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Rectal cancer management dramatically improved results in the last thirty-five years taking ad-
vantage from new integrated treatment options (1). It could be summarized that until the begin-
ning of  ‘80s, surgery was the only treatment option, potentially associated to adjuvant radiothe-
rapy (RT) but gaining unsatisfactory outcome for local control (LC) and overall survival (OS). When
Heald first proposed the introduction of the new and challenging surgical approach represented
by the total mesorectal excision (TME), a new perspective for management of rectal cancer wad
opened (2). In the same period the first experiences of postoperative combination of RT with che-
motherapy (CT) to radiosensitize tissues and improve results was proposed in the adjuvant set-
ting obtaining a clear amelioration of survival outcomes (3). The progressive shift of the integra-
ted approach in the preoperative setting was proposed either in the frame of radiochemotherapy
(RTCT) in the pioneering trials by Butoker and Nigro (4) or in the setting of RT alone in the northern
European approach, progressively introducing the multimodal integrated approach that nowadays
represents the golden standard for most of the clinical presentations. These two RT approaches
(long and short course) still face one each other, looking for definitive conclusions about superiority
in term of outcome and toxicity, but also being representative of the differences of interpretation
of the same standard approach among different scientific scenarios between North Europe on one
side and North America or Middle Europe on the other one (5). TME-surgery continues to be a
cornerstone of treatment management, but many technical innovations (for example the minimally
invasive approaches) and new surgical managements are proposed for super-selected clinical pre-
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SUMMARY: New perspectives in treatment decision for in-
tegrated management of rectal cancer: multimodal research
for multimodal treatments.
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Rectal cancer management improved results in the last
thirty-five applying new integrated treatment options.
Preoperative radiochemotherapy or radiotherapy alone joined
to the modern surgery gaining significant improvement of
outcomes. Nevertheless, a definitive conclusion about supe-
riority of one on the other in term of survival and toxicity is
still lacking, and further improvement is in general required
and seems obtainable. The need for a wide sharing of the

accumulated knowledge is represented by the consensus confe-
rences that over the years summarizes the state of the art for
the management of rectal cancer. One of the most promising
opportunities comes from the attempt of characterization of
the tumor heterogeneity. An always-increasing number of
new parameters come from different sources including geno-
mic, imaging, pathological features and many others. The
need of new informatics technologies able to handle and con-
tinuously incorporate new inputs derived from the evidences
is also imperative. The combined use of large shared databa-
ses and “learning models” could allow generating and rapidly
testing new hypotheses, providing further survival improve-
ment in the next years. 
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sentations, like the wait-and-see for very favorable response to preoperative treatments (6). Nevertheless
an optimization of the results is needed to further improve survival outcomes. The feeling of the
need for a wide sharing of the accumulated knowledge leading to a focus on the modern indica-
tions for the different treatment options is represented by the consensus conferences that over the
years summarized the state of the art for the management of rectal cancer (7, 8). The last Euro-
pean consensus conference on colon and rectal cancer care, represented by the European Registration
of Cancer Care (EURECCA), published some documents with the first aim to increase the ho-
mogeneity of clinical management in Europe for such malignancies, supporting clinicians of mul-
tidisciplinary teams for decision-making; the second aim was to enhance the quality of treatments
by providing benchmarks defined among participants on the bases of audits and outcome analy-
sis of the population-based registries (9). For clinicians and researchers the difficulty to handle the
growing accumulation of knowledge is a central issue in oncology and within the specific field of
rectal cancer in particular. If around ‘80s the most important prognostic and predictive parame-
ters to take into account for treatment decision were represented by stage grouping through patho-
logical features added to histological, demographic and anamnestic information, nowadays the num-
ber of parameters to take into account is constantly increasing. Also in other malignancies, for in-
stance, it was demonstrated as TNM only partially includes all the prognostic determinants, hi-
ghlighting the need for more complete evaluation of tumor heterogeneity (10).

Elements for characterization of the tumor heterogeneity come from many different sources:
some of whom let to better evaluate the tumor presentation and features related to prognosis, whi-
le others can also be used to improve treatment outcomes. Imaging represents a perfect example:
many imaging modalities as Magnetic Resonance (MR) or Positron Emission Tomography (PET)
aid the modern routine clinical practice for rectal cancer. In the last years a new step forward was
made by these imaging modalities. For example, the prognostic role of circumferential resection
margin involvement was progressively established for treatment outcome after radical treatment
for rectal cancer (11) and how to take it into account for selection of treatment modality was de-
bated (9). On the other hand there are consistent evidences that MR can properly predict survi-
val outcomes through the correct evaluation of the involvement of mesorectal fascia, thus opening
the filed of treatment individualization in this regard (12). Also PET provides always more use-
ful information to be kept into account for treatment personalization, over the integration of the
TNM staging. Recent evidences suggest that sequential PET data can accurately predict patho-
logical complete response (pCR) and can be used as a decision support tool for surgery after pro-
spective validation (13). More in general, a new paradigm of approach to information derived by
imaging was proposed, named radiomics (14). It is based on the concept that through high-th-
roughput extraction of large amounts of image features from radiographic images can lead to ob-
taining novel sources of data to individuate the specific heterogeneity of clinical presentation and
personalize the treatments. The importance of genetic and molecular profiling and definition of
mutation status to properly select population for ones most likely to benefit by new drug admi-
nistration in rectal cancers is consolidated (15). Genetic profilings are always more widely adop-
ted for rectal cancer, not only being representative of the different baseline presentations from less
to more advanced (16), but also predictive of response to RTCT (17) and potentially exploited
in decision making processes by clinicians. That issue is object of growing interest also due to the
new and promising approach of the so-called “liquid biopsies”. Tumor cells release circulating free
DNA (cfDNA) into the blood: by new technological advantages it is possible to detect cancer-
associated allels and develop wide evaluation of the genetic and epigenetic aberration related to
the specific clinical presentation (18). A new frontier in this frame is represented by the promi-
sing role of microRNA (miRNA) in the oncological field of interest. MiRNA represent a class of
small non-coding RNA with the role of regulation in many different cellular pathways. They are
also responsible of the reaction to ionizing radiations, thus strongly affecting tumor response to
RT or RTCT (19, 24). With the potential aim to manipulate the radioresistance determined by
miRNA by artificial restoration of under-expressed miRNA or, conversely, by blocking overexpressed
miRNA, some promising studies were addressed on rectal cancer. Recent studies determined a spe-
cific profiling signature of different regulations of some miRNA that is associated to the outco-
me in term of pathological response after preoperative RTCT (20) and in a close future will be
object of attempts to further individualize the clinical perspective of multimodal treatments.

Finally, also some classic treatment-related issues as the toxicity reported during neoadjuvant
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RTCT were found to be potentially associated to specific features of response to treatment and sur-
vival outcome (although with conflicting preliminary results), making them appealing to optimize
treatments and important to be handled by the clinicians to tailor the therapy (21).

The modern trend of treatment’s individualization and the increasing amount and complexity
of available medical data, determines a growing need for the development of clinical decision-sup-
port systems based on prediction models of treatment outcome (22). Attempts were made for rec-
tal cancer in this direction proposing a nomogram to help clinicians in the selection of treatment
options, on the basis of the evidences reported by the main randomized trials available in litera-
ture (23). The rapid and continuous accumulation of new evidences on such an amount of diffe-
rent issues (imaging, genetic, clinical, trial results, etc) determines the urgency for solutions able
both to quickly interpret the evidences derived from new data and to confirm on independent and
wide confirmatory datasets the upcoming results of new hypotheses derived from research. The
use of large and shared databases for data-mining added to implementation of new technologies
applied to data interpretation could be a valid option. A fundamental requirement for developing
large database to run rapid learning models and apply standardized data collection, is the defini-
tion of a common language about the specific features to investigate in each single research field.
The “Ontology” (a compound word derived from ancient Greek) represents knowledge as a set
of concepts within one or multiple domains, and the relationships between those concepts. On-
tologies describe how information can be structured, and could be used as a sort of dictionary whe-
re all the information, related in this case to rectal cancer, are searchable. Through definition of
ontologies for different research and clinical issues it will be possible to simultaneously incorpo-
rate plenty of data from several different large datasets in models able to keep into account each
feature and its relative interaction with the other ones, providing a high personalization of treat-
ment and possibly a major improvement in survival outcomes. The need to properly and conti-
nuously analyze the load of data derived from large databases, support the implementations of “lear-
ning machines”: software able to update and proceed to implementation of the models created by
evidences, along with the progressive adding of new evidences. The combined use of large shared
databases and “learning models” could allow a continuous update of the models by incorporation
of new evidences from different sources and joined Centers having each database in different parts
of the world.

The role of high quality, large randomized trials, and consequent systematic reviews and meta-
analyses, leading to consensus-based international guidelines will not to be replaced, but it will be
addressed and confirmed by such new approaches.

References

1. Cellini F, Valentini V. Current perspectives on preoperative integrated treatments for locally advanced rectal cancer:
a review of agreement and controversies. Oncology (Williston Park). 2012 Aug;26(8):730-5, 41. PubMed PMID:
22957406.

2. Heald RJ. A new approach to rectal cancer. British journal of hospital medicine. 1979 Sep;22(3):277-81. PubMed
PMID: 391315.

3. Prolongation of the disease-free interval in surgically treated rectal carcinoma. Gastrointestinal Tumor Study Group.
N Engl J Med. 1985 Jun 6;312(23):1465-72. PubMed PMID: 2859523.

4. Butoker T, Nigro N, Correa J, Vaitkevigius VK, Samson M, Considine B. Combination preoperative radiation and
chemotherapy in adenocarcinoma of the rectum: preliminary report. Dis Colon Rectum. 1976 Nov-Dec;19(8):660-
3. PubMed PMID: 991708.

5. Cellini F, Vincenzi B. The variation in treating colorectal cancer between Europe and America. Colorectal Cancer.
2013;2(3):177-80.

6. Habr-Gama A, Perez RO, Nadalin W, Sabbaga J, Ribeiro U, Jr., Silva e Sousa AH, Jr., et al. Operative versus nono-
perative treatment for stage 0 distal rectal cancer following chemoradiation therapy: long-term results. Ann Surg. 2004
Oct;240(4):711-7; discussion 7-8. PubMed PMID: 15383798. Pubmed Central PMCID: 1356472.

7. NIH consensus conference. Adjuvant therapy for patients with colon and rectal cancer. JAMA. 1990 Sep
19;264(11):1444-50. PubMed PMID: 2202842.

8. Valentini V, Aristei C, Glimelius B, Minsky BD, Beets-Tan R, Borras JM, et al. Multidisciplinary Rectal Cancer Ma-
nagement: 2nd European Rectal Cancer Consensus Conference (EURECA-CC2). Radiother Oncol. 2009
Aug;92(2):148-63. PubMed PMID: 19595467.

New perspectives in treatment decision for integrated management of rectal cancer: multimodal research for multimodal treatments

115

0365 1 New_VALENTINI:-  24-06-2014  9:49  Pagina 115

© C
IC

 E
diz

ion
i In

ter
na

zio
na

li



9. van de Velde CJ, Boelens PG, Borras JM, Coebergh JW, Cervantes A, Blomqvist L, et al. EURECCA colorectal: mul-
tidisciplinary management: European consensus conference colon & rectum. Eur J Cancer. 2014 Jan;50(1):1 e- e34.
PubMed PMID: 24183379.

10. Dehing-Oberije C, De Ruysscher D, van der Weide H, Hochstenbag M, Bootsma G, Geraedts W, et al. Tumor vo-
lume combined with number of positive lymph node stations is a more important prognostic factor than TNM sta-
ge for survival of non-small-cell lung cancer patients treated with (chemo)radiotherapy. Int J Radiat Oncol Biol Phys.
2008 Mar 15;70(4):1039-44. PubMed PMID: 17889446.

11. Nagtegaal ID, Quirke P. What is the role for the circumferential margin in the modern treatment of rectal cancer? J
Clin Oncol. 2008 Jan 10;26(2):303-12. PubMed PMID: 18182672.

12. Taylor FG, Quirke P, Heald RJ, Moran BJ, Blomqvist L, Swift IR, et al. Preoperative magnetic resonance imaging
assessment of circumferential resection margin predicts disease-free survival and local recurrence: 5-year follow-up
results of the MERCURY study. J Clin Oncol. 2014 Jan 1;32(1):34-43. PubMed PMID: 24276776.

13. van Stiphout RG, Lammering G, Buijsen J, Janssen MH, Gambacorta MA, Slagmolen P, et al. Development and ex-
ternal validation of a predictive model for pathological complete response of rectal cancer patients including sequential
PET-CT imaging. Radiother Oncol. 2011 Jan;98(1):126-33. PubMed PMID: 21176986.

14. Lambin P, Rios-Velazquez E, Leijenaar R, Carvalho S, van Stiphout RG, Granton P, et al. Radiomics: extracting more
information from medical images using advanced feature analysis. Eur J Cancer. 2012 Mar;48(4):441-6. PubMed
PMID: 22257792.

15. Glynne-Jones R, Hadaki M, Harrison M. The status of targeted agents in the setting of neoadjuvant radiation the-
rapy in locally advanced rectal cancers. J Gastrointest Oncol. 2013 Sep;4(3):264-84. PubMed PMID: 23997939. Pub-
med Central PMCID: 3712302.

16. Kalady MF, Coffey JC, Dejulius K, Jarrar A, Church JM. High-throughput arrays identify distinct genetic profiles
associated with lymph node involvement in rectal cancer. Dis Colon Rectum. 2012 Jun;55(6):628-39. PubMed PMID:
22595841.

17. Cecchin E, Agostini M, Pucciarelli S, De Paoli A, Canzonieri V, Sigon R, et al. Tumor response is predicted by pa-
tient genetic profile in rectal cancer patients treated with neo-adjuvant chemo-radiotherapy. Pharmacogenomics J.
2011 Jun;11(3):214-26. PubMed PMID: 20368715.

18. Crowley E, Di Nicolantonio F, Loupakis F, Bardelli A. Liquid biopsy: monitoring cancer-genetics in the blood. Nat
Rev Clin Oncol. 2013 Aug;10(8):472-84. PubMed PMID: 23836314.

19. Chaudhry MA. Radiation-induced microRNA: Discovery, functional analysis, and cancer radiotherapy. Journal of
cellular biochemistry. 2013 Oct 15. PubMed PMID: 24129925.

20. Della Vittoria Scarpati G, Falcetta F, Carlomagno C, Ubezio P, Marchini S, De Stefano A, et al. A specific miRNA
signature correlates with complete pathological response to neoadjuvant chemoradiotherapy in locally advanced rec-
tal cancer. Int J Radiat Oncol Biol Phys. 2012 Jul 15;83(4):1113-9. PubMed PMID: 22172905.

21. Wolff HA, Gaedcke J, Jung K, Hermann RM, Rothe H, Schirmer M, et al. High-grade acute organ toxicity during
preoperative radiochemotherapy as positive predictor for complete histopathologic tumor regression in multimodal
treatment of locally advanced rectal cancer. Strahlenther Onkol. 2010 Jan;186(1):30-5. PubMed PMID: 20082185.

22. Lambin P, van Stiphout RG, Starmans MH, Rios-Velazquez E, Nalbantov G, Aerts HJ, et al. Predicting outcomes
in radiation oncology--multifactorial decision support systems. Nat Rev Clin Oncol. 2013 Jan;10(1):27-40. PubMed
PMID: 23165123.

23. Valentini V, van Stiphout RG, Lammering G, Gambacorta MA, Barba MC, Bebenek M, et al. Nomograms for pre-
dicting local recurrence, distant metastases, and overall survival for patients with locally advanced rectal cancer on
the basis of European randomized clinical trials. J Clin Oncol. 2011 Aug 10;29(23):3163-72. PubMed PMID: 21747092.

24. Cellini F, Morganti AG, Genovesi D, Silvestris N, Valentini V. Role of MicroRNA in Response to Ionizing Radia-
tions: Evidences and Potential Impact on Clinical Practice for Radiotherapy. Molecules. 2014;19(4):5379-401.

V. Valentini et al.

116

0365 1 New_VALENTINI:-  24-06-2014  9:49  Pagina 116

© C
IC

 E
diz

ion
i In

ter
na

zio
na

li




