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Organ sparing management in rectal cancer. Are we there yet?

BACKGROUND: The “watch and wait” approach has recently been proposed as an alternative to surgery in locally-advanced
rectal cancer patients that respond to neo-adjuvant chemoradiotherapy, in order to decrease its negative functional con-
sequences upon the quality of life of these patients. Current methods show low accuracy for the identification of com-
plete responders.
MATERIALS AND METHODS: A review of the literature was conducted for articles published up to March 31th, 2019.
Relevant studies were identified using bibliographic searches of Pubmed database. The keywords that were used in var-
ious combinations were: “neoadjuvant chemoradiotherapy”, “non-operative management”, “complete pathological response”,
“rectal cancer”, “biomarkers”, “staging”. 
RESULTS: Magnetic resonance imaging can identify complete responders with a high accuracy using new protocols like
diffusion weighted imaging. Positron emission tomography with 18-fluoro-deoxy-glucose shows a sensitivity of 90.9% and
specificity of 80.3% for the prediction of complete pathologic response using the change in standardized uptake value. A
panel of 15 metabolites was identified and shows potential to discriminate patient resistance and sensitivity to neo-adju-
vant therapy (Area Under the Curve 0.80). Furthermore, pre-treatment peripheral blood neutrophil to lymphocyte ratio
below 2 and platelet to lymphocyte ratio below 133.4 are significantly correlated with good tumor response (OR 2.49).
Analysis of the pattern of carcinoembryonic antigen (CEA) clearance after neoadjuvant treatment conclude that an expo-
nential decrease of the CEA levels is associated with significant tumor down staging and complete pathologic response.
CONCLUSION: New methods of assessing the response to neo-adjuvant therapy in locally-advanced rectal cancer have
emerged, showing promising results. Further studies need to assess the best combination between imaging and these bio-
markers in order to increase the accuracy and standardize the criteria for non-operative management.

KEY WORDS: Biomarkers, Complete pathologic response, Non-Operative management, Rectal cancer, Staging. 

Introduction

Rectal cancer represents approximately 30% of colorec-
tal adenocarcinomas and is usually associated with an
adverse prognosis 1. Locally-advanced rectal cancer is
defined as T3-4 N0 or any T with positive lymph-nodes
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disease. The standard of care for these patients is repre-
sented by neo-adjuvant chemotherapy and radiotherapy,
followed at 6-8 weeks by surgical resection, as this pro-
tocol has demonstrated the best oncological outcomes
when compared to radiotherapy or surgery alone 2,3. 
Depending on the location of the disease, surgical resec-
tion might involve low anterior rectal resection (LAR)
with total mesorectal excision (TME) or abdominoper-
ineal resection (APR). A major surgery like this entails
a high morbidity for the patients, with reported peri-
operative mortality rates ranging from 4% in the gen-
eral population to 30% in the elderly 4. Anastomotic
leaks can be found in up to 7% of the patients 5.
Furthermore, one third of the patients that undergo
pre-operative chemo-radiation followed by surgery expe-
rience functional complications like urinary toxicity,
sexual dysfunction, bowel urgency, fecal incontinence
6,7. Having a permanent ostomy alters significantly the
quality of life of these patients, with 32% of the sub-
jects reporting a moderate-to-severe impact 8, with
worse physical and role functioning as well as worse
body image in comparison with patients that undergo
sphincter preservation surgery 9. 
The purpose of neo-adjuvant chemo-radiotherapy is to
obtain the down-staging of the disease in order to allow
the possibility of a curative surgical approach and
improved functional outcomes: avoidance of a perma-
nent colostomy and sphincter preservation 10. Moreover,
neo-adjuvant chemo-radiotherapy might even achieve
complete pathologic response (ypT0) in up to 20% of
the cases 11,12, which opens the pathway towards an
organ-preservation strategy, as operating patients with
complete pathologic response could be considered
overtreatment. Multiple studies have shown that com-
plete pathologic response is correlated with better onco-
logic outcomes, like a lower recurrence rate, improved
disease-free survival and overall survival 13,14 regardless
of the initial clinical T and N stage 15. Furthermore,
a systematic review by Fiorica et al 16 concluded that
major surgery in these patients does not improve the
prognosis or the 5-year oncologic outcomes.  
In this context, a “watch and wait” approach 17 has
emerged in order to avoid the morbidity and the neg-
ative functional outcomes of the surgery, but its results
are strictly dependent on the possibility of accurately
identifying the patients with complete response to neo-
adjuvant chemo-radiotherapy, as tumor persistence is
an imperative indication for further treatment. Clinical
complete response is defined as the lack of clinical,
endoscopic or radiographic evidence of disease, where-
as pathologic complete response can only be assessed
after surgery and involves no detectable tumor cells 18.
In up to 7% of patients, the clinical and pathologic
complete response are not concordant, thus new meth-
ods need to identified in order to avoid under/overtreat-
ment 19. 
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Current methods to assess complete pathologic
response

The current non-surgical modalities to assess the response
to neo-adjuvant chemo-radiotherapy are physical exami-
nation, endorectal ultrasound, endoscopy, computed-
tomography (CT) and magnetic resonance imaging
(MRI) 20. The success of the watch and wait approach
is warranted by the degree of similarity between the clin-
ical and pathological complete response, which is still a
problem.
Digital rectal examination underestimates the patholog-
ic response to neo-adjuvant chemo-radiotherapy in 78%
of cases and should not be used alone to assess the effi-
cacy of the treatment 21. Mucosal integrity examination,
endorectal ultrasound and MRI have also poor accura-
cy for the prediction of complete pathologic response,
either alone or in combination, with a sensitivity as low
as 25%, as shown by Liu et al 22. Because of peritu-
moral inflammation, the desmoplasic reaction is an
important drawback of endorectal ultrasound, which usu-
ally overstages early rectal cancer to a T2-T3 lesion. The
tendency to overstage occurs more often after neoadju-
vant treatment because of the alteration of rectal and
perirectal tissues, endorectal ultrasound being unable to
identify residual carcinoma in postradic degeneration and
fibrotic tissue 23.
Furthermore, as shown by Hiotis et al 24 on a group of
488 patients, the concordance between clinical and
pathological complete response is around 25 % if clin-
ical examination and proctoscopy are performed for the
assessment of response. As a result, the same authors
conclude that a watch and wait approach based on the
available clinical information is not safe and should not
be performed. 
Confirming the findings of Liu et al, Renehean et al
25 reported that a third of the patients with clinical
complete response assessed by the current methods
show local recurrence, probably due to the persistence
of tumor cells in the submucosa or muscle layer of the
rectal wall 26, and some of these cases are not even
suitable for salvage resection 27. On the other hand, no
significant impact on survival was identified when com-
paring clinical complete response patients and patho-
logic complete response if intensive follow-up and sal-
vage surgery were performed 28. Still, the criteria for
the assessment of complete clinical response is often
imprecise and varies between centers. The presence of
any tumor, superficial or deep ulceration, any palpable
nodule or stenosis should prompt immediate surgical
treatment as they suggest the persistence of the disease.
Habr-Gama et al 29 identified a number of features that
can be present in complete clinical response patients
and should not be considered as residual disease:
whitening of the mucosa, teleangiectasia with mucosal
integrity and loss of pliability of the rectal wall during
insufflation. 
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The standardization of complete clinical response is one
of the main steps towards a safe implementation of the
watch and wait approach. Furthermore, there is a criti-
cal need to identify new methods or biomarkers that
could improve the prediction accuracy for the complete
pathologic response to neo-adjuvant chemo-radiotherapy
in locally-advanced rectal cancer patients. 

Prediction factors for complete pathologic response

A number of prediction factors have been evaluated and
have shown a potential to predict the response to neo-
adjuvant treatment.

Clinical

Until present, the most studied and consistent predic-
tors of complete response are the tumor dimension,
TNM stage and grade. 
In a retrospective review performed by Al-Sukhni et al 30

which included 23.747 patients, the authors conclude that
the patients who are most likely to respond to neo-adju-
vant chemo-radiation harbor low-grade tumors and low
clinical T and N stages. A complete pathologic response
is well predicted by a pre-treatment tumor size below 5
cm 31. Also, clinical T1-3 stage has a 1.808 HR for the
prediction of complete pathologic response in comparison
with cT4, p=0.031, as shown by Peng et al on a group
of 297 patients 32. An undifferentiated rectal tumor has
lower Odds Ratio for complete pathologic response in com-
parison with a moderately differentiated tumor (OR 0.78
vs 1.01, p=0.002) 30. Furthermore, pre-chemoradiotherapy
tumor mobility is also a significant predictor of complete
pathologic response as shown by Park et al 33. 

MRI

Dynamic contrast-enhanced MRI is usually employed for
rectal cancer assessment, but the accuracy in the pre-
diction of complete response is low, due to the fibrosis
that appears after neo-adjuvant chemo-radiotherapy and
impairs the discrimination from residual tumor, with
poor interobserver agreement 34. Still, Rengo et al 35 pro-
pose an MRI automatic fibrosis quantification model on
T2 weighted images, which has shown a good correla-
tion with the pathological examination (kappa 0.91), in
comparison with manual quantification of the fibrosis in
a group of 65 patients. The authors identified a cut-off
of 81% fibrosis that could predict the complete patho-
logic response with a Se of 78.26% and a Sp of 97.62%.  
Furthermore, a new MRI technique, diffusion weighted
imaging (DWI), quantified by the apparent diffusion
coefficient (ADC), has gained more and more interest
in the last years. Diffusion weighted imaging assesses the
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water movement into the tissues. A high cell density,
which is characteristic for neoplasia, will lead to the
restriction of the water molecules movement. In a sys-
tematic review by Amodeo et al 36, the authors con-
cluded that DWI is a promising technique to assess the
complete pathologic response to neo-adjuvant chemo-
radiotherapy with the difference between pre-treatment
and post-treatment ADC showing the highest accuracy
in discriminating complete responders (Sensitivity 83.2%,
Specificity 80.6%, AUC 0.895).  

Positron emission tomography with [18] fluoro-
deoxy-glucose ([18]-FDG-PET)

[18F] FDG-PET is a functional imaging modality that
has shown promising results for evaluating various onco-
logical diseases 37. In rectal cancer, the results of the
studies published until recently are heterogenous.
Baseline PET-CT performed before the beginning of
chemoradiation has shown an accuracy of 44% for the
prediction of complete pathologic response, thus it is not
included into the standard evaluation protocol of local-
ly-advanced rectal cancer patients 38.
The metabolic changes that occur during neo-adjuvant
treatment for rectal cancer precede the morphological ones
and can be identified by FDG-PET even from the sec-
ond week after the beginning of treatment, thus this infor-
mation can be useful for the prediction of tumor response
to chemoradiotherapy. Maffione et al 39 performed a sys-
tematic review including 10 studies and 302 patients with
locally-advanced rectal cancer, who underwent neo-adju-
vant treatment and certified a high accuracy of FDG-PET
if the response index (percentage decrease of SUV) was
used for the assessment: Se 82%, Sp 85%, cut-off 42%.
Koo et al confirmed the previous conclusions and iden-
tified a Se of 90.9% and Sp of 80.3% for the prediction
of complete pathologic response using the change in SUV,
as well 40. Another parameter that could be used for the
prediction of response after completion of neoadjuvant
treatment is tumor SUVmax normalized to liver uptake
(SLR), as proposed by Park et al 41. The authors showed
that SLR has the highest accuracy for the prediction of
tumor response (AUC 0.826) in comparison with other
FDG-PET derived parameters. 
In conclusion, FDG-PET has the possibility of adding
valuable information for rectal cancer patients manage-
ment, but further attention should be focused on the
dynamic changes in SUV during the course of treatment
and after the neoadjuvant chemoradiotherapy, as well as
on new FDG-PET derived parameters.

Metabolomics

The metabolomic profile encompasses all the changes that
occur in a system as response to the presence of a dis-
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ease by the identification of different small metabolites
resulted from intracellular reactions. Thus, in altered
metabolic pathways such as in cancer, the metabolomics
profile could offer new disease-specific biomarkers, which
may improve the diagnosis and prognosis of these
patients. The metabolomics analysis is usually performed
by gas chromatography/ mass spectrometry and nuclear
magnetic resonance. 
Chan et al 42 analyzed a group of 31 patients with col-
orectal carcinoma and identified more than 20 signifi-
cantly altered metabolite levels in tissue samples from
the tumor and normal mucosa, of whom choline-con-
taining compounds, taurine, scyllo-inositol, lactate and
phosphocholine were present in significantly higher con-
centrations in colorectal cancer tissue samples. Qiu et al
43 also confirmed the possibility that metabolomics could
discriminate between patients with or without colorectal
cancer using serum samples analysis. 
Jia et al 44 analyzed the role of metabolomics for the
prediction of the pathologic response to neo-adjuvant
treatment on a group of 105 patients with locally-
advanced rectal carcinoma. The serum samples were
obtained before the start of chemoradiation. A panel of
15 metabolites was identified and showed an AUC 0.8
for the discrimination between neo-adjuvant therapy sen-
sitive and resistant patients. Furthermore, after mapping
the metabolites, the authors concluded that the dysreg-
ulation of the histidine, glycine, serine, threonine and
glycerophospholipid metabolism is correlated with the
response to neo-adjuvant chemoradiation and might be
of great importance for future treatment strategy. 

Inflammation

Although tumor intrinsic characteristics were thought to
be the sole determinants of the response to treatment,
recent studies identified also host factors that could con-
tribute to the resistance or sensitivity to therapy. The
degree of systemic inflammation seems to be predictive
of the recurrence rate and survival of cancer patients, as
it leads to a tumorigenic microenvironment, promoting
cell proliferation, local invasion and metastasis 45. Among
the inflammatory markers that were reported to be linked
with the oncological prognosis there have been described:
the number of lymphocytes, platelets, neutrophils, mono-
cytes or derived ratios (lymphocyte-to-monocyte ratio,
neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte
ratio etc), C-reactive protein, serum albumin, interleukin
and Glasgow Prognostic Scale 46. 
In rectal cancer, baseline neutrophil-to-lymphocyte ratio
(NLR) and platelet-to-lymphocyte ratio (PLR) can be
used to predict tumor regression after neo-adjuvant
chemoradiotherapy. Kim et al 47 has shown that a pre-
treatment NLR below 2 and PLR below 133.4 are sig-
nificantly correlated with good tumor response (OR
2.49) in a group of 176 patients with locally-advanced
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rectal cancer. Lee et al analyzed also the white blood
cell (WBC) dynamics during neo-adjuvant treatment,
and observed that a low WBC ratio (the lowest count
of WBC during radiochemotherapy/initial WBC count)
is associated with higher rates of complete pathologic
response: 23.8% in low WBC ratio vs 12.2% in high
WBC ratio, p=0.001 48. 

Others

The carcinoembryonic antigen (CEA) is serum biomark-
er used during the follow-up colorectal cancer patients,
as it has shown significant correlation with the onco-
logical outcomes 49. Low pre-treatment CEA, as well as
CEA normalization after neo-adjuvant treatment, seem
to be associated with complete pathologic response to
chemoradiotherapy 50,51, but the results of the studies are
still heterogenous. Hu et al 52 propose a new analysis of
the pattern of CEA clearance after neoadjuvant treat-
ment and conclude that an exponential decrease of the
CEA levels is associated with significant tumor down-
staging and complete pathologic response (OR 5.22,
p=0.04). 
Other biomarkers have been assessed with regards to the
prediction of rectal cancer response to neoadjuvant
chemoradiation, but validation is still awaited. Huh et
al 53 reported that pre-treatment high levels of CD44
mRNA might correlate with a poor response, whereas
Yan et al supports a potentially useful role of SMac, Ki-
67, VEGF for the prediction of rectal tumor behaviour
54. 

Cost efficiency 

As the number of patients undergoing the wait and see
approach increases, questions have been raised regarding
the costs associated with the sequential scans needed for
the close follow-up of these patients. Gani et al 55 per-
formed a cost analysis of rectal cancer patients that
undergo neoadjuvant treatment and surveillance using
MRI and rectoscopy and compared these data with the
costs of immediate surgery. The authors concluded that
a watch and wait approach with an intensive surveillance
protocol has lower costs in comparison with immediate
surgery, even when considering 25% of patients experi-
encing local regrowth and requiring salvage surgery. 

Conclusion

As more efficient oncologic treatment has been devel-
oped, the long term quality of life of cancer patients has
become of tremendous importance. The possibility to
identify the patients with complete response to neo-adju-
vant chemoradiotherapy opens the pathway towards a

R
E
A
D
-O

N
L
Y
 C

O
P
Y
 

P
R
IN

T
IN

G
 P

R
O
H
IB

IT
E
D



conservative approach. Current assessment strategy lacks
the accuracy for the identification of such patients. New
methods of assessment have emerged and have the poten-
tial to become adjuncts in the evaluation of complete
response. A small, mobile and well differentiated rectal
tumor is more likely to completely respond to neo-adju-
vant treatment. MRI and FDG-PET can identify com-
plete responders with a high accuracy using new proto-
cols like DWI, fibrosis quantification or dynamic sequen-
tial scans, but standardization of the protocols is need-
ed. Clinical prediction factors, combined with
metabolomics, inflammatory or other biomarkers have
the potential to become the new standard due to their
wide availability and non-invasiveness. Future studies
need to assess the best combination between imaging
and these biomarkers in order to increase the accuracy
for the identification of complete responders to neoad-
juvant chemoradiotherapy. 

Riassunto

L’approccio “watch and wait” è stato recentemente pro-
posto come alternativa alla chirurgia in pazienti con car-
cinoma del retto localmente avanzato che rispondono alla
chemio-radioterapia neo-adiuvante, al fine di ridurre le
sue conseguenze funzionali negative sulla qualità della
vita di questi pazienti. I metodi attuali mostrano una
bassa accuratezza per l’identificazione di responder com-
pleti.
È stata condotta una revisione della letteratura per arti-
coli pubblicati fino al 31 marzo 2019. Gli studi rilevanti
sono stati identificati utilizzando le ricerche bibliogra-
fiche del database Pubmed. Le parole chiave utilizzate in
varie combinazioni erano: “neoadjuvant chemoradiother-
apy”, “non-operative management”, “complete patholog-
ical response”, “rectal cancer”, “biomarkers”, “staging”.
Risultati: la risonanza magnetica può identificare i
responders completi con un’accuratezza elevata utilizzan-
do nuovi protocolli come l’imaging pesato in diffusione.
La tomografia ad emissione di positroni con 18-fluoro-
deossi-glucosio mostra una sensibilità del 90,9% e una
specificità dell’80,3% per la previsione della risposta pato-
logica completa utilizzando il cambiamento nel valore di
captazione standardizzato. Un gruppo di 15 metaboliti
è stato identificato e mostra la possibilità di discriminare
la resistenza e la sensibilità del paziente alla terapia neo-
adiuvante (Area Under the Curve 0,80). Inoltre, la neu-
trofilia periferica pre-trattamento il rapporto linfocitario
inferiore a 2 e il rapporto piastrinico-linfocitario inferi-
ore a 133,4 sono significativamente correlati con una
buona risposta tumorale (OR 2,49). L’analisi del pattern
di clearance dell’antigene carcinoembrionico (CEA) dopo
il trattamento con neoadiuvante porta a concludere che
una diminuzione esponenziale dei livelli di CEA è asso-
ciata a un significativo decadimento del tumore e alla
completa risposta patologica.
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In conclusione sono emersi nuovi metodi per valutare la
risposta alla terapia neo-adiuvante nel carcinoma del ret-
to localmente avanzato, mostrando risultati promettenti.
Ulteriori studi devono valutare la migliore combinazione
tra imaging e questi biomarcatori al fine di aumentare
l’accuratezza e standardizzare i criteri per la gestione non
operativa.

References

1. Bailey CE, Hu CY, You YN, et al.: Increasing disparities in the
age-related incidences of colon and rectal cancers in the United States,
1975-2010. JAMA Surg, 2015; 150:17-22.

2. De Caluwe L, Van Nieuwenhove Y, Ceelen W: Preoperative
chemoradiation versus radiation alone for stage II and III resectable
rectal cancer. Cochrane Database Syst Rev, 2013; CD006041.

3. Ngan SY, Burmeister B, Fisher RJ, et al.: Randomized trial of
shortcourse radiotherapy versus long-course chemoradiation comparing
rates of local recurrence in patients with T3 rectal cancer: TransTasman
Radiation Oncology Group trial 01.04. J Clin Oncol, 2012; 30:3827-
833.

4. Rutten HJT, den Dulk M, Lemmens VEPP, van de Velde CJH,
Marijnen CAM: Controversies of total mesorectal excision for rectal
cancer in elderly patients. Lancet Oncol, 2008; 9(5):494-501.

5. Stevenson ARL, Solomon MJ, Lumley JW, et al.: Effect of
laparoscopic assisted resection vs open resection on pathological outcomes
in rectal cancer: The ALaCaRT randomized clinical trial. JAMA, 2015;
314:1356363.

6. Hur H, Bae SU, Kim NK, et al.: Comparative study of voiding
and male sexual function following open and laparoscopic total mesorec-
tal excision in patients with rectal cancer. J Surg Oncol, 2013; 108:
572–78.

7. Hendren SK, O’Connor BI, Liu M, et al.: Prevalence of male
and female sexual dysfunction is high following surgery for rectal can-
cer. Ann Surg, 2005; 242:212223.

8. Krouse R, Grant M, Ferrell B, Dean G, Nelson R, Chu D:
Quality of life outcomes in 599 cancer and non-cancer patients with
colostomies. Journal of Surgical Research, 2007; 138(1):79-87.

9. Koëter T, Bonhof CS, Schoormans D, et al.: Long-term out-
comes after surgery involving the pelvic floor in rectal cancer: physical
activity, quality of life, and health status. J Gastrointest Surg, 2018.
doi: 10.1007/s11605-018-4014-4. [Epub ahead of print].

10. Sauer R, Liersch T, Merkel S, et al.: Preoperative versus postop-
erative chemoradiotherapy for locally advanced rectal cancer: results of
the German CAO/ARO/AIO-94 randomized phase III trial after a
median follow-up of 11 years. J Clin Oncol, 2012; 30:1926-933.

11. Lorimer PD, Motz BM, Kirks RC, et al.: Pathologic complete
response rates after neoadjuvant treatment in rectal cancer: An analy-
sis of the National Cancer Database. Ann Surg Oncol, 2017;
24(8):2095-103.

12. Ryan JE, Warrier SK, Lynch AC, Heriot AG: Assessing patho-
logical complete response to neoadjuvant chemoradiotherapy in locally
advanced rectal cancer: A systematic review. Colorectal Dis Off J
Assoc Coloproctol Great Br Irel, 2015; 17:849-861.

13. Park IJ, You YN, Agarwal A, et al.: Neoadjuvant treatment

R
E
A
D
-O

N
L
Y
 C

O
P
Y
 

P
R
IN

T
IN

G
 P

R
O
H
IB

IT
E
D



Ann. Ital. Chir., 90, 6, 2019 - Epub Ahead of Print, 29 July 537

Organ sparing management in rectal cancer. Are we there yet?

response as an early response indicator for patients with rectal cancer.
J Clin Oncol, 2012;30:1770e1776.

14. Sada YH, Tran Cao HS, Chang GJ, et al.: Prognostic value of
neoadjuvant treatment response in locally advanced rectal cancer. J
Surg Res, 2018; 226:15-23.

15. Capirci C, Valentini V, Cionini L, et al.: Prognostic value of
pathologic complete response after neoadjuvant therapy in locally
advanced rectal cancer: Longterm analysis of 566 ypCR patients. Int
J Radiat Oncol Biol Phys, 2008; 72(1):99-107.

16. Fiorica F, Trovò M, Anania G,et al.: Is it possible a conserva-
tive approach after radiochemotherapy in locally advanced rectal can-
cer (LARC)? A systematic review of the literature and meta-analysis.
J Gastrointest Cancer,2017 Dec 22. doi: 10.1007/s12029-017-0041-
8. [Epub ahead of print].

17. Mullaney TG, Lightner AL, Johnston M, Keck J, Wattchow
D: Watch and wait’ after chemoradiotherapy for rectal cancer. ANZ
J Surg, 2018; 88(9):836-41.

18. Dossa F, Chesney TR, Acuna SA, Baxter NN: A watch-and-
wait approach for locally advanced rectal cancer after a clinical com-
plete response following neoadjuvant chemoradiation: A systematic
review and meta-analysis. Lancet Gastroenterol Hepatol, 2017;
2(7):501-13.

19. Li J, Li L, Yang L, et al.: Wait-and-see treatment strategies for
rectal cancer patients with clinical complete response after neoadjuvant
chemoradiotherapy: A systematic review and meta-analysis. Oncotarget,
2016; 7(28):44857-4870.

20. Spiegel DY, Boyer MJ, Hong JC, et al.: Long-term clinical out-
comes of nonoperative management with chemoradiotherapy for local-
ly advanced rectal cancer in the veterans health administration. Int J
Radiat Oncol Biol Phys, 2018. doi: 10.1016/j.ijrobp.2018.10.018.
[Epub ahead of print].

21. Guillem JG, Chessin DB, Shia J, et al.: Clinical examination
following preoperative chemoradiation for rectal cancer is not a reli-
able surrogate end point. J Clin Oncol, 2005; 23:3475-3479.

22. Liu S, Zhong GX, Zhou WX, et al.: Can endorectal ultrasound,
MRI, and mucosa integrity accurately predict the complete response for
mid-low rectal cancer after preoperative chemoradiation? A prospective
observational study from a single medical center. Dis Colon Rectum,
2018; 61(8):903-10.

23. Panzironi G, Guerrieri D, De Cristofaro F, Bangrazi C, Di
Paola C, Jafari L, Fiore F, Masoni L: Endorectal ultrasonography
performance in staging rectal cancer before and after neoadjuvant
chemoradiotherapy. Ann Ital Chir, 2014; 85(6):569-75. PubMed
PMID: 25711540.

24. Hiotis SP, Weber SM, Cohen AM, et al.: Assessing the predic-
tive value of clinical complete response to neoadjuvant therapy for rec-
tal cancer: An analysis of 488 patients. J Am Coll Surg, 2002;
194(2):131-135; discussion 135-36.

25. Renehan AG, Malcomson L, Emsley R, et al.: Watch-and-wait
approach versus surgical resection after chemoradiotherapy for patients
with rectal cancer (the OnCoRe project): A propensity score matched
cohort analysis. Lancet Oncol, 2016; 17:174-83.

26. Duldulao MP, Lee W, Streja L, et al.: Distribution of residual
cancer cells in the bowel wall after neoadjuvant chemoradiation in
patients with rectal cancer. Dis Colon Rectum, 2013; 56:142-49.

27. Habr-Gama A, Gama-Rodrigues J, São Julião GP, et al.: Local

recurrence after complete clinical response and watch and wait in rec-
tal cancer after neoadjuvant chemoradiation: Impact of salvage thera-
py on local disease control. Int J Radiat Oncol Biol Phys, 2014;
88:822-28.

28. Smith JJ, Chow OS, Eaton A, et al.: Organ preservation in
patients with rectal cancer with clinical complete response after neoad-
juvant therapy. J Clin Oncol, 2015; 33:509.

29. Habr-Gama A1, Perez RO, Wynn G, Marks J, Kessler H,
Gama-Rodrigues J: Complete clinical response after neoadjuvant
chemoradiation therapy for distal rectal cancer: Characterization of clin-
ical and endoscopic findings for standardization. Dis Colon Rectum,
2010; 53(12):1692-1698.

30. Al-Sukhni E, Attwood K, Mattson DM, Gabriel E, Nurkin SJ:
Predictors of pathologic complete response following neoadjuvant
chemoradiotherapy for rectal cancer. Ann Surg Oncol, 2016;
23(4):1177-186.

31. De Felice F, Izzo L, Musio D, et al.: Clinical predictive factors
of pathologic complete response in locally advanced rectal cancer.
Oncotarget, 2016; 7(22):33374-3380.

32. Peng H, Wang C, Xiao W et al.: Analysis of clinical character-
istics to predict pathologic complete response for patients with locally
advanced rectal cancer treated with neoadjuvant chemoradiotherapy. J
Cancer, 2018; 9(15):2687-692.

33. Park CH, Kim HC, Cho YB, et al.: Predicting tumor response
after preoperative chemoradiation using clinical parameters in rectal
cancer. World J Gastroenterol, 2011; 17(48):5310-316.

34. Beets-Tan RG, Lambregts DM, Maas M, et al.: Magnetic res-
onance imaging for the clinical management of rectal cancer patients:
recommendations from the 2012 European Society of Gastrointestinal
and Abdominal Radiology (ESGAR) consensus meeting. Eur Radiol,
2013; 23: 2522-531.

35. Rengo M, Picchia S, Marzi S, et al.: Magnetic resonance tumor
regression grade (MR-TRG) to assess pathological complete response fol-
lowing neoadjuvant radiochemotherapy in locally advanced rectal can-
cer. Oncotarget, 2017; 8(70):114746-114755.

36. Amodeo S, Rosman AS, Desiato V, et al.: MRI-Based apparent
diffusion coefficient for predicting pathologic response of rectal cancer
after neoadjuvant therapy: Systematic review and meta-analysis. AJR
Am J Roentgenol, 2018; 211(5):W205-W216.

37. Zhang C, Tong J, Sun X, Liu J, Wang Y, Huang G: 18F-
FDG-PET evaluation of treatment response to neo-adjuvant therapy in
patients with locally advanced rectal cancer: A meta-analysis. Int J
Cancer, 2012;131(11):2604-2611.

38. Joye I, Deroose CM, Vandecaveye V, Haustermans K:The role
of diffusion-weighted MRI and (18)F-FDG PET/CT in the prediction
of pathologic complete response after radiochemotherapy for rectal can-
cer: a systematic review. Radiother Oncol, 2014; 113(2):158-65.

39. Maffione AM, Chondrogiannis S, Capirci C, et al.: Early pre-
diction of response by ¹8F-FDG PET/CT during preoperative therapy
in locally advanced rectal cancer: A systematic review. Eur J Surg
Oncol, 2014; 40(10):1186-194.

40. Koo PJ, Kim SJ, Chang S, Kwak JJ: Interim Fluorine-18
Fluorodeoxyglucose positron emission tomography/computed tomography
to predict pathologic response to preoperative chemoradiotherapy and
prognosis in patients with locally advanced rectal cancer. Clin
Colorectal Cancer, 2016; 15(4):e213-e219.

R
E
A
D
-O

N
L
Y
 C

O
P
Y
 

P
R
IN

T
IN

G
 P

R
O
H
IB

IT
E
D



D. Andras, et al.

538 Ann. Ital. Chir., 90, 6, 2019 - Epub Ahead of Print, 29 July 

41. Park J, Chang KJ, Seo YS, et al.: Tumor SUVmax normalized
to liver uptake on (18)F-FDG PET/CT predicts the pathologic com-
plete response after neoadjuvant chemoradiotherapy in locally advanced
rectal cancer. Nucl Med Mol Imaging, 2014; 48(4):295-302.

42. Chan EC, Koh PK, Mal M, et al.: Metabolic profiling of human
colorectal cancer using high-resolution magic angle spinning nuclear mag-
netic resonance (HR-MAS NMR) spectroscopy and gas chromatography
mass spectrometry (GC/MS). J Proteome Res 2009; 8(1):352-61.

43. Qiu Y, Cai G, Su M, et al.: Serum metabolite profiling of human
colorectal cancer using GC-TOFMS and UPLC-QTOFMS. J
Proteome Res, 2009; 8:4844-850.

44. Jia H, Shen X, Guan Y, et al.: Predicting the pathological response
to neoadjuvant chemoradiation using untargeted metabolomics in local-
ly advanced rectal cancer. Radiother Oncol, 2018; 128(3):548-56.

45. Mantovani A, Allavena P, Sica A, et al.: Cancer-related inflam-
mation. Nature 2008; 454:436-44.

46. Policicchio A, Mercier J, Digklia A, Voutsadakis IA: Platelet
and neutrophil counts as predictive markers of neoadjuvant therapy
efficacy in rectal cancer. J Gastrointest Cancer, 2018. doi:
10.1007/s12029-018-0173-5. [Epub ahead of print].

47. Kim TG, Park W, Kim H, et al.: Baseline neutrophil-lympho-
cyte ratio and platelet-lymphocyte ratio in rectal cancer patients fol-
lowing neoadjuvant chemoradiotherapy. Tumori, 2018;
0300891618792476. doi: 10.1177/0300891618792476. [Epub
ahead of print].

48. Lee JH, Jeong JU, Kim SH, et al.: Nadir/pre-chemoradiothera-
py ratio of white blood-cell count can predict tumor response and recur-

rence-free survival in locally advanced rectal cancer: A multi-institu-
tional analysis. Int J Colorectal Dis, 2019; 34(1):105-12.

49. Song S, Hong JC, McDonnell SE, et al.: Combined modality
therapy for rectal cancer: the relative value of posttreatment versus pre-
treatment CEA as a prognostic marker for disease recurrence. Ann Surg
Oncol, 2012; 19: 2471-476.

50. Kleiman A, Al-Khamis A, Farsi A, et al.: Normalization of CEA
levels postneoadjuvant therapy is a strong predictor of pathologic com-
plete response in rectal Cancer. J Gastrointest Surg, 2015; 19(6):1106-
1112.

51. Yang KL, Yang SH, Liang WY, et al.: Carcinoembryonic anti-
gen (CEA) level, CEA ratio, and treatment outcome of rectal cancer
patients receiving pre-operative chemoradiation and surgery. Radiat
Oncol, 2013; 8:43.

52. Hu H, Huang J, Lan P, et al.: CEA clearance pattern as a pre-
dictor of tumor response to neoadjuvant treatment in rectal cancer: A
post-hoc analysis of FOWARC trial. BMC Cancer, 2018; 18(1):1145.

53. Huh JW, Lee JH, Kim HR:Pretreatment expression of 13 mole-
cular markers as a predictor of tumor responses after neoadjuvant
chemoradiation in rectal cancer. Ann Surg, 2014; 259:508-15.

54. Yan H, Wang R, Yu J, et al.: Predictive value of Smac, VEGF
and Ki-67 in rectal cancer treated with neoadjuvant therapy. Oncol
Lett 2010; 1:641-47.

55. Gani C, Grosse U, Clasen S, et al.: Cost analysis of a wait-and-
see strategy after radiochemotherapy in distal rectal cancer. Strahlenther
Onkol 2018. doi: 10.1007/s00066-018-1327-x. [Epub ahead of
print].

R
E
A
D
-O

N
L
Y
 C

O
P
Y
 

P
R
IN

T
IN

G
 P

R
O
H
IB

IT
E
D


