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Dose dependence of accelerated repopulation in
head and neck cancer: Supporting evidence and
clinical implications.
Shuryak I , Hall EJ , Brenner DJ .

Abstract
Accelerated repopulation (AR) can

compromise tumor control after conventional radiotherapy for fast-growing
tumors. Standard AR models assume it begins at a fixed time, with
repopulation rates independent of the number of clonogens killed. We
investigate the validity and significance of an alternative model where onset-
time and rate of AR depend on the number of clonogens killed, and thus on
dose and dose-fractionation.

We analyzed tumor control (TCP) from
randomized trials for head and neck cancer (HNC, 7283 patients), featuring
wide ranges of doses, times, and fractionation-schemes. We used the linear-
quadratic model with the standard dose-independent AR model, or with an
alternative dose-dependent model, where AR onset and rate depend on
clonogen killing.

The alternative dose-dependent model of AR provides
significantly-improved descriptions of a wide range of randomized clinical
data, relative to the standard dose-independent model. This preferred model
predicts that, for currently-used HNC fractionation schemes, the last 5
fractions do not increase TCP, but simply compensate for increased
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For currently-used HNC fractionation schemes, the last 5 fractions do not increase TCP, but
simply compensate for increased accelerated repopulation.

The alternative dose-dependent model of AR 
provides significantly-improved descriptions of 

a wide range of randomized clinical data
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The alfa and beta of tumours: a review of
parameters of the linear-quadratic model,
derived from clinical radiotherapy studies
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Abstract

Background: Prediction of radiobiological response is a major challenge in radiotherapy. Of several radiobiological
models, the linear-quadratic (LQ) model has been best validated by experimental and clinical data. Clinically, the LQ
model is mainly used to estimate equivalent radiotherapy schedules (e.g. calculate the equivalent dose in 2 Gy
fractions, EQD2), but increasingly also to predict tumour control probability (TCP) and normal tissue complication
probability (NTCP) using logistic models. The selection of accurate LQ parameters α, β and α/β is pivotal for a
reliable estimate of radiation response. The aim of this review is to provide an overview of published values for the
LQ parameters of human tumours as a guideline for radiation oncologists and radiation researchers to select
appropriate radiobiological parameter values for LQ modelling in clinical radiotherapy.

Methods and materials: We performed a systematic literature search and found sixty-four clinical studies reporting
α, β and α/β for tumours. Tumour site, histology, stage, number of patients, type of LQ model, radiation type, TCP
model, clinical endpoint and radiobiological parameter estimates were extracted. Next, we stratified by tumour site
and by tumour histology. Study heterogeneity was expressed by the I2 statistic, i.e. the percentage of variance in
reported values not explained by chance.

Results: A large heterogeneity in LQ parameters was found within and between studies (I2 > 75%). For the same
tumour site, differences in histology partially explain differences in the LQ parameters: epithelial tumours have
higher α/β values than adenocarcinomas. For tumour sites with different histologies, such as in oesophageal cancer,
the α/β estimates correlate well with histology. However, many other factors contribute to the study heterogeneity
of LQ parameters, e.g. tumour stage, type of LQ model, TCP model and clinical endpoint (i.e. survival, tumour
control and biochemical control).

Conclusions: The value of LQ parameters for tumours as published in clinical radiotherapy studies depends on
many clinical and methodological factors. Therefore, for clinical use of the LQ model, LQ parameters for tumour
should be selected carefully, based on tumour site, histology and the applied LQ model. To account for
uncertainties in LQ parameter estimates, exploring a range of values is recommended.
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usually assumed to be low (1.0–1.8 Gy)
Eight trials from seven studies, randomized 6993 
patients between CRT and HRT

Clinically estimatedranged between1.3 and 11.1Gy. 
The estimated values were inversely related to ADT 
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Meta-analysis of 13 randomized trials

Time factor:  1,2 →2,7 Gy
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Abstract

Background: Prediction of radiobiological response is a major challenge in radiotherapy. Of several radiobiological
models, the linear-quadratic (LQ) model has been best validated by experimental and clinical data. Clinically, the LQ
model is mainly used to estimate equivalent radiotherapy schedules (e.g. calculate the equivalent dose in 2 Gy
fractions, EQD2), but increasingly also to predict tumour control probability (TCP) and normal tissue complication
probability (NTCP) using logistic models. The selection of accurate LQ parameters α, β and α/β is pivotal for a
reliable estimate of radiation response. The aim of this review is to provide an overview of published values for the
LQ parameters of human tumours as a guideline for radiation oncologists and radiation researchers to select
appropriate radiobiological parameter values for LQ modelling in clinical radiotherapy.

Methods and materials: We performed a systematic literature search and found sixty-four clinical studies reporting
α, β and α/β for tumours. Tumour site, histology, stage, number of patients, type of LQ model, radiation type, TCP
model, clinical endpoint and radiobiological parameter estimates were extracted. Next, we stratified by tumour site
and by tumour histology. Study heterogeneity was expressed by the I2 statistic, i.e. the percentage of variance in
reported values not explained by chance.

Results: A large heterogeneity in LQ parameters was found within and between studies (I2 > 75%). For the same
tumour site, differences in histology partially explain differences in the LQ parameters: epithelial tumours have
higher α/β values than adenocarcinomas. For tumour sites with different histologies, such as in oesophageal cancer,
the α/β estimates correlate well with histology. However, many other factors contribute to the study heterogeneity
of LQ parameters, e.g. tumour stage, type of LQ model, TCP model and clinical endpoint (i.e. survival, tumour
control and biochemical control).

Conclusions: The value of LQ parameters for tumours as published in clinical radiotherapy studies depends on
many clinical and methodological factors. Therefore, for clinical use of the LQ model, LQ parameters for tumour
should be selected carefully, based on tumour site, histology and the applied LQ model. To account for
uncertainties in LQ parameter estimates, exploring a range of values is recommended.
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Introduction
While tumor cure in patients with localized primary disease 
treated with conventional fractionated radiotherapy is approx-
imately 65% (1), new image-guided radiotherapy that precisely  
targets tumors in 3D yields an unprecedented >90% tumor  
ablation with a single 24-Gy exposure, irrespective of human 
tumor type (2, 3). This new approach to treat tumors with ultra-
high single-dose radiotherapy (SDRT) holds promise as a leap in 

cancer treatment, consistently ablating tumors resistant to frac-
tionated radiotherapy (4, 5).

Conventional fractionated radiotherapy employs wide normal- 
tissue safety margins to avoid missing of tumors, and repeated  
daily low-dose (1.8–2.5 Gy) exposures. A single exposure at this 
dose range, although noncurative, induces extensive DNA dam-
age, including potentially lethal DNA double-strand breaks (DSBs) 
(6), resolved by an adaptive DNA damage response (DDR), which 
coordinates cell cycle arrest and DSB repair (7). A therapeutic ratio 
is predicated on slow-dividing tissues being more radioresistant 
than rapidly dividing tumor cells (8), with slow-dividing tissues 
accruing less DNA repair errors as treatment progresses. Tumor 
cure versus local failure ultimately reflects the extent of misre-
paired DNA damage, with radioresistant tumors repairing damage 
faithfully, while radio sensitive tumors manifest error-prone DSB 
repair (6, 9), with residual misrepaired DSBs promoting genomic 
instability and lethal chromosomal aberrations in progeny (10). 
Mammalian DSB repair is accomplished by canonical nonhomol-
ogous end joining (NHEJ) and homology-directed repair (HDR), 
which normally protect chromosome integrity, while alternative 
NHEJ (alt-EJ) is error-prone, yielding potentially lethal errors 
(11). The single-target model of tumor cure by fractionation pos-
its that outcome depends exclusively on fidelity of tumor cell– 

Tumor cure with conventional fractionated radiotherapy is 65%, dependent on tumor cell–autonomous gradual buildup 
of DNA double-strand break (DSB) misrepair. Here we report that single-dose radiotherapy (SDRT), a disruptive technique 
that ablates more than 90% of human cancers, operates a distinct dual-target mechanism, linking acid sphingomyelinase–
mediated (ASMase-mediated) microvascular perfusion defects to DNA unrepair in tumor cells to confer tumor cell lethality. 
ASMase-mediated microcirculatory vasoconstriction after SDRT conferred an ischemic stress response within parenchymal 
tumor cells, with ROS triggering the evolutionarily conserved SUMO stress response, specifically depleting chromatin-
associated free SUMO3. Whereas SUMO3, but not SUMO2, was indispensable for homology-directed repair (HDR) of 
DSBs, HDR loss of function after SDRT yielded DSB unrepair, chromosomal aberrations, and tumor clonogen demise. 
Vasoconstriction blockade with the endothelin-1 inhibitor BQ-123, or ROS scavenging after SDRT using peroxiredoxin-6 
overexpression or the SOD mimetic tempol, prevented chromatin SUMO3 depletion, HDR loss of function, and SDRT tumor 
ablation. We also provide evidence of mouse-to-human translation of this biology in a randomized clinical trial, showing 
that 24 Gy SDRT, but not 3×9 Gy fractionation, coupled early tumor ischemia/reperfusion to human cancer ablation. The 
SDRT biology provides opportunities for mechanism-based selective tumor radiosensitization via accessing of SDRT/ASMase 
signaling, as current studies indicate that this pathway is tractable to pharmacologic intervention.

Single-dose radiotherapy disables tumor cell homologous 
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ASMase-mediated microcirculatory vasoconstriction after SDRT 
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ischemic stress response within parenchymal tumor cells
↓
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SUMO stress response
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depletion of chromatin- associated free SUMO3 (indispensable for HDR of DSBs)

ASMase-driven perfusion defects and consequent ROS/SSR–mediated HDR inactivation

24 Gy SDRT, but not 3×9 Gy fractionation, coupled early tumor ischemia/reperfusion to 
human cancer ablation. 
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Abstract: Historically, the 4Rs and then the 5Rs of radiobiology explained the e↵ect of radiation therapy
(RT) fractionation on the treatment e�cacy. These 5Rs are: Repair, Redistribution, Reoxygenation,
Repopulation and, more recently, intrinsic Radiosensitivity. Advances in radiobiology have
demonstrated that RT is able to modify the tumor micro environment (TME) and to induce a
local and systemic (abscopal e↵ect) immune response. Conversely, RT is able to increase some
immunosuppressive barriers, which can lead to tumor radioresistance. Fractionation and dose can
a↵ect the immunomodulatory properties of RT. Here, we review how fractionation, dose and timing
shape the RT-induced anti-tumor immune response and the therapeutic e↵ect of RT. We discuss how
immunomodulators targeting immune checkpoint inhibitors and the cGAS/STING (cyclic GMP-AMP
Synthase/Stimulator of Interferon Genes) pathway can be successfully combined with RT. We then
review current trials evaluating the RT/Immunotherapy combination e�cacy and suggest new
innovative associations of RT with immunotherapies currently used in clinic or in development
with strategic schedule administration (fractionation, dose, and timing) to reverse immune-related
radioresistance. Overall, our work will present the existing evidence supporting the claim that the
reactivation of the anti-tumor immune response can be regarded as the 6th R of Radiobiology.

Keywords: radiotherapy fractionation; immune response; radiotherapy-immunotherapy association

1. Introduction

The generation of an immune response to eliminate cancer cells requires several steps, the first
one being the capture and processing of tumor associated antigens (TAA) by dendritic cells (DCs)
for processing [1,2]. DCs present TAA on MHC molecules to T cells, resulting in the priming and
activation of tumor-specific naive T cells that become e↵ector T cells. The activated e↵ector T cells
tra�c to tumor tissues where they infiltrate the tumor bed and kill target tumor cells. Tumor cell lysis
leads to TAA release, leading to subsequent striking changes in the immune response.

Historically, radiotherapy (RT) was considered as an immunosuppressive treatment due to its
role in the preparation for the allogeneic transplant through total body irradiation. Current evidence
has demonstrated that besides its direct action on tumor cell DNA, RT can induce systemic and
immune-mediated anti-tumor responses.

Radiation Therapy E↵ects: From DNA Breaks to Immunomodulation

Conventional anti-cancer treatments such as RT or chemotherapy exert a direct anti-tumor e↵ect
through DNA damage. The direct cytotoxic e↵ect of ionizing radiation is the result of three successive

Cancers 2019, 11, 860; doi:10.3390/cancers11060860 www.mdpi.com/journal/cancers

         

      

         

      



Importance of dose per fraction

In preclinical models:
6 Gy x5 (IFN gamma)
8 Gy x3 (IFN gamma)

Dose >10-12 Gy: immunosuppressive effects
20-30 Gy (Treg)

Postow MA, N Engl J Med. 
2012;366:925- 31.
Hiniker SM, Transl Oncol. 2012;5:404-
7.
Golden EB, Cancer Immunol Res. 
2013;1:365-72
Claire Vanpouille-Box, Clin Cancer 
Res 2017.





Tumori dell’ Encefalo



80 patients (6 -21 years )with LGG treated with RT to 54 Gy on a phase II trial 

Acharya et al. Neurooncol 2019, 21(9), 1175–1183

1. Survivors of pediatric low-grade gliomas experience decline in memory.

2. Greater hippocampal dose is associated with greater decline in memory.

3. Reducing hippocampal dose may represent a memory preserving treatment strategy.

avoid hippocampal doses equal to or greater than 40 Gy





This level-1 evidence shows WBRT does not improve outcomes in MBMs

Hong et al. 2019



• Eligible patients (n = 686) had metastatic cancer with spinal cord or cauda equina
compression, life expectancy > 8 weeks, and no previous RT to the same area

• External beam 8Gy/1 fr RT (n 345) vs 20Gy/5 fr RT over 5 consecutive days (n341)

Hoskin et al. 2019

SF-RT is not non-inferior to MF-RT in patients with SCC from solid tumors



Lombardi et al. 2019



Tumori Testa-Collo



Gillison M.L 2019

Mehanna H. 2019 

Chera B.S. 2019 

Ma D.J. 2019

De-intensificazione della terapia



Nichols A.J. 2019

TORS plus ND was not associated with better QOL



Zhang Y. 2019 



Li W.F. 2019



Gawryszuk A. 2019



Biau J. 2019

Raccomandazioni 
per i livelli linfonodali 
da includere  sia per 
N+ che per N- in 
base alla sottosede
anatomica di 
localizzazione della 
malattia 

8th edition
UICC/AJCC 
TNM

Robbins’ classification
Livelli:
Ø Ia(sottomentonieri)
Ø Ib (sottomandibolari)
Ø II (giugulari sup)
Ø III (giugulari medi)
Ø IVa (giugulari inferiori)
Ø IVb (sovraclaveari mediali)
Ø Va and Vb (del triangolo posteriore sup. ed inf.)
Ø Vc (sovraclaveari laterali)
Ø VIa (giugulari ant) 
Ø VIb (prelaringei, pretracheali, paratracheali)
Ø VIIa (retrofaringei)
Ø VIIb (retro-stiloidei)
Ø VIII (parotidei)
Ø IX (buccofaciali) 
Ø Xa (retroauricolari and subauriculari)
Ø Xb (occipitali)



Tumori del Torace



SABR (54 Gy/3 fx or 48 Gy/4 fx) vs standard RT (66 Gy/33 fx or 50 Gy/20 fx)

Ball et al. 2019



Surgery is superior to SBRT in terms 
of:

Overall survival (OS), 
Cancer-specific survival (CSS) 

Disease-free survival (DFS) 
Freedom from local relapse



ASCO 2019 
Update from the PACIFIC trial

3-y OS: 57.0% versus 43.5%
MS: NR versus 29,1 mo



Palma et al. 2019



Median follow up: 26 months

Palma et al. 2019



2019 ASTRO Annual 
Meeting

Ø Patients (56) with metastatic non–small cell lung cancer 
(NSCLC) who have experienced disease progression on 
immunotherapy may benefit from stereotactic body 
radiotherapy (SBRT) in terms of progression-free survival

Ø The addition of SBRT after progression on immunotherapy 
resulted in increased PFS, a systemic response rate of 9.52%, 
and a disease control rate of 57.14%

Ø Improved PFS correlated with an increased TIL score: pts with 
elevated TIL scores (2-3) showed improved progression free 
survival (PFS), with a mean of 215 versus 59 days 



➡ Il 10,3% dei pazienti ha sviluppato ≥1 MACE (major
cardiac adverse event), evento più probabile nei
pazienti positivi per coronaropatie (coronary heart
disease, CHD; 18,7% vs. 5,6%; P> 0,0001)

➡ Nei pazienti CHD-negativi il trattamento con MHD
≥10 Gy rispetto a <10 Gy era associato a un rischio
signicativamente maggiore di MACE (HR: 3,01;
P=0,025) e di mortalità per qualunque causa (HR:
1,34; P=0,014).

La MHD è un predittore indipendente 
di MACE e di mortalità per qualunque 
causa entro 2 anni dalla radioterapia

Constraints:
MHD< 15 Gy   V50< 25%   V5≤ 60%

Atkins K.M. 2019



Una minoranza di pazienti con ES-SCLC ottiene un beneficio clinicamente rilevante 
dall'immunoterapia

L'espressione di PD-L1 è bassa e non ha alcun effetto significativo sugli esiti clinici (no 
biomarkers)

Trattare tutti i pazienti è costoso rispetto ai benefici ottenuti ed espone i pazienti a 
tossicità inutili





Pleural Mesothelioma – Role of Radiotherapy

Radical Hemi-thoracic Radiotherapy vs. Palliative Radiotherapy for 
Malignant Pleural Mesothelioma

➡ Phase 3 study, 108 pts were randomized 
➡ Radical hemithoracic radiotherapy (RHR) with IMRT and PET-guidance, to 

deliver up to 50 to 60 Gy, in patients undergoing non-radical lung-sparing 
surgery and chemotherapy

➡ Total mean lung dose < 22 Gy
➡ The intention-to-treat analysis showed a 2- year OS rate of 58% in the RHR 

arm vs. 28% in the PR arm (p=0.003)
➡ RHR doubles survival compared with palliative radiotherapy in patients with 

malignant pleural mesothelioma (MPM)
➡ Toxicity: G 3-4 pneumonitis in 5 pts

[Minatel E, Trovo M et al, ESTRO 38 – 2019, Abstract OC-0500]



Sarcomi Tessuti molli







Median visible residual tumor in the surgical specimen 
was 5% (0–60)

9/12 patients (75%) with ≤10% visible remaining tumor

3/12 (25%) had a complete pathological response

Pathology

Gronchi A et al. eClinicalMedicine 9:35-43, 2019





Bonvalot S et al. Lancet Oncol. 2019 Aug;20(8):1148-1159

https://www.ncbi.nlm.nih.gov/pubmed/31296491


Neoplasie mammarie



Women ≥ 40 years with DCIS or node-negative breast cancer treated by BCS
APBI: 38.5 Gy/10 fx b.i.d vs WBRT (50 Gy/25 fx or 42.5/16 fx)

Wheelan et al. 2019



Wheelan et al. 2019



Women ≥ 18 years with early breast cancer (all histologies) treated by lumpectomy
APBI: HDR BT 34 Gy or 38.5 Gy/10 fx b.i.d vs WBRT (50 Gy/25)

Vicini et al. 2019



Meta-analysis of 13 randomized trials

Time factor:  1,2 →2,7 Gy

REVIEW Open Access

The alfa and beta of tumours: a review of
parameters of the linear-quadratic model,
derived from clinical radiotherapy studies
C. M. van Leeuwen1, A. L. Oei1,2, J. Crezee1, A. Bel1, N. A. P. Franken1,2, L. J. A. Stalpers1 and H. P. Kok1*

Abstract

Background: Prediction of radiobiological response is a major challenge in radiotherapy. Of several radiobiological
models, the linear-quadratic (LQ) model has been best validated by experimental and clinical data. Clinically, the LQ
model is mainly used to estimate equivalent radiotherapy schedules (e.g. calculate the equivalent dose in 2 Gy
fractions, EQD2), but increasingly also to predict tumour control probability (TCP) and normal tissue complication
probability (NTCP) using logistic models. The selection of accurate LQ parameters α, β and α/β is pivotal for a
reliable estimate of radiation response. The aim of this review is to provide an overview of published values for the
LQ parameters of human tumours as a guideline for radiation oncologists and radiation researchers to select
appropriate radiobiological parameter values for LQ modelling in clinical radiotherapy.

Methods and materials: We performed a systematic literature search and found sixty-four clinical studies reporting
α, β and α/β for tumours. Tumour site, histology, stage, number of patients, type of LQ model, radiation type, TCP
model, clinical endpoint and radiobiological parameter estimates were extracted. Next, we stratified by tumour site
and by tumour histology. Study heterogeneity was expressed by the I2 statistic, i.e. the percentage of variance in
reported values not explained by chance.

Results: A large heterogeneity in LQ parameters was found within and between studies (I2 > 75%). For the same
tumour site, differences in histology partially explain differences in the LQ parameters: epithelial tumours have
higher α/β values than adenocarcinomas. For tumour sites with different histologies, such as in oesophageal cancer,
the α/β estimates correlate well with histology. However, many other factors contribute to the study heterogeneity
of LQ parameters, e.g. tumour stage, type of LQ model, TCP model and clinical endpoint (i.e. survival, tumour
control and biochemical control).

Conclusions: The value of LQ parameters for tumours as published in clinical radiotherapy studies depends on
many clinical and methodological factors. Therefore, for clinical use of the LQ model, LQ parameters for tumour
should be selected carefully, based on tumour site, histology and the applied LQ model. To account for
uncertainties in LQ parameter estimates, exploring a range of values is recommended.
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ARTIST-2 Trial: Results

Park SH et al, ASCO 2019

• Adjuvant SOX or SOX + RT were superior in 
terms of DFS compared to S-1 monotherapy

• No additional benefit with chemo-radiotherapy

Resectable gastric cancer



Al Batran SE et Al, Lancet 2019

Perioperative CT

cT2 or higher
nodal positive (cN+)

pCR ECF: 16% vs FLOT 6%; 
p=0,02).

Locally advanced

gastric cancer



Neoadj CTRT in adenoca GEJ



• IPD meta-analysis of prognostic/predictive role of MSI in resected GC 
pts from MAGIC, CLASSIC, ARTIST and ITACA-S

• 121/1156 (7.8%) had MSI-H and had longer DFS
• MSI-H pts did not benefit from chemotherapy

Pietrantonio et al, J Clin Oncol 2019

5-yrs OS 77.5% vs 59.3%5-yrs DFS 71.8% vs 52.3%



Preoperative CTRT vs CT vs upfront S

R0 resection Overall Survival

Hu et al. Radiation Oncology (2019)



Sterebody Radiotherapy

> 48 Gy

< 48 Gy
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a b s t r a c t

Background and purpose: Capecitabine-based radiochemotherapy (cbRCT) is standard for preoperative
long-course radiochemotherapy of locally advanced rectal cancer. This prospective, parallel-group, ran-
domised controlled trial investigated two intensification regimens. cT4 lesions were excluded. Primary
objective: pathological outcome (TRG 1-2) among arms.
Materials and methods: Low-located cT2N0–2M0, cT3N0–2M0 (up to 12 cm from anal verge) presenta-
tions were treated with cbRCT randomly intensified by either radiotherapy boost (Xelac arm) or mul-
tidrug concomitant chemotherapy (Xelox arm). Xelac: concomitant boost to bulky site (45 Gy/1.8 Gy/
die, 5 sessions/week to the pelvis, +10 Gy at 1 Gy twice/week to the bulky) plus concurrent capecitabine
(1650 mg/mq/die). Xelox: 45 Gy to the pelvis + 5.4 Gy/1.8 Gy/die, 5 sessions/week to the bulky site + con-
current capecitabine (1300 mg/mq/die) and oxaliplatin (130 mg/mq on days 1,19,38). Surgery was
planned 7–9 weeks after radiochemotherapy.
Results: From June 2005 to September 2013, 534 patients were analysed: 280 in Xelac, 254 in Xelox arm.
Xelox arm presented higher G ! 3 haematologic (p = 0.01) and neurologic toxicity (p < 0.001). Overall,
98.5% patients received curative surgery. The tumour regression grade distribution did not differ between
arms (p = 0.102). TRG 1+2 rate significantly differed: Xelac arm 61.7% vs. Xelox 52.3% (p = 0.039).
Pathological complete response (ypT0N0) rates were 24.4 and 23.8%, respectively (p non-significant).
Median follow-up:5.62 years. Five-year disease-free survival rate were 74.7% (Xelac) and 73.8% (Xelox),

https://doi.org/10.1016/j.radonc.2018.11.023
0167-8140/! 2018 Published by Elsevier B.V.

Abbreviations: APR, abdominoperineal resection; BED, biological equivalent dose; cbRCT, capecitabine-based radiochemotherapy; CI, confidence intervals; CT, computed
tomography; DFS, disease-free survival; FUFA, capecitabine or 5-fluoruracile plus folinic acid; GTV, gross tumour volume; LAR, low anterior resection; LE, local excision; LC,
local control; MRI, magnetic resonance imaging; LCRCT, long-course radiochemotherapy; OS, overall survival; pCR, pathological complete response; RCTs, randomised
controlled trials; RT, radiotherapy; RTOG, Radiation Therapy Oncology Group; SCRT, short-course radiotherapy; TME, total mesorectal excision; TRG, tumour regression grade.
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profile was acceptable, Xelac arm obtained lower rates of acute
toxic adverse events compared to the Xelox arm. In summary,
the arm in which the RT dose was escalated by adding a concomi-

tant boost to the standard cbRCT (Xelac), presented higher efficacy
for the primary endpoint and a safe profile compared to both the
randomised counterpart schedule of intensification (Xelox) and

Fig. 4. Local control.

Fig. 5. Disease-free survival among TRG 1-2 vs. TRG 3-5.
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Preoperative intensification

The primary study endpoint was cumulative major response
rates (i.e. TRG 1-2): when analysed by evaluable patient (not
accounting for missing data: 64/534 patients, 11.9%), the TRG 1-2
rate was significantly higher in the Xelac arm than in the Xelox
arm: 61.7% vs.52.3% (p = 0.039), as detailed in Table 2. Overall, no
statistical difference was reported for the global TRG grade distri-

bution between the two arms (p = 0.102). TRG 1 rates did not sig-
nificantly differ among arms: 32.3% vs.32.9% for Xelac and Xelox
arms, respectively (p = 0.885).

About the global margin status: 121 patients are described for
MRF baseline status (7.5% – 9/121 – MRF-positive, and 92.5% –
112/121 – MRF-negative, respectively).

Table 2
Outcome summary.

Xelac arm
280/534 pts (52.5%)

Xelox arm
254/534 pts (47.5%)

Compliance to RT >55 Gy: 2 (0.7%)
=55 Gy: 263 (95%)
<55 Gy: 12 (4.3%)
(Missing: 3)

>50.4 Gy: 1 (0.4%)
=50.4 Gy: 243 (96.4%)
<50.4 Gy: 8 (3.2%)
(Missing: 2)

Surgery SSS = 198 (72.6%)
DS = 41 (15%)
LE = 31 (11.3%)
Not Resected = 3 (1.1%)
(Missing: 7)

SSS = 184 (73.3%)
DS = 38 (15.1%)
LE = 22 (8.8%)
Not Resected = 7 (2.8%)
(Missing: 3)

TRG 1 = 80 (32.3%)
2 = 73 (29.4%)
3 = 69 (27.8%)
4 = 24 (9.7%)
5 = 2 (0.8%)
(Missing = 32)

1 = 73 (32.9%)
2 = 43 (19.3%)
3 = 85 (38.3%)
4 = 20 (9%)
5 = 1 (0.5%)
(Missing = 32)

p = 0.102
TRG1 [calculated among evaluable pts for PE, excluding missing data] 80 (32.3%) 73 (32.9%)

p = 0.885
TRG 1+2 [calculated among evaluable pts for PE, excluding missing data] 153 (61.7%) 116 (52.3%)

p = 0.039

Legend: pt: patients; Gy: gray; SSS: sphincter-saving surgery; DS: definitive stoma; LE: local excision; NResec: not resected; TRG: tumour regression grade; PE: primary
endpoint.

Fig. 2. Disease-free survival.
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All patients
According to TRG



Total Neoadjuvant Therapy



Neoplasie dell’apparato urogenitale
maschile e tumori della prostata



Intermediate to high risk PCa
Ultrahypofractionated RT (42.7 Gy/7 fx) vs standard RT (78 Gy/39 fx)
No ADT allowed

Widmark et al. 2019



NCCN low-risk or intermediate-risk disease
SBRT (36.25 Gy/5 fx) vs standard RT (78 Gy/39 fx or 62 Gy/20 fx)
No ADT allowed

Brand et al. 2019



2019



Median pre-SRT: 0.3 ng/mL
Treatment arms: SRT vs SRT + 6 months GnRH agonist
SRT dose: 66 Gy

Carne et al. 2019













TITAN – Study design

63% high volume

“All-comers” patient population







52% high volume





Treatment Options in mHSPC



2016

OS

PFS

bPFS

FFS

Burdett et al. 2019

2019



20162019

Burdett et al. 2019



Median follow up: 26 months 20% prostate cancer patients

Palma et al. 2019






