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It is not science fiction that the recent advances in tech-
nology, biology and pharmacology are contributing to the
demise of the notion of the contemporary colorectal surgeon.
Both nanotechnology and the microchip have presaged the
development of artificial intelligence (Al), robotics, big data,
advanced imaging and three-dimensional (3D) printing each
of which along with the elaboration of the human genome
has heralded a technical revolution that is well underway.
The role of the surgeon is becoming progressively subor-
dinated by technology that is capable not only of earlier
diagnosis but of disease eradication. These developments
along with a greater reliance on machines that standardize
procedural quality will result in an environment which is less
dependent upon individual surgical skill.

In a specialty now so driven by instrument innovation, the
interventional role of the surgeon is diminishing on many
fronts with the advance of a variety of divergent disciplines,
particularly in interventional radiology and endoscopy [1].
Even though this future colorectal surgery is built with the
bricks from its traditional historical edifice, knowledge
concerning the chronological progression of the specialty
manifestly supported by a highly skilled practice may be
less pertinent for instructing cases that will be logged into
virtual spaces and remotely managed by Al-directed robots.
The future body will be transparent and will house molecular
detectors designed to create extremely sensitive body holo-
grams for cancer diagnosis at the cellular level. In colorectal
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cancer (CRC) management, machine learning platforms
such as the IBM Watson for Oncology are already harness-
ing huge databases of clinical information, proteomics and
metabolomics, improving diagnostic accuracy and contribut-
ing to the implementation of algorithm-based management
protocols [2].

Outside of the operating theatre, nanotechnology will
increasingly insinuate itself into colorectal practice for use
as magnetic nanoparticles, quantum dots and nanoformula-
tions that facilitate tumour diagnosis by recognising tumour
cells [3]. Nanoligands will function as drug delivery vehi-
cles, efficient radiosensitizers and agents for photothermal
anticancer therapies, proving highly sensitive in cancer
diagnosis when linked to imaging contrast molecules and
cancer biomarkers. Prognostic information provided by indi-
vidual tumour analysis affords the opportunity of personal-
ized patient care, with BRAF and KRAS mutations acting as
indirect markers of anti-EGFr drug resistance in advanced
disease. Molecular identification of genes encoding micro-
satellite instability (MSI) and mismatch repair (MMR) may
in localized disease categorise distinct immune subtypes
with different prognoses and treatment sensitivities. Here,
tumours with elevated MSI are implicated in the complex
processes around antigen presentation and immune editing
that occurs within the tumour infiltrating lymphocyte (TIL)
population and which regulates response rates to the cardinal
checkpoint inhibitors (CTLA-4 and PD-1/PD-L1) that are
now more routinely used in chemoresistant cases.

Selected immunotherapies can now be more readily tai-
lored to the identifiable somatic mutation burden favouring
a Thl lymphocytic infiltrate. This approach can upregu-
late the expression of a variety of immune checkpoints so
as to negate some of these mechanisms employed by the
tumour in escaping immune destruction. The isolation of
T cells from patients which are then modified to target spe-
cific tumour-associated antigens (TAA) holds the prospect
of individual chimeric antigen receptor (CAR)-T cell ther-
apy [4]. This approach has been used successfully in the

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10151-023-02894-z&domain=pdf

26 Page 2 of 5

Techniques in Coloproctology (2024) 28:26

treatment of B cell malignancies, although solid tumours
where there are hypoxic cores, considerable heterogeneity
in TAA expression, sparse TIL populations and immuno-
suppressive microenvironments pose significant challenges.
Given the complexity of these treatments, the logistical and
economic issues surrounding this type of personalised ther-
apy need to be addressed [5]. Second- and third-generation
therapies using this approach have added costimulatory
domains, cytokines and transcription factors for recogni-
tion, each of which has been targeted to the tumour milieu.
Future targeted cell therapies will generate multiple antigen-
specific CAR-T cells, use universal CAR-T cells that could
be extracted from an allogeneic donor pool and humanise
single-chain variable fragments (scFv) for more effective
T cell stimulation. The ancillary use of AI will overcome
some of the current limitations of this technology by iden-
tifying and manufacturing key genetic sequences and by
detecting clinicopathological patterns from pooled data
sources that have been shown to be specifically predictive
of tumour responsiveness [6].

The widespread use of the “wait-and-see” policy intro-
duced by Habr-Gama in 2004 for the treatment of rectal can-
cer [7] will continue to reduce the number of rectal excisions,
as will the increase in total intensive neoadjuvant treatment
programmes. Even if this extended neoadjuvant approach
has limited demonstrable benefits in terms of disease- and
metastasis-free survival, the number of patients undergo-
ing organ preservation will undoubtedly increase [8]. Our
improved understanding of the pathogenesis of hereditary
CRC has led to the expansion of gene panel sequencing of
a wide selection of cancer predisposition genes. This allows
the use of peptide vaccines that exploit critical recurrent
frameshift-induced neoantigens that are activated through
defective MMR machinery [9, 10]. Second-generation vac-
cines potentially targeting TILs that recognise and eliminate
MMR-deficient cells could then be developed [11].

A much better knowledge of all the cascade of events
involving inflammation has led to significant advances in the
medical treatment of inflammatory bowel diseases. Immuno-
suppressants and a range of monoclonal antibodies directed
against tumour necrosis factor (TNFa; infliximab, adali-
mumab, golimumab, certolizumab pegol), anti-interleukin
(IL)-12/IL-23 (ustekinumab), anti-IL-23 (mirikizumab),
anti-IL-6 (sarilumab) and anti-IL-13 (tralokinumab) have
achieved a significant reduction in the number of patients
requiring surgery. These new agents have improved the
final outcome in cases that did not respond to conventional
treatments, which usually included corticosteroids, amino-
salicylates and first-generation immunomodulators (azathio-
prine, 6-mercaptopurine and methotrexate). Nevertheless,
there are still conflicting reports on whether the absolute
numbers of surgical interventions for Crohn’s disease have
changed in the modern era of biologic therapy. Whereas one
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Swedish study reported a lower incidence of complicated
disease and surgical intervention [12], another population-
based study from Ireland showed no change over time [13].
Despite these differences, others have shown that there has
been more of a demographic shift in hospitalised cases
towards patients who present with medically unmanageable
stenosis and malnutrition [14]. In this regard, Mege and col-
leagues in New York have demonstrated over a prolonged
period of time that there is an overall decrease in the per-
centage of the fibrostenosing phenotype accompanied by
a concomitant increase in the number of penetrating cases
requiring operation [15]. From the surgical viewpoint, there
has also been a worldwide adoption of laparoscopy for the
management of Crohn’s disease. Successful use depends
upon the complexity of the presentation with open conver-
sion still often necessary for extensive adhesions, pelvic
fistulae and some complicated inflammatory masses [16].
In ulcerative colitis (UC), improvements in the control of
disease activity have reduced the number of surgeries for
steroid-refractory disease [17, 18], with a concomitant shift
in elective cases towards treatment of dysplasia and super-
vening cancer. Improvements in our ability to favourably
manipulate the microbiome may change the natural history
of these diseases and potentially influence their surgical indi-
cations, although preliminary work with faecal microbiota
transplantation (FMT) has had only limited endoscopic and
clinical success [19].

Within the colorectal ambit, complicated acute diverticu-
litis remains one of the most frequent urgent pathologies, but
its management has changed markedly. More young patients
are now treated on an outpatient basis or with percutaneous
abscess drainage, if appropriate. In cases presenting as per-
forations with more advanced degrees of peritonitis, most
resections are performed laparoscopically and completed
with a primary anastomosis [20]. Despite the higher rate of
disease recurrence and subsequent hospital admission after
an acute episode of diverticulitis, the number of elective
colonic resections is decreasing [21]. The decision to pro-
ceed to elective surgery performed as a minimally invasive
procedure is then individualized in accordance with its per-
ceived risk—benefit ratio.

Proctologists also work in a changing environment in
which many generalists refer patients with complicated
anal fistulae to specialists in the discipline who have accu-
mulated expertise in new continence-preserving treatments.
After appropriate high-resolution imaging, initial treatment
may consist of simple drainage of collections without exten-
sive wound exploration and referral for one of the newer
surgical procedures that have demonstrated a lasting suc-
cess. These less destructive options which have been elu-
cidated and compared in a position statement by the Italian
Society of Colorectal Surgery (SICCR) [22] allow a choice
between endofistular procedures (setons, laser ablation,
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video-endoscopy, biologic glues, plugs, stem cell therapy)
and perifistular treatments (over-the-scope clip [OTSC®],
ligation of intersphincteric fistula tract [LIFT], transanal
opening of the intersphincter space [TROPIS]). Recently,
Litta et al. [23] have shown that the fistula tissue has an
excessive infiltration of IL-17-expressing CDS8 T cells, with
a concomitant decrease in the macrophage 1/macrophage 2
ratio. This specific shift in the balance of inflammatory
cytokines and growth factors within the wound microen-
vironment differentiates chronic fistulae from healthy tis-
sue, supporting the notion that in the future immunotherapy
directly targeting cytotoxic CD8 T lymphocytes will likely
diminish the role of the surgeon even further.

Operative treatments for chronic anal fissure have largely
disappeared with haemorrhoid practice that monitors
matched subgroup outcomes and which employs less inva-
sive operative options and novel endoanal devices that target
the haemorrhoid vasculature. For patients presenting with
significant faecal incontinence and a demonstrable sphincter
defect, the management has shifted from sphincter repair to
neuromodulation. The future of this field lies with a variety
of regenerative therapies that include the local infusion of
progenitor stem cells and trophic factors. Many of the pel-
vic floor disorders continue to be primarily managed with
non-operative therapies that focus on reinforcement biofeed-
back loops and that are supported by intensive psychological
counselling. If a structural defect can be demonstrated, no
doubt it will be repaired by robots.

In this rapidly moving landscape, how does the coloproc-
tologist adequately and safely prepare? When interviewed
about the pitfalls and the favourable aspects of training,
colorectal residents and graduates reported that they are
drawn to the dynamism of an evolving specialty although
many expressed the desire for additional exposure to robotic
training platforms and more advanced anorectal and pelvic
floor experience [24]. The increase in complexity of care
explains calls for an expansion of pre-existing learning
modules and an earlier introduction of specialized colorec-
tal training into the surgical apprenticeship. As the number
of conventional surgical interventions continues to fall the
structure of training needs re-evaluation. Learning will come
from every quarter, preserving the traditional tools alongside
the newly acquired skills afforded and supplemented by aug-
mented reality devices, Al, wearable sensors, telemedicine,
gene analysis and 3D printing and modelling.

We are witnessing the rapid growth of robotic colorectal
surgery that permits surgeons to reposition patients and ports
without the need for a re-set-up. Advances in instrumenta-
tion and visualization have made multi-quadrant procedures
possible. Targeting antibodies, molecular-labeled tumour
markers and fluorescence capabilities built into newer sys-
tems have assisted real-time on-table assessments of anasto-
motic perfusion, ureteric identification, the determination of

residual peritoneal cancer deposits and isolation of sentinel
lymph nodes. The robot of the future will be mobile and
driven by machine learning so as to provide a uniformity of
surgical performance where agreed standards of training will
analyze the proficiency of specific tasks rather than rely on
case volume. Robots will eventually operate with autonomy
and their untethered miniaturized microscale progeny will
be programmed with controllable nanoscale components
that will be innovatively fabricated, actuated and powered
for navigation down to a cellular level. These nanoscale
robots will reach relatively inaccessible places within the
body with the capacity to perform precision biopsies and
retrieval, transport targeted drugs, image and ablate tumour
deposits and even carry out rehabilitating surgeries [25, 26].

We are only at the beginning of the influence Al will
impose. It will tailor clinical decision-making and treatments
preoperatively, contribute to evidence-based risk assess-
ment, hone imaging radiomics to better predict pathologi-
cal responses to neoadjuvant therapies in rectal cancer cases
and direct those best managed by watchful surveillance.
New Al engagement is currently able to set the standards
for intraoperative performance with robotic and laparoscopic
instrumentation, streamline enhanced postoperative recovery
algorithms and digitally support pathology diagnosis [27].
Imaging informed by AI will complement 3D planning and
printing creating surgical models that already expand sur-
gical training, preparation and simulation and that will be
used for more complex and currently unimagined cases [28].
Presently, 4D printing biotechnology aims to develop tis-
sue constructs with the facility to transform their underlying
shape and inherent characteristics under physical, chemi-
cal and biological stimuli so as to repair, regrow or replace
almost any tissue [29].

Clinicians of the future will also have ready access to
genomic services that will be integral in patient manage-
ment. These routine facilities will expand the risk reduc-
tion of heritable cancers, accurately detect cell-free deoxy-
ribonucleic acid transcripts from a range of cancers with a
single blood test, support personalized anticancer therapy
and provide a real-time molecular analysis in the operating
room of the completeness of a precision oncologic resection.
With advances in stem cell technology and tissue engineer-
ing, regenerative medicine will create functional substitutes
for almost any type of damaged tissue or organ. This will
pragmatically change the face of transplantation and extend
the role of organs normally considered ineligible for use.
One challenge presently is the integration of biologic and
synthetic scaffolds that can be secondarily seeded with vas-
cular stem cells to form functioning minimally immunogenic
xeno-human composite tissues.

For surgeons to evolve we will need to continuously
embrace learning opportunities and innovations which
appear expectedly or otherwise, from many disparate
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disciplines. We have seen those remaining old masters,
(our teachers from a bygone era who are also subject to
these existential rules), either adapt and survive or with-
draw from the newly defined surgical practice. For those
entering coloproctology the future domain of surgical inter-
vention may become somewhat limited and dominated by
relatively minor procedures. Perhaps there is in this sce-
nario some similarity with the barber-surgeons of old. But
unlike these forebears, our anticipated surgical sphere of
influence will expand. The future surgeon will quarterback
disease screening and endo-management, accommodating
a tailored care that keys in a personalized patient cellular
profile and matches this to the latest evidence-based treat-
ment protocols. Many surgeries will be painless and scarless
standardized events remotely performed by self-governing
machines operating in augmented, Al-driven environments
to seamlessly restore or replace the anatomy with bioengi-
neered prostheses.

Regardless, however, of the technological advances
already made and of those yet unforeseen, there are some
things a robot, (even one fully enhanced by machine learn-
ing), cannot accomplish. Patients are more than the mere
sum of their parts. They are an amalgam of neural, endo-
crine, immune and psychic elements requiring a comprehen-
sive and holistic approach in order to achieve a successful
outcome [30]. The capacity to integrate and to practically
apply all of this accumulated wisdom for the benefit of our
patients remains the goal in any era of medical science.
Aspiring to this universal objective, we will still need the
compassion and humanity of a competent colorectal and anal
surgeon.

Acknowledgements The authors wish to thank Vlasta Podzemny for a
critical review of this manuscript and for logistic support.

Data availability The datasets used and analyzed during the current
study are available from the corresponding author on reasonable
request.

Declarations

Conflict of interest The authors state that they have no conflicts of in-
terest that should be declared that pertain to this article.

References

1. Milsom J (2008) Technology and the future of the specialty of
colon and rectal surgery: the next 50 years. Dis Colon Rectum
51:1743-1749

2. Tupasela A, Di Nucci E (2020) Concordance as evidence in
the Watson for Oncology decision-support system. Al Soc
35:811-818

3. Combes GF, Vuckovic’ A-M, Bakulic’ MP, Antoine R, Bonacic

“-Koutecky V, Trajkovic’K (2021) Nanotechnology in tumor
biomarker detection: the potential of liganded nanoclusters as

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

nonlinear optical contrast agents for molecular diagnostics of can-
cer. Cancers 13:4206. https://doi.org/10.3390/cancers13164206
Dagar G, Gupta A, Masoodi T et al (2023) Harnessing the poten-
tial of CAR-T cell therapy: progress, challenges and future direc-
tions in hematological and solid tumor treatments. J Translat Med
21:449. https://doi.org/10.1186/s12967-023-04292-3

Ghazi B, El Ghanmi A, Kandoussi S, Ghouzlani A, Badou A
(2022) CAR T-cells for colorectal cancer immunotherapy: ready
to go? Front Immunol 13:978195. https://doi.org/10.3389/fimmu.
2022.978195

Daniels KG, Wang S, Simic MS et al (2022) Decoding CAR
T cell phenotype using combinatorial signaling motif libraries
and machine learning. Science. https://doi.org/10.1126/science.
abq0225

Habr-Gama A, Oliva R, Nadalin W et al (2004) Operative versus
nonoperative treatment for stage O distal rectal cancer following
chemoradiation therapy. Ann Surg 240:711-718

Garcia-Aguilar J, Patil S, Gollub MJ et al (2022) Organ preser-
vation in patients with rectal adenocarcinoma treated with total
neoadjuvant therapy. J Clin Oncol 40(23):2546-2556

Gallego CJ, Shirts BH, Bennette CS et al (2015) Next-generation
sequencing panels for the diagnosis of colorectal cancer and
polyposis syndromes: a cost-effectiveness analysis. J Clin Oncol
33:2084-2091

Kloor M, Reuschenbach M, Pauligk C et al (2020) A frameshift
peptide neoantigen-based vaccine for mismatch repair-deficient
cancers: a phase I/Ila clinical trial. Clin Cancer Res 26:4503-4510
Kloor M, Becker C, Benner A et al (2005) Immunoselective
pressure and human leukocyte antigen class I antigen machinery
defects in microsatellite unstable colorectal cancers. Cancer Res
65:6418-6424

Zhulina Y, Udumyan R, Tysk C, Montgomery S, Halfvarson J
(2016) The changing face of Crohn’s disease: a population-based
study of the natural history of Crohn’s disease in Orebro, Sweden
1963-2005. Scand J Gastroenterol 51:304-313

Burke JP, Velupillai Y, O’Connell PR, Coffey JC (2013) National
trends in intestinal resection for Crohn’s disease in the post-bio-
logic era. Int J Colorectal Dis 28:1401-1406

Stoss C, Berlet M, Reischl S et al (2021) Crohn’s disease: a popu-
lation-based study of surgery in the age of biological therapy. Int
J Colorectal Dis 36(11):2419-2426

Mege D, Garrett K, Milsom J, Sonoda T, Michelassi F (2019)
Changing trends in surgery for abdominal Crohn’s disease. Colo-
rectal Dis 21(2):200-207

Schmidt CM, Talamini MA, Kaufman H, Lillemoe KD (2001)
Laparoscopic surgery for Crohn’s disease: reasons for conversion.
Ann Surg 233(6):733-739

Reich KM, Chang HJ, Rezaie A et al (2014) The incidence rate of
colectomy for medically refractory ulcerative colitis has declined
in parallel with increasing anti-TNF use: a time-trend study. Ali-
ment Pharmacol Ther 40(6):629-638

Abou Khalil M, Boutros M, Nedjar H et al (2018) Incidence rates
and predictors of colectomy for ulcerative colitis in the era of
biologics: results from a provincial database. J Gastrointest Surg
22(1):124-132

El Hage CN, Ghoneim S, Shah S et al (2023) Efficacy of fecal
microbiota transplantation in the treatment of active ulcerative
colitis: a systematic review and meta-analysis of double-blind
randomized controlled trials. Inflamm Bowel Dis 29(5):808-817
Sartelli M, Weber DG, Kluger Y et al (2020) 2020 update of the
WSES guidelines for the management of acute colonic diverticu-
litis in the emergency setting. World J Emerg Surg 15:32. https://
doi.org/10.1186/s13017-020-00313-4

Thornblade LW, Simianu VV, Davidson GH, Flum DR (2021)
Elective surgery for diverticulitis and the risk of recurrence and
ostomy. Ann Surg 273(6):1157-1164


https://doi.org/10.3390/cancers13164206
https://doi.org/10.1186/s12967-023-04292-3
https://doi.org/10.3389/fimmu.2022.978195
https://doi.org/10.3389/fimmu.2022.978195
https://doi.org/10.1126/science.abq0225
https://doi.org/10.1126/science.abq0225
https://doi.org/10.1186/s13017-020-00313-4
https://doi.org/10.1186/s13017-020-00313-4

Techniques in Coloproctology

(2024) 28:26

Page50of5 26

22.

23.

24.

25.

26.

217.

Amato A, Bottini C, De Nardi P et al (2020) Evaluation and man-
agement of perianal abscess and anal fistula: SICCR position
statement. Tech Coloproctol 24:127-143

Litta F, Papait A, Lucchetti D et al (2022) The pathogenesis of
cryptoglandular anal fistula: new insight into the immunological
profile. Colorectal Dis 24(12):1567-1575

Cullinan DR, Wise PE, Delman KA et al (2018) Interim analy-
sis of a prospective multi-institutional study of surgery resident
experience with flexibility in surgical training. J] Am Coll Surg
226:425-431

Koerner C, Rosen S (2019) How robotics is changing and will
change the field of colorectal surgery. World J Gastrointest Surg
11(10):381-387

Koleoso M, Feng X, Xue Y, Li Q, Munshi T, Chen X (2020)
Micro/nanoscale magnetic robots for biomedical applications.
Mater Today 8:100085. https://doi.org/10.1016/j.mtbio.2020.
100085

Spinelli A, Carrano FM, Laino ME et al (2023) Artificial intel-
ligence in colorectal surgery: an Al-powered systematic review.
Tech Coloproctol 27:615-629

28.

29.

30.

Papazarkadas X, Spartalis E, Patsouras D et al (2019) The role
of 3D printing in colorectal surgery: current evidence and future
perspectives. In Vivo 33:297-302

Arif ZU, Khalid MY, Ahmed W, Arshad H (2022) A review on
four-dimensional (4D) bioprinting of advanced tissue engineer-
ing applications. Bioprinting 27:e00203. https://doi.org/10.1016/j.
bprint.2022.e00203

Pescatori M, Podzemny V, Pescatori LC, Dore MP, Bassotti G
(2015) The PNEI holistic approach in coloproctology. Tech Colo-
proctol 19:269-273

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/j.mtbio.2020.100085
https://doi.org/10.1016/j.mtbio.2020.100085
https://doi.org/10.1016/j.bprint.2022.e00203
https://doi.org/10.1016/j.bprint.2022.e00203

	Whither the coloproctologist of the future? Returning to the kindred spirit of the barber-surgeon
	Acknowledgements 
	References


