

OAR, thus improving local control and potential cure for localized

disease. Serious side effects and complications are significantly

reduced to allow frail patients who are not candidates for surgical

resection to have an alternate treatment option with curative intent.

As an illustration, older NSCLC patients with early disease stage

had an excellent local control and survival following SBRT (7).

Even though other non-surgical treatment modalities for renal

cancer are available such as cryotherapy or microwave ablation,

they are limited by the size of the tumor, the proximity of the ureters

and the large vessels in patients who may also require

anticoagulants due to the tumor thrombus (75). Excellent local

control may be achieved with large renal cancers (median 4.9 cm)

treated with SBRT even though those tumors frequently develop

distant metastases after treatment and may be candidates for

systemic therapy (76). The tumor shrinks slowly over time after

SBRT and the irradiated kidney develops atrophy proportional to

the radiation dose (77). However, even though the ipsilateral kidney

function deteriorated over time after treatment, the spared

contralateral kidney function may improve and allow a better

renal function preservation (78). In a prospective pilot study,

Kirste et al. (79) applied SBRT using five fractions of 10 Gy or

eight fractions of 7.5 Gy for the treatment of seven patients with

renal cancer who were affected with the Von Hippel-Lindau disease.

The patient tolerated SBRT well and no patient experienced acute or

chronic grade 2 or more toxicity. After a median follow-up of 43

months, the 2-year locol control and cancer-specific survival were

100% with long-term renal preservation. As older patients renal
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function usually decreases over time, SBRT may be the best suited

treatment option for those patients with unresectable or medically

inoperable cancer (80). In addition, compared to other non-surgical

procedures such as radiofrequency ablation (RFA), it is technically

much easier to perform SBRT. As an illustration, in a trial which

was initially designed to compare the efficacy between SBRT and

RFA for small size renal cancer, 24 patients were recruited with the

intent to have 12 patients in each arm. However, after

randomization, only 7 was assigned to RFA due to the technical

difficulty to perform the procedure. Two other patients was

reassigned to SBRT, and three refused any procedure. Even

though there was an imbalance between the two arms, there was

no difference in survival between the two groups which highlights

the effectiveness of SBRT for renal cancers (81).

Even though SBRT is a safe procedure with preliminary

excellent outcome, many questions remain unanswered as each

institution has different protocols for the dose fractionation and

techniques of irradiation. In addition, a national survey of stage I

renal cell carcinoma treated with different modalities, suggests that

SBRT may have an inferior survival outcome compared to partial

nephrectomy or thermal ablation (82). However, SBRT was

performed in non-academic centers which may have less

experience in treating renal carcinoma. Survey of centers with

SBRT expertise in treating a large number of renal cancers

reported excellent local control and survival.

Siva et al. (83) reported a prospective non-randomized trial of

70 patients from eight institutions with biopsy proven renal

carcinoma and a median size of 4.6 cm (range 3.7 to 5.5 cm)

treated with SBRT (FASTRACT II trial). The dose ranged from 26

Gy single fraction (<4 cm) or 14 Gy times three (>4 cm). At a

median follow-up of 42 months, local control and survival was

100%. Only 10% developed grade 3 complications. Thus, in a well-

designed multi-institution study with selected patients and strict

protocol enforcement, SBRT is safe and effective. Other studies also

corroborated the excellent local control achieved with SBRT for

small tumors (4 cm or less) with minimal complications ranging

from 0 to 10% depending from the length of follow-up (84–86). For

example, in a meta-analysis of 190 patients treated with SBRT for

renal carcinoma with either single or multiple fractions from the

IROCK (the International Radiosurgery Consortium of the

Kidney), local control was 94.5% at 5 years (86). However, similar

to reports from surgical studies for non-metastatic renal carcinoma,

size of the tumor remains a poor prognostic factor. The maximum

size of tumor is a significant predicting factor of death linked to the

development of distant metastases (76, 85). Thus, a treatment

strategy needs to be developed for those patients to improve their

survival. In addition, other poor prognostic factors such as tumor

grade and sarcomatoid subtype need to be investigated in future

prospective SBRT studies.

Preliminary report suggests that patients with renal cell

carcinoma may enjoy a good quality of life (QOL) following

SBRT despite the fact that many are old and have co-morbidity

factors that preclude them from having surgery. Swaminath et al.

(87) reported the QOL of 28 patients who underwent SBRT for

renal cell carcinoma with the Functional Assessment of Cancer

Therapy-Kidney Symptoms Index-19 (FACT FKSI-19) and the
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Quality of Life Questionnaire Core-15 Palliative (EORTC-QLQ-

C15-PAL). There was little change of QOL over time from the

baseline prior to treatment and six months after SBRT.

Interestingly, emotional score improves over time likely related to

the significant decrease of pain produced by the reduction in size of

the tumor mass. As kidney cancer becomes atrophic and shrinks

over time, it is anticipated that their QOL may further improve with

long-term follow-up (77). However, further studies should be

performed to verify this hypothesis.

There is still a debate about the optimum dose selection for the

treatment of renal cancer with SBRT. Small tumors (4 cm or less)

tend to be treated with a single fraction which may be more

convenient for older patients with transportation difficulty. Larger

tumors are frequently treated with multiple fractions ranging from

three to ten. However, most institutions use a protocol of three to

five fractions for patient and staff convenience. Many institutions

have performed phase I dose escalation study to assess what is the

maximum dose that may be achieved without having excessive

toxicity (88, 89). An alternative question would be about the

biologic equivalent dose (BED) necessary to control tumors of

different sizes. Kurban et al. (90) reported the pathology of 323

nephrectomies for renal mass with tumor size ranging from 4 cm or

less (small), 4 to 7 cm (intermediate), and greater than 7 cm (large).

Ninety percent of the small tumors were localized to the kidney and

were of low histologic grade. Large tumors often invaded adjacent

tissues, and presented with aggressive features such as high grade,

necrosis, and sarcomatoid changes. Thus, it would be easy to

eradicate a small tumor with a single fraction of 26 Gy for

example. Hypoxia and necrosis associated with larger tumors

often confer radio-resistance and may require a higher BED to

overcome their resistance. Even though there is still debate on the

value of the a/b value for renal cancer, Tran et al. (91) using an a/b
ratio of 3 to review the literature on SBRT for renal cancer suggests

that a BED3 of 225 or more which corresponds to 48 to 60 Gy in 3

fractions or 48 Gy in 4 fractions may be associated with a

better survival.

Thus, for large tumors either a high BED or combining SBRT

with a radiosensitizing agent such as CPI may improve local control

and/or survival. The combination of immunotherapy and SBRT may

be more attractive due to the potential to eradicate micrometastases

and survival. As a local therapy like nephrectomy, SBRT would not

impact the development of distant metastases in tumors with high

risk features for recurrence.
Safety profile of immunotherapy and
hypofractionated radiotherapy for
advanced or metastatic
renal carcinoma

Due to the synergy between immunotherapy and radiotherapy

for renal cancer, and in particular the potential beneficial effect of

the radiotherapy-induced abscopal effect, many institutions have
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conducted trials to assess the feasibility of SBRT or radiosurgery

with immunotherapy for metastatic disease (34, 92–98).

Preliminary results are very promising. The combination of

hypofractionated radiotherapy and immunotherapy is safe. There is

no reported treatment related death (34, 92–97). Grade 3–4 toxicity

ranged from 5.6 to 30%. Selected studies suggest a survival

advantage combining radiotherapy and immunotherapy versus

immunotherapy alone for metastatic renal cancer.

Piening et al. (96) reported the survival outcome of 644 patients

with metastatic renal cancer who received hypofractionated

radiotherapy combined with CPI (n=63) or CPI alone (n=581).

The 2-year survival for patients with brain metastases was

significantly improved for the combined therapy, and was 70.8%

and 51.4% for the radiotherapy with CPI arm and CPI alone,

respectively. Timing of immunotherapy before or after

radiotherapy had no impact on survival. Even though that was a

retrospective study, the benefit of adding radiotherapy to CPI is also

corroborated in other trials (94, 97, 98). For example, Li et al. (98)

reported in a randomized study the benefit of adding a split course

of radiotherapy to nivolumab (n=22) compared to nivolumab alone

(n=22). Even though the patient number is small, median PFS was

28.1 and 21.5 months for the combined modality and nivolumab

alone, respectively. Patients with oligometastases seem to benefit the

most from the combined treatment.

Siva et al. (97) treated 30 renal cancer patients with one to five

metastatic sites with a single course of 20 Gy SBRT or 30 Gy in 10

fractions to all metastatic sites followed by pembrolizumab 200 mg

administered every three weeks for eight cycles. At a median follow-

up of 28 months, 2 year survival and disease control rate was 74%

and 83%, respectively. In another study, Li et al. (98) reported the

outcome of 44 patients with renal oligo metastases randomized to

immunotherapy alone (n=22) or combined with radiotherapy

(n=22) at a dose of 50 Gy in 5 fractions. The objective response

rate was 59% and 27% for the combined treatment and

immunotherapy alone, respectively. Corresponding numbers for

progression-free survival was 28.1 and 21.5 months respectively.

There was no difference in adverse events between those two

groups. Thus, immunotherapy is safe and may be effective in

selected patients when combined with high dose radiation.

However, the caveat of those studies is the lack of biomarkers

such as PD-L1 to assess response rate and survival. They did

highlight the fact that immunotherapy can be safely integrated in

a protocol using SBRT for non-metastatic renal carcinoma in

patients with high risk features for recurrences.
Evaluation of frailty in older patients
with renal cell carcinoma

Before enrolling any older cancer patients (defined as 65 years

old or above) in any protocol, frailty needs to be assessed due to its

impact on the treatment. Frailty is defined as a state of increased

vulnerability resulting from aging associated decline in reserve and

function across multiple physiologic systems (99). Even though

there are many questionnaires to assess frailty in older patients. the
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G-8 questionnaire is simple to administer in a busy clinic, thus

practical to implement in clinical trials (100). Those with a score of

15 or above are defined as fit. Those with a score of 14 or less will

undergo a complete geriatric assessment with the comprehensive

geriatric assessment (CGA) survey (101). Thus, any impact of frailty

on patient tolerance to treatment could be recorded and be used to

develop future treatment protocols on the combination of

immunotherapy and radiotherapy for renal cancers. In addition,

to achieve optimal technical outcome in older cancer patients who

may have mental issue in collaborating with immobilization

protocols such as 3D exhale breath-hold technique, cognitive

assessment questionnaire such as Mini-Mental Status Exam

(MMSE) or Montreal Cognitive Assessment (MoCA) may be

useful to assess their suitability for collaboration (102).

Proposed IGRG algorithm for older
patients with non-metastatic renal
cancer who are not candidates for
surgery or decline surgery

All tumor biopsy specimen should undergo next generation

sequencing (NGS) if feasible which includes PD-L1 and other

potential biomarkers for immune response. However, if NGS is not

feasible, PD-L1 status should be confirmedwith immunohistochemistry.

All patients should be assessed for frailty prior to their enrollment to

investigate its impact on the combined treatment. Patients with small

(4 cm or less) cancers of low grade histology and non-aggressive
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subtypes should undergo SBRT alone to a dose of 26 Gy single

fraction as they are likely to have excellent local control and survival.

Immunotherapy is unlikely to add any benefit for those patients but

could be used for salvage therapy in case of recurrence. Patients with

large tumors (more than 4 cm) and/or associated with high risk for

recurrences such as high grade histology or aggressive subtypes should

be stratified based on their PD-L1 status. Those with PD-L1 with 1% or

more should undergo immunotherapy first for four cycles before

radiotherapy as they are likely to respond to CPI. They should

undergo fractionated SBRT to achieve a BED3 of 225 Gy (91).

Immunotherapy should be resumed for four cycles after SBRT unless

the patient developed significant toxicity to CPI during the induction

phase to achieve a total of eight cycles (97).

Those with PD-L1 less than 1% should receive SBRT first with the

same fractionation and BED to induce upregulation of PD-L1

followed by eight cycles of immunotherapy unless they develop

undue toxicity to CPI. We postulate that the combination of

immunotherapy and SBRT may improve survival for those patients

as it may decrease the risk of micrometastases and improve local

control in large tumors which are often necrotic and hypoxic.

The conclusions based on prospectively collected data may

improve the design of future clinical trials targeting older patients

treated with immunotherapy and SBRT for renal cancer. Figure 1

summarizes the proposed algorithm.

With a network of 1282 cancer institutions across the world and

a large number of patients from all ethnicities, the IGRG is

committed to conduct those studies when funding becomes

available (103, 104).
FIGURE 1

International Geriatric Radiotherapy protocol for non-metastatic renal cancer.
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Conclusion

The combination of SBRT and immunotherapy may be

beneficial for older patients with non-metastatic renal cancer who

are not candidates for surgical resection or decline nephrectomy.

Prospective studies should be conducted to verify this hypothesis.
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proposal by the international
geriatric radiotherapy group
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The standard of care for non-metastatic muscle invasive bladder cancer is either

radical cystectomy or bladder preservation therapy, which consists of maximal

transurethral bladder resection of the tumor followed by concurrent

chemoradiation with a cisplatin-based regimen. However, for older cancer

patients who are too frail for surgical resection or have decreased renal

function, radiotherapy alone may offer palliation. Recently, immunotherapy

with immune checkpoint inhibitors (ICI) has emerged as a promising treatment
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when combined with radiotherapy due to the synergy of those two modalities.

Transitional carcinoma of the bladder is traditionally a model for immunotherapy

with an excellent response to Bacille Calmette-Guerin (BCG) in early disease

stages, and with avelumab and atezolizumab for metastatic disease. Thus, we

propose an algorithm combining immunotherapy and radiotherapy for older

patients with locally advanced muscle-invasive bladder cancer who are not

candidates for cisplatin-based chemotherapy and surgery.
KEYWORDS

older, bladder cancer, invasive, ICI, radiotherapy
Introduction

Bladder cancer prevalence increases significantly with age. Old

age is also associated with a high risk of death, likely due to pre-

existing comorbidities (1). Currently, the standard approach for

eligible patients with non-metastatic muscle-invasive bladder cancer

(MIBC) consists of neoadjuvant chemotherapy followed by radical

cystectomy, pelvic lymph node dissection, and urinary neobladder

reconstruction. In radical cystectomy, genitourinary organs including

the bladder, prostate, and seminal vesicle in male patients, and the

bladder, uterus, ovaries, fallopian tubes, and anterior vaginal wall in

female patients, should be resected (2). Radical cystectomy is a highly

morbid surgical procedure that significantly compromises patients’

quality of life. In addition, less than half of older patients with MIBC

receive definitive therapy either with surgical resection or

transurethral resection of a bladder tumor (TURBT) followed by

chemoradiation (3). Among patients with invasive bladder cancer

who underwent radical cystectomy. the mortality rate was

significantly higher in older patients one year after the procedure

(4). Frailty prior to surgical resection is often prognostic of a high

mortality rate after treatment (5). Thus, older and frail patients are

not ideal candidates for surgery. Bladder preservation therapy with

chemotherapy following maximal TURBT and radiation is often

offered as an alternative for those patients.

A dose-dense MVAC (methotrexate, vinblastine, doxorubicin,

and cisplatin) regimen is the most effective combined chemotherapy

in urothelial carcinoma; however, due to its toxicity, only a minority

of patients can tolerate this protocol (6). An alternative less toxic

cisplatin-based chemotherapy regimen frequently used is

gemcitabine and cisplatin (GC). For patients who are not

candidates for cisplatin due to reduced kidney function, mitomycin

and 5-fluorouracil (5-FU) may be offered as another alternative, even

though this regimen may be more toxic (7). The National

Comprehensive Cancer Network (NCCN) guidelines also

recommend cisplatin alone, low-dose gemcitabine, or 5-FU and

mitomycin as preferred radiation sensitizers. However, older

patients are infrequent candidates for cisplatin-based chemotherapy

due to the high prevalence of chronic renal failure (CRF). It is

estimated that 39.4% of Americans over the age of 60 would
0271
develop CRF (8). Those who are 75 years or older are at higher

risk of end-stage renal failure requiring dialysis (9). Frailty, which

significantly increases with age, is also associated with an adverse

outcome following chemotherapy or chemoradiation (10, 11). Thus,

older and frail patients with MIBC pose a treatment challenge to

clinicians, as radiotherapy alone is less effective compared to

concurrent chemoradiation for local control and survival (12).

Recent advances in immunotherapy have shed some light on how

immune checkpoint inhibitors (ICI) may confer a survival advantage

when combined with radiotherapy for MIBC due the synergy between

those two modalities (13). Immunotherapy has been reported to be

effective for local control in patients with non-muscle-invasive bladder

cancer unresponsive to Bacille Calmette-Guerin (BCG) vaccine (14,

15). In addition, for locally advanced bladder cancer, neoadjuvant

immunotherapy has been reported to induce a high rate of

pathological response, and potentially improve survival through the

reduction of occult distant metastases (16). Even though the data is

still preliminary, it suggests that combining immunotherapy with a

local therapy which may be synergistic with immunotherapy such as

radiotherapy may further improve the response rate and increase the

rate of anatomic bladder preservation (17).

The International Geriatric Radiotherapy Group (http://

www.igrg.org) is an organization devoted to the care of older

cancer patients, minorities, and women who are frequently

excluded from clinical trials. Based on currently published

literature, members of the genitourinary cancers subgroup propose

in this article a practical protocol for older patients with MIBC who

are too frail to undergo surgery or who are not candidates for

chemotherapy (17). Radiotherapy and immunotherapy may induce

long-term remission and potential cure for those patients.
Rationale for using immunotherapy in
bladder cancer

Bladder cancer immune environment

Amongmany anatomic tumor types, bladder cancer has a unique

tumor microenvironment which make it an ideal target for ICI.
frontiersin.org
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Tumor mutation burden is a quantitative genomic biomarker

that measures the number of mutations within a tumor (18). Higher

expression of neoantigens by tumor cells leads to an increased

accumulation of tumor-infiltrating lymphocytes (TIL) in the tumor

microenvironment. These infiltrating lymphocytes come from the

blood stream (B cells, T cells, natural killer cells, macrophages,

dendritic cells etc. in various proportions) and adhere to tumor

cells to kill them. There is a positive correlation between high TMB

expression and TIL. TMB is measured by mutations per megabase of

the cancel cell genomic (mut/Mb). Cancer cells that express 10mut/

Mb or more are defined to have a high TMB (TMB-H). Among

patients with bladder cancers, TMB-H tumor is associated with a

better survival and disease-free survival (18–21). It is postulated that a

high concentration of CD8 T cells, CD4memory T cells, and NK cells

in the tumor produces a better immune response (19). The

correlation between high TIL in the tumor microenvironment and

survival was corroborated in another study (22). A combination of

TMB-H and a high concentration of TIL, defined as immune cell

infiltration (ICI-H) in the tumor, provides the best prognosis for

patients with MIBC (23). In addition, the frequency of mutations in

mismatch repair (MMR) genes producing microsatellite instability is

also significantly higher in TMB-H tumor, leading to a better

response to immunotherapy (20).

Correlation between TMB-H and good prognosis for MIBC has

been corroborated by other MIBC studies as those tumors are likely

to respond to immunotherapy with ICI resulting in longer survival

compared the ones with a low TMB (TMB-L) (24–26). A

metaanalysis of 6,131 cancer patients treated with ICI reported a

significant improvement in survival and progression-free survival

for those with TMB-H (25). However, a higher cutoff value of 20

mut/Mb or more was correlated with a better survival, as it was a

compilation of many cancers with different anatomic sites and

different tumor microenvironments. For cancers with traditionally

high TMB such as melanoma, colorectal, bladder, and non-small

cell lung cancer, a cutoff value of 13 mut/Mb was reported (26).

Thus, TMB value should be incorporated in any prospective study

for MIBC.

In addition to TMB, program death ligand-1 (PD-L1) is another

biomarker which has been reported to be associated with a poor

prognosis and a better immune response to ICI in bladder cancer.

Overexpression of PD-L1 by bladder tumor is frequently associated

with a high tumor grade, poor response to BCG vaccine, stage

progression and poor survival (27, 28). The role of PD-L1 is to help

the tumor cells escape killing by the immune system. Binding to

PD-L1 to the program cell dead-1 (PD-1) present on T cells leads to

inhibition of their activation. The mechanism of T cell inhibition is

complex and ranges from apoptosis to T cell exhaustion (29). An

increase in PD-L1 expression has been reported in non-invasive

bladder cancer after BCG treatment, suggesting that this biomarker

confers resistance to intravesical bladder vaccination and

subsequent disease progression (30). Depending on the cutoff

value, the prevalence of PD-L1 ranges from 26% to 58% in

bladder tumor specimens (31–33). High expression of PD-L1 is

correlated with a poor response to chemotherapy (33).

Radiotherapy significantly increases PD-L1 expression of bladder

cancer cells in both in vitro and in vivo experiments, as the tumor
Frontiers in Oncology 0372
produces an immunosuppressive environment through inhibition

of CD-8 T cells to escape radiation killing (32). Conversely, high

PD-L1 expression confers an excellent response to immunotherapy

with ICI (34, 35). Thus, combining both TMB and PD-L1

expression may be advantageous to predict the response to

immunotherapy for MIBC (36).
Effectiveness of immunotherapy for
bladder cancer

The role of ICI for non-muscle invasive
bladder cancer

Radical cystectomy is the treatment of choice following BCG-

unresponsive high grade non-muscle-invasive bladder cancer

(NMIBC). However, many patients are unfit for surgery due to

their age and co-existing morbidity. For those patients, a phase II

study with atezolizumab every three weeks for one year has reported

a biopsy-proven 26% complete response (CR) at six month (37).

Treatment toxicity is acceptable, with 9 out of 73 patients (12.3%)

developing grade 3–5 toxicity. One death was reported. Another

report of 96 patients with NMIBC unresponsive to BCG also

corroborated the efficacy and low toxicity of pembrolizumab (14).

At a median follow-up of 36.4 months, 39 patients (41%) had CR.

There was no treatment-related death. Eight patients (8%)

developed grade 3–4 complications. Those two studies illustrated

the proof of concept that ICI is effective for NMIBC in vivo due to

the high PD-L1 expression of tumor cells (38).

The role of ICI for non-metastatic MIBC
Complete pathologic response (pCR) following neoadjuvant

chemotherapy for bladder cancer is predictive of an excellent

prognosis. Induction chemotherapy may decrease the rate of

occult distant metastases and confer better survival for those

patients. Indeed, a meta-analysis of 13 studies using neoadjuvant

cisplatin-based chemotherapy reported excellent survival and

relapse-free survival for patient who achieved pCR compared to

those with residual disease in the surgical specimen (39). In

addition, compared to patients undergoing radical cystectomy

alone for invasive bladder cancer, induction chemotherapy has

been reported to improve survival likely due to a reduction of

distant metastases with systemic therapy (40).

Thus, investigations have been performed to assess whether

neoadjuvant immunotherapy can achieve the same role as

chemotherapy either for all chemotherapy naïve patients or for

those who cannot receive cisplatin due to reduced kidney function.

Immunotherapy with various ICI for two to three cycles before

radical cystectomy was performed to assess pCR and survival for

patients with locally advanced bladder cancer (41–50). The impact

of biomarkers on response rate has also been investigated in

selective studies.

Bandini et al. (41) reported 112 patients clinical stage T2-T4N0

who underwent neoadjuvant pembrolizumab for three cycles before

radical cystectomy. The pCR rate was 37.5%. There was a positive

correlation between TMB value and PD-L1 expression with pCR

rate. However, on multivariate analysis, only PD-L1 expression was
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correlated with a high pCR rate. In a follow-up study of 155

patients, both TMB and PD-L1 have been reported to be

associated with excellent event-free survival (EFS). The 3-year

EFS was 87.3% and 89.8% for high TMB and PD-L1, respectively

(43). Thus, the study highlighted the importance of those

biomarkers to predict a good response to immunotherapy and

survival. Correlation between high PD-L1 and TMB rate and high

pCR rate was also reported after pembrolizumab among 34 patients

with non-clear cell histology. The pCR was 37% (45).

Powles et al. (42) reported a 31% pCR following two cycles of

atezolizumab and cystectomy for 95 patients with locally advanced

bladder cancer. The pCR rate for PD-L1 positive patients was 37%.

It was unclear what the PCR rate for PD-L1 negative patients was,

but the difference did not achieve statistical significance. On the

other hand, high CD8 level within the tumor was associated with a

high pCR rate. The pCR rate was 40% and 20% for patients with

high and low CD8 levels, respectively.

Nivolumab alone or in combination with another agent was

investigated for neoadjuvant locally advanced bladder cancer in two

studies. The pCR rate for nivolumab alone was 17% (47). It was

unclear whether this lower pCR rate was attributed to the

administration of the drug schedule, as patients only received two

cycles before surgery. However, when combined with ipililumab

with the same treatment schedule, there was a significant increase in

the pCR rate. The PCR rate was 42.9% independent of CD8 level

(48). The study suggests that combining immunotherapy with

another biologic agent or another treatment modality such as

radiotherapy may enhance the effectiveness of immunotherapy,

leading to a better survival and potential bladder preservation.

Real-world data and other studies also support the use of

neoadjuvant immunotherapy for bladder cancer. Using a propensity

score matching method, Grassauer et al. (49) reported the survival and

outcome of 840 patients who had surgery alone (n=280), neoadjuvant

chemotherapy (n-=280), and neoadjuvant immunotherapy (n=280) for

their locally advanced bladder cancer. The pCR rate was 26.4% and

22.5% for the neoadjuvant chemotherapy and immunotherapy,

respectively. Survival rate was similar for both chemotherapy and

immunotherapy and was significantly superior compared to the

surgery-alone group. Table 1 summarizes relevant neoadjuvant

immunotherapy for bladder cancer.

Taken together, these studies suggest that neoadjuvant

immunotherapy may be a viable option for patients who are not

candidates for chemotherapy due to a high pCR rate and may also

serve as a template for patients for desire anatomic bladder

preservation, such as radiotherapy. Biomarkers such as PD-L1 and

TMB should be included in any prospective studies for locally

advancedMIBC, as they may be predictive of the response rate to ICI.
The role of ICI for metastatic MIBC

The effectiveness of immunotherapy alone and standard

chemotherapy has been tested in a randomized study for

metastatic bladder carcinoma in the first-line setting. The median

survival was 15.7 and 13.1 month, for atezolizumab and

chemotherapy, respectively. However, serious adverse events
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resulting in withdrawal of the medication was significant less

among patients who had ICI, at 6% and 34%, respectively (51). In

a previous study, the response rate to atezolizumab was correlated

with PD-L1 expression on tumor-infiltrating immune cells (52). In

another study testing atezolizumab against chemotherapy in the

second line setting for patients with metastatic bladder cancer

refractory to platinum-based chemotherapy, there was no survival

advantage for immunotherapy, but the response duration was

longer and the adverse events were reduced compared to

chemotherapy (52) Another anti-PD-L1 agent, durvalumab, did

not improve survival in the first-line setting for metastatic bladder

cancer patients. However, among patients with PD-L1 positive

cancer, median survival was significantly longer compared to

those receiving chemotherapy (53). These studies emphasized that

selection of patients for immunotherapy was the key for its success.

Another PD-1 inhibitor, pembrolizumab, has been reported to

improve survival compared to salvage chemotherapy among

patients who relapsed following cisplatin-based chemotherapy.

The 2-year survival was 26.9% and 14.3% for pembrolizumab and

chemotherapy, respectively. Grade 3 or more side effects were also

significant less with immunotherapy, at 16.5% and 50.2%,

respectively (54). Pembrolizumab also conferred significant

survival as first-line treatment for patients with locally advanced

or metastatic urothelial cancer who were not eligible for cisplatin

chemotherapy, especially among those with significant PD-L1

expression (55).

A comprehensive Cochrane systemic review and meta-analysis

evaluated the effectiveness and safety of immunotherapy and

chemotherapy in patients with locally advanced and metastatic

bladder urothelial carcinoma. Immunotherapy was reported to be

superior to chemotherapy in terms of high grade adverse events,
TABLE 1 Neoajuvant immunotherapy for non-metastatic invasive
bladder cancer.

Studies Patient
No

Immuno
therapy

PCR Biomarkers
correlation

Bandini
et al (41)

112 pembrolizumab
3 cycles

37.5% PD-L1

Powles
et al (42)

95 atezolizumab
2 cycles

31% CD8+ expression

Basile
et al (43)

155 pembrolizumab
3 cycles

36.8% PD-L1, TMB>11.5

Hu et al (44) 48 tislelizumab 14.6% NS

Necchi
et al (45)

34 pembrolizumab
3 cycles

37% PD-L1, TMB>11.5%

Li et al
(46)

39 pembrolizumab
3 cycles

32.1% NS

Grivas
et al (47)

13 nivolumab
2 cycles

17% NS

Van Dijk
et al (48)

24 nivolumab
+ipilumomab
2 cycles

46% Independent

Grassauer
et al (49)

280 NS 22.5% NS
PCR, pathologic complete response; TMB, tumor mutation burden; NS, not specified.
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patients’ compliance, and quality of life in both first-line and

second-line therapy for those patients (56). Furthermore, most

current guidelines recommend avelumab as first line maintenance

therapy after platinum-based chemotherapy as the new standard for

patients with locally advanced or metastatic urothelial carcinoma.

In a phase III study of 700 patients with advanced or metastatic

urothelial carcinoma who did not have disease progression

following first-line chemotherapy, avelumab significantly

improved survival compared to the patients who only had

supportive care (57). The 1-year survival was 71.3% and 60.4%

for the avelumab group and supportive care group, respectively.

Thus, patients who respond to the induction chemotherapy can be

offered avelumab first-line maintenance therapy until disease

progression or unacceptable adverse events (58, 59).

However, in contrast to studies using immunotherapy for

locally advanced bladder MIBC, there are still controversies about

the role of biomarkers in patients with metastatic bladder cancer, as

patients with low PD-L1 expression may also have similar survival

after immunotherapy compared to those with higher expression

(60). We postulate that the difference in tumor response may have

been related to the tumor microenvironment of the distant

metastases, which have been reported to differ from the primary

sites in different tumors (61–64). Biopsies of the primary tumor and

their metastases demonstrated a discordance between PD-L1

expression and a tumor microenvironment which is less

responsive to immunotherapy (61, 62). However, more

investigations need to be done as most clinicians assume that the

tumor microenvironment is similar between the primary tumor and

the distant metastatic sites. Thus, biopsy of the distant metastases is

frequently not performed, and treatment decision of stage four

disease relies on the biomarkers of the primary site (65).
Effectiveness of radiotherapy to enhance
tumor killing by ICI

In vivo experiments have demonstrated the effectiveness of

high-dose radiotherapy to improve survival among animals who

were inoculated with bladder cancer cells. Compared to placebo,

mice who developed bladder cancer had significantly improved

survival when treated with radiotherapy alone, ICI alone, and ICI

combined with radiotherapy. The group who received the

combined treatment had the best survival (66). Part of the

survival improvement was due to the abscopal effect of

radiotherapy as the chemokine C-X-C motif ligand 9 (CXCL) was

upregulated of the combined treatment group, leading to an

increase of CD8+ T cells and natural killer (NK) cells in the

tumor (66). Timing of the radiation before, during, or after ICI

did not affect survival for those receiving radiotherapy and ICI (67).

Thus adding radiotherapy to immunotherapy was the key for

survival benefit. In patients with low PD-L1 expression (<1%),

radiotherapy upfront may be advantageous as it upregulates PD-L1

expression of tumor cells, thus making them more sensitive to

ICI (32).

The induction of PD-L1 formation following radiotherapy is

not specific to bladder cancer as it has been reported among many
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tumors with different histology both in the laboratory and in

clinical studies.

Using immunofluorescence and three-dimensional structured

illumination spectroscopy, Permata et al. (68) demonstrated a

substantial increase in PD-L1 expression following irradiation of

osteosarcoma cells lines with various doses of carbon-ion and X-ray

irradiation. The increase in PD-L1 expression was greater with

carbon-ion suggesting that high linear-energy transfer particles

irradiation may be more effective compared to photons. Prostate

cancer allografts also experienced delayed growth and an increase in

PD-L1 expression following three fractions of 5 Gy seven days after

irradiation (69). In another study using immunoPET/CT imaging

by Zr-89-labeled anti-PD-L1 monoclonal antibody, Kikuchi et al.

(70), reported a significant elevation of PD-L1 of head and neck and

melanoma cancer implanted in mice after radiotherapy with two

fractions of 2 Gy times 4 or 10 fractions. The increase in PD-L1

expression is dose-dependent among tumors which have little

baseline PD-L1 expression such as esophageal adenocarcinoma

(71). These in vitro and in vivo experiments supported the role of

irradiation in the upregulation of PD-L1 expression.

Clinical studies also corroborate the impact of radiotherapy on

the expression of PD-L1 in tumor cells. Even among tumors that do

not express PD-L1 at diagnosis, radiotherapy administration may

turn them PD-L1 positive. Among 46 patients with extremities

sarcoma who were PD-L1 negative on initial biopsy, following

preoperative radiotherapy to a dose ranging from 45 Gy to 50 Gy,

10.6% became positive after irradiation (72). In other studies

preoperative radiotherapy or chemoradiation enhanced PD-L1

expression. Boustani et al. (73) reported the PD-L1 expression in

74 patients who underwent preoperative radiotherapy or

chemoradiation for locally advanced rectal cancer. PD-L1

expression was 15% and 50% before and after irradiation,

respectively. Corresponding figures for 75 patients who

underwent chemoradiation for cervical cancer were 5% and 52%,

respectively (74). In patients with non-small cell lung cancer, not

only PD-L1 expression in the biopsy specimen increased from 1% to

48% after chemoradiation, but there was also a significant increase

in PD-L1 expression in circulating tumor cells (CTC) during

treatment, suggesting a natural response of tumor cells to escape

the immune response induced by radiotherapy (75, 76).

Upregulation of PD-L1 in tumor cells and in the tumor

microenvironment by radiotherapy is a complex mechanism and

thought to be through four pathways: Interferon g signaling,

epidermal growth factor receptor pathway, DNA damage

signaling pathway, and cGAS-STING pathway (77). Increase in

PD-L1 expression allows the tumor cells to escape killing by CD-8+

T cells, which are attracted to the tumor microenvironment after

radiation through binding of T cells program death 1 (PD-1)

receptor (78). Thus, clinicians can formulate a policy to combine

immunotherapy with radiotherapy to improve local control and

survival not only for bladder cancer but also other tumor types such

as non-malanoma skin cancer (79).

Preliminary studies suggest that the combination of

immunotherapy and radiotherapy may be feasible with acceptable

toxicity. Among 32 patients with clinical stage T2–4aN0M0 who

were not eligible for surgery or declined cystectomy, TURBT was
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performed followed by immunotherapy with durvalumab and

tremelimumab every four weeks for three doses. Radiotherapy

was initiated two weeks after immunotherapy to a total dose of

64 Gy to 66 Gy and 46 Gy to the bladder and pelvic lymph nodes,

respectively. 26 patients (81%) achieved a biopsy proven CR after

treatment which was significantly higher than the ones reported

after neoadjuvant immunotherapy ranging from 14% to 46%

(Table 1). Grade 3–4 toxicity was 34% (80). Another study

corroborated the efficacy of pembrolizumab as a second-line

treatment for locally advanced bladder cancer in combination

with radiotherapy. Among 12 patients treated with curative

intent, median survival was 27.7 months. There was no difference

in grade 3–4 toxicity compared to a group of patients who was

treated with pembrolizumab alone (81). Thus, given the synergy

between immunotherapy and radiotherapy, further prospective

studies are needed to select patients who are most likely to benefit

from the combined treatment while minimizing treatment toxicity.
Efficacy of immunotherapy among older
cancer patients with bladder cancer

Preliminary studies suggest that ICI, and in particular

pembrolizumab, are well tolerated and effective among older

patients with bladder cancer and a poor performance status.

Among advanced bladder cancer patients who were ineligible for

cisplatin due to their age and poor performance status (Eastern

Cooperative Oncology Group performance status score 2),

pembrolizumab was administered as first-line therapy every three

weeks until disease progression, intolerable toxicity, or 24 months

of therapy. There was no difference in response rate, survival, and

toxicity between patients aged 65 or older (n=302) and 75 or older

(n=179) (82). Another study using real-world data corroborated the

efficacy and safety of pembrolizumab for older patients with

advanced bladder cancer who progressed after chemotherapy.

There was no difference in survival or grade 3–4 toxicity between

patients less than 75-year-old (n=215) or 75-year-old or older

(n=215) (83). Other ICI are also well tolerated in older patients

with urothelial carcinoma (84). These studies emphasized the safety

profile of ICI for the treatment of other solid tumors in older

patients (85–88).
Image-guided radiotherapy for the
treatment of locally advanced MIBC.

Radiotherapy has been an effective treatment for locally

advanced bladder cancer either alone or combined with

chemotherapy. However, radiotherapy planning is difficult due to

the distensibility of the bladder, leading to potential marginal miss

and/or serious toxicity from excessive irradiation of the normal

organs surrounding the target (89). It is also very difficult to deliver

a high dose to the gross tumor volume (GTV) as it is not well

delineated on the planning CT scan. An ideal radiotherapy

technique would deliver a very high dose to the GTV while
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of complications.

Fiducial markers are critical to delineate the bladder GTV for

accurate radiotherapy delivery (90). Two fiducial markers, gold

seeds and Lipiodol, are available to outline the GTV. Even though

they are equally effective, the advantage of Lipiodol is the relative

technical ease for injection and the absence of risk linked to seed

migration after its insertion (90). Thus, for practical purpose,

Lipiodol may be the preferred fiducial method for clinical studies

involving multiple institutions (91).

Following TURBT, a soluble iodinated radiocontrast agent,

Lipiodol, is injected through flexible cystoscopy into the bladder

submucosa circumferentially 2–3 mm from the margin of resection

or the visible GTV. The contrast agent remains visible during the

conventional seven-weeks course of radiotherapy. Many studies

have investigated the safety and visibility of Lipiodol on planning

CT scan and cone beam CT scan during radiotherapy (92–95). As

an illustration, Nakamura et al. (95) emphasized the feasibility of

partial bladder tumor boost with Lipiodol toward the end of the

treatment with IGRT, which decreased the risk of long-term cystitis

while allowing long-term local control.

Advancements in radiotherapy techniques like intensity-

modulated radiotherapy (IMRT) and image-guided radiotherapy

(IGRT) have allowed clinicians to accurately deliver a high tumor

dose while minimizing OAR’s dose, thus improving local control

and reducing serious complications in older patients with locally

advanced MIBC (96).

A review of the literature on locally advanced MIBC treated

with IGRT alone or combined with chemotherapy corroborates that

the normal organs sparing of this technique translates into

improved tolerance to radiotherapy for older cancer patients.

Acute grade 3–4 toxicity ranged from 2.3% to 30.3%. Long-term

toxicity was low and ranged from 0 to 11.5% (97–104). Local

control ranges from 56% to 78% depending on the length of the

follow-up. However, there was no consensus on the dose and target

volume delineation. For frail and old cancer patients, an ultra-

weekly hypofractionation of 6 Gy times 6 to the bladder was well

tolerated (99, 102, 104). Chemotherapy is omitted for those patients

due to their frailty status. Other studies used an integrated boost

technique to deliver a higher dose to the GTV concurrently with

chemotherapy to minimize toxicity for patients with a better

performance status, as the pelvic lymph nodes and bladder

received a lower dose (90, 91). Overall, hypofractionated

radiotherapy was well tolerated and might be best suited for older

cancer patients to decrease their need for transportation. Table 2

summarizes the studies on IGRT for locally advanced MIBC.
Evaluation of frailty in older patients with
locally advanced MIBC

Evaluation of frailty in older patients (defined as 65 years old or

above) with locally advanced MIIBC is crucial before enrolling them

in any protocol, given its impact on treatment outcomes. Frailty is

defined as a state of increased vulnerability resulting from aging
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associated decline in reserve and function across multiple physiologic

systems (105). As a result, the body’s ability to deal with stress is

altered. In frail cancer patients, there is an increase mortality risk with

surgery and chemotherapy (10, 106). There are several questionnaires

to assess frailty in older patient, with the G-8 questionnaire being

practical to implement in clinical trials due to its simplicity (107).

Patients with a score of 15 or above are defined as fit while those with

a score of 14 or less undergo a complete geriatric assessment with the

comprehensive geriatric assessment (CGA) survey (108). We propose

a protocol using patient fitness and biomarkers to stratify treatment

of older patients with locally advanced MIBC who are not candidates

for cisplatin chemotherapy and surgery.
Proposed IGRG algorithm for older
patients with locally advanced MIBC

All tumor biopsy specimen should undergo next generation

sequencing (NGS), if feasible, which includes PD-L1 and

TMB status.

Patients with PD-L1 with 1% or more and/or TMB equal or

more than 13 mut/MB should undergo immunotherapy as the first-

line of treatment for four cycles before radiotherapy as they are

likely to respond to ICI. Four cycles of immunotherapy are

proposed instead of the two to three cycles reported for

neoadjuvant immunotherapy, with the hypothesis that it may

further improve the pCR rate. Notably, the pCR was higher for

three cycles compared to two cycles with single agent ICI (Table 1).

Thus, adding one cycle, similar to the protocol for patients who

underwent neoadjuvant immunotherapy for locally advanced

squamous cell carcinoma of the skin, may be beneficial (99, 109).

Gross et al. (109) reported a pCR rate of 51% for those patients.

For frail patients, we propose a regimen of 6 Gy weekly for six

weeks to the bladder with IGRT two weeks following

immunotherapy as this regimen is well tolerated for older

patients. We believe that sequential treatment works best to

minimize treatment toxicity, as significant toxicity was reported
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bladder cancer. In a phase I study of five patients with bladder

cancer who underwent concurrent immunotherapy and concurrent

immunotherapy, four patients developed grade 3–4 toxicity (110).

Fit patients should receive a hypofractionated regimen, which

includes treating the pelvic lymph nodes, bladder, and GTV to a

total dose of 44 Gy in 2.2 Gy/fraction, 50 Gy in 2.5 Gy/fraction and

55 Gy in 2.75 Gy/fraction, respectively, with the simultaneous

integrated boost technique to minimize treatment toxicity.

Corresponding biologic equivalent dose (BED) would be 45.22,

62.5, and 70.1 Gy, respectively.

For patients with PD-L1 less than 1% and TMB less than 13 mut/

MB, radiotherapy should be administered first to induce upregulation

of PD-L1, followed by four cycles of immunotherapy. The radiotherapy

dose and fractionation are identical for frail and fit patients.

External beam pelvic irradiation should be performed with

IMRT and IGRT to minimize complication rates. The GTV

should be outlined with Lipiodol or another fiducial marker

depending on the institution’s expertise. Patients who respond to

the combination of radiotherapy and immunotherapy may be

offered avelumab maintenance therapy until disease progression

or unacceptable adverse events occur, at the discretion of

the investigator.

Conclusions based on prospectively collected data would

improve the design of future clinical trials targeting older patients

treated with immunotherapy and radiotherapy for bladder cancer.

Figure 1 summarizes the proposed algorithm.

The IGRG is committed to conducting such studies when

funding becomes available, leveraging its network of cancer

institutions worldwide (n=1282) and diverse patient population

(111, 112).
Conclusion

The combination of radiotherapy and immunotherapy may be

beneficial for older patients with locally advanced MIBC who are
TABLE 2 Image-guided radiotherapy for locally advanced muscle invasive bladder cancer.

Study Patient Radiation dose Chemotherapy Local
control

Complications

No Pelvis Bladder GTV Acute Late

Murthy et al (97) 44 55 Gy 64 Gy 68 Gy Yes 78% (3 year) 11% gr 3 4% gr 3

Kang et al (98) 26 45 Gy 45 Gy 62.5
Gy

Yes 86% (2 year) 3.8% gr 4 11.5% gr. 3

Huddart et al (99) 33 36 Gy No 71.7% (1 year) 30.3% gr 3-4 11.5% gr 2-4

Navarro et al (100) 117 NS 55-60Gy Yes 56% (5 year) 4% gr 3-4 4% gr 3-4

Remonde et al (101) 300 NS 59.4 Gy Yes 71.7 (5 year) NS NS

Zygogianni et al (102) 43 36 Gy No NS 2.3% O%

Hsieh et al (103) 10 NS 57.6 Gy Yes 83.3% (2 year) 10% gr 3 NS

Hafeez et al (104) 55 36 Gy No 83% (2 year) 22% gr 3 4.3% gr 3
No, number; NS, non specified; gr, grade; Gy, gray; GTV, gross tumor volume.
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not eligible for cisplatin chemotherapy and are not candidates or

decline cystectomy. Prospective studies should be conducted to

verify this hypothesis.
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FIGURE 1

Treatment algorithm for muscle invasive bladder cancer.
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Lung cancer stands as a malignant neoplasm bearing the highest burden of

morbidity and mortality within the elderly population on a global scale. Among the

lung cancer subtypes, non-small cell lung cancer (NSCLC) prevails as the most

prevalent. As age advances, elderly patients often present with an increased

prevalence of comorbidities, diminished organ reserve function, and alterations in

drug pharmacokinetics, including absorption, distribution, metabolism, and

clearance. These factors collectively contribute to a reduction in their capacity to

tolerate therapeutic interventions. Regrettably, there exists a paucity of research data

and evidence regarding the management of elderly patients afflicted by advanced

lung cancer. This article endeavors to compile and elucidate strategies for the

enhancement of treatment approaches, with the aim of aiding clinical decision-

making. Prior to the selection of clinical treatmentmodalities for elderly patients with

advanced NSCLC, a comprehensive assessment should be conducted, taking into

account various facets, including tumor characteristics, patient age, physiological

status, and the presence of comorbidities. The treatment strategy should be

implemented in a tiered fashion, thereby affording the opportunity for the tailoring

of individualized therapeutic approaches for elderly patients afflicted by advanced

NSCLC. The demographic of elderly patients confronting advanced NSCLC presents

a complex landscape marked by intricate underlying conditions, necessitating the

imperative optimization of treatment strategies.
KEYWORDS

advanced non-small cell lung cancer (NSCLC), elderly, lack of clinical evidence,
assessment tools, optimized treatment
1 Introduction

In 2020, lung cancer ranked as the second most frequently diagnosed malignancy and

claimed the top spot as the leading cause of cancer-related mortality. It constituted roughly

11.4% of all newly diagnosed cancer cases and accounted for a staggering 18.0% of cancer-

related deaths (1). In the year 2023, it is projected that approximately 350 individuals will
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succumb to lung cancer daily in the United States, firmly maintaining

its status as the foremost cause of cancer fatality (2). This ailment

predominantly affects the elderly population, with the median age at

the time of diagnosis hovering around 70 years (3). Among the various

forms of lung cancer, non-small cell lung cancer (NSCLC) prevails as

the most prevalent, comprising approximately 85% of cases (4).

Elderly patients grappling with this disease often present with

an array of underlying health conditions, utilize numerous

concomitant medications, experience a decline in organ function,

and unde rgo a l t e r a t i on s in pha rmacok ine t i c s and

pharmacodynamics. Paradoxically, this patient demographic is

frequently underrepresented in clinical trials. Conventional lung

cancer treatments may exacerbate the incidence of increasingly

severe adverse events (AEs) in this context. The burgeoning field of

geriatric oncology has witnessed significant advancements in recent

years, advocating for a comprehensive evaluation of elderly

individuals both before and during their cancer treatment, aiming

to deliver more precise therapeutic interventions (5). The primary

objective of this article is to consolidate and elucidate the concept of

geriatric assessment and the optimization of treatment strategies for

elderly patients with advanced NSCLC, with the aspiration of

furnishing a valuable reference for clinical practice.
1.1 Definition of old age

The definition of ‘old age’ lacks a universally accepted standard

due to its subjective nature, reliant upon social, economic, and

health-related variables. In most industrialized societies, old age is

conventionally defined at the age of 70, whereas in less affluent

regions, age 65, 60, or even 55 might serve as the demarcation point

(6). The National Comprehensive Cancer Network (NCCN)

Geriatric Oncology Guidelines delineate the elderly as individuals

aged 65 and above, further subdividing them into three categories:

those aged 65 to 75 categorized as young elderly, those between 76

and 85 as elderly, and those over 85 as advanced aged (7).
2 Optimization strategy

2.1 Strategy 1: utilize appropriate tools for
pre-treatment assessment

The elderly population exhibits a considerable degree of

heterogeneity, with age alone unable to adequately capture the

extent of aging. In the realm of geriatric oncology, treatment

strategies for patients should pivot primarily on functional status

rather than age, allowing for a balanced consideration of the

benefits and risks associated with treatment. Therefore, a

comprehensive assessment of the patient’s overall condition

before initiating treatment is imperative to maximize organ

function preservation during the therapeutic process (6).

Several assessment tools are currently employed to evaluate the

health status of cancer patients, predict treatment efficacy, and

assess tolerance. Karnofsky Performance Status (KPS) and Eastern

Cooperative Oncology Group (ECOG) Performance Status (PS)
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scores are widely used to evaluate the functional status of cancer

patients. However, these methods fall short in capturing the overall

status of elderly cancer patients and accurately predicting adverse

outcomes of chemotherapy, thereby having limitations in guiding

treatment (8). Consequently, the International Society of Geriatric

Oncology (SIOG) and the American Society of Clinical Oncology

(ASCO) strongly advocate for the incorporation of comprehensive

geriatric assessment (CGA) into the management plans for these

patients. CGA encompasses multiple dimensions beyond

conventional medical assessment, including functional status,

fatigue, comorbidities, cognitive function, mental health, social

support, nutrition, and geriatric syndromes (9, 10). A systematic

review conducted by Hamaker et al. (11) revealed that 28% of

patients modified their oncology treatment plans, with the majority

receiving fewer intensive regimens, while a median of 72% of

patients opted for non-oncological interventions. 75% of the

studies in this review demonstrated that the geriatric assessment

group exhibited higher treatment completion rates, with 55% of the

studies indicating lower treatment-related toxicities or

complications. Quite a few real-world studies use ECOG PS as an

assessment tool, which limits the ability to generalize data and

compare it with other case series from different institutions. Current

studies suggest that age and PS scores do not fully reflect the

physical condition of elderly patients, and that CGA should be

conducted according to the guidelines to avoid overtreatment or

undertreatment (12–16). It is inferred that geriatric assessment can

enhance treatment tolerance and completion in elderly

cancer patients.

2.1.1 Chemotherapy risk assessment tools: cancer
aging research group (CARG) and chemotherapy
risk assessment scale for high-age
patients (CRASH)

The primary tools recommended for assessing chemotherapy risk

in elderly patients encompass the following: CARG chemotherapy

risk assessment scale (17), CRASH (18), instrumental activities of

daily living (IADL), activities of daily living (ADL), Charlson

comorbidity index (CCI), cumulative illness rating scale-geriatric

(CIRS-G), mini-mental state examination (MMSE), geriatric

depression scale (GDS), geriatric screening tool-8 (G-8) and

vulnerable elders survey-13 (VES-13), among others (8).

Of particular clinical significance, CARG and CRASH exhibit

comprehensive coverage and robust clinical applicability.

Moreover, they exhibit comparable predictive performance for

chemotherapy resistance (19), positioning them as the most

promising tools for optimizing chemotherapy regimens (6).

Hurria et al. (17) initially introduced the CARG scale in a

prospective cohort study involving 500 cancer patients aged 65

and older, with 29% diagnosed with lung cancer. The study found

that patients classified as low risk, medium risk, or high risk based

on the CARG scale had proportions of grade three to five

chemotherapy-related AEs of 30%, 52%, and 83%, respectively (P

< 0.001). Conversely, when risk grouping was based on KPS scores,

no significant difference in the incidence of chemotherapy-related

AEs was observed in each group (P = 0.19). Subsequent analysis

involved calculating the area under the receiver operating
frontiersin.org
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characteristic (ROC) curve, revealing that the CARG outperformed

KPS in predicting chemotherapy-related AEs (0.72 vs. 0.53). This

has led to the speculation that the CARG scale possesses predictive

capabilities regarding chemotherapy tolerance in elderly patients, a

hypothesis substantiated by subsequent research (20). In 2012,

Extermann et al. (18) proposed the CRASH scale for the first

time. The scale was based on a introduced the CRASH scale,

based on a prospective cohort study encompassing 562 cancer

patients, including 518 evaluable cases, with an average age of 70

years or older (20% of whom were lung cancer patients). The study

demonstrated that the CRASH scale could predict the incidence of

hematological and non-hematological toxicity induced by

chemotherapy drugs, suggesting its potential to forecast

chemotherapy tolerance in elderly patients. CARG and CRASH

are shown in Tables 1–3, respectively.

2.1.2 Targeting and immunotherapy evaluation
tools: G-8 and VES-13

The utility of CGA in guiding targeted and immunotherapy for

elderly patients with advanced NSCLC remains an evolving field

with no established assessment tool. A prospective observational

cohort study by Gomes et al. (21) involved 140 elderly patients with

cancer, of which 55% were diagnosed with NSCLC. The study

categorized patients into elderly and young groups based on a 1:1

age ratio, with median ages of 75 and 62 years, respectively. The G-8

assessment was conducted before treatment in the elderly group,

with a score of less than 15 indicating a positive result. Single-drug

immune checkpoint inhibitors (ICIs) were administered as

treatment. The study revealed that elderly patients with a positive

G-8 assessment exhibited higher mortality and readmission rates,

suggesting the G-8 score may play a role in predicting severe

adverse events in frail elderly NSCLC patients. A recent review of

screening assessment tools for elderly cancer patients (22)

highlighted G-8 and VES-13 as the most commonly used

assessment tools. G-8 demonstrated higher sensitivity, whereas

VES-13 exhibited higher specificity, and both can be employed

individually or in combination. However, it should be noted that

these two assessment tools lack specificity for NSCLC, and there

remains a dearth of high-quality research to validate their use.

However, CGA often requires multidisciplinary collaboration to

accurately assess patients and is therefore very time-consuming, posing

a significant barrier to its adoption in clinical practice (23). In the

future, two approaches could be explored: First, the design of a more

convenient evaluation tool, followed by large-scale prospective clinical

trials to verify its effectiveness; second, the development of a calculator

based on the current evaluation tool to facilitate the calculation of

scores and assist in assessing pre-treatment risk.
2.2 Strategy 2: mitigate drug interactions

Elderly lung cancer patients often find themselves taking

multiple medications to manage various comorbid conditions.

Some studies (24, 25) have reported that the median number of

concomitant medications for elderly cancer patients ranges from
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five to nine, with approximately 35% of patients experiencing

significant drug interactions. A concise listing of common NSCLC

treatment drugs and the potential effects of concurrent medications

is provided for reference in Table 4 (8).
2.3 Strategy 3: tailor drug dosages based
on liver and kidney function

Hepatic and renal insufficiency is prevalent among elderly lung

cancer patients. Consequently, when administering anti-tumor

drugs subject to hepatic and renal metabolism, it is imperative to

make appropriate adjustments to the dosage to mitigate adverse

effects. A succinct compendium of common NSCLC treatment

drugs necessitating dosage adjustments is provided for reference

in Table 5 (8).
TABLE 1 CARG chemotherapy risk assessment scale.

Predictors Points

Age (year) 65 to <72 0

≥72 2

Cancer type Other 0

GI or GU 2

Chemotherapy dosing Reduced 0

Standard 2

No. of chemotherapy agents Monochemotherapy 0

Polychemotherapy 2

Hemoglobin (g/dL) ≥11 (male),
≥10 (female)

0

<11 (male),
<10 (female)

3

Creatinine clearance (mL/min) ≥34 0

<34 3

Hearing good 0

fair or worse 2

No. of falls in last 6
months

None 0

≥1 3

Medication intake No assistance 0

with some
help/unable

1

Limited in walking 1 block Not limited at all 0

Somewhat limited/
limited a lot

2

Decreased social activity because of health/
emotional problems

A little, or none of
the time

0

Some, most, all of
the time

1

fron
CARG, Cancer and Aging Research Group; GI, gastrointestinal; GU, genitourinary; Low risk:
0-5 points, medium risk: 6-9 points, high risk: ≥10 points
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2.4 Strategy 4: selecting the optimal
treatment option

Clinical trials provide a critical foundation for formulating

guidelines and guiding treatment. However, current clinical trial

results cannot be generalized to elderly patients with advanced

NSCLC. Subgroup analyses of older patients were conducted

retrospectively, and those who participated in clinical trials were

generally healthier than those treated in routine practice, resulting

in a lack of real-world evidence. Additionally, traditional cancer

clinical trials are often time-consuming and expensive, and they

frequently produce results with limited real-world applicability,

posing challenges for patient participation.

Real-world data studies offer a promising solution to fill

evidence gaps and provide essential information about the effects

of cancer treatments in real-world settings. However, the quality of

real-world data can affect the reliability of real-world evidence.

Therefore, combining traditional clinical trials with real-world data

studies can provide a stronger foundation for treatment decisions in

elderly patients with advanced NSCLC (26).

2.4.1 Preferred treatment for patients with
positive driver mutations: targeted Therapy

The driver gene profiles of elderly patients exhibit certain

characteristics, which, however, are not significantly different

from those of younger patients. Targeted therapy offers distinct

advantages, including minimal side effects, good tolerance,

enhanced quality of life, and potential improvements in

prognosis. Consequently, it is recommended that patients with

non-squamous NSCLC and certain squamous cell carcinomas

undergo routine screening for specific driver gene mutations,

such as epidermal growth factor receptor (EGFR) mutations,

anaplastic lymphoma kinase (ALK) fusion genes, ROS1 fusion
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genes, RET fusion genes, BRAF gene V600E mutation, MET gene

exon 14 skipping mutation, and other pertinent driver genes.

Targeted therapy is the primary treatment choice for elderly

patients with advanced NSCLC who test positive for these driver

mutations (8, 27).

2.4.1.1 EGFR - tyrosine kinase inhibitors: third generation
> second generation > first generation

In China, EGFR-TKIs approved for first-line treatment are

categorized into three generations: the first generation includes

gefitinib, erlotinib, and icotinib; the second generation comprises

afatinib and dacomitinib, while the third generation features

osimertinib and ametinib. A meta-analysis conducted by

Greenhalgh et al. (28) revealed that when compared to

chemotherapy, EGFR-TKIs demonstrate superior outcomes,

including a better tumor response rate, extended progression-free

survival (PFS), fewer AEs, and an enhanced health-related quality of

life. However, it is noteworthy that limited research has indicated

whether EGFR-TKIs contribute to longer overall survival (OS).

Meta-analyses have underscored the advantages of EGFR-TKIs

in the treatment of elderly patients with advanced NSCLC.

However, these studies have not delved into the therapeutic

distinctions among various EGFR-TKIs. A retrospective

observational cohort study comparing first- and second-

generation EGFR-TKIs (29) among patients aged 60 years and

older, it was found that the median OS was 19.1 months for

gefitinib, 22.9 months for erlotinib, and an impressive 35.6

months for afatinib. The OS of the afatinib group not only

exceeded that of the gefitinib group (P= 0.009) but also

outperformed the gefitinib combined with erlotinib group (35.5

vs. 21.4 months, P=0.016). Remarkably, there was no statistically

significant difference in PFS among these three groups. This

suggests that the longer OS observed in the afatinib group might
TABLE 2 CRASH score.

Predictors Points Risks

0 1 2 Single combined

Hematologic score* Low: 0-1 points Low: 0-3 points

Diastolic BP ≤72 >72 Med low: 2-3 points Med low: 4-6 points

IADL 26-29 10-25 Med high: 4-5 points Med high: 7-9 points

LDH (if ULN 618 U/L; otherwise,
0.74/L*ULN)

0-459 >459 High: 6-8 points High: ≥10 points

Chemotox& 0-0.44 0.45- 0.57 >0.57

Nonhematologic score* Low: 0-2 points

ECOG PS 0 1-2 3-4 Med low: 3-4 points

MMS 30 <30 Med high: 5-6 points

MNA 28-30 <28 High: 7-8 points

Chemotox& 0-0.44 0.45-0.57 >0.57
CRASH, the chemotherapy risk assessment scale for high-age patients; BP, blood pressure; Chemotox, toxicity of the chemotherapy regimen; ECOG PS, Eastern Cooperative Oncology
Group performance status; IALD, instrumental activities of daily living; LDH, lactate dehydrogenase; MMS, Mini Mental Health Status; MNA, Mini Nutritional Assessment; ULN, upper limit
of normal.
* For the combined risks, add the points from the hematologic and nonhematologic score, counting Chemotox only once.
& For examples of Chemotox values for specific regimens, see Table 3.
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be attributed to different resistance mechanisms that manifest

during treatment. Subgroup analysis from the successive

ARCHER1050 studies (30, 31) demonstrated that dacomitinib can

significantly prolong PFS compared with gefitinib in patients aged

65 years and older (Hazard Ratio (HR)= 0.69, 95% confidence

interval (CI): 0.48-0.99), though there was no significant OS benefit

(HR=0.987, 95% CI: 0.687-1.419).

It’s important to note that the selected population of these

studies excluded individuals who had developed central nervous

system (CNS) metastasis, a condition associated with shorter

survival. Among NSCLC patients with EGFR mutations, roughly

25% present with CNS metastasis at the time of diagnosis, and
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approximately 50% develop CNS metastasis within three years of

diagnosis (32).

Moreover, most NSCLC patients with EGFR mutations

experience disease progression after nine to thirteen months, with

over half attributed to the EGFR exon 20 T790M mutation (33). As

a third-generation EGFR-TKI, osimertinib can selectively inhibit

EGFR-TKI sensitizing mutations and T790M resistance mutations,

while also exhibiting activity within the CNS. The FLAURA study

(34, 35) confirmed that the use of osimertinib in patients aged 65

years and older could significantly extend PFS compared to first-

generation EGFR-TKIs (HR=0.49, 95% CI: 0.35-0.67). However, the

OS benefit was not statistically significant (HR=0.87, 95% CI:

0.63-1.22).

In the last five years, real-world studies have shown that

although EGFR-TKIs are effective and safe for older adults, and

their PFS in patients is generally consistent with the results of

clinical trials, the improvement in OS is limited (3, 36, 37). One

study found that older individuals treated with osimertinib had

longer PFS than those treated with first-generation EGFR-TKIs.

However, it cannot be ignored that osimertinib has a higher risk of

pneumonia compared to first-generation EGFR-TKI therapy (38).

2.4.1.2 ALK-TKIs: Alectinib as the preferred choice

ALK fusion gene positivity is a relatively rare occurrence in

NSCLC, accounting for approximately 3 to 5% of cases. It is more

prevalent among younger individuals, those with adenocarcinoma,

and never-smokers. ALK-TKIs approved for use in China are

categorized into two generations: the first generation, represented

by crizotinib, and the second generation, which includes alectinib,

ceritinib, and ensartinib. A subgroup analysis of the PROFILE 1014

study (39) revealed that elderly patients aged 65 years or older

treated with crizotinib experienced longer PFS when compared to

chemotherapy (HR=0.37, 95% CI: 0.17-0.77). However, the clinical

application of crizotinib is limited due to the high incidence of

secondary mutations in the ALK gene during its treatment. The

ASCEND-4 study (40) demonstrated the potential of ceritinib to

prolong median PFS in various subgroups, including elderly

patients aged 65 years or older (HR=0.45, 95% CI: 0.24-0.86),

when compared to chemotherapy. While second-generation ALK-

TKIs have shown promising response rates and survival benefits

(41), studies focused on elderly patients remain scarce, with most

results arising from subgroup analyses. A multicenter, randomized,

open-label phase III study (42) found that ensartinib significantly

extended the median PFS compared to crizotinib, though no

significant difference was observed in the PFS subgroup analysis

of elderly patients aged 65 years or older. The ALEX study (43)

demonstrated that the use of alectinib in elderly patients aged 65

years or older, when compared to crizotinib, significantly prolonged

PFS (HR= 0.45, 95% CI: 0.24-0.87). A real-world retrospective study

(44) encompassing 53 patients with ALK fusion gene-positive

advanced NSCLC categorized into two age groups (<65 and ≥65

years) and treated with crizotinib, ceritinib, and alectinib

respectively, found that age did not significantly impact PFS and

OS in either group. Patients treated with alectinib exhibited the

lowest incidence of AEs, with ceritinib showing the highest, and
TABLE 3 Example of chemotox values for various
chemotherapy regimens.

Points#

0 1 2

Capecitabine 2g Capecitabine 2.5 g 5-FU/LV (Roswell-Park)

Cisplatin/pemetrexed Carboplatin/gemcitabine
AUC 4-6/1 g d1, d8

5-FU/LV (Mayo)

Dacarbazine Carboplatin/pemetrexed 5-FU/LV
and bevacizumab

Docetaxel weekly Carboplatin/
paclitaxel q3w

CAF

FOLFIRI Cisplatin/gemcitabine
d1, d8

Carboplatin/
docetaxel q3w

Gemcitabine 1 g 3/4 wk ECF CHOP

Gemcitabine 1.25 g 3/
4 wk

Fludarabine Cisplatin/docetaxel
75/75

Paclitaxel weekly FOLFOX 85 mg Cisplatin/etoposide

Pemetrexed Gemcitabine 7/8 wk
then 3/4 wk

Cisplatin/gemcitabine
d1, d8, d15

Gemcitabine/irinotecan Cisplatin/paclitaxel 135-
24 h q3w

PEG doxorubicin 50
mg q4w

CMF classic

Topotecan weekly Doxorubicin q3w

XELOX FOLFOX 100-130 mg

Gemcitabine/
pemetrexed d8

Irinotecan q3w

Paclitaxel q3w

Docetaxel q3w

Topotecan monthly
5-FU, 5-fluorouracil; AUC, area under the concentration-time curve; CAF,
cyclophosphamide, doxorubicin,and 5-fluorouracil; CHOP, cyclophosphamide,
doxorubicin, vincristine, and prednisone; CMF, cyclophosphamide, methotrexate, and 5-
fluorouracil; ECF, epirubicin, cisplatin and 5-fluorouracil; FOLFIRI, irinotecan, leucovorin,
and 5-fluorouracil; FOLFOX, folinic acid, 5-fluorouracil, and oxaliplatin; LV, leucovorin;
PEG, pegylated; q3w, every 3 weeks; q4w, every 4 weeks; XELOX, capecitabine and oxaliplatin
#Unless specified otherwise, the doses are per meter squared. If no dose is specified, then this
means that the various common doses used for this regimen all fall into the same category.
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crizotinib falling in between. This suggests that in elderly advanced

NSCLC patients with ALK fusion gene positivity, crizotinib,

ceritinib, and alectinib offer similar efficacy but varying safety

profiles. Alectinib stands out with a lower incidence of serious

AEs and a reduced rate of treatment discontinuation, making it a

promising first-line treatment option for elderly NSCLC patients

with positive ALK fusion genes (8).

2.4.1.3 Other genetic mutations

fFor other gene mutations with lower incidence rates, we will

provide concise recommendations. Savolitinib is a suitable option

for elderly patients who have progressed after platinum-based

chemotherapy with MET exon 14 skipping mutation or those

who cannot tolerate platinum-based chemotherapy (45).

Crizotinib is an effective choice for elderly patients with a ROS1

fusion-positive gene (46). The combination of dabrafenib and

trametinib is recommended for elderly patients with a BRAF
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V600E mutation (47). Platinib is a viable treatment for elderly

patients with a positive RET fusion gene (48).

2.4.2 ICIs: pembrolizumab single agent
is preferred

ICIs have ushered in groundbreaking advancements in the

treatment of advanced lung cancer, making them a focal point in

the realm of lung cancer treatment. Subgroup analysis of

KEYNOTE-024 study (49) revealed that among elderly patients

with advanced NSCLC exhibiting high expression of programmed

cell death ligand 1 (PD-L1) (TPS ≥50%) and lacking EGFR/ALK

mutations, pembrolizumab was consistent with the overall

population in extending OS and significantly outperformed

chemotherapy (HR=0.64, 95% CI: 0.42-0.98). In a subgroup

analysis of the EMPOWER Lung-01 study (50), elderly patients

with advanced NSCLC and high PD-L1 expression experienced

significant extensions in both OS and PFS when treated with

cemiplimab compared to chemotherapy. A real-world study (51)

involving 2049 patients who received ICIs demonstrated that

elderly patients aged ≥75 years, after undergoing immune

monotherapy, exhibited no significant difference in OS compared

to patients aged 50-75 or <50 years. Both non-elderly and elderly

patients benefited from PFS when platinum-based chemotherapy

was combined with pembrolizumab in the Keynote-189 (52) and

Keynote-407 (53), though the benefit was somewhat lower in elderly

patients. In the IMpower 150 study (54), elderly patients aged ≥75

years did not experience a significant PFS benefit with atezolizumab

plus bevacizumab plus carboplatin plus paclitaxel (ABCP)

compared to the bevacizumab plus carboplatin plus paclitaxel

(BCP) group, while non-elderly patients showed significant

benefits in a subgroup (65-75 years old: 9.7 vs 6.9 months,

P<0.05; <65 years old: 8.0 vs 6.8 months, P<0.05). In the phase III

randomized CheckMate-227 trial (55), nivolumab combined with

ipilimumab offered a modest OS benefit to patients aged ≥75 and

65-74 years old compared to chemotherapy, but this benefit was less

pronounced than in patients under 65. In the Check-Mate 9LA

study (56), patients aged ≥75 years did not derive an OS benefit,

while those under 75 experienced significant OS benefits. These

results suggest that the diminished OS benefit in elderly patients

under intensive combination therapy may be associated with lower

tolerability. According to the FDA’s retrospective summary analysis

(57), when PD-L1 expression is ≥50%, there is no difference in

survival between chemotherapy combined with ICIs and ICIs alone

in patients aged 65-74 years. Patients aged ≥75 years exhibited

better survival outcomes with ICIs than with chemotherapy

combined with ICIs. For patients with PD-L1 expression of 1-

49%, chemotherapy combined with ICIs was superior to ICIs alone

in patients under 75 years old, but there was no difference in

survival between these two treatment strategies in patients aged

≥75 years.

A meta-analysis (58) of patients receiving nivolumab for

advanced renal cell carcinoma, melanoma, and NSCLC

demonstrated that the incidence of all-grade AEs was similar in

elderly and non-elderly patients, but elderly patients had a higher

incidence of ≥grade three AEs (71.7% vs. 58.4%). Conversely, in a
TABLE 4 Common NSCLC treatment drugs have related effects with
other drugs.

medicine other drugs result

Carboplatin,
etoposide,
gemcitabine,
paclitaxel,
and gefitinib

Warfarin Increase the blood concentration
of warfarin and the risk
of bleeding

Cisplatin Phenytoin Reduce the blood concentration
of phenytoin, which is not
conducive to epilepsy control

First- and third-
generation
EGFR-TKIs

carbamazepine,
phenytoin

Reduce the plasma concentration
of first- and third-generation
EGFR-TKIs and affect the efficacy

First-generation
EGFR-TKIs

itraconazole Increase the plasma concentration
of first-generation EGFR-TKIs
and increase adverse
drug reactions

First-generation
EGFR-TKIs

PPIs Reduce the absorption of first-
generation EGFR-TKIs and
increase the risk of death

ICIs PPIs Affect the efficacy of ICIs and
increase the risk of
poor prognosis
NSCLC, non-small cell lung cancer; EGFR-TKIs, epidermal growth factor receptor-tyrosine
kinase inhibitors; PPIs, proton pump inhibitors; ICIs, immune checkpoint inhibitors.
TABLE 5 Common therapeutic drugs for NSCLC requiring
dose adjustment.

Reason for adjustment Representative medicine

Dosage needs to be adjusted based on
renal function

Cisplatin, carboplatin, pemetrexed,
etoposide, and crizotinib

Mild to moderate hepatic insufficiency
requires to adjust dose

Docetaxel, paclitaxel, nab-paclitaxel,
gemcitabine, gefitinib, erlotinib,
crizotinib, and brigatinib

Severe hepatic impairment requires
dose adjustment

Alectinib, ceritinib, osimertinib,
pemetrexed, etoposide, and vinorelbine
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pooled analysis (59) encompassing the CheckMate-057,

KEYNOTE-010, OAK, and POPLAR studies, the incidence of

grade three to four immune-related AEs in individuals aged ≥75

years was lower than in each age group under 75 years (23% vs.

47%, 49%), and the incidence of AEs leading to treatment

discontinuation was similar (5% vs. 7%, 7%). These findings

suggest that older age does not increase the number of immune-

related AEs leading to treatment termination and may even

reduce it.

Although the real-world study included a heterogeneous

population of patients treated with different types of PD-(L)1

inhibitors, these patients received different treatment regimens

(60), and direct comparisons between the study results and

clinical trials are not reasonable (61). However, real-world studies

have reached conclusions similar to clinical studies, namely that old

age is not a substitute for clinical frailty, nor is age a limiting

condition for immunotherapy (12, 13, 23, 60, 62–75). Many studies

have shown that older patients exhibit similar efficacy and safety in

immunotherapy as the general population. A real-world study

comparing the effectiveness of pembrolizumab, nivolumab, and

atezolizumab found objective response rates (ORR) and disease

control rates (DCR) of 22.4%, 8.2%, and 4.3% (p = 0.004) and

59.2%, 55.7%, and 30.0% (p = 0.001), respectively. Although there

was no difference in OS between the three groups (12.6 months vs.

8.4 months vs. 7.7 months, p = 0.334), pembrolizumab had the

longest OS. In the PD-L1 ≥ 50% subgroup, pembrolizumab showed

a statistically significant OS advantage compared to atezolizumab

(pembrolizumab vs. atezolizumab, p = 0.023; nivolumab vs.

atezolizumab, p = 0.153; pembrolizumab vs. nivolumab, p =

0.406) (61).

In conclusion, it is recommended that elderly patients with

advanced NSCLC who exhibit high PD-L1 expression should be

treated with ICIs monotherapy as the first-line approach. While

ICIs combination therapy demonstrates a beneficial trend in

patients under 75 years old, there is insufficient evidence to

support its use in patients aged ≥75 years.

2.4.3 Chemotherapy: preferential use of single-
agent regimen with third-generation non-
platinum chemotherapy drugs for patients
lacking driver genes or exhibiting low PD-L1
expression in NSCLC

The third generation of non-platinum chemotherapy drugs

comprises agents such as vinorelbine, gemcitabine, paclitaxel,

docetaxel, and pemetrexed. Previous studies have extensively

examined the survival outcomes and safety profi le of

chemotherapy in elderly lung cancer patients. For elderly patients

with advanced NSCLC who lack targeted driver gene mutations and

exhibit low PD-L1 expression, platinum-containing doublet

combination therapy is the recommended first-line treatment

option for those who are suitable (76). However, this approach

can be associated with greater AEs, making it unsuitable for elderly

patients or individuals in poor health. The ELVIS study (77)

investigated 191 elderly patients aged 70 years and above with

advanced NSCLC. Results revealed that, when compared to the best
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supportive care (BSC) group alone, the vinorelbine combined with

BSC group significantly prolonged the median survival time (MST)

(28 weeks vs. 21 weeks), improved the 1-year survival rate (32% vs.

14%), and enhanced the quality of life (QOL). A meta-analysis (78)

that included data from 10 studies involving a total of 2,510 elderly

patients with advanced NSCLC demonstrated that the response and

survival rates were superior in the platinum-containing doublet

chemotherapy group compared to single-agent therapy. However,

it’s worth noting that the incidence of grade 3/4 adverse events such

as anemia, thrombocytopenia, and neurological toxicity was higher

in the doublet chemotherapy group.

A real-world study involving 474 consecutive elderly patients

(≥70 years of age) diagnosed with stage IIIB-IV NSCLC found that a

platinum-based dual-drug regimen (OR 2.23, 95% CI 1.02-4.87,

p<0.04) was an independent risk factor for hospitalization. The use

of a platinum-based dual-drug regimen was associated with a higher

risk of hospitalization and conferred no survival benefit compared

to a third-generation single-drug chemotherapeutic regimen (79).

In summary, when considering treatment options for elderly

patients, it is crucial to conduct a comprehensive assessment of their

overall health and ability to tolerate double-drug chemotherapy.

This approach is recommended as the first-line treatment for

elderly patients without driver gene mutations and with low PD-

L1 expression.

2.4.4 Anti-angiogenic drugs: consistency in
therapeutic dosage and safety across the
patient population

Anti-angiogenic therapeutic drugs, whether administered alone

or in combination with chemotherapy, EGFR-TKIs, or immune

checkpoint inhibitors, have demonstrated significant efficacy (8).

The ALTER0303 study (80) revealed that anlotinib exhibited

notable benefits for elderly patients, exhibiting superior PFS

(HR=0.22, 95% CI: 0.07-0.64) and OS (HR=0.34, 95% CI: 0.12-

0.94), particularly among those aged ≥70 years. Conversely, the

POINTBREAK study (81) showed that while the combination of

chemotherapy with anti-angiogenic drugs extended PFS compared

to chemotherapy alone (6.0 months vs. 5.6 months), there was no

significant difference in OS. The ARIES study (82) reported that

combining bevacizumab with chemotherapy in elderly patients did

not result in different PFS and adverse event profiles when

compared to their non-elderly counterparts, although OS was

slightly shorter. In the NEJ026 study (83), elderly patients with

EGFR fusion gene-positive NSCLC, both those < 75 and ≥75 years

old, experienced PFS benefits from erlotinib combined with

bevacizumab. Similarly, the ACTIVE study (84) demonstrated

improved PFS in the elderly subgroup when apatinib was

combined with gefitinib (HR=0.9 vs. 0.67). Studies like those

referenced (82, 85, 86) indicate that the adverse event grading for

bevacizumab combined with chemotherapy mostly remained below

grade two, with no statistical difference in the incidence of grade

three and higher adverse events between elderly and non-elderly

patients. This suggests that the safety profile of anti-angiogenic

treatment is comparable for both elderly and non-elderly lung

cancer patients.
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In a real-world study that retrospectively collected electronic

medical records of NSCLC patients receiving Endostar combined

with chemotherapy, 554 and 571 patients were assigned to ≤60

years of non-elderly patients and >60 years of elderly patients,

respectively, and performed propensity score matching. Results

showed no significant difference in efficacy between the two

groups, and the adverse reactions were tolerable (87). Another

study retrospectively enrolled 83 elderly patients (>65 years of age)

with NSCLC who had previously received at least two lines of

systemic therapy and whose disease had progressed. The ORR was

7.2% (95% CI = 2.7-15.1%) and the DCR was 78.3% (95% CI = 67.9-

86.6%), consistent with the ALTER0303 clinical trial. This study

found that the third-line efficacy of anlotinib monotherapy in the

treatment of elderly patients with advanced NSCLC was

satisfactory, and the safety was tolerable (88).

It is important to note that elderly patients often present with

underlying cardiovascular and cerebrovascular conditions, and the

risk of these conditions may increase with the use of anti-angiogenic

drugs. Therefore, treatment decisions should not be based solely on

age and should be approached with caution and vigilant monitoring.

2.4.5 Radiotherapy - dearth of robust
evidence presently

For patients with unresectable stage III NSCLC, the guidelines

recommend concurrent chemoradiotherapy (cCRT) with

subsequent durvalumab treatment for one year (76). Subgroup

analysis of the PACIFIC study (89, 90) compared patients who

received cCRT followed by durvalumab with those who received

cCRT followed by a placebo. In the elderly subgroup aged ≥65 years,

there was a prolonged PFS (HR=0.74, 95% CI: 0.54-1.01) and a 5-

year OS (HR=0.79, 95% CI: 0.60-1.05), although the differences

were not statistically significant. A retrospective study conducted

using real-world data from the Netherlands (91) involved 2,942

patients with stage III NSCLC who underwent radical

chemoradiotherapy (CRT). The study categorized patients into

two groups: cCRT and sequential chemoradiotherapy (seqCRT).

The median ages for these groups were 66 and 69 years, respectively.

The study found that age itself was not a risk factor for acute toxicity

or 3-month mortality after a three-month follow-up. However, it

was noted that patients treated with cCRT, those with a higher

TNM stage (IIIC) and poorer baseline health status had

significantly higher three-month toxicity.

A retrospective analysis was conducted in patients with

unresectable lung cancer who received treatment. Although older

patients who received synchronous CRT had better OS (median OS:

40.9 months vs. 24.4 months), this difference was not statistically

significant in the multivariate analysis (P = 0.09), suggesting that the

treatment outcome in the elderly remained unsatisfactory and that

the effect of multimodal therapy on elderly patients was limited

(92). Two other studies found no association between age 70 and

factors such as grade 3-4 CRT or Durvalumab toxicity, reduced

chemotherapy dose, delay or cessation of treatment, progression, or

death. These findings reinforce the current guideline

recommendation that cCRT is associated with optimal outcomes
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in unresectable locally advanced NSCLC, even in older patients

(93, 94).

In summary, there is currently insufficient evidence to make

strong recommendations regarding the use of radiotherapy and

chemotherapy in elderly patients with stage III NSCLC.

2.4.6 Surgical interventions: current lack of
sufficient evidence

The current guidelines (76) do not provide a surgical strategy

for elderly patients with advanced NSCLC, and the suitability of

surgical interventions for such patients remains undetermined. Kirk

et al. (95) conducted a retrospective study to investigate the safety of

lobectomy in NSCLC patients aged 80 years or older. They found

that surgical morbidity and mortality were not increased in this age

group; however, it’s important to note that the proportion of

patients in this age category was low (4.9%). Additionally, these

patients underwent rigorous screening and had low rates of

smoking and pre-existing respiratory, cardiovascular, and

neurological diseases. These factors could potentially introduce

biases into the conclusions. As a result, more prospective research

evidence is necessary to establish whether elderly patients with

advanced NSCLC can benefit from surgical interventions.
3 Conclusions

the incidence of lung cancer in the elderly is on the rise, and

these patients often present complex underlying health conditions.

The available clinical evidence for guiding treatment decisions is

notably limited, making the precise treatment of elderly patients a

significant challenge. While some assessment tools for elderly

patients are currently used in clinical practice, their results

and simplicity are not ideal. These tools are primarily geared

towards making chemotherapy decisions, and there remains

a notable absence of tools designed for targeted therapies

and immunotherapies.

For elderly patients with advanced NSCLC who possess driver

genes, targeted therapy is the preferred treatment, though its

efficacy might be reduced in patients with an ECOG PS score of

two or higher. The G-8 and VES-13 scales are useful for pre-

treatment evaluation. When chemotherapy is the chosen treatment

for elderly patients with advanced NSCLC, the CARG or CRASH

scale can be employed to assess their chemotherapy tolerance before

initiating treatment. Elderly patients with advanced NSCLC and

high PD-L1 expression can receive immune monotherapy, but

combination therapy is not recommended for those aged 75 and

older. Anti-angiogenic drugs can be used either alone or in

combination and have demonstrated effectiveness in elderly

patients with advanced NSCLC, but a thorough assessment of the

risks related to blood and cerebrovascular diseases is essential.

Furthermore, elderly patients face numerous unfavorable

factors when it comes to treatment, and distinguishing whether

their death is due to cancer or other causes can be challenging.

Therefore, the primary focus should be on preserving or enhancing
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their quality of life and functional status, with extending overall

survival being a secondary objective.

In the future, it is imperative to develop more straightforward

and accurate assessment tools and include a greater number of

elderly patients in prospective clinical studies. This will provide

stronger evidence support for future treatment options and help

address the unique challenges associated with treating elderly

patients with lung cancer (Figure 1).
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Denosumab combined with
chemotherapy followed by
anlotinib in the treatment of
multiple metastases of malignant
peripheral nerve sheath tumor: a
case report and literature review
Qian Chen, Haocheng Cui, Kai Zheng, Ming Xu
and Xiuchun Yu*

Department of Orthopedics, The 960th Hospital of the People’s Liberation Army, Jinan,
Shandong, China
Primary intraosseous malignant peripheral nerve sheath tumors (MPNSTs) are rare

yet highly aggressive neoplasms originating from peripheral nerves. Typically

manifesting as soft tissue masses accompanied by pain or functional

impairment, these tumors pose significant challenges in management. Surgical

intervention remains the cornerstone of treatment for patients with MPNST

lacking distant metastasis, with generally modest success rates. In cases of

recurrence and metastasis, the pursuit of effective systemic therapies has been

a focus of clinical investigation. Herein, we present a case study involving an

elderly female patient with refractory MPNST. In light of surgical limitations, a

multimodal therapeutic approach combining chemotherapy, denosumab, and

subsequent administration of anlotinib was pursued following collaborative

consultation. This regimen yielded noteworthy clinical benefits, exemplifying a

promising avenue in the management of challenging MPNST cases.
KEYWORDS

malignant peripheral nerve sheath tumor, anlotinib, denosumab, adjuvant chemotherapy,
case report
Introduction

Malignant peripheral nerve sheath tumor (MPNST) represents a highly aggressive

sarcoma arising from neuroectodermal cells of peripheral or cranial nerves, comprising

approximately 4%–5% of all soft tissue sarcoma (STS) and contributing to an estimated

1,500 new cases annually in the European Union (1). In 2002, the WHO classification of
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nervous system tumors adopted MPNSTs to supplant the

perplexing nomenclature encompassing malignant Schwann cell

tumors , mal ignant schwannoma, neurosarcoma, and

neurofibrosarcoma (2). With an annual incidence of one in a

mil l ion and a male-to-female ratio of 2.5:1, MPNST

predominately afflicts adults aged 20–50 years, with a prevalence

of 10%–20% before 20 years old (3). Predominantly localized along

peripheral nerves of the trunk, extremities, head and neck regions,

and spine, MPNSTs exhibit histological hallmarks such as

heightened cellularity, frequent mitoses, anaplasia, necrosis,

infiltrative growth patterns, pleomorphism, and elevated

proliferative activity (4). Metastases are identified in 40%–70% of

patients, commonly affecting the lungs, liver, or bones (5). The data

of Akshintala et al. have established a baseline progression-free

survival (PFS) of 1.77 months in patients with recurrent or

unresectable/metastatic MPNST (6).

The management of MPNST poses formidable challenges

owing to its propensity for recurrence and metastasis, coupled

with its limited responsiveness to systemic therapies. Complete

surgical excision with wide negative margins stands as the sole

curative modality for MPNST; however, its feasibility is often

impeded by tumor size, location, or metastatic dissemination,

leaving patients with unresectable, metastatic, or recurrent disease

devoid of curative options (7). Hence, there arises an urgent

imperative to delineate effective therapeutic paradigms for MPNST.

We herein present the case of a 68-year-old woman with

primary MPNST devoid of neurofibromatosis-1 (NF-1). At the

time of initial diagnosis, the patient presented with distant

metastases, underscoring the imperative for aggressive

multimodal local therapies in patients with localized MPNST for

optimal disease control.
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Case report

A 68-year-old female patient presented at our hospital on 28

May 2023, with a chief complaint of “low back pain with left lower

limb pain for 2 weeks.” Upon specialized physical examination, she

exhibited a normal gait upon entering the ward. The patients

reported left lumbar back pressure pain without radiation to the

lower limb. Examination of the lumbar spine indicated normal

flexion and extension activity, with left quadriceps muscle strength

graded at level IV. Sensation in the lower limbs and saddle area was

intact, alongside normal muscle tension. Bilateral heel–knee tendon

reflexes were within normal limits, with no pathological signs

detected. Normal skin temperature and color were normal in the

right axilla. Palpitation revealed soft masses approximately 5 cm ×

3 cm in depth, with indistinct boundaries, absence of tenderness,

and immobility. Subsequent lumbar spine X-ray depicted slight

flattening of the lumbar vertebra 4 (L4) vertebral body (Figure 1A).

Computed tomographic (CT) imaging of the lumbar spine revealed

flattening of the L4 vertebral body, thin and discontinuous bone

cortex, and osteolytic bone destruction on the left side of the

vertebra, measuring approximately 3.0 cm × 2.0 cm × 2.2 cm

(Figure 1B). No compression of the dural sac or significant

abnormalities in the surrounding soft tissue were noted. Lung CT

revealed distinctive insect-like patterns of local bone destruction

affecting thoracic vertebra 4 (T4) and the right first rib, with

irregular soft tissue density shadows observed in the right armpit

(Figure 2B). Lumbar magnetic resonance imaging (MRI) displayed

an uneven bone damage signal in the L4 vertebral body (Figure 1E).

Ultrasonography detected a low-echo mass measuring

approximately 32 mm × 26 mm, featuring clear boundaries and

an irregular shape, exhibiting uneven internal echoes and the
FIGURE 1

X-ray, CT, and MRI images. Panel (A) displays the flattening of the L4 left vertebral body height. Panel (B) displays the bone destruction of L4 before
chemotherapy, with a moderately circular low-density shadow with a range of 3.4 cm × 2.0 cm × 2.2 cm. Panel (C) displays a decrease in lytic bone
destruction and an increase in the cortical bone density in posterior L4 after six cycles of chemotherapy. Panel (D) displays obvious calcification in
the bone destruction area of the L4 vertebra at the last review. Panel (E) displays that the left side of the L4 vertebra is slightly flattened, with patchy
long T1 equal length T2 signals and high T2 pressure lipid images.
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characteristic “rat tail sign” at both ends in the right axilla

(Figure 2A). Emission computed tomography (ECT) scans

revealed multiple abnormal focal nuclide concentrations in the

right first rib, L4 vertebral body, and right iliac bone, consistent

with bone metastases (Figure 3). To determine the nature and origin

of the tumors, a CT-guided puncture biopsy of the right iliac bone

tumor was conducted on 29 May 2023, revealing a short spindle-cell

malignant mesenchymal tumor suggestive of MPNST upon

immunohistochemistry and staining (Figure 4A). Subsequently,

on 6 June 2023, an ultrasound-guided puncture biopsy of the

right axillary soft tissue tumor confirmed MPNST (Figure 4B).

The final diagnosis was MPNST with multiple metastases.

Following thorough departmental deliberation, initiation of a

chemotherapy regimen combining cisplatin with doxorubicin was

decided upon. Given the predominant imaging findings of

osteolytic bone destruction, denosumab, FDA-approved for

preventing skeletal-related events in patients with bone metastasis

from solid tumors, was adjunctively administered to inhibit

osteolysis. The treatment protocol combined chemotherapy (AP

regimen cisplatin (DDP) 120mg/m2/day ×1 day + pegylated

liposomal doxorubicin (PLD) 40 mg/m2/day × 1 day, once every

21 days) with denosumab (120 mg, subcutaneous injection, once/4

weeks), supplemented with Vitamin D3 (600 mg daily). Throughout
Frontiers in Oncology 0395
the treatment course, the patient experienced significant alleviation

of pain symptoms compared to admission, improved sleep without

medication assistance, and absence of drug-related adverse

reactions. Regular imaging assessments performed before each

admission facilitated the evaluation of the combination therapy’s

efficacy. Following the completion of six cycles of chemotherapy,

pulmonary CT scans evidenced a gradual reduction in the

maximum diameter of the irregular soft tissue mass under the

right axilla (Figure 2C), while lumbar spine CT exhibited thickening

and densification of the bone cortex surrounding the L4 vertebral

body, accompanied by evident bone formation and scattered

calc ificat ion shadows in the area of osteolyt ic bone

destruction (Figure 1C).

On 18 October 2023, the patient completed six cycles of

chemotherapy combined with denosumab treatment, with lung

CT indicating an absence of lung metastasis. Evaluation of the

soft tissue mass in the right armpit, designated as the target lesion

according to RECIST 1.1 criteria, revealed stable disease. To inhibit

disease progression post-cessation of intensive chemotherapy

cycles, the patient was prescribed the oral targeted drug anlotinib

(12 mg/day, taken for 2 weeks followed by a 1-week break) to

enhance chemotherapy sensitization and prevent disease

progression. Denosumab (120 mg, subcutaneous injection, once
FIGURE 2

Axillary ultrasound and lung CT. Panel (A) shows the right axillary probe and irregularly shaped hypoechoic mass, measuring approximately 32 mm ×
26 mm. Panel (B) shows the maximum axillary mass diameter at the time of initial admission. Panel (C) shows a significant reduction in the maximum
diameter of the irregular soft tissue mass under the right axilla at the end of the entire chemotherapy cycle. Panel (D) displays the result of the
February 2024 review, which indicated a decrease of approximately 2 cm in the maximum tumor diameter from the previous review.
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every 4 weeks) was continued to enhance bone strength. Presently,

the patient has endured the tumor for 10 months. Regular follow-up

visits every 3 months for lung and lumbar CT scans were advised to

monitor therapeutic efficacy and adjust the medication regimen as

necessary. On 20 February 2024, a re-examination CT revealed

prominent calcification in the area of bone destruction in the L4

vertebral body (Figure 1D), with no significant alteration in the

maximum diameter of the axillary mass compared to the previous

scan (Figure 2D).
Discussion

Intraosseous MPNSTs represent a rare manifestation of cancer,

often arising from secondary invasion from adjacent soft tissues (8).

Published studies have documented only a handful of cases of

primary intraosseous MPNST, with the mandible being the most

common sure (approximately 50%), followed by the maxilla, spine,

and, occasionally, the appendicular skeleton. In cases affecting the

appendicular skeleton, intraosseous MPNSTs predominately occur

in bones of the upper extremity (humerus, ulna, metacarpal, and

phalanx), with involvement of the lower extremity bones being

uncommon (9). The etiology and pathogenesis of primary

intraosseous MPNST remain elusive. Unlike MPNST of the soft

tissues, most often, primary intraosseous MPNST is not associated

with NF-1. While soft tissue MPNSTs typically manifest as fusiform

or eccentric masses originating from major nerves, presenting

initially as painless enlarging masses, primary intraosseous
Frontiers in Oncology 0496
MPNSTs typically present with pain, with swelling often

developing later in the disease course. MPNSTs arising from

major nerves commonly result in sensorimotor symptoms

corresponding to the distribution of the affected nerve, with

variable pain presentation (10). Results from phase II trials have

indicated a median PFS of 1.77 months for relapsed refractory

MPNST, with PFS rates at 2 months and 4 months being 0.42 and

0.15, respectively (6). In such cases, curative treatment is typically

unattainable, and palliative systemic therapy serves as the primary

approach to enhance patients’ survival and quality of life.

The challenge in cases like this lies in the complexity of

achieving complete wide resection due to multiple vertebral and

iliac metastases. Simple excision of the soft tissue mass under the

armpit does not improve the patient’s survival and may entail the

additional risk of significant functional loss. Following consultation

with the patient and family, a conservative treatment approach was

deemed appropriate.

Systemic treatment strategies for MPNST generally align with

the general guidelines for other STS algorithms and predominantly

rely on genotoxic chemotherapy, primarily serving a palliative role

in the setting of metastatic diseases (11). The SARC006 phase II trial

conducted by the Sarcoma Alliance for Research (SARC) suggests

that NF1-associated disease predicts inferior responses to

chemotherapy compared with sporadic disease (12). Although

chemotherapy can mitigate tumor recurrence and distant

metastasis rates, and improve patient’s quality of life of patients,

it typically does not extend overall survival. While several agents

have exhibited some efficacy against MPNST, including
FIGURE 3

Bone scan nuclide concentration results. ECT revealed sparse radioactivity on the left side of the T4 and multiple abnormal focal nuclide
concentrations on the right first rib, the L4, and the right iliac bone.
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gemcitabine, docetaxel, carboplatin, etoposide, dactinomycin,

cisplatinum, vincristine, cyclophosphamide, imidazole

carboxamide, doxorubicin, and ifosfamide, their clinical benefits

have been inconsistent (13). Until 2010, high doses of ifosfamide

were commonly used; however, recent research and clinical trials

have favored doxorubicin-based treatment, reflecting evolving

insights into MPNST biology and affirming the superiority of

such regimens (14). Notably, liposomal formulations of

doxorubicin have demonstrated enhanced efficacy and reduced

toxicity in MPNST xenograft models (15). Despite pathological

confirmation of MPNST with multiple systemic involvement,

identifying the primary lesion remains challenging. Presently,

combination regimens such as anthracyclines with isocyclic

phosphamide and etoposide (ICE) have emerged as a focus of

clinical research (16), although their toxicity is relatively high.

Considering the patient’s age, extensive bone destruction, and the

primary origin of the malignant tumor from bone, we have opted

for a chemotherapy regimen typically employed in osteosarcoma

cases. Specifically, cisplatin has been chosen over ifosfamide due to

its status as a first-line preferred treatment when combined

with doxorubicin.

Upon admission, imaging studies revealed extensive osteolytic

bone destruction involving multiple vertebrae and the right ilium, a

condition that could not be adequately managed through

chemotherapy alone and posed a risk of vertebral fractures and

other adverse complications if left unchecked. Drawing from the

pivotal Fracture Reduction Evaluation of Denosumab in

Osteoporosis (FREEDOM) trial, which demonstrated a significant

reduction in fracture risk by 68% and hip fractures by 40% over 3

years with denosumab (17), the decision was made to incorporate

denosumab into the treatment regimen. Denosumab, a human

monoclonal antibody that inhibits bone resorption, promotes new

bone formation and delays tumor progression by binding to the

receptor activator of nuclear factor-ĸB ligand (RANKL) and

preventing its interaction with RANK, thus mimicking the action

of osteoprotegerin (OPG) (18). Additionally, denosumab has been

cleared by the FDA for use in various conditions, including

osteoporosis and bone metastases (19). However, discontinuing
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denosumab poses challenges, as rapid reversal after discontinuation

can lead to a rebound in bone turnover, potentially resulting in

complications such as hypercalcemia and vertebral compression

fractures (20). Therefore, a careful and deliberate strategy is

essential when discontinuing denosumab (21). Limited evidence

suggests that transitioning to a short course of bisphosphonate

therapy with close monitoring of BMD and BTMs may mitigate

bone loss and reduce multiple vertebral fracture risk (22). The

medication cycle can be appropriately adjusted according to the

patient’s situation, potentially extending from once every month, in

the beginning, to once every 1.5 months to once every 2 months,

with continued medication to prevent adverse events

after withdrawal.

Anlotinib is a novel orally administered TKI targeting vascular

endothelial growth factor receptor-1/2/3, PDGFR a/b, fibroblast
growth factor receptor-1/2/3/4, c-Kit, and Ret (23), which

demonstrates antitumor activity in patients with refractory

metastatic STS, with a median PFS of 5.6 months (24). In China,

anlotinib has been approved for the treatment of advanced STS

based on the results of phase II and phase IIb studies (ALTER0203).

Common adverse events associated with anlotinib therapy, mostly

grade 1/2, include triglyceride elevation, hypertension, hand–foot

skin reaction, oral mucositis, and fatigue. Zhang et al. (25) reported

that switching maintenance therapy to anlotinib after

chemotherapy has been significantly associated with longer

median PFS and OS. Such associations may be attributed to

achieving an objective response or stable disease after

chemotherapy, which may select patients with good prognoses,

and the delayed effects of chemotherapy may contribute to anlotinib

maintenance therapy. Certain studies suggest that anlotinib with

DDP significantly reduces tumor size and may reverse multidrug

resistance to doxorubicin, thus enhancing chemotherapy

sensitization (26). In the present case, the patient exhibited a

significant reduction in axillary tumor volume at the end of the

chemotherapy plus anlotinib regimen, demonstrating good short-

term clinical efficacy with no serious adverse reactions. Nonetheless,

further large-scale studies are warranted to confirm its effectiveness

and safety.
FIGURE 4

Pathology images. Panel (A) displays the pathological image of the right iliac bone tumor taken by a light microscope at ×200 magnification,
wherein some heterotypic cell components were detected. Panel (B) is a pathological image of an axillary puncture captured by light microscopy
under a ×200 magnifying glass. Malignant tumor cells were detected in the image.
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Conclusion

The management of MPNST remains challenging due to the

lack of high-quality evidence regarding the efficacy of systemic

treatments for this particular sarcoma type (27). The complexity of

MPNST treatment stems not only from its high rates of local

recurrence (40%–65%) and metastasis (40%–80%) but also from

its poor response to conventional therapies and therapeutic options.

Future research avenues may include identifying molecular markers

to predict the efficacy of targeted therapy, exploring novel targeted

therapy agents, investigating multi-target combination therapies,

and assessing the potential synergistic effects of targeted drugs with

traditional treatments. While our center has only conducted a

preliminary trial of combined drug regimens, further

comprehensive investigations through multi-center, large-scale

studies offer the promise of uncovering effective treatments for

metastatic MPNST, thereby providing renewed hope for patients

with this challenging malignancy.
Data availability statement

The original contributions presented in the study are included

in the article/supplementary material. Further inquiries can be

directed to the corresponding author.
Ethics statement

The studies involving humans were approved by Department of

Medical Ethics, 960th Hospital, Joint Logistic Support Force,

People’s Liberation Army. The studies were conducted in

accordance with the local legislation and institutional

requirements. The participants provided their written informed

consent to participate in this study. Written informed consent was

obtained from the individual(s) for the publication of any
Frontiers in Oncology 0698
potentially identifiable images or data included in this article.

Written informed consent was obtained from the participant/

patient(s) for the publication of this case report.
Author contributions

QC: Formal analysis, Investigation, Writing – original draft. HC:

Data curation, Formal analysis, Supervision, Writing – review &

editing. KZ: Data curation, Formal analysis, Supervision, Writing –

review & editing. MX: Data curation, Formal analysis, Supervision,

Writing – review & editing. XY: Data curation, Formal analysis,

Supervision, Validation, Writing – review & editing.
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
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.
References
1. Iqbal F, Jamaluddin M, Bukhari F, Islam OS. Malignant peripheral nerve sheath
tumours in a patient with Neurofibromatosis-1. J Pak Med Assoc. (2023) 73:393–5.
doi: 10.47391/JPMA.4612

2. Bradford D, Kim A. Current treatment options for Malignant peripheral nerve
sheath tumors. Curr Treat Options Oncol. (2015) 16:328. doi: 10.1007/s11864-015-0328-6

3. Somatilaka BN, Sadek A, McKay RM, Le LQ. Malignant peripheral nerve sheath
tumor: models, biology, and translation. Oncogene. (2022) 41:2405–21. doi: 10.1038/
s41388-022-02290-1

4. Ortiz WJ, Salazar MS, Eager JJ, Sajid S, Cervantes M. Primary intraosseous
Malignant peripheral nerve sheath tumor of the humerus: report of a rare case. Cureus.
(2022) 14:e33178. doi: 10.7759/cureus.33178

5. Gupta G, Maniker A. Malignant peripheral nerve sheath tumors. Neurosurg
Focus. (2007) 22:E12. doi: 10.3171/foc.2007.22.6.13

6. Akshintala S, Mallory NC, Lu Y, Ballman KV, Schuetze SM, Chugh R, et al.
Outcome of patients with Malignant peripheral nerve sheath tumors enrolled on
sarcoma alliance for research through collaboration (SARC) phase II trials. Oncologist.
(2023) 28:453–9. doi: 10.1093/oncolo/oyac272

7. Millesi E, Rechberger JS, Wang H, Mardini S, Spinner RJ, Daniels DJ.
Advancements in therapeutic approaches for Malignant peripheral nerve sheath
tumor. Ther Deliv. (2023) 14:385–9. doi: 10.4155/tde-2023-0014
8. Liu W, Zhang S, Liu J, Shao Z. Intraosseous Malignant peripheral nerve sheath
tumor of 2 consecutive lumbar vertebrae: A case report and literature review. World
Neurosurg. (2019) 130:459–66. doi: 10.1016/j.wneu.2019.07.117

9. Muthusamy S, Conway SA, Pitcher JD, Temple HT. Primary intraosseous
Malignant peripheral nerve sheath tumor of the medial cuneiform: A case report
and review of the literature. J Foot Ankle Surg. (2017) 56:129–34. doi: 10.1053/
j.jfas.2016.05.013

10. Kendi TK, Erakar A, Yildiz HY, Saglik Y, Erekul S. Intraosseous Malignant
peripheral nerve sheath tumor with local recurrence, lung metastases and death.
Skeletal Radiol. (2004) 33:223–5. doi: 10.1007/s00256-003-0678-1

11. Karakousis CP, Perez RP. Soft tissue sarcomas in adults. CA Cancer J Clin. (1994)
44:200–10. doi: 10.3322/canjclin.44.4.200

12. Farid M, Demicco EG, Garcia R, Ahn L, Merola PR, Cioffi A, et al. Malignant
peripheral nerve sheath tumors. Oncologist. (2014) 19:193–201. doi: 10.1634/
theoncologist.2013-0328

13. Moretti VM, Crawford EA, Staddon AP, Lackman RD, Ogilvie CM. Early
outcomes for Malignant peripheral nerve sheath tumor treated with chemotherapy.
Am J Clin Oncol. (2011) 34:417–21. doi: 10.1097/COC.0b013e3181e9c08a

14. Grimer R, Judson I, Peake D, Seddon B. Guidelines for the management of soft
tissue sarcomas. Sarcoma. (2010) 2010:506182. doi: 10.1155/2010/506182
frontiersin.org

https://doi.org/10.47391/JPMA.4612
https://doi.org/10.1007/s11864-015-0328-6
https://doi.org/10.1038/s41388-022-02290-1
https://doi.org/10.1038/s41388-022-02290-1
https://doi.org/10.7759/cureus.33178
https://doi.org/10.3171/foc.2007.22.6.13
https://doi.org/10.1093/oncolo/oyac272
https://doi.org/10.4155/tde-2023-0014
https://doi.org/10.1016/j.wneu.2019.07.117
https://doi.org/10.1053/j.jfas.2016.05.013
https://doi.org/10.1053/j.jfas.2016.05.013
https://doi.org/10.1007/s00256-003-0678-1
https://doi.org/10.3322/canjclin.44.4.200
https://doi.org/10.1634/theoncologist.2013-0328
https://doi.org/10.1634/theoncologist.2013-0328
https://doi.org/10.1097/COC.0b013e3181e9c08a
https://doi.org/10.1155/2010/506182
https://doi.org/10.3389/fonc.2024.1399021
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Chen et al. 10.3389/fonc.2024.1399021
15. Madhankumar AB, Mrowczynski OD, Slagle-Webb B, Ravi V, Bourcier AJ,
Payne R, et al. Tumor targeted delivery of doxorubicin in Malignant peripheral
nerve sheath tumors. PloS One. (2018) 13:e0181529. doi: 10.1371/journal.pone.0181529

16. Wang Y, Katagiri H, Murata H, Wasa J, Miyagi M, Kakuda Y, et al. Metastatic
Malignant peripheral nerve sheath tumor with NF1 successfully treated with 'Gradual
subtraction' ICE chemotherapy. Anticancer Res. (2020) 40:1619–24. doi: 10.21873/
anticanres.14110

17. Cummings SR, San Martin J, McClung MR, Siris ES, Eastell R, Reid IR, et al.
Denosumab for prevention of fractures in postmenopausal women with osteoporosis.N
Engl J Med. (2009) 361:756–65. doi: 10.1056/NEJMx090058

18. Boyce AM. Denosumab: an emerging therapy in pediatric bone disorders. Curr
Osteoporos Rep. (2017) 15:283–92. doi: 10.1007/s11914-017-0380-1

19. Visgauss JD, Lazarides A, Dickson B, Cardona D, Sheth M, DeWitt SB, et al.
Treatment of chondroblastoma with denosumab: A case report with a correlative
analysis of effect on the RANK signaling pathway. JBJS Case Connect. (2021) 11:
e20.00178. doi: 10.2106/JBJS.CC.20.00178

20. Pan KS, Boyce AM. Denosumab treatment for giant cell tumors, aneurysmal
bone cysts, and fibrous dysplasia-risks and benefits. Curr Osteoporos Rep. (2021)
19:141–50. doi: 10.1007/s11914-021-00657-

21. TayWL, Tay D. Discontinuing denosumab: can it be done safely? A review of the
literature. Endocrinol Metab (Seoul). (2022) 37:183–94. doi: 10.3803/EnM.2021.1369
Frontiers in Oncology 0799
22. Sølling AS, Tsourdi E, Harsløf T, Langdahl BL. Denosumab discontinuation.
Curr Osteoporos Rep. (2023) 21:95–103. doi: 10.1007/s11914-022-00771-6

23. Liu J, Deng YT, Jiang Y. Switch maintenance therapy with anlotinib after
chemotherapy in unresectable or metastatic soft tissue sarcoma: a single-center
retrospective study. Invest New Drugs. (2021) 39:330–6. doi: 10.1007/s10637-020-
01015-z

24. Chi Y, Fang Z, Hong X, Yao Y, Sun P, Wang G, et al. Safety and efficacy of
anlotinib, a multikinase angiogenesis inhibitor, in patients with refractory metastatic
soft-tissue sarcoma. Clin Cancer Res. (2018) 24:5233–8. doi: 10.1158/1078-0432.CCR-
17-3766

25. Zhang RS, Liu J, Deng YT, Wu X, Jiang Y. The real-world clinical outcomes and
treatment patterns of patients with unresectable locally advanced or metastatic soft
tissue sarcoma treated with anlotinib in the post-ALTER0203 trial era. Cancer Med.
(2022) 11:2271–83. doi: 10.1002/cam4.4613

26. Cai M, Zhu J, Zhou G. Efficacy and safety of treating refractory bone and soft
tissue sarcoma with anlotinib in different treatment patterns. Comput Math Methods
Med. (2022) 2022:3287961. doi: 10.1155/2022/3287961

27. Sobczuk P, Teterycz P, Czarnecka AM, Świtaj T, Koseła-Paterczyk H, Kozak K,
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Background: In the landscape of metastatic soft tissue sarcoma (mSTS)

treatment, anthracyclines have shown efficacy; however, their associated

toxicity imposes significant limitations, especially in frail elderly patients with

mSTS who are highly susceptible to severe adverse effects. In this context,

trabectedin, due to its distinct pharmacological profile and safety profile, may

represent an interesting alternative being demonstrated to be active in treating

mSTS. These features hold particular significance for elderly and unfit patients

with mSTS, where balancing treatment benefits with potential adverse effects

represents the pivotal objective.

Methods: The investigation was focused on a specific group of 11 elderly patients

with mSTS aged ≥70, all undergoing first-line treatment with trabectedin, and it

was supported by comprehensive pharmacokinetic and pharmacodynamic

studies. Among these patients, 9 out of 11 started the treatment at a dose of

1.5 mg/m2.

Results: The primary objective of this investigation is to highlight trabectedin as a

valuable first-line treatment option for elderly and unfit patients with mSTS.

Additionally, this investigation seeks to explore whether higher administered

doses of trabectedin can enhance clinical outcomes while maintaining the same

toxicity profiles. The median progression-free survival (PFS) was 77 days (95% CI,

53–89), the median overall survival (OS) was 397 days (95% CI, 66–2,102), while

the overall toxicity of grade 3–4 severity amounted to 43%.

Conclusion: These findings provide new insights into the clinical outcomes and

toxicity associated with trabectedin in an elderly patient population, enhancing

our understanding of better treatment approaches for a specific population of

patients with mSTS.
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1 Introduction

The choice of the most suitable treatment options for patients

with locally advanced or metastatic soft tissue sarcoma (mSTS) is a

complex task that requires a comprehensive understanding of both

the tumor histological–molecular characteristics and the clinical

conditions of the patient. This challenge is significantly heightened

for the elderly mSTS population where common age-related

dysfunctions as well as the frequent presence of comorbidities,

which are important signals of a fragile health status, pose a

significant obstacle in tailoring an effective healthcare approach

(1–4). The natural aging process contributes to a decline in essential

organ functions, particularly the liver and kidneys wherein altering

the clearance drugs can have a detrimental effect on their safety

profile (5, 6). In this context, considering the elevated risk of toxicity

linked to traditional cytotoxic agents (7–9), there is a pressing need

to explore innovative treatments capable of ensuring in elderly

population active treatments with favorable safety profiles.

A subgroup analysis of patients over 65 years revealed that single-

agent doxorubicin yielded an overall survival (OS) of 9.8 months

(95% CI, 7.4–11.5), which was comparable to the OS of 9.9 months

(95% CI, 5.9–11.8) for those treated with epirubicin over a 24-month

follow-up while trabectedin demonstrated an OS of 17.3 months

(95% CI, 9.4–17.3) despite a shorter 6.7-month follow-up (10). In a

different study involving a large cohort of 361 elderly patients with

mSTS, anthracycline-based regimens achieved a median OS of 10.9

months, but 32% of patients experienced severe hematological

toxicities that required treatment discontinuation in 16% of them

(7). Analogously, in a phase II study involving 40 elderly patients with

mSTS aged 60 to 84 years (median age, 70.5 years) treated with

doxorubicin, the OS was 9.8 months (95% CI, 6.7–11.6), alongside a

notable severe side effect rate of 59% (11).

When extending the age threshold to ≥70 years, the

anthracycline-based chemotherapy conferred survival advantage

over best supportive care but did not demonstrate a survival

advantage compared to other treatments. Moreover, it led to a

significant grade 3–4 toxicity rate (ranging from 33% to 58%),

further underscoring the challenges in managing these patients (9).

Trabectedin is an antineoplastic agent primarily indicated for the

treatment of patients with mSTS following the failure of anthracycline-

based regimens that presents a multifaceted mechanism of action such

as targeting DNA interactions, transcriptional processes, and DNA

repair mechanisms (12–16). One of the distinct advantages of

trabectedin is its well-tolerated safety profile characterized by adverse

events that are generally reversible and noncumulative (17–20). Thus,

these pharmacological features may make it a valuable choice in the

population of elderly and unfit patients with mSTS, especially where

the primary objective is a viable treatment option preserving an

acceptable quality of life (21). A previous clinical exploration

performed on elderly patients with mSTS seems to indicate

promising outcomes for this drug when utilized as first-line

treatment, showing a median progression-free survival (PFS) of 4

months and an OS of 12 months, respectively (22). Recently, a

multicentric study aimed at evaluating the feasibility and prognostic

value of comprehensive geriatric assessment investigated 69 patients
Frontiers in Oncology 02101
with STS, 56 of whom were aged ≥70 years, obtaining a PFS of 2.5

months and an OS of 11.2 months (23). Especially for the

leiomyosarcoma histotype, it was observed that frontline treatment

based on the combination of doxorubicin and trabectedin could lead to

a doubling of PFS compared to doxorubicin alone (12.2 months vs. 6.2

months) (24).

While these results are promising, they require further

confirmation to ascertain the possible alternative option of

trabectedin as a first-line treatment in an elderly population of

patients with mSTS.

The objective of the current study is to advance existing

research by investigating the use of trabectedin as a first-line

treatment for elderly patients with mSTS, aiming to determine

whether higher administered doses of trabectedin can enhance

clinical outcomes while maintaining the same toxicity profiles.

This is achieved by presenting a monocentric experience,

detailing a comprehensive pharmacokinetic and pharmacodynamic

investigation conducted on a specific group of 11 elderly patients with

mSTS aged ≥70, all undergoing first-line treatment with trabectedin.

This clinical pharmacology exploration provides further valuable

insights into the clinical outcomes and toxicity associated to

trabectedin in this specific demographic, thereby enhancing our

understanding of treatment strategies for elderly patients with mSTS.
2 Materials and methods

2.1 Clinical population

All patients with a histological diagnosis of locally advanced or

mSTS (25) who met the following criteria were consecutively

enrolled in a clinical trial aimed at identifying pre-dose plasma

metabolomics signatures potentially associated with individual

variations in trabectedin pharmacokinetics: normal hematological,

renal (≤1.6 mg/dL), liver, and cardiac functions; a performance

status (PS) ≤ 2; no CNS metastases; or no history of previous cancer.

All patients aged 70 or older who were considered unsuitable for

standard first-line treatment with anthracycline-based regimens

and underwent first-line treatment with trabectedin were

evaluated. This prospective, monocentric clinical investigation

focused on 11 consecutive elderly patients. Among these, 4 had

received neoadjuvant radiotherapy and 7 had undergone surgical

treatment. Only two patients received adjuvant treatments

consisting of radiotherapy or chemotherapy, respectively. The

surgical interventions resulted in no residual disease (R0) in three

cases, microscopic residual disease (R1) in three cases, and

macroscopic residual disease (R2) in the remaining case.

Trabectedin was administered to the patients at a dosage ranging

from 1.1 to 1.5 mg/m2 with a maximum of dose of 2.6 mg per cycle,

infused over 24 h every 3 weeks via a central venous catheter.

A baseline CT scan was conducted at the onset of treatment,

followed by another scan after 12 weeks. In patients showing no

progression, tumor imaging assessments were continued every 3

months for an additional year, and then reduced to once every

6 months.
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Treatment continued until disease progression or development of

intolerable adverse events that required treatment discontinuation.

Dexamethasone premedication at 4 mg twice a day, beginning the

day before trabectedin administration and continuing for two

consecutive days after with 4 mg a day, was administered to all

patients. Response assessment was conducted in accordance with the

Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1

while the toxicity was reported according to CTCAE version 3. Each

patient provided informed consent for participation in the

investigation. This clinical investigation adhered to the principles

outlined in the Declaration of Helsinki and followed the Good

Clinical Practice Guidelines of the International Conference on

Harmonization. The study protocol was subjected to review and

approval by the institutional review board.
2.2 Pharmacokinetics study

For the pharmacokinetics analysis, blood samples were

systematically collected at various time points during the

trabectedin infusion and its elimination phases over 48 h. The

sampling schedule included pre-dose (before administration) and

during infusion at 2, 8, and 24 h (end of infusion), whereas post-

infusion samples were obtained at 0.5, 1, 4, 8, and 24 h. Plasma

concentration of trabectedin at these time points was measured by the

high-performance liquid chromatography with tandem mass

spectrometry (LC/MS/MS) method (26). The lower limit of

quantification for this method was 0.01 ng/mL, providing a reliable

range for detecting and measuring trabectedin concentrations in the

collected samples. Pharmacokinetic parameters were calculated from

the drug plasma concentration vs. time profiles using a non-

compartmental model (27). The area under the curve up to 48 h

(AUC0–48) was calculated using the trapezoidal method, the area

under the moment curve (AUMC0–48) was calculated as the

(concentration • time) time data plot, the mean resident time

(MRT) was calculated as the AUC0–48/AUMC0–48 ratio, t1/2 was

calculated from 0.693/k where k is the slope of the late phase of the

logC vs. time curve, while the drug clearance was estimated by dose/

AUC0–48. The Cmax and Clast were derived from the

pharmacokinetics profile and corresponded to the concentration of

trabectedin at the end of the 24-h infusion and at 48 h from the start

of infusion.
2.3 Statistical methods

Survival curves were generated using the Kaplan–Meier

method, and data analyses were carried out using MedCalc

Statistical Software for Windows, version 19.4 (MedCalc Software

bv, Ostend, Belgium; https://www.medcalc.org; 2020).
3 Results

The median age of the patients at study entry was 76 years

[interquartile range (IQR), 75–79 years; minimum–maximum
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range of 70–90 years]. The Eastern Cooperative Oncology Group

(ECOG) performance status reflected as 0 in five patients, 1 in five

patients, and 2 in the remaining patient. Predominantly,

leiomyosarcoma and liposarcoma constituted the most frequent

histological subtypes (55%) followed by pleomorphic sarcoma

(18%). High-grade tumors were prevailing, representing 82% (9

out of 11) of the cases (Table 1).

In the overall population, the median number of trabectedin

courses administered was 3 (IQR, 3–6), with four patients (29%)

receiving six or more cycles. Specifically, patients with L-sarcoma

received a median of 4.5 courses (range, 1–21), while patients with

Other-sarcoma received a median of 3 courses (range, 3–6). The

starting dose of trabectedin was set at 1.5 mg/m² for nine patients,

while in two cases, the dose administered was 1.1 mg/m², chosen by

a physician based on frailty characteristics, including performance

status and multiple comorbidities. Treatment discontinuation

primarily occurred due to disease progression (PD), followed by

medical decision. One patient died 33 days after treatment initiation
TABLE 1 Characteristics of the enrolled patients and their tumors.

Age Mean (SD) 78 5.5

Median (IQR) 76 75–79

Sex Female 3 73%

Male 8 27%

ECOG 0 5 45%

1 5 45%

2 1 10%

BMI Mean (SD) 27 4.0

Median (IQR) 27 23.1–31.4

Grade 2 2 18%

≥3 9 82%

Histotype Leiomyosarcoma^ 3 27%

Liposarcoma* 3 27%

Others° 5 46%

Primary site of disease Retroperitoneum 4 36%

Gluteus 3 27%

Trunk 3 27%

Forearm 1 10%

Metastases

Lung 6 55%

Extra-lung 5 45%

Median trabectedin
courses (IQR)

3 3–6
^ One pleomorphic leiomyosarcoma (PLMS) and two leiomyosarcoma NAS.
* One well-differentiated liposarcoma (WDLS), one dedifferentiated liposarcoma (DDLS), and
one myxoid liposarcoma (MLS).
° Three undifferentiated pleomorphic sarcoma (UPS), one myxofibrosarcoma, and one
sarcoma NAS.
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and was subsequently excluded from the response assessment. After

the third cycle, PD was observed in six patients (60%), while four

patients (40%) demonstrated disease stability (SD). Among the

histological subtypes responsive to treatment, four were from the L-

sarcoma group, while the remaining responsive case belonged to the

Other-sarcoma group, specifically a pleomorphic sarcoma.

The median PFS was 77 days (95% CI, 53–89) (Figure 1), while

the median OS was 397 days (95% CI, 66–2,102) (Figure 2). The

median follow-up was 2.11 years, ranging from 0.1 to 7.66.

A total of 14 adverse events were documented, with six of them

(43%) classified as grade 3–4. Specifically, hematological toxicity of

grade 3–4 was observed in 29%, while non-hematological grade 3

toxicity accounted for 14%. Among hematological toxicities,

neutropenia was the most prevalent, followed by leukopenia,

while among non-hematological toxicities, emesis emerged as the

most frequent (Table 2). Overall, five patients (55%) required a

reduction in their initial treatment dose. Among them, two patients

underwent dose reduction starting from the second cycle, while the

remaining three, including one who initially started with a reduced

dose, began the reduction from the fourth cycle onwards (Table 2).

Overall, 6 of these 11 patients received a second-line treatment

consisting of gemcitabine plus dacarbazine (4), eribulin (1), and

doxorubicin single-agent regimen (1). Only three of these patients,

previously treated with the combination regimen, received a third-

line treatment with pazopanib (2) and eribulin (1).

Pharmacokinetic assessments were conducted during the first

cycle of treatment for all patients. The mean dose of trabectedin

administered was 1.32 mg/m2 (SD ± 0.15). Table 3 shows the

characteristics of each enrolled patient, and Figure 3 summarizes

the plasma pharmacokinetics profile of trabectedin in all patients

investigated. At approximately 8 h of infusion and up to the end of

the 24-h infusion, trabectedin reached and maintained steady-state

concentration, followed by a rapid decline within 6 h from the end of

infusion according to multiphase elimination steps. At 24 h from the

end of the infusion, trabectedin was still measurable in all patients,

and the mean concentration at 48 h (Clast) was 0.2 ng/mL (IQR, 0.2–

0.3; minimum–maximum range, 0.1–0.4). The other mean
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pharmacokinetics parameters of trabectedin were as follows: the

drug concentration evaluated at the end of 24 h of infusion,

expressed as Cmax, is 1.1 ng/mL (IQR, 0.8–1.4; minimum–

maximum range, 0.4–1.6); the trabectedin exposure expressed as

AUC0–48h is 30.6 ng/mL*h (IQR, 21.2–37.9; minimum–maximum

range 12.7–47.7); estimated clearance = 48.6 L/h/m2 (IQR, 36.6–60.2;

minimum–maximum range, 27.2–87.7), and the mean residence time

(MRT) = 18.1 h (IQR, 17.5–18.7; minimum–maximum range 16.9–

19.3) (Table 4). These parameters did not differ significantly from

those observed in a group of 31 patients with age ≤65 years

undergoing second-line treatment and are superimposable with

those observed in previously pharmacokinetic investigations

(Supplementary Table 1).
4 Discussion

While anthracyclines have proven to be effective in mSTS

treatment, their notable toxicity poses challenges in administering

this class of drugs to frail elderly patients with cancer who are more

susceptible to adverse events (7, 9–11). Trabectedin emerged as a

compelling therapeutic alternative for this specific patient population

due to its favorable safety profile, characterized by a reduced incidence

of both non-hematological and hematological toxicity (28, 29).

Recent studies have emphasized the potential role of systemic

inflammatory indices, such as the lower lymphocyte/monocyte

ratio, in predicting trabectedin efficacy in frail elderly patients

with STS, further highlighting the importance of these biomarkers

in treatment planning (30–33) of elderly patients. Thus, the tumor-

related systemic inflammation, coupled with its favorable toxicity,

make trabectedin a possible alternative to anthracyclines in elderly

patients with mSTS. In this context, our monocentric study aims to

assess the effectiveness of trabectedin as tailored frontline treatment

in a cohort of elderly patients with mSTS aged ≥70 years.

This age threshold exceeds the conventional definition of elderly

patients, typically set at 65 years, but the extension of this age

threshold acknowledges the evolving landscape of cancer patient
FIGURE 1

Progression-free survival (PFS) curve calculated using the Kaplan–
Meier method.
FIGURE 2

Overall survival (OS) curve calculated using the Kaplan–
Meier method.
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demographics, thus providing a more accurate representation of the

elderly population observed in clinical practice.

In order to provide key information on the optimal drug dosage,

administration frequency, and potential dose adjustments,

pharmacokinetic investigations have been performed in all patients

enrolled in the study. The mean clearance of trabectedin was 48.6 L/h/

m2 (SD ±18.78), slightly higher than values reported in other studies

(34–38), although not significantly different from the value of 39.98 L/

h/m2 (SD ±14.08) reported in a study conducted in a highly selected

population of patients with mSTS aged ≥65 years (22). These results

appear in contrast with the diminished organ functionality, gradual
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decline in liver volume, and altered expression profile of CYP3A4,

typically observed in older patients and potentially leading to a

reduction in the metabolic clearance of trabectedin (6, 39–41).

However, it is worth noting that in managing elderly patients with

mSTS, a concurrent administration of dexamethasone is employed to

achieve an optimal balance between drug metabolism, efficacy, and

adverse events (42). Dexamethasone is known to act as a CYP3A4

concentration-dependent inducer playing a pivotal role in increasing

the metabolic clearance of trabectedin and reducing drug-induced

hepatotoxicity andmyelosuppression (43). Interestingly, no significant

alteration in the main drug metabolism emerged in our selected
TABLE 2 Hematological and non-hematological toxicities.

n Dose* Toxicity NE Toxicity E First reduction Second reduction

G1–G2 G3–G4 G1–G2 G3–G4

1 2.6 – G3 – G3 From fourth cycle to 1.9 mg

2 2.6 – – – G4

3 2.6 – – G1 –

4 2.6
G1

–

–

– From second cycle to
1.6 mg

5 2.6 – – – G4

6 2.4 – – G2 –

7 1.8 G2 – G2 –

8 2.6 G2 – G2 – From fourth cycle to 2.5 mg From fifth cycle to 2.3 mg

9 2.6
–

G3
–

G3 From second cycle to
2.2 mg

From third cycle to
1.9 mg

10 2.0 G2 – – – From fourth cycle to 1.9 mg

11 2.6 – – – –

4/11 (36%) 2/11 (18%) 4/11 (36%) 4/11 (36%)
*Total dose (mg).
TABLE 3 Physical and biochemical characteristics of each enrolled patient.

PTS
(n)

Sex
Age

(years)
Weight

(k)
Height
(cm)

BSA
(m2)

Serum
creatinine
(mg/dL)

Creatinine
clearance
(mL/min)*

BT
(mg/
dL)

BD
(mg/
dL)

AST
(U/L)

ALT
(U/L)

Hb
(g/
dL)

1 M 75 74 165 1.8 0.82 81.5 1.54 0.78 16 11 13.7

2 M 71 96 173 2.1 1.59 57.9 0.63 0.27 25 20 13.8

3 M 90 83 173 2.0 1.00 57.6 0.34 0.14 11 9 11.9

4 M 77 59 167 1.7 1.32 39.1 1.47 0.15 19 17 14.1

5 F 79 75 168 1.9 0.73 74.0 0.69 0.52 33 26 13.2

6 F 75 73 146 1.6 1.00 56.0 0.28 0.30 17 11 10.5

7 F 88 60 165 1.7 0.79 46.6 0.30 0.14 11 8 11.1

8 M 76 79 170 1.9 0.80 87.8 0.59 0.11 20 12 11.2

9 M 75 83 163 1.9 0.96 78.1 0.40 0.20 17 22 13.,1

10 M 79 75 180 1.9 1.04 61.1 0.50 0.21 9 6 12.2

11 M 75 82 183 2.0 1.07 69.2 0.50 0.20 24 24 14.8
front
* The creatinine clearance was calculated using the Cockroft–Gauilt equation.
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patients, despite the fact that reduced CYP3A4 expression has been

observed and dexamethasone has a decreased capacity to induce

CYP3A4 in the elderly population (6, 44, 45). The pharmacokinetic

findings emphasize that elderly patients receiving 1.5 mg/m2 of

trabectedin, along with dexamethasone premedication, maintain an

effective trabectedin clearance comparable to younger patients who

received trabectedin as a second-line treatment. Indeed, the inter-

patient variability of AUC0–48h, which is a surrogate of total drug

exposure for elderly patients, was similar to that observed in a group of

31 patients with mSTS aged ≤70 years undergoing second-line

treatment (Supplementary Table 1). AUC0–48h was found to be

not correlated with toxicity, indicating that pharmacokinetic profiles

are more comprehensively influenced by a combination of multiple

factors including individual genetics, specific physio-pathological

conditions, and environmental variables rather than being solely

determined by age (46).

Beyond a favorable toxicity safety profile, this exploratory

assessment revealed a notable clinical benefit of 40%, indicating
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trabectedin as an interesting treatment choice for this group of

patients who often has limited therapeutic alternatives. Although the

overall clinical benefit was 50% lower than that reported by Grosso

et al. (22), it is worth noting that the latter included fewer cases with

unfavorable prognosis. Indeed, our elderly population was

characterized by 45% of cases with Other-sarcoma, while in the

previous study, where a clinical benefit that is twofold higher was

achieved, only 20% of the patients were classified as Other-sarcoma,

with a net predominance of L-sarcoma. Thus, the different percentages

of L-sarcoma that, according to the literature, represent the histological

subtypes most responsive to trabectedin treatment can be partially

responsible for this apparent incongruity observed between the two

studies. Despite this heterogeneity, median PFS and OS were found to

be approximately 3 and 12 months, respectively, suggesting that

trabectedin, when used as a first-line treatment in a population of

elderly patients with mSTS, has no negligible clinical impact in view of

the fact that such clinical outcomes were reached using a starting dose

of 1.3 mg/m2 of trabectedin. Overall, the clinical outcomes observed in
FIGURE 3

Plasma concentration–time profile of trabectedin detected in the 11 analyzed patients.
TABLE 4 Pharmacokinetic parameters of trabectedin.

Cmax (ng/mL) AUC0–48 (ng/mL*h) MRT
(h)

CL
(L/h/m2)

Clast(48h)

(ng/mL)

Mean 1.1 30.6 18.1 48.6 0.2

SD 0.3 10.2 0.8 18.7 0.1

Median 1.2 33.6 18.1 44.0 0.2

Min 0.4 12.7 16.9 27.2 0.1

Max 1.6 47.7 19.3 87.7 0.4

n 11 11 11 11 11
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this investigation, as well as in the previous study of Grosso et al. (22),

did not significantly differ from those previously reported in patients

with mSTS aged 60 years or older who were randomized to receive

pazopanib or doxorubicin as first-line treatment (47), with the PFS

ranging between 4.4 and 5.3 months across treatment arms and the OS

ranging between 12.3 and 14.3 months, while the adverse events of

grade 3–4 severity amounted to 85.6%.

Although the small number of patients limits the ability to draw

definitive conclusions, the results of this investigation provide

valuable confirmation of previous findings (22, 23) contributing

to establishing a more solid foundation for the use of trabectedin

treatment in elderly patients with mSTS.
5 Conclusion

Optimizing the management of STS in elderly patients is a

significant clinical challenge, particularly because this demographic

represents a substantial and growing proportion of the cancer

population due to increasing life expectancy. The findings of this

study seem to confirm that 1.3 mg/m2 dose of trabectedin represents

a valuable first-line pharmacological option for treating elderly

patients with mSTS, given its favorable balance between clinical

efficacy and lower toxicity profile that directly affects quality of life.
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